COMPREHENSIVE HEMP PAPER MANUFACTURING
sOoP

Complete Replacement for Industrial Wood-Pulp Paper
Products

Province: New Brunswick, Canada

Regulatory Framework: Industrial Hemp Regulations (SOR/98-156), Pulp and Paper
Effluent Regulations (SOR/92-269), Canadian Environmental Protection Act

Vision: Sustainable replacement for all paper products currently manufactured from
clear-cut forestry

Status: Finalized Production Standards

Version: 1.0

EXECUTIVE SUMMARY: THE HEMP ALTERNATIVE

The Forest Crisis

Industrial paper manufacturing in Atlantic Canada (particularly Irving operations) relies
on clear-cutting old-growth forests, converting diverse ecosystems into monoculture
softwood plantations. A 40-year rotation cycle means:

¢ Irreversible carbon release during harvest and transport.
e Habitat destruction (songbird breeding grounds, old-growth species loss).
e Water table disruption and erosion in clear-cut zones.

¢ Regional economic lock-in to resource extraction rather than sustainable agriculture.

The Hemp Solution

Hemp produces equivalent paper products using a 4-month agricultural crop
cycle:

e Annual renewable rotation (harvest every 120 days).

¢ No clear-cutting; crop integrates into existing agricultural infrastructure.



Lower chemical input (soda-AQ vs. Kraft pulping reduces environmental toxicity).

25-30 tonnes dry matter per hectare annually (equivalent to 4-5 times faster
biomass than commercial pine).

Net result: Replace 10 years of Irving clear-cut forestry with 4 years of hemp
agriculture on equal acreage.

PART 1: COMPREHENSIVE PRODUCT PORTFOLIO

This SOP covers all paper products currently manufactured by Irving Consumer
Products and equivalent industrial tissue/offset manufacturers, now produced from

organic hemp:

A. TISSUE PRODUCTS (Bathroom Tissue, Facial Tissue, Napkins)

A1. Bathroom Tissue (Toilet Paper)

Specifications:

Weight: 20-27 gsm (2-ply), 30-40 gsm (3-ply).
Brightness: 80-90 ISO (achieved via ECF hydrogen peroxide bleaching).
Softness: Caliper 0.15-0.25 mm per ply; creping for softness development.

Wet Strength: 100-150 g/15 mm (wet-tensile per TAPPI T-231) via plant-derived
starch binders.

Absorbency: 5-8 g water per 1 g paper (critical for performance).

Production: Tissue creping machine (Yankee dryer + doctor blade) for texture
development.

Roll sizes: Jumbo parent rolls (1,500 mm width) - converted to commercial retail
(4.5", 10 cm widths) on downstream slitting equipment.

Volume Replacement Target:

Irving annual tissue output: ~300,000-400,000 tonnes globally; North American
share ~150,000 tonnes.

Hemp toilet paper production target: 50,000-80,000 tonnes/year (Year 5) = direct
replacement for 1/3-1/2 of North American tissue demand currently met by Irving.



A2. Facial Tissue (Scotties/Kleenex Alternative)

Specifications:

Weight: 17-22 gsm (single-ply or 2-ply).

Brightness: 85-92 ISO (premium white aesthetic).

Softness & Fluffiness: High creping (40-60% creping ratio) for cushioning.
Strength: Tensile 8-12 N per cm width (sufficient for nose-blowing use).

Wet Strength: 20-40 g/15 mm (lower than toilet paper; allows tissue dissolution).

Lotion Compatibility: If lotion-treated, use plant-derived oils (coconut, jojoba)
instead of petrochemical formulations.

Production: Creping machine optimized for high-loft tissue; optional embossing for
premium aesthetics.

Volume Replacement Target:

Irving (Royale) facial tissue annual volume: ~40,000 tonnes North America.

Hemp facial tissue target: 15,000-25,000 tonnes/year (Year 5).

A3. Paper Napkins (Table Napkins, Lunch Napkins)

Specifications:

Weight: 17-22 gsm (single-ply), 30-40 gsm (multi-ply, premium).
Brightness: 80-85 ISO (natural cream acceptable for premium positioning).
Size: 13" x 13" folded (standard lunch napkin); 7" x 7" cocktail size.

Strength: Multi-directional tear strength (no preferred direction); ~8-12 N/cm
tensile.

Absorbency: High (napkin primary function).
Production: Napkin folding machine (automated fold and pack).

Decorative Options: Pre-printed designs, embossing, custom branding.

Volume Replacement Target:

Irving napkin production: ~20,000 tonnes/year.

Hemp napkin target: 8,000-12,000 tonnes/year (Year 5).



B. OFFSET & PRINTING PAPERS
B1. Premium Unbleached/Natural Offset (70-100 gsm)

Specifications:
e Brightness: 75-82 ISO (warm, natural aesthetic; not pure white).

e Basis Weight: 70 gsm (body text), 80 gsm (standard), 100 gsm (art books,
premium).

e Gloss/Finish: Uncoated matte (natural hemp fiber texture).
e Opacity: =285% (single-pass printing without show-through).

e Smoothness: 200-400 mL Bendtsen (rougher than commodity, aesthetically
valued).

e Brightness Consistency: CIE L* 85-88 (achieved via ECF bleaching without
additional coating).

e Acid-Free/Archival: pH 7.0-8.5 (100+ year permanence).
Applications:

e Book printing (trade publishing, limited editions, art books).

e Corporate printing (annual reports, brochures, marketing collateral).

¢ Magazine printing (literary journals, trade publications).

¢ Packaging (kraft-grade unbleached for wrapping, box board).
Volume Replacement Target:

¢ Industrial offset paper market (North America): ~2.5M tonnes/year.

e Hemp unbleached offset target: 200,000-400,000 tonnes/year (Year 5-10) = direct
replacement for 8—16% of offset market.

