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• Dimser og Gear
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• Hvad har/får vi?

Fremstillede cellulose-fibre af nonwood
biomasse – hvorfor?
• 2 problemstillinger

• Behov for (mere) bæredygtigt tekstilmateriale
• Miljøbelastning for tekstil
• Hvilke tekstilmaterialer findes?
• Hvor meget tekstil?

• Behov for bæredygtig udnyttelse af landbrugs rest-biomasse

http://mistrafuturefashion.com/wp-content/uploads/2015/06/Environmental-assessment-of-Swedish-fashion-consumption-LCA.pdf

Tekstil
er

Hvem-hvad-hvor

Fremstillede cellulose-fibre af nonwood
biomasse
• 2 problemstillinger

• Behov for (mere) bæredygtigt tekstilmateriale
• Miljøbelastning for tekstil
• Hvilke tekstilmaterialer findes?
• Hvor meget tekstil?

• Behov for bæredygtig udnyttelse af rest-biomasse

http://mistrafuturefashion.com/wp-content/uploads/2015/06/Environmental-assessment-of-Swedish-fashion-consumption-LCA.pdf

Fremstillede cellulose-fibre af nonwood
biomasse
• 2 problemstillinger

• Behov for (mere) bæredygtigt tekstilmateriale
• Miljøbelastning for tekstil
• Hvilke tekstilmaterialer findes?
• Hvor meget tekstil?

• Behov for bæredygtig udnyttelse af rest-biomasse Tekstil 
Fibre

Tekstile materialer

Tekstil 
Fibre

N
A
T
U
R
F
I
B
R
E

K
E
M
O
F
I
B
R
E

Tekstil 
Fibre

Tekstile materialer



Tekstilfibre - klassificering

Silke
Uld

Kamel hår
Kanin hår

osv.

Bomuld
Jute
Hør

Hamp
osv.

Viskose
Modal
Lyocell
Acetat

osv.

Nylon
Polyester

Akryl
Polypropylen

Kewlar
”Bioplast”

osv.

Biologiske 
polymerer

Syntetiske
polymererVegetabilskeAnimalske

Naturfibre Fremstillede fibre

Biobaserede  Fossilt baserede

Fremstillede cellulose-fibre af nonwood
biomasse
• 2 problemstillinger

• Behov for (mere) bæredygtigt tekstilmateriale
• Miljøbelastning for tekstil
• Hvilke tekstilmaterialer findes?
• Hvor meget tekstil?

• Behov for bæredygtig udnyttelse af rest-biomasse

0

40

80

120

160

ko ge
d

sv
in

si
lk

e

bo
m

ul
d

ba
st

-f
ib

er ul
d

ku
l-f

ib
er

ar
am

id

po
ly

ur
et

an

ny
lo

n

m
od

al

PL
A

vi
sk

os
e

ac
et

at

ak
ry

l

ly
oc

el
l

el
as

ta
n

po
ly

es
te

r

po
ly

pr
op

yl
en

kæ
ng

ur
o

gl
as

-f
ib

er

M
SI

 Im
pa

ct
 s

co
re

 

J

L

http://msi.higg.org

Miljøbelastning – tekstilproduktion 

cradle-to-gate

Fremstillede cellulose-fibre af nonwood
biomasse
• 2 problemstillinger

• Behov for (mere) bæredygtigt tekstilmateriale
• Miljøbelastning for tekstil
• Hvilke tekstilmaterialer findes?
• Hvor meget tekstil?

• Behov for bæredygtig udnyttelse af rest-biomasse

20 JANUARY/FEBRUARY 2015 TextileWorld.com

The origins of the man-made
fiber (MMF) industry are found
in the first commercial produc-
tion of artificial silk using cellu-

losics by De Chardonnet in France in
1892. Regrettably the business
declared bankruptcy in 1894! How-
ever, not to be discouraged, the
industry continued to develop other
cellulosics and acetates until the
arrival of nylon, which was discov-
ered by Wallace Carothers at DuPont
in the 1930s. His discovery brought
the first truly MMF to the market.
Initial applications including military
uses during World War II and replac-
ing silk in women’s hosiery. Nylon
was followed by the ICI development
of polyester, discovered in the early
1940s by two British scientists work-
ing for Calico Printers.

