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The following slides are part of a presentation given by Alain Frix at PCA 
Annual Conference in Denver Colorado, USA on September 26th 2022.



World C Biomass inventory   (UN FAO)

Softwood forests = 90 billion MT

Hardwood forests = 180 billion MT

Softwood forests = 90 billion MT of C

Hardwood forests = 180 billion MT of C

World’s biggest biomass are plants (450 Gigaton of 
Carbon = 450 000 000 000 tons of Carbon)
Most of plants are terrestrial. 
Trees constitute the biggest plant biomass : 270 Gt C
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Softwood forests = 90 billion MT

Hardwood forests = 180 billion MT

+

1% of world conifer forests are exploited 

Saw mills Pulp millsFirewood
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GLOBAL SOFTWOOD BIOMASS FLOW TO MARKETS

Conifers dry biomass, generally :
42% cellulose (glucose long polymers) 3 xlonger than hardwoods
27% hemicellulose net (crossed polymers various sugars)
28% lignin rigidity (polymers of phenylpropane units)
Extractives : 
• mainly resin acids, tryglycerides (bark and stem), 
• fatty acids, steryl esters, sterols, and lignans (bark and branches)
• Terpenes as VOC’s : alpha pinene  beta pinene   bornyl acetate etc (there 

are over 40,000 different types of terpenes in nature… lots of functions 
including protection (insect, heat, etc.)

• Thousands of other chemicals

It is estimated world pine forests naturally release each year 430 millions tons of terpenes (Schenk GO (1979) Möglichkeiten der 
Ultraviolet-Bestrahlung zur Entkeimung von Brauchwasser. Pafr Kosm 60:397)
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TAPPING
~17% GT Natural “gum” Turpentine 150 000 mt

~70% Gum Rosins (90% resin acid)

730 000 MT

Tapping : access
260,000,000 MT biomass

trees alive, only resin collected

Pine Resins 1,120,000 mt (Adhesives,inkt,tires, 
coatings, sealants,sizing…)

GLOBAL SOFTWOOD BIOMASS FLOW TO MARKETS

World C Biomass 
inventory   (UN FAO)

collect ~ 880,000 MT oleoresin, 
avg yield 4 Kg per tree times year

F&F ingredients, Polyterpenic resins, Camphor, 
Solvents, etc

TAPPING
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F&F
<100 mt

Cosmetics
<500 mt

11.2% 
biomass

Branches & 
tops

170,000 MT of
stumps

Stumps & 
roots

17.2 % 
biomass

2.8 % 
biomass

Softwood Non Fuel Cutting : 
> 800 000 000 MT (wet) 

trees cut to feed saw mills & pulp mills

Softwood
Fuel Cutting : 
>200 000 000 

MT (wet)

GLOBAL SOFTWOOD BIOMASS FLOW TO MARKETS

CUTTING
> 1,000,0000,000 MTWorld C Biomass 

inventory   (UN FAO)

Fuel wood
165,000,000 MT

Needles 
foliage

~30% dead biomass stay in forest, decay
microorganismsanimal CO²

68.8 % 
biomass

Cut timber, let 
dry 6 months

Saw mills

Pulp mills

Barky logs

Firewood
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Softwood forests = 90 billion MT
Hardwood forests = 180 billion MT

Solvent 
extraction

Distillation
Stump collection
: dead wood stumps

removed from
forest land

<2000 mt WT Natural “wood” 
Turpentine 50% alpha  5% beta   

Spent wood

70% Wood Rosin  >7,000 MT

Other esters wood
Resin >5,000 MT

Asphalt & 
construction

Beverages

bioEnergy

Glycerol Ester of Abietic
acid ~2000 MT 

GLOBAL SOFTWOOD BIOMASS FLOW TO MARKETS

CUTTING
World C Biomass 

inventory   (UN FAO)