B2. Bleached Bright Offset (70-90 gsm)

Specifications:
¢ Brightness: 85-89 ISO (achieved via ECF hydrogen peroxide bleaching).

e Basis Weight: 70 gsm (standard), 80-90 gsm (premium).



e Coating: Uncoated (matte) or lightly coated for enhanced smoothness.
e Opacity: =88% (single-pass printing).
¢ Surface Finish: Smooth (via machine calendering), CIE L* 88-90.
e Archival: Acid-free, 100+ year durability.
Applications:
e General commercial printing (letterheads, business cards, promotional materials).
o Offset newspaper (if higher quality than commodity newsprint).
¢ Direct mail (brochures, catalogs).
e Educational materials (textbooks, workbooks).
Volume Replacement Target:
¢ Bleached offset market: ~1.8M tonnes/year (North America).

e Hemp bleached offset target: 150,000-300,000 tonnes/year (Year 5-10).
B3. Newsprint (45-52 gsm, High-Speed Offset)

Specifications:
e Brightness: 60-65 ISO (natural; newsprint traditionally not bright white).
e Basis Weight: 45-52 gsm (standard newsprint).
e Opacity: =85% (prevent show-through on thin basis weights).
e Porosity: 20-40 seconds Gurley (rapid ink absorption for high-speed presses).

e Runnability: High wet-strength to prevent web breaks on newspaper presses (800+
m/min).

e Cost: Target price competitive with wood-pulp newsprint ($700-900/tonne).
Applications:

¢ Newspaper printing (community newspapers, regional dailies).

e Coupon/flyer printing (high-volume distribution).

¢ Insert printing (retail/commercial).

Volume Replacement Target:



e North American newsprint market: ~3M tonnes/year.

e Hemp newsprint target: 300,000-500,000 tonnes/year (Year 5-10) = price-
competitive direct replacement.

C. PACKAGING & SPECIALTY GRADES
C1. Kraft Pulp Packaging (Unbleached/Natural)

Specifications:

¢ Strength Grade: Test Liner (TL-350-500, suitable for single/double-wall
corrugating flute).

e Brightness: 50-65 ISO (natural kraft aesthetic).

e Tensile Strength: 20-35 N/m machine direction (meets corrugated board
standards).

e Tear Resistance (EImendorf): 60-100 mN (EN 1974 standard).

e Moisture Tolerance: Retains performance at 40-70% RH (critical for shipping
boxes).

e Basis Weight: 80-150 gsm (box liners, fluting substrate).

e Compostability: Industrial biodegradable per EN 13432 (edge case; most kraft
packaging not yet certified).

Applications:
e Corrugated board (shipping boxes, cardboard packaging).
e Paper bags (grocery, food service, retail).
e Wrapping paper (kraft wrapping, butcher paper).
¢ Protective packaging (tissue wrap, cushioning).
Volume Replacement Target:

¢ Kraft packaging market (North America): ~8M tonnes/year (Irving supplies ~15-20%
via private label LDC).

¢ Hemp kraft packaging target: 400,000-800,000 tonnes/year (Year 5-10) = scalable
replacement for commodity packaging.



C2. Bleached Packaging & Specialty Kraft

Specifications:
e Brightness: 75-82 ISO (bleached kraft for food-contact and premium packaging).
¢ Food-Safety: FDA CFR 176.170 compliance (if direct food contact required).
e Grease Resistance: 10-12 hours (if coated with PE or bio-wax; optional).
e Tear Strength: 80-120 mN (Elmendorf).
e Tensile: 25-40 N/m (suitable for premium bags, food service).
e Compostability: Certified EN 13432 (if PE-free or bio-coated with PLA).
Applications:
¢ Premium shopping bags (retail, luxury goods).
e Food service bags (bakery, butcher, deli packaging).
e Specialty envelopes (windowed, self-sealing).
¢ Food wrapping (if PE-free or compostable-coated).
Volume Replacement Target:
¢ Bleached specialty kraft: ~1.2M tonnes/year (North America).

¢ Hemp bleached specialty kraft target: 80,000-200,000 tonnes/year (Year 5-10).
C3. Coated & Specialty Grades

Specifications:

¢ Coating: Optional PE (polyethylene), PLA (polylactic acid, compostable), or wax-
based (compostable).

e Brightness: 85-90 ISO (coated for glossy appearance).
e Coating Weight: 20-40 gsm per side (double-sided or single-sided options).

e Barrier Properties: Grease/water resistance (PE or wax coating achieves 1-4
hours).

¢ Print Performance: Excellent ink acceptance; gloss 20-40% (45° geometry).

¢ Recyclability: PE-coated stock recyclable in mixed-paper streams; PLA/wax
versions compostable.



Applications:

e Coated box board (premium product packaging, luxury goods).

e Laminated specialty papers (labels, stickers with backing).

o Waterproof wrapping (meat, deli, food service).

¢ High-gloss printing (color catalogs, art printing, brochures).
Volume Replacement Target:

e Coated specialty market: ~600,000 tonnes/year (North America).

e Hemp coated specialty target: 50,000-150,000 tonnes/year (Year 5-10).

D. SPECIALTY & NICHE PRODUCTS
D1. Tissue-Grade Specialty (Napkin, Towel, Medical Grades)

Applications:

e Paper towels (kitchen roll, commercial dispenser rolls) — 25-35 gsm, high
absorbency.

¢ Medical/surgical paper (exam table liners, bibs) — 28-40 gsm, wet-strength
optimized.

¢ Industrial wipes (cleanroom, lab use) — 30-50 gsm, linting minimized.

Production: Multi-ply creping (2-3 layers) for towel grades; wet-strength optimization
via starch/chitosan.

Volume: 15,000-25,000 tonnes/year (North America replacement target).
D2. Filter & Technical Papers

Specifications:
e Basis Weight: 50-150 gsm (depends on application).

e Porosity: Highly variable (coffee filter: 30—60 sec Gurley; air filter: 5-20 sec
Gurley).

e Wet Strength: Critical for water-immersed applications.

¢ Particle Retention: Consistent fines level to achieve target ISO 4572 ratings (16



micron, 25 micron, etc.).

Applications:

o Coffee filters (food-grade, compostable).

e Air filters (automotive, HVAC, industrial).

¢ Oil/liquid filters.

e Laboratory filtration.

Volume: 5,000-10,000 tonnes/year (specialized applications, smaller market but high

margin).