From these early beginnings the
MMF industry was born, and

through continuous development it
recorded demand in 2014 of 55.2
million tons (122 billion pounds) of
synthetic fiber, in addition to man-
made cellulosic fiber demand of 5.2
million tons. The natural fiber indus-
try, including cotton and wool, has a
demand of 25.4 million tons.

Figure 1 shows the history of
fiber demand in millions of tons,
and demonstrates the dominant role
that polyester has had in fiber
demand growth. The graph also
shows the continuing dominance of
polyester going forward, as calcu-
lated by England-based PCI Fibres
in its forecast out to 2030. Polyester
demand passed that of cotton in
2002, and has continued to grow at
a significantly faster rate than all
other fiber types. 

In 1980, polyester demand was
only 5.2 million tons globally and by

By Alasdair Carmichael

Polyester dominated
recent man-made fiber
demand growth, but
there is global demand
for all man-made fibers.
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“Textile gap”
Biobaserede  Fossilt baserede

Fremstillede cellulose fibre

Viscose Modal Lyocel
Ioncell
Spinnova

1880’er 1930’er 1972 2025?

?

Omdannelse Navn På markedet? Solvent Krav til raffinering

Indirekte opløsning/ 

derivatisering

Viskose 1905 CS2/NaOH Ren

Modal/HWM 1950’er CS2/NaOH Ren

Acetate
1920’er CH3COOH / H2SO4

Ren

Triacetate Ren

Carbamate/

InfinitedFiber
In progress Carbamate Ren

Komplex Cupro Kobber, H2SO4

Direkte opløsning

Lyocell/Tencel 1972 NMMO Ren

IonCell In progress DBHOAc Ret ren (-aske)

Ioniske væsker Research EmimOAc Ret ren (-aske)

BioCelSol
Research Enzym/ Urea Ren

Mekanisk neddeling Spinnova In progress
Ingen. Mikro-

fibrilleret
Ret ren

FiberB
Fortisan

High-tenacity Viscose

Fremstillingsmetoder – cellulose-fibre
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Det totale globale forbrug af animalsk protein fra 2007 til 2030 

kan stige med ca. 70 %., og der forventes desuden stigning

i efterspørgslen efter vegetabilske proteiner til fødevarer 

Åjrligt import af ca. 1 mio. tons 
protein kl foder i Danmark, hvoraf 
sojaprodukter udgør 64% 

Græs 
protein

BIOBIO

Kaskade–udnyttelse af biomasse

Protein

Fiber-rest
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Type and Source of Dissolving 
Pulp 

Location of 
Dissolving Pulp 

(DP) Mill 

Location of 
Staple Fiber 
(MMCF) Mill 

Softwood pulp from Sweden Sweden Germany 

Softwood pulp from Canada Canada China 

Mixed tropical hardwood pulp 
from Indonesia Indonesia China 

Eucalyptus pulp from Indonesia Indonesia China 

Recycled pulp from clothing 
inputs Sweden Germany 

Bamboo pulp from China China China 

Cotton linter* sourced from 
India and pulped in China 

China China 

Eucalyptus pulp from South 
Africa South Africa China 

Mix of beechwood and 
eucalyptus pulp from Austria 

Austria/ South 
Africa

Austria

Andre (mere) ansvarlige cellulose-kilder?