170,000 MT of
stumps 30% dark phenolic rosin

>3,000 MT

99.9% 
Decay in 

forest
Pine Resins 1,120,000 mt (Adhesives,inkt,tires, 

coatings, sealants,sizing…)
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42 % yield

Barky logs

Drying wood

de-bark logs

Softwood Lumber
150,000,000 MT 

(construction, 
furnitures)

Barks
(~11% of

BL)

360 million MT

Softwood Panel (OSB, 
Plywood, PB, FB) 80,000,000 MT

(construction, furnitures)

Sawdust & 
shavings

10 million 
MT

Panels

Softwood Non Fuel Cutting : 
> 800 000 000 MT (wet) 

trees cut to feed saw mills & pulp mills

Cut timber, let 
dry 6 months

Saw mills

Pulp mills

320 million MT

Lumber

80 million
MT of
chips

40  million MT  
bark waste

80 million
MT of chips

Saw-chips 
170 million MTSAW MILLS

285 million MT
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NaOH + Na2S 
impregnation

Cooking

Washing
Bleaching

Separation of
lignin from
cellulose

ALL PULP
140,000,000 MT

KRAFT PULP MILL
Cheapest,yield 43%, 
stronger fibers, but 

sulfur

waste bark 35 
million MT

evaporating

7% Sulfite Pulp 
mills

Na2SO3 
impregnation

Cooking

Washing Bleaching

Separation of
lignin from
cellulose

SULFITE MILL
More for Spruce, less

for Pine, weaker
fibers, 41% yield,  

lignin separation, but 
sulfur

Construction 
(concrete)

Agrochem
(dispersing agent)

Animal feed
(pellet binders, Ca Na 

electrolytes, gut 
agents)

Ligno-
sulfonates 
3,000,000 

mt

ORGANOSOLV
Cleaner tech, to be
improved,  Good

cellulose and sulfur-
free lignin separation

Methylcellulose
100,000 MT

MECHANICAL PULP
MILLS  

Rearrangement of 
fibers, no extraction of 

components
SEMI-MECHANICAL 

Chemo-Thermo
MILLS CTMP 

Rearrangement of 
fibers, no extraction 

of components

23% Other Pulp 
mills

PULP
10,000,000 MT

240 million MT25 million MT65 million MT

PULP
30,000,000 MT

Pulp mills

evaporating

acidic
digestion

BROWN 
LIQUOR

70% KRAFT Pulp 
mills alkaline

digestion

330 million MT of debarked wood

Food 
(filler, vanillin)

Pharma
(laxatives)

Pulp =Cellulose
Soft wood Paper 
140 000 000 MT

KRAFT PULP
strong cellulose

100,000,000 MT

Food 
(filler)

PULP MILLS
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Recovery of
inorganics, + 

lignin is burned

Methanol < 700,000 mt

Ethanol < 700,000 mt

Waste slugde 2% hexose <5,000,000 mt

Acetic acid < 150,000 mt

CRUDE TALL OIL (1) 
(40 Kg/mt of pulp)

2,000 000 MT
(40% rosin acids,35% 

fatty acids, incl
hydroxycarboxylic acids)

Inks, 
Emulsifiers, 

Tackifiers

14% Tall Oil Heads
200,000 MT

14%  Tall Oil Pitch 
bioEnergy

200 000 MT

5%  Tall Oil Distilled
(35% light resin acids, 
65% heavy fatty acids) 

75,000 MTSO² + H²S

60 000 000 
MT lignin to

furnace

BLACK LIQUOR 
62 000 000 MT 

ORGANICS

Paints, Cleaners, 
Linoleum32%  Tall Oil Fatty

Acids (linoleic ,oleic, 
palmitic ) 480 000 MT

Food-CG 
10,000 mt

HVO    
550 000 MT 

+<0.3 % (of pulp) CST Crude 
Sulfate Turpentine 180 000 mt

CST ex CTO
20 000 mt

F&F, Camphor, 
Polyterp resins, 

Solvents, pesticides
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Washing
Bleaching