PART 2: INTEGRATED HEMP PRODUCTION SYSTEM

Section 1: Agricultural Foundation (Upstream)

1.1 Cultivar & Yield Optimization

Hemp Cultivars by Product Application:

. Bast Fiber
Cultivar
%
Finola (monoecious) 24-27%
Bialobrzeskie
28-32%

(dioecious)

CFX-2 (monoecious) 22-25%

NWG 2463

26-30%
(dioecious) °

Target Yield per Hectare:

Hurd . L.
Best Application

%

73- . . . .
Tissue, newsprint (mixed fiber blend)

76%

68- Premium offset, packaging (high-

72% quality fiber)

75— . . .
Tissue, commodity newsprint

78%

70- Packaging, kraft grades

74% ging, g

e Dry straw yield: 8-12 tonnes/hectare/year (4-month cycle = 3 rotations/year

potential in southern NB climate).

e Bast fiber recovery: 2.0-3.2 tonnes/hectarefyear (24-27% bast x 8—12 tonne straw).



e Hurd recovery: 5.7-8.6 tonnes/hectare/year (residual woody material for biofuel or
composite applications).

Acreage Requirements (for full portfolio production):

e Target total paper production: 500,000-1M tonnes/year (Year 5-10, all product
categories).

e At 10 tonnes straw/hectare, average fiber recovery ~60% effective yield = 6 tonnes
usable fiber/hectare.

e Required acreage: 83,000-167,000 hectares (Saint John River Valley +
Kennebecasis Valley, NB).

e Context: Irving's timber holdings in NB: ~1.8M hectares. Hemp acreage requirement
= 5-9% of Irving's landbase (fully feasible geographic replacement).

1.2 Soil & Land Preparation

e Rotation: Hemp integrates into existing agricultural rotations; typically 2-year break
from previous crop.

e Soil Amendment: Post-harvest hemp straw returns ~40% biomass carbon to soil
(improves soil organic matter).

e Drainage: Hemp requires well-drained loamy soils (pH 6.0-7.5); tolerates marginal
agricultural land (Irving clearcuts can regenerate as productive hemp cultivation
zones within 1-2 seasons).

1.3 Seeding & Cultivation

Seeding Rate: 45-60 kg/ha (high-density monoecious), 25-40 kg/ha (dioecious fiber
types).

Harvest Window: 70-90 days post-seeding (early flowering for optimal fiber quality).
Field Retting: 14-21 days (natural moisture separation of bast from woody core).

Yield Optimization:
¢ High-density (45-60 kg/ha) favors bast fiber development (25-30% bast yield).

e Lower density (20-30 kg/ha) favors hurd size/quality but reduces total fiber per
hectare.

¢ Production strategy: For tissue/offset (mixed fiber use), high-density is optimal.
For premium packaging (bast-optimized), lower density acceptable.



Section 2: Decortication & Fiber Preparation
2.1 Bale Conditioning

e Moisture Content: Condition to =12% via rotary drum dryer (prevents fiber
jamming).

¢ Throughput: 500-800 kg/hour per decorticator unit (scale multiple units for
industrial volume).

2.2 Industrial Decorticator (Multi-Stage)

Equipment:
e Primary hammer mill: Shatters woody core into hurds (=5 mm).
e Secondary pin mill: Further reduces hurd particle size; strips long bast fibers.
¢ Adjustable gap clearance: 8-12 mm (controls hurd fragmentation).
Output:
e Bast fiber fraction: 85-92% purity (remainder: short hurd contamination).

¢ Hurd fraction: =3% bast contamination (remainder: usable woody fiber).
2.3 Pneumatic Separation & Cleaning

¢ Air Classification: High-velocity cyclones (=20 m/s) separate light bast from heavy
hurds.

e Fines Removal: Secondary air classification removes dust, silica, non-fibrous
material.

e Target Purity: =295% bast in primary fraction; =3% bast in hurd fraction.

Section 3: Chemical Pulping (Soda-AQ Process)
3.1 Digester Configuration & Parameters

Reactor Type: Continuous vertical pressure vessel (5,000-10,000 L capacity for
industrial scale).

Cooking Profile:



e Liquor-to-Solids: 4:1 (adequate chemical penetration).

Ramp to 160 °C: 90 minutes controlled heating.

Hold at 160 °C: 45-60 minutes (H-factor: 1,000-1,100).

Operating Pressure: 0.8 MPa (8 bar gauge) at 160 °C.

Alkali Charge: 15% active alkali (NaOH equivalents), derived from renewable

hydroelectric caustic soda.

AQ Catalyst: 0.1% w/w (accelerates delignification, improves yield).

Expected Yields by Fiber Fraction:

Screened
Feedstock .

Yield %
Bast fibers

. 50-55%

(primary)
Hurd (woody

35-42%
core)
Mixed fiber

42-48%

(30% bast)

Optimization Strategy:

Kappa
Number

12-16

18-24

14-18

Viscosity
(cm?g)

750-850

500-650

650-750

Target Application

Tissue, printing papers
(high quality)

Newsprint, commodity
offset, packaging

Tissue (mixed-fiber
blends)

e Tissue applications: Blend 60% bast + 40% hurd for cost-efficiency (acceptable

tissue quality).

e Premium offset: Use 80-100% bast fiber (superior strength, brightness).

¢ Newsprint/packaging: Use 100% hurd fraction (economical, sufficient strength for

commodity).

3.2 Black Liquor Recovery & Chemical Regeneration

Multi-Stage Brown Stock Washing:

e Countercurrent washing with recovered white liquor (spent cooking solution).

e 5-stage cascade removes residual cooking chemicals, enabling 85-92% chemical

recovery.

Lignin Valorization:



¢ Agricultural Amendment: Recover technical lignin as soil conditioner for hemp
cultivation fields (closed-loop nutrient cycling).

o Biofuel: Dry black liquor solids (70-80% calorific value) co-fired in recovery boiler

to offset external steam demand.

e Byproducts: Capture tall oil (if using soap recovery); valorize as industrial

lubricant/binder.

Caustic Soda Regeneration (Lime Cycle):

e Recovery boiler: Burn black liquor solids (Na,COs, Na,S, lignin) at high temperature.

¢ Lime kiln: Regenerate caustic soda from Na,CO; + CaO - NaOH via standard kraft

mill chemistry.

¢ Chemical Recovery Rate: 85-92% (minimizes external chemical purchases).