Life Cycle
Assessm

entCom
paring

Ten 
Sources of M

anm
ade

Cellulose Fiber 

V
is

co
se

Lyocell

Global climate Change, net

Climate Hotspot

Ocean Acidification

Terrestrial Distrurbance

Key Species Habitat Loss

Regional Acidification

Non Renewable Energy 
Resource Depletion

Water Consumption

Wood Ressource

PM 2.5 Exposure Risks

Hazardous Ambient Air 
Contaminant Exposure Risk
(non-Cancer) Health Effects

Human Health Impacts-
Cancer Risks

J L

Tekstiler – genanvendelse
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Land Koncept Stadie Kommentar

Sverige Tekstil>pulp Demo-anlæg. 30,000 tons 
anlæg planlagt

Farvet ok, ÷blend

Holland Tekstil>pulp Pilot (5000tons). 
2020: 10000 ton/a 

Farvet ok, defineret ret ren COT. LCA

Sverige Tekstil>pulp Mangler tekstil-affalds 
partnere

PET/COT ok, ÷farver 

Østrig Tekstil>pulp På marked 
(just20%recycling)

Ren præ-konsumer bomuld. LCA

USA Prototype Blend ok, decolour

Finland Tekstil>fiber Demo (delvist raffineret) cellulose/lignocell. Mikrofibrillering

Finland Tekstil>fiber Demo-anlæg Ren cellulose

Finland Tekstil>fiber Demo Cellulose-holdigt. Carbamate-metode

HongKong Demo-anlæg. HTL Removes spandex m bio-solvent, cotton decoloring.
Licens-partner efter 2020

UK Tekstil>pulp? Industrial demo  plant 2021 PET/COT (PET polymer). Decolour. Ret bredt input. 

Textile Change? Danmark Tekstil>pulp Tekstil-affald og rest-biomasse?
HTL-licens?

HTL of Common Polymers in Presence of Alkaline Catalyst and 

Lignocellulosic Materials
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WornAgain

Hvad så nu…

Affalds-kategorisering:
Plast >< tekstil
Engangs-tekstiler…

Indsamling af the goodies
Ren cellulose
Simpel cel/pet
Ren PP, PET

Indsamling af the goodies
Ren cellulose
Simpel cel/pet
Ren PP, PET

Tekstil?

Videns-

verdenen?

Opskalering/finansiering
Investorer…
Offentlige midler
Fondsmilder
Andels-samarbejder…?

EU Affaldsrammedirektiv
Separat indsamling af 
tekstiler, senest 1. januar

Tekstiler –

nye genanvendelsesløsninger

Fremstillede cellulose-fibre af nonwood rest-biomasse
• Tekstiler hvem-hvad-hvor
• Fremstillede cellulosefibre hvem-hvad-hvor

• Andre (mere) ansvarlige cellulose-kilder?
• Tekstil-affalds initiativer

• Dimser og Gear
• Hvilke dimser og grej savner I? 
• Hvad har/får vi?
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The origins of the man-made
fiber (MMF) industry are found
in the first commercial produc-
tion of artificial silk using cellu-

losics by De Chardonnet in France in
1892. Regrettably the business
declared bankruptcy in 1894! How-
ever, not to be discouraged, the
industry continued to develop other
cellulosics and acetates until the
arrival of nylon, which was discov-
ered by Wallace Carothers at DuPont
in the 1930s. His discovery brought
the first truly MMF to the market.
Initial applications including military
uses during World War II and replac-
ing silk in women’s hosiery. Nylon
was followed by the ICI development
of polyester, discovered in the early
1940s by two British scientists work-
ing for Calico Printers.

From these early beginnings the
MMF industry was born, and

through continuous development it
recorded demand in 2014 of 55.2
million tons (122 billion pounds) of
synthetic fiber, in addition to man-
made cellulosic fiber demand of 5.2
million tons. The natural fiber indus-
try, including cotton and wool, has a
demand of 25.4 million tons.

Figure 1 shows the history of
fiber demand in millions of tons,
and demonstrates the dominant role
that polyester has had in fiber
demand growth. The graph also
shows the continuing dominance of
polyester going forward, as calcu-
lated by England-based PCI Fibres
in its forecast out to 2030. Polyester
demand passed that of cotton in
2002, and has continued to grow at
a significantly faster rate than all
other fiber types. 

In 1980, polyester demand was
only 5.2 million tons globally and by

By Alasdair Carmichael

Polyester dominated
recent man-made fiber
demand growth, but
there is global demand
for all man-made fibers.
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