NaOH + Na2S 
impregnation

Cooking
Separation of

lignin from
cellulose

KRAFT PULP MILL
Cheapest,yield 43%, 
stronger fibers, but 

sulfur

evaporating

240 million MT

70% KRAFT Pulp 
mills alkaline

digestion

KRAFT PULP
strong cellulose

100,000,000 MT

Phytosterols
5 000 MT

Soap Detergents 
emulsifiers, 

mining,adhesives
surfactants

Food-CG 
10,000 mt

BioFuels
Pine Resins 1,120,000 mt

(Adhesives,inkt,tires, coatings, 
sealants,sizing…)Kraft mills

KRAFT PULP MILLS

BioFuels

35% Tall Oil Rosins
500 000 MT    

(600 ppm sulfur)
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200,000 MT 
Pitch to boiler

30 %60 %  yield50,000 mt
to biofuel

100,000 mt biofuel ?

Softwood forests = 90 billion MT
Hardwood forests = 180 billion MT

TAPPING

-20% water

Drying wood

de-bark 
logs

68.8 % 
biomass-20% water

F&F
<100 mt

alkaline
digestion

NaOH + Na2S 
impregnation

Cooking

Washing
Bleaching

Separation of
lignin from
cellulose

Distillation

Recovery 
of

inorganics, 
+ lignin is
burned

fermentation

Solvent 
extraction

Distillation

Needles 
foliage

11.2% 
biomass

Pulp =Cellulose
Soft wood Paper 
140 000 000 MT

<0.3 % (of pulp) CST Crude 
Sulfate Turpentine 180 000 mt

~17% GT Natural “gum” Turpentine 150 000 mt

10% water

~70% Gum Rosins 
(90% resin acid)
650 000 MT

Softwood Lumber
150,000,000 MT 

(construction, 
furnitures)

285,000,000 MT

Tapping : access
260,000,000 MT 

biomass trees alive, 
only resin collected

Pine Resins 1,120,000 mt

(Adhesives,inkt,tires, coatings, 
sealants,sizing…)

Barky logs BL

Branches
& tops

Stump 
collection : dead

wood stumps
removed from

forest land

170,000 MT of stumps

<2000 mt WT Natural “wood” 
Turpentine 50% alpha  5% beta   

30% dark phenolic rosin
>3,000 MT

Spent wood

Phytosterols
5 000 MT

(2)Resin acids : 
• Abietic (35-52%)
• Dehydroabietic (4-27%)
• Palustric (10-12%)
• Isopimaric (1-12%)
• Neoabietic (4-10%)
• Pimaric (1-7%)
• Sandrarcopimaric (0-3%)

70% Wood Rosin
>7,000 MT

PULP
strong cellulose

100,000,000 
MT

480,000 mt TOR rOsins

Other esters wood
Resin >5,000 MT

KRAFT PULP MILL
Cheapest,yield
43%, stronger

fibers, but sulfur

Methanol < 700,000 mt

Ethanol < 700,000 mt

Waste slugde 2% hexose
<5,000,000 mt

Acetic acid < 150,000 mt

(1) Some hydroxycarboxylic acids found in CTO : 
α- and β-glucoisosaccharinic, xylosaccharinic, lactic, 
3,4-dideoxypentonic, 2-hydroxybutanoic, and glycolic 
acids

Soap Detergents 
emulsifiers, 

mining,adhesives
surfactants

CRUDE TALL OIL (1) 
(40 Kg/mt of pulp)

1,800 000 MT
(40% rosin acids,35% 

fatty acids, incl
hydroxycarboxylic acids)

Inks, 
Emulsifiers, 
Tackifiers

14% Tall Oil Heads
200,000 MT

14%  Tall Oil Pitch 
bioEnergy

200 000 MT

5%  Tall Oil Distilled
(35% light resin acids, 
65% heavy fatty acids) 

75,000 MT

Biorefinery
????