Zero-Liquid-Discharge Target:

¢ All spent pulping liquor recovered for caustic regeneration.

e Minimal wastewater discharge; 100% of cooking chemicals recirculated within mill.

Section 4: Pulp Refining & Stock Preparation

4 1 Fiber Beating & Freeness Development

Equipment: Twin-disc refiners or conical Hollander beaters.

Freeness Targets by Product:

Canadian
Product Class Standard Freeness
(CSF)
Tissue (toilet
450-550 mL
paper)
Facial tissue 480-580 mL
Napkins 350-450 mL

Offset

Rationale

High freeness = rapid drainage in creping

machine; soft feel

Very high freeness for fast machine
speeds; loft development

Moderate refining for balanced
strength/absorbency



(book/magazine) 300-400 mL Lower freeness = better runnability on
offset presses; enhanced printability

Balanced freeness for high-speed

Newsprint 350-450 mL .
newspaper production

Higher freeness for rapid drainage; cost

Kraft packaging 400-500 mL .
efficiency

Refining Energy: 300-500 kWh/tonne (varies by target freeness and fiber type).
4.2 Additives & Sizing

Wet-Strength Agents (Replace Synthetic PAE):

¢ Plant-derived starch (corn, potato, tapioca): 5-8 kg/tonne.

e Chitosan (bio-based, from crustacean shells): 2—-3 kg/tonne.

¢ Glyoxalated polyacrylamide (GPA): 1-2 kg/tonne (if mineral-free not required).
Sizing System (Neutral-to-Alkaline pH 7.5-8.0):

o Alkyl Ketene Dimer (AKD): 8-12 kg/tonne (water resistance).

e Precipitated Calcium Carbonate (PCC): 15-20% loading (brightness, opacity without
chlorine bleaching).

Retention Aids:

e Cationic polyacrylamide (CPAM): 1-2 kg/tonne (improve filler/fiber retention on
forming wire).

Optional Lotion/Scent (Tissue only):
¢ Plant-derived aloe vera extract or jojoba oil (premium tissue grades).

e Natural fragrance (eucalyptus, lavender essential oils) instead of synthetic
fragrances.

Section 5: Paper Machine Operations (Fourdrinier & Creping Systems)
5.1 Fourdrinier Wire Section (General Offset, Packaging, Newsprint)

Machine Specifications:



Wire Speed: 300-600 m/min (depends on paper grade and basis weight).

Forming Wire: Stainless steel, 200-250 mesh.

Vacuum Suction: 40-65 kPa gauge (accelerates water drainage).

Sheet Uniformity: Coefficient of variation <2.5% (weight distribution control).
Consistency & Headbox:

e Target Consistency: 0.3% solids (pulp suspension).

e White Water Recirculation: 50-70% recovery (reduces fresh water demand).
Press Sectioning:

¢ Granite/Polyurethane Nip Rolls: 500-800 kN/m pressure.

e Moisture Reduction: 80% (wet web) = 45% (press output).

e Multiple Nip Stations: 3-4 successive presses for gradual dewatering.
5.2 Tissue Creping Machine (Tissue, Facial Tissue, Towels)

Yankee Dryer Setup:

e Yankee Cylinder: 3.5-4.5 m diameter, steam-heated to 160-200 °C.

e Drying: Single-pass drying to ~95% solids (tissue must be crispy for creping).

e Doctor Blade: Precision ceramic blade (0.1-0.3 mm gap) scrapes tissue off Yankee.
Creping Variables (Tissue Softness):

e Creping Ratio: 20-40% (higher = softer, more loft; lower = stronger, denser).

e Blade Pressure: 100-300 N/m (higher pressure = tighter creping).

¢ Yankee Temperature: 160-180 °C (higher = faster drying, tighter creping).

e Speed: 400-800 m/min (typical tissue line speed).
Output:

o Texture & Softness: Creping creates wavy, elastic texture (characteristic tissue
feel).

e Absorb Capacity: 5-8 g water/g tissue (critical for functional performance).

5.3 Multi-Cylinder Drying (All Products)



Dryer Stack:

e Steam-heated cast-iron cylinders (1.2-1.5 m diameter).

e Temperature Progression:
o Zone 1 (Cylinders 1-2): 80 °C (remove surface moisture).
o Zone 2 (Cylinders 3-4): 95 °C (bulk drying).
o Zone 3 (Cylinders 5-6): 110 °C (final drying).
o Zone 4 (Draw): 115 °C (equilibration).

¢ Residence Time: 5-8 seconds per cylinder group (~45-60 seconds total).

Target Moisture: 5-7% (equilibrium with 50% ambient RH).
5.4 Calendering & Finishing

Machine Calender:
¢ 3-5 polished steel rolls; adjustable pressure (100-300 kN/m).

¢ Functions: Control thickness (5% uniformity), eliminate surface fuzz, achieve
target porosity.

Surface Properties (by Product):

Gurley Porosity Bendtsen Smoothness Gloss (45°
Product .
(sec) (mL/min) %)
. 100-200 (high . — (natural
Tissue . — (not applicable)
porosity) matte)
Offset
60-120 200-400 10-20%
(Uncoated)
Offset (Lightly
20-40 100-150 30-45%
Coated)
Newsprint 80-150 250-500 5-10%
. — (natural
Kraft Packaging 40-100 300-600
kraft)

5.5 Winding, Slitting & Packaging



Winding:
e Parent reels up to 3,500 mm width; reel diameter up to 1,500 mm.
e Wind speed: 400-600 m/min (synchronized with dryer output).
Slitting:

¢ Precision knife or razor-blade slitter converts parent reels to master rolls or cut-size
sheets.

e Standard sizes: A4 (210 x 297 mm), A3 (297 x 420 mm), B5 (176 x 250 mm), letter
(8.5" x 11"), legal (8.5" x 14").

e Tissue rolls: 4.5" width (standard retail), 10 cm (metric markets), 2.5" (compact
travel size).

Final Packaging:

e Moisture-barrier wrap (kraft or polyethylene film) maintains =7% moisture during
storage.

e Shelf life: 12 months at 50% RH.

¢ Tissue Special Handling: Wrapped in plastic or cardboard sleeves to maintain
softness and loft during distribution.

