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1. 

Textiles
An industry in need of a sustainability 
transformation

The global textile industry is massive, valued at $594.1 billion in production in 2022 alone 
(Euromonitor, 2023). It