Asphalt & 
construction

Bio chemicals

Barks
(~11% 
of BL)

Barks
waste

bark 35 
million

MT

Conifers dry biomass (average green biomass : 100% moisture content = 50% of weight is water)
42% cellulose (glucose long polymers) 3 xlonger than hardwoods
27% hemicelluloses net (crossed polymers various sugars)
28% lignin rigidity (polymers of phenylpropane units)
70% softwood VOC are terpenes, then hexanal..

Stumps 
& roots

17.2 % 
biomass

2.8 % 
biomass

evaporating

Cut timber, let dry 6 months

70% KRAFT 
Pulp mills7% Sulfite Pulp mills

acidic
digestion

Na2SO3 
impregnation

Cooking

Washing
Bleaching

Separation of
lignin from
cellulose

evaporating

SULFITE MILL
More for Spruce, less

for Pine, weaker fibers, 
41% yield,  lignin

separation, but sulfur

Construction 
(concrete)

Agrochem
(dispersing agent)

Animal feed
(pellet binders, Ca Na 

electrolytes, gut 
agents)

Food (filler, 
vanillin)

Ligno-
sulfonates 
3,000,000 

mt

ORGANOSOLV
Cleaner tech, to be
improved,  Good

cellulose and 
sulfur-free lignin

separation

Methylcellulose
100,000 MT

BROWN 
LIQUOR

Pharma
(laxatives)

MECHANICAL PULP
MILLS  

Rearrangement of 
fibers, no extraction 

of components

SEMI-MECHANICAL 
Chemo-Thermo

MILLS CTMP 
Rearrangement of 

fibers, no extraction 
of components

23% Other Pulp mills

SO² + H²S

PULP
10,000,000 MT

Soap 
skimming
+H2SO4

2 000 000 MT 
Organics

60 000 000 
MT lignin to

furnace

BLACK 
LIQUOR 
62 000 000 

MT 
ORGANICS

240 million MT 
debarked wood

~30% dead biomass stay in 
forest, decay

microorganismsanimal CO²

bioEnergy

Softwood Non Fuel 
Cutting : 

> 800 000 000 MT (wet) 
trees cut to feed saw

mills & pulp mills

Softwood Fuel 
Cutting : 

>200 000 000 
MT (wet)

= Business driver

= By-product
Chemical 
reaction=

= Bioenergy

25 million MT
65 million MT

PULP
30,000,000 MT

Cosmetics
<500 mt

Glycerol Ester of Abietic acid
~2000 MT 

320,000,000 MT

42 % 
yield

220503BD
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360 million MT

Saw mills

Softwood Panel 
(OSB, Plywood, PB, 

FB) 80,000,000 MT

(construction, 
furnitures)

Sawdust & 
shavings

10,000,000 
MT

40,000,000 
MT waste

bark

Panels

Pulp mills
80 million

MT of
chips

Saw-chips 
170,000,000 

MT

GLOBAL SOFTWOOD BIOMASS FLOW TO MARKETS

CUTTING

> 1,000,0000,000 MT

World C Biomass 
inventory   (UN FAO)

Biodiesel 
>500,000 MT 

Fuel wood
165,000,000 

MT Paints, 
Cleaners, 
Linoleum

32%  Tall Oil Fatty
Acids (linoleic ,oleic, 

palmitic )500 000 MT

35% Tall Oil Rosins
500 000 MT    (2)

(600 ppm sulfur)

Lumber

www.allchemix.com

Food-CG 
10,000 mt

collect < 900,000 MT 
oleoresin, avg yield 4 Kg 

per tree times year

Tapping is somehow 
sustainable

HVO    400 000 MT 

CST
200 000 

mt

F&F, 
Camphor, 
Polyterp, 
Solvents

CST 20 000 
mt
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200,000 MT 
Pitch to boiler

30 %60 %  yield50,000 mt
to biofuel

100,000 mt biofuel ?