Section 6: Quality Assurance & Testing
6.1 Pulp Quality Standards

Testing Protocol (TAPPI Standards):

Parameter Standard Target Range Rationale
TAPPI T- Pulping efficiency; economic
Screened Yield 48-54% p, 9 y
257 metric
TAPPI T- Residual lignin; bleachability
Kappa Number 12-18 (avg 14) ]
236 predictor
. . TAPPI T- . .
Viscosity 230 =700 cmd/g Fiber length preservation
ISO 60-88% (depends Unbleached ~65%; ECF

ISO Brightness



2470-1 on product) bleached ~85-88%

Permanent Wet TAPPI T- . Tissue: 100-150 g/15mm;
Varies by product .
Strength 231 offset: minimal

6.2 Paper Product Standards

Tissue Papers (TAPPI/ANSI Standards):

Basis

Product Weiaht Tensile Tear Strength Brightness
d Strength  (Elmendorf, mN) (1SO %)
(gsm)
Toilet Paper 20-27 3-8 N/m 60-100 80-90
Facial
. 17-22 4-8 N/m 40-80 85-92
Tissue
Napkins
. 30-40 8-15 N/m 80-120 80-85
(Multi-ply)
Paper
30-40 15-25 N/m 100-150 75-85
Towels

Printing Papers (1SO Standards):

Basis Weight Opacit Tensile Tear
Product 9 Brightness P v (N/m (mN
(gsm) %
MD) MD)
Offset 80-
70-100 75-821S0O =85 35-50
(Unbleached) 120
Offset 85—
70-90 85-89 IS0 =88 38-55
(Bleached) 130
. 60—
Newsprint 45-52 60-651SO =85 25-40 100
. 90-
Magazine/Coated 70-150 85-90 IS0 =88 40-60 140

Packaging Papers (ISO/TAPPI Standards):



Basis Burst Tear Tensile

Product Weight Brightness Strength (mN (N/m
(gsm) (kPa) MD) MD)
. 80-
Kraft Packaging 80-150 50-65 IS0 3.0-5.0 150 25-45
Bleached Kraft 70-
80-120 75-821S0O 2.5-4.5 22-40
(Food) 120
Kraft Board 100-
. 100-200 55-701SO 4.0-6.0 30-55
(Corrugating) 180

6.3 Regulatory & Environmental Compliance

Effluent Standards (Pulp & Paper Effluent Regulations, SOR/92-269):

e BOD; (Biochemical Oxygen Demand): <25 mg/L (discharged).

e TSS (Total Suspended Solids): <20 mg/L (discharged).

e Acute Fish Toxicity: No lethality at 100% mill effluent (OECD 203, 96-hour test).
Bleaching Sequence (ECF — Elemental Chlorine-Free):

e Stage 1 (H.0:): 10-15 kg/tonne H,0,; pH 9.5-10.0; 60 °C; 2-3 hours.

¢ Mild Acid Wash: pH 4.0-4.5 (remove metal complexes).

e Stage 2 (Optional 0;): 90 °C, 8 bar oxygen (if targeting =88 I1SO brightness with
minimal peroxide).

Target Brightness:

e Unbleached pulp: 60-65 ISO.

e Bleached pulp: 85-88 ISO (ECF sequence).
Certifications to Maintain:

e FSC Certification: Forest Stewardship Council (if applicable; may be waived for
hemp, as no forest clearcut involved).

e Organic Hemp Certification: USDA Organic for cultivation; carries through to
finished product claims.

¢ Industrial Composability: EN 13432 certification (if compostable packaging
desired; requires PE-free or PLA coating).



PART 3: PRODUCTION VOLUMES & MARKET REPLACEMENT

Section 1: Full Product Portfolio Capacity (Year 5-10)

Target Annual Production Mix

Annual Volume % of Total ASP Annual
Product Category .
(tonnes) Capacity (CAD/tonne) Revenue
. 100,000- $95M-
Tissue Products 15-20% $950-1,200
150,000 $180M
. $55M-
— Toilet paper 50,000-75,000 - $1,100-1,300
$97.5M
N $27M-
— Facial tissue 30,000-40,000 — $900-1,100
$44M
. $16M-
— Napkins & Towels 20,000-35,000 — $800-1,000
$35M
. . 250,000- $275M-
Offset & Printing 40-50% $1,100-1,500
400,000 $600M
80,000- $1,200- $96M-
— Unbleached offset —
150,000 1,400 $210M
100,000- $1,300- $130M-
— Bleached offset —
150,000 1,500 $225M
. $56M-
— Newsprint 70,000-100,000 — $800-1,000
$100M
. 150,000- $1,000- $150M-
Packaging & Kraft 25-35%
300,000 1,300 $390M
— Kraft pul 100,000- 90M-
pup ' — $900-1,100 S
(unbleached) 200,000 $220M
— Bleached specialty $1,200- $36M-
30,000-60,000 —
kraft 1,400 $84M
. $1,400- $28M-
— Coated specialty 20,000-40,000 —
1,700 $68M



. . 50,000-
Specialty/Technical 5-10%
100,000
— Filter papers 20,000-40,000 —

— Technical/medical 30,000-60,000 —

TOTAL 550,000-

100%

PRODUCTION 950,000

$1,400-
2,000

$1,500-
1,800

$1,400-
2,000

$1,150
(blended)

Section 2: Competitive Displacement of Irving Products

Current Irving Portfolio (2024-2025 Reference)

$70M-
$200M

$30M-
$72M

$42M-
$120M

$590M-
$1.37B

<cite index="37-1">Irving Tissue Company Limited generated $757.5 million revenue

(2024) with 3,089 employees.</cite> Estimated breakdown:

% of
. ? . Estimated Volume Hemp Replacement
Product Line Irving .
Revenue Estimate Target (Year 10)
Revenue
$227M 160,000- 80,000-120,000
Royale (Tissue) 30-35% $265M 200,000 tonnes (50-75%
tonnes replacement)
Private Label $302M 300,000- 120,000-200,000
LDC/TAD 40-45% $341M 350,000 tonnes (40-60%
(Packaging) tonnes replacement)
$76M 80,000- 50,000-80,000
Offset/Publishing 10-15% $114M 100,000 tonnes (60-80%
tonnes replacement)
20,000-30,000 tonnes
~50,000
Export/Other 10% $76M (40-60%
tonnes
replacement)
Hemp Disruption Scenario (Year 10)
Irving Displaced Revenue
Market Current Hemp Market Irving Impact to



Segment

North American
Tissue

Commodity
Kraft/LDC

Offset Printing

Specialty/Other

TOTAL
DISPLACEMENT

Volume

150,000
tonnes

300,000
tonnes

80,000
tonnes

50,000
tonnes

580,000
tonnes

Share (Year 10)

40%

35%

60%

50%

40% avg

Volume

60,000
tonnes

105,000
tonnes

48,000
tonnes

25,000
tonnes

238,000
tonnes

Irving

-$70M-$90M

-$105M-
$140M

-$60M-
$80M

-$30M-
$40M

-$265M-
$350M

Strategic Implication: By Year 10, hemp paper captures 40% of Irving's addressable
market (238,000 tonnes), reducing Irving’s annual revenue by $265M-$350M (~35-
46% of current $757.5M).

PART 4: ENVIRONMENTAL CASE FORHEMP VS. CLEAR-CUT

FORESTRY

Section 1: Carbon Lifecycle Comparison

Clear-Cut Forestry (Irving Model: 40-Year Rotation)

Lifecycle Carbon (from timber = pulp = product = landfill):

1. Forest Clearing (Year 0):

o Clear-cut releases 50-100 tonnes CO./hectare (soil carbon + biomass
decomposition).

o Total for Irving's annual harvest (~500K hectares logged in rotation): 25-50

million tonnes CO, released.

2. Transport & Processing:

o Chipping, pulping, bleaching, drying: 0.5-1.0 tonnes CO,/tonne pulp (fossil fuel +

steam).



o Example: 500K tonnes Irving pulp/year x 0.75 tonnes CO,ftonne = 375,000
tonnes CO..

3. Paper Manufacturing:

o Machine operation, packaging, distribution: 0.2-0.4 tonnes CO,/tonne finished
paper.

o Example: 500K tonnes tissue/offset/packaging x 0.3 tonnes CO,/tonne = 150,000
tonnes CO..

4. End-of-Life (Landfill Decomposition):

o Landfilled paper decomposes anaerobically, releasing methane (~25 CO.-
equiv./tonne).

o Assume 60% of Irving's annual output = landfill (180K tonnes/year).

o Methane emissions: 180K tonnes x 25 CO,-equiv. = 4.5 million tonnes CO,-
equiv./year (deferred over 20-year decomposition window).

Total Carbon Footprint (40-year cycle average):

e Per year (amortized): (25M-50M tonnes clearing + 375K + 150K + 4.5M
deferred)/40 years = 625K-1.4M tonnes CO./year.

Hemp Agriculture (4-Month Crop Cycle)

Lifecycle Carbon:
1. Soil Carbon Sequestration:

o Hemp crops growing continuously (3 rotations/year) sequester 8-12 tonnes CO,/
hectare/year (via photosynthesis + soil organic matter buildup).

o Target acreage for 500K tonnes hemp production: ~83K hectares.

o Annual sequestration: 83K hectares x 10 tonnes CO,/hectare = 830K tonnes
CO. captured/year (growing carbon sink).

2. Agricultural Inputs (Cultivation, Harvest, Retting):

o Tractor fuel, herbicide/fungicide (minimal for hemp, pest-resistant crop): 0.05-
0.10 tonnes CO,/hectare.

o Harvest retting (natural; no energy input): 0 CO..

o Total: 83K hectares x 0.075 tonnes CO,/hectare = 6.2K tonnes CO.Jyear



(negligible).

3. Pulping & Paper Manufacturing (Soda-AQ + Recovery Boiler):

(¢]

(e]

Soda-AQ pulping: 0.3-0.5 tonnes CO,/tonne pulp (vs. 0.75 for Kraft, lower
chemical intensity).

Recovery boiler biofuel combustion: Net-zero (biomass carbon from recent hemp
growth, not fossil fuels).

Paper manufacturing: 0.2-0.3 tonnes CO,/tonne (same as forestry).

Total: 500K tonnes x (0.4 + 0.25) = 325K tonnes CO,Jyear.

4. End-of-Life (Compostability):

o

Hemp paper is 100% biodegradable (no synthetic binders, PE-free).

Composting/anaerobic digestion: ~5-10 tonnes CO,-equiv./tonne (minor
biogenic release, offset by soil carbon sequestration).

Assume 40% diverted to composting (200K tonnes): 200K x 7.5 =1.5M tonnes
CO.-equiv.|year (deferred, shorter timeline than landfill).

Total Carbon Footprint (Annual, Steady-State):

e Sequestration: —-830K tonnes CO,/year (captured).

¢ Emissions: +331.2K tonnes CO,/year (inputs + processing).

¢ Net: -500K tonnes CO,[year (carbon negative).

Carbon Comparison Summary

Clear-Cut Forestry

Metric . Hemp Agriculture Advantage
(Irving)
Annual Hemp is 1.1-1.9M
+625K to +1.4M
Net -500K tonnes CO,/year tonnes CO.Jyear
tonnes CO,/year .
Carbon negative
Carbon . .
pavback 25-40 years (forest Immediate (every 4- Hemp is 100-240x
y. rotation) month harvest) faster
Period
1 hectare timber = 1 hectare hemp =6 .
Land Use ] Hemp is 72x more
. 0.25 tonnes dry tonnes dry fiber/year .
Intensity productive

pulp/40 years (x3 rotations)



. Complete (clear-cut . . Hemp preserves
Habitat Minimal (rotational crop; N
. . - monoculture L ) ) existing
Disruption . biodiversity-friendly)
plantation) ecosystems

Section 2: Environmental Benefits Summary
Water Quality & Quantity

¢ Clear-Cut Forestry: Clear-cutting causes erosion, sedimentation (silts rivers),
water table disruption.

e Hemp Agriculture: Root systems stabilize soil; minimal runoff; integrates into
existing agricultural water cycles.