Softwood forests = 90 billion MT
Hardwood forests = 180 billion MT

TAPPING

-20% water

Drying wood

de-bark 
logs

68.8 % 
biomass-20% water

F&F
<100 mt

alkaline
digestion

NaOH + Na2S 
impregnation

Cooking

Washing
Bleaching

Separation of
lignin from
cellulose

Distillation

Recovery 
of

inorganics, 
+ lignin is
burned

fermentation

Solvent 
extraction

Distillation

Needles 
foliage

11.2% 
biomass

Pulp =Cellulose
Soft wood Paper 
140 000 000 MT

<0.3 % (of pulp) CST Crude 
Sulfate Turpentine 180 000 mt

~17% GT Natural “gum” Turpentine 150 000 mt

10% water

~70% Gum Rosins 
(90% resin acid)
650 000 MT

Softwood Lumber
150,000,000 MT 

(construction, 
furnitures)

285,000,000 MT

Tapping : access
260,000,000 MT 

biomass trees alive, 
only resin collected

Pine Resins 1,120,000 mt

(Adhesives,inkt,tires, coatings, 
sealants,sizing…)

Barky logs BL

Branches
& tops

Stump 
collection : dead

wood stumps
removed from

forest land

170,000 MT of stumps

<2000 mt WT Natural “wood” 
Turpentine 50% alpha  5% beta   

30% dark phenolic rosin
>3,000 MT

Spent wood

Phytosterols
5 000 MT

(2)Resin acids : 
• Abietic (35-52%)
• Dehydroabietic (4-27%)
• Palustric (10-12%)
• Isopimaric (1-12%)
• Neoabietic (4-10%)
• Pimaric (1-7%)
• Sandrarcopimaric (0-3%)

70% Wood Rosin
>7,000 MT

PULP
strong cellulose

100,000,000 
MT

480,000 mt TOR rOsins

Other esters wood
Resin >5,000 MT

KRAFT PULP MILL
Cheapest,yield
43%, stronger

fibers, but sulfur

Methanol < 700,000 mt

Ethanol < 700,000 mt

Waste slugde 2% hexose
<5,000,000 mt

Acetic acid < 150,000 mt

(1) Some hydroxycarboxylic acids found in CTO : 
α- and β-glucoisosaccharinic, xylosaccharinic, lactic, 
3,4-dideoxypentonic, 2-hydroxybutanoic, and glycolic 
acids

Soap Detergents 
emulsifiers, 

mining,adhesives
surfactants

CRUDE TALL OIL (1) 
(40 Kg/mt of pulp)

1,800 000 MT
(40% rosin acids,35% 

fatty acids, incl
hydroxycarboxylic acids)

Inks, 
Emulsifiers, 
Tackifiers

14% Tall Oil Heads
200,000 MT

14%  Tall Oil Pitch 
bioEnergy

200 000 MT

5%  Tall Oil Distilled
(35% light resin acids, 
65% heavy fatty acids) 

75,000 MT

Biorefinery
????

Asphalt & 
construction

Bio chemicals

Barks
(~11% 
of BL)

Barks
waste

bark 35 
million

MT

Conifers dry biomass (average green biomass : 100% moisture content = 50% of weight is water)
42% cellulose (glucose long polymers) 3 xlonger than hardwoods
27% hemicelluloses net (crossed polymers various sugars)
28% lignin rigidity (polymers of phenylpropane units)
70% softwood VOC are terpenes, then hexanal..