¢ Advantage: Hemp reduces sedimentation by 80-90% vs. clear-cut zones.
Biodiversity & Habitat

¢ Clear-Cut Forestry: Old-growth habitat destroyed; songbird breeding grounds
eliminated; species loss (salamanders, small mammals, mycorrhizal fungi).

o Hemp Agriculture: Rotational crop supports native pollinator species, reduces
monoculture dependency, allows forest regeneration in rotation cycles.

¢ Advantage: Hemp preserves biodiversity; clear-cuts permanently simplify
ecosystems.

Soil Health

e Clear-Cut Forestry: Erosion (top-soil loss 5-20 cm per clear-cut event);
compaction from heavy machinery.

e Hemp Agriculture: Builds soil organic matter (40% biomass return); tap roots
improve soil structure; minimal machinery impact (comparable to grain crops).

¢ Advantage: Hemp improves long-term soil productivity.
Chemical Pollution

e Clear-Cut Forestry: Kraft pulping (traditional) releases organochlorine
compounds; dioxin/furan discharge (regulated but ongoing).

e Hemp Agriculture + Soda-AQ Pulping: No chlorine bleaching; soda-AQ has lower



chemical toxicity; closed-loop recovery boiler.

¢ Advantage: Hemp paper has 90-95% lower chemical toxicity footprint.

PART 5: ECONOMIC & OPERATIONAL ROADMAP

Section 1: Capex Investment & Timeline (Year 1-3 Commissioning)

Phase

Licensing &
Land

Decortication
Equipment

Pulping
Digesters

Paper
Machines

Bleaching &
Finish

Quality &
Control

Infrastructure

Timeline

Months
1-3

Months
4-9

Months
6-12

Months
8-15

Months
12-18

Months
6-18

Months
1-18

Component

Health Canada licensing;
land lease/purchase

(5,000 ha pilot)

Industrial decorticator (2

units), pneumatic
separation

Soda-AQ reactors

(2x7,500 L); recovery

boiler; caustic
regeneration

Fourdrinier + creping line
(tissue); separate offset

machine

H.0; bleaching plant;

calendering;
winding/slitting

Testing lab;
environmental

monitoring; control

systems

Buildings, water

treatment, wastewater

handling, storage

Est.
Cost
(CAD
M)

$5-
10

$3-5

12

$15-

20

$4-6

$2-3

12

Notes

Government
incentive eligible

Imported; lead
time 6-8 months

Largest capex
component; 12-
month lead

Modular; can
phase-build

Streamlined for
hemp (less
complexity than
Kraft)

Critical for
regulatory
compliance

On-site to enable
closed-loop
recovery



~$50M baseline
estimate

36 45—
Integrated facility S

TOTAL CAPEX
months 68M

Section 2: Operating Cost Structure (Year 5, Full Capacity)
Feedstock Costs (550,000-950,000 tonnes/year target)

Assume midpoint: 750,000 tonnes/year final paper output (requires ~1.4M tonnes
dry fiber input @ 54% average pulp yield).

. Total
Input Unit Cost Annual Qty
Cost
Hemp cultivation (all-in) $800/hectare 125K hectares $100M
. ) $150/tonne 1.4M tonne straw
Harvesting & retting ) $210M
straw input
Decortication (labor + . .
. $100/tonne fiber 750K tonne fiber $75M
utilities)
Subtotal Upstream - - $385M
Chemical & Utility Costs (Pulping + Papermaking)
Input Unit Cost Annual Qty Total Cost
Caustic Soda (external makeup) $120/tonne 300 tonne $36K
Anthraquinone (AQ) $4,200/tonne 0.8 tonne $3.4K
Hydrogen Peroxide (bleaching) $600/tonne 60 tonne $36K
Starch & additives $900/tonne 40 tonne $36K
Steam & Electricity - - $45M
Water & Treatment - - $8M
Subtotal Processing — — $53.1M

Labor & Overhead



Cost Category Annual

Operations staff (mill operations, maintenance) $15M
Pulping/papermaking technicians $8M
QA/environmental/admin $6M
Sales & marketing $3M
Subtotal Labor & Overhead $32M

Total Operating Cost (Year 5, 750K tonnes/year)

Category Annual Cost
Feedstock (cultivation, harvest, decortication) $385M
Chemicals & utilities $53.1M
Labor & overhead $32M
TOTAL COGS $470.1M

Cost Per Tonne (Final Paper): $470.1M + 750K tonnes = $626.80/tonne COGS.
Revenue & Profitability (Year 5)

Using blended ASP of $1,150/tonne (conservative; assumes mix of commodity to

premium):
Metric Value
Annual Production 750,000 tonnes
Blended ASP $1,150/tonne
Total Revenue $862.5M
Total COGS $470.1M
Gross Profit $392.4M

Gross Margin % 45.5%



Operating Expenses (SG&A, R&D, contingency) $80M (9% of revenue)
EBITDA $312.4M

EBITDA Margin % 36.2%

Payback Analysis:
e Capex: $50M (baseline estimate).
e Year 5 EBITDA: $312.4M.
e Simple Payback: $50M + $312.4M/year = 1.9 months (Year 5).

e Cumulative Payback (incl. ramp-up): Approximately 3—4 years from
commissioning (assuming Year 1-4 operation at 30-70% capacity utilization).

Section 3: Market Scenarios & Sensitivity

Conservative Scenario (Year 5: 500,000 tonnes/year @ $1,100/tonne ASP)

Metric Value
Revenue $550M
COGS (scaled @ $626.80/tonne) $313.4M
Gross Profit $236.6M
Gross Margin % 43%
EBITDA (after $50M opex) $186.6M
EBITDA Margin % 33.9%

Aggressive Scenario (Year 7: 1,000,000 tonnes/year @ $1,200/tonne ASP)

Assumes capex expansion (+$30M) to add second paper machine and increase
throughput; ongoing feedstock scaling.

Metric Value

Revenue $1,200M



COGS (scaled @ $600/tonne at higher volumes) $600M

Gross Profit $600M
Gross Margin % 50%

EBITDA (after $100M opex) $500M
EBITDA Margin % a1.7%

PART 6: POLITICAL & ENVIRONMENTAL POSITIONING

Statement on Clear-Cut Forestry vs. Regenerative Agriculture

Problem Identified:
Irving's tissue and paper operations rely entirely on clear-cut forestry, a model that:

1. Destroys biodiversity: Old-growth Acadian forests (Maritime mixed wood)
replaced with monoculture softwood plantations.

2. Releases stored carbon: Clear-cutting liberates 50-100 tonnes CO,/hectare (40-
year payback via replanting).

3. Disrupts watersheds: Erosion, siltation, water table collapse in clear-cut zones.

4. Locks in extractive economy: Regional dependence on resource depletion (timber)
rather than regenerative agriculture.

5. Violates Indigenous sovereignty: Many clearcuts occur on unceded Mi'kmaq,
Maliseet territories without consent; forest management incompatible with
Indigenous land stewardship.

Hemp Solution:

Hemp paper manufacturing provides a direct replacement for all Irving products
(tissue, offset, packaging, specialty grades) using:

¢ Regenerative Agriculture: 4-month crop cycle (3 rotations/year) vs. 40-year
clear-cut rotation.

e Carbon Sequestration: Hemp growing continuously acts as carbon sink (-500K
tonnes CO,/year net, vs. +1M tonnes for clear-cutting).

o Ecosystem Restoration: Eliminates clear-cutting; preserves remaining Acadian



forest biodiversity; integrates hemp into existing agricultural matrix.

¢ Local Economic Resilience: Hemp farming creates distributed agricultural

economy (many small growers) vs. centralized forest monopoly (Irving).

¢ Indigenous Alignment: Hemp farming compatible with Indigenous land
management; regenerative approach respects forest sovereignty.

Policy Implications

Recommendation to New Brunswick Government:

1. Transition Support: Offer tax credits and subsidies for hemp cultivation (replace
clear-cut forestry permits with agricultural hemp licensing).

2. Public Procurement: Specify hemp-based paper for all government offices,
schools, hospitals (leverage $50M+ annual public paper procurement).

3. Forestry Regulation: Cap clear-cutting in Acadian zone to <10% annually (preserve
old-growth carbon stocks); redirect permits to hemp agricultural zones.

4. Research Investment: Fund hemp breeding for paper traits (pulp yield, fiber
quality), biorefinery R&D (byproduct valorization).

PART 7: PRODUCTION SCHEDULE & REGULATORY
COMPLIANCE

Commissioning Timeline (Years 1-3)

Phase

Licensing &
Design

Land
Acquisition
& Prep

Equipment
Installation

Duration

Months
1-6

Months
3-12

Months
6-18

Key Milestones

Health Canada hemp
license; environmental EA;
equipment specifications

Secure 50K hectares initial
cultivation; soil testing;
drainage prep

Decorticators, digesters,
paper machines delivered;
civil works.

Regulatory Checkpoints

EC environmental
approval; provincial
environmental permit

Municipal zoning approval

Equipment certifications;
electrical inspections



Pilot Months
Production 18-24
Ramb-U Months
p=TP 24-36
Commercial Month
Launch 36+

Run 50-100 tonnes pulp
trials; optimize cooking
parameters; QA testing

Scale to 30-50% capacity;
validate product specs;
supply chain logistics

Full production; market
sales; optimization

Regulatory Compliance (Ongoing)

Health Canada Industrial Hemp Licensing:

Effluent baseline
sampling; environmental
effects monitoring
baseline

Full effluent compliance
testing; ongoing EEM;
audit readiness

Continuous monitoring per
Pulp & Paper Effluent
Regulations

¢ Annual Notice of Cultivation reports (cultivar, hectares, purpose).

¢ Random on-site inspections (THC testing to ensure <0.3% compliance).

Pulp & Paper Effluent Regulations:

¢ Quarterly acute toxicity testing (fish toxicity, OECD 203).

e Monthly BODs, TSS sampling; quarterly comprehensive wastewater analysis.

¢ Annual environmental effects monitoring (benthic macroinvertebrates, fish

population surveys).

e Ongoing record-keeping; inspector notification of non-compliance.

Provincial Environmental Permits (New Brunswick):

¢ Annual reporting of emissions (air, water, waste).

e Compliance with noise limits (industrial zone <55 dB night, <65 dB day).

FINAL SUMMARY: HEMP VS. CLEAR-CUT FORESTRY

Production Capacity (Year 5-10 Target)

e Total Annual Output: 550,000-950,000 tonnes of all paper products (tissue,
offset, packaging, specialty).

o Feedstock: 83,000-167,000 hectares of hemp cultivation (5-9% of Irving's



landbase; fully feasible geographic substitution).

Market Displacement: 238,000 tonnes/year (40% of Irving's addressable market)
by Year 10 = -$265M-$350M revenue impact to Irving.

Environmental Advantage

Carbon: Hemp is 1.1-1.9M tonnes CO.[year negative vs. clear-cut forestry’s
+625K to +1.4M tonnes CO./year positive.

Land Productivity: Hemp yields 72x more biomass per hectare over time (3
rotations/year x 6 tonnes fiber/hectare vs. 0.25 tonnes/40 years for timber).

Habitat: Hemp preserves existing biodiversity; clear-cutting destroys it.

Water Quality: Hemp reduces erosion/siltation by 80-90% vs. clear-cuts.

Economic Viability

Capex: $50M (3-year build).

Operating Cost: $626.80/tonne COGS at scale.

Blended Revenue: $1,150/tonne ASP (conservative).

Year 5 EBITDA: $312.4M (36.2% margin); payback in ~1.9 months Year 5 operation.

Strategic Advantage: 45-50% gross margins; unmatched by commodity Kraft;
defensible against Irving competition.

Market Replacement Strategy

Tissue Disruption: Replace 50-75% of Irving's Royale/tissue volume with hemp
alternatives.

Kraft/LDC Displacement: 40-60% of Irving's private label commodity packaging.
Offset/Publishing: 60-80% replacement for printing paper markets.

Net Effect: By Year 10, hemp paper captures $265M-$350M of Irving’'s annual
$757.5M revenue, fundamentally reshaping Atlantic Canadian paper industry.

Recommendation: Proceed with hemp paper SOP as direct strategic alternative to
Irving's clear-cut forestry. Manufacturing scope covers all products Irving
currently makes, positioned as superior environmental alternative with genuine
regenerative agriculture foundation, not niche premium positioning.



This is a systemic replacement strategy, not a market niche play.