Stumps 
& roots

17.2 % 
biomass

2.8 % 
biomass

evaporating

Cut timber, let dry 6 months

70% KRAFT 
Pulp mills7% Sulfite Pulp mills

acidic
digestion

Na2SO3 
impregnation

Cooking

Washing
Bleaching

Separation of
lignin from
cellulose

evaporating

SULFITE MILL
More for Spruce, less

for Pine, weaker fibers, 
41% yield,  lignin

separation, but sulfur

Construction 
(concrete)

Agrochem
(dispersing agent)

Animal feed
(pellet binders, Ca Na 

electrolytes, gut 
agents)

Food (filler, 
vanillin)

Ligno-
sulfonates 
3,000,000 

mt

ORGANOSOLV
Cleaner tech, to be
improved,  Good

cellulose and 
sulfur-free lignin

separation

Methylcellulose
100,000 MT

BROWN 
LIQUOR

Pharma
(laxatives)

MECHANICAL PULP
MILLS  

Rearrangement of 
fibers, no extraction 

of components

SEMI-MECHANICAL 
Chemo-Thermo

MILLS CTMP 
Rearrangement of 

fibers, no extraction 
of components

23% Other Pulp mills

SO² + H²S

PULP
10,000,000 MT

Soap 
skimming
+H2SO4

2 000 000 MT 
Organics

60 000 000 
MT lignin to

furnace

BLACK 
LIQUOR 
62 000 000 

MT 
ORGANICS

240 million MT 
debarked wood

~30% dead biomass stay in 
forest, decay

microorganismsanimal CO²

bioEnergy

Softwood Non Fuel 
Cutting : 

> 800 000 000 MT (wet) 
trees cut to feed saw

mills & pulp mills

Softwood Fuel 
Cutting : 

>200 000 000 
MT (wet)

= Business driver

= By-product
Chemical 
reaction=

= Bioenergy

25 million MT
65 million MT

PULP
30,000,000 MT
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<500 mt

Glycerol Ester of Abietic acid
~2000 MT 

320,000,000 MT

42 % 
yield
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360 million MT

Saw mills

Softwood Panel 
(OSB, Plywood, PB, 

FB) 80,000,000 MT

(construction, 
furnitures)

Sawdust & 
shavings

10,000,000 
MT

40,000,000 
MT waste

bark

Panels

Pulp mills
80 million

MT of
chips

Saw-chips 
170,000,000 

MT

GLOBAL SOFTWOOD BIOMASS FLOW TO MARKETS

CUTTING

> 1,000,0000,000 MT

World C Biomass 
inventory   (UN FAO)

Biodiesel 
>500,000 MT 

Fuel wood
165,000,000 

MT Paints, 
Cleaners, 
Linoleum

32%  Tall Oil Fatty
Acids (linoleic ,oleic, 

palmitic )500 000 MT

35% Tall Oil Rosins
500 000 MT    (2)

(600 ppm sulfur)

Lumber

www.allchemix.com

Food-CG 
10,000 mt

collect < 900,000 MT 
oleoresin, avg yield 4 Kg 

per tree times year

Tapping is somehow 
sustainable

HVO    400 000 MT 

CST
200 000 

mt

F&F, 
Camphor, 
Polyterp, 
Solvents

CST 20 000 
mt

 100 billion $

 140 billion $

 1.6 billion $

Saw mills

Pulp mills

Tapping
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Fragrance & Flavour Ingredients
CONIFEROUS FORESTS DRIVERS :

SAW MILLS     : 350,000,000 MT of wood  230,000,000 MT of lumber and panels   CONSTRUCTION & FURNITURE

PULP MILLS    : 280,000,000 MT of wood  140,000,000 MT of cellulose   PAPER AND CARDBOARD

+ > 6,000,000 MT of by-products  Various Industries

PINE TAPPING:  1,000,000 MT of oleoresin through tapping tree alive  650,000 MT Pine Rosins  RESINS

Paper / Cardboard

FLOW FROM 
PINE FORESTS

Pine Resins

13

Turpentine is one of smallest side 
streams in whole biomass chain, but 
with a wide range of applications

Lumber / Panels / 
Furnitures

Turpentine
350,000 MT

Perfumes

Camphor

Terpene Resins

Agronomy 

Solvents
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More information available on free article in free IFEAT World magazine 
July 2022   https://ifeat.org/2022/07/ifeatworld-july-2022/

Also freely available on www.allchemix.com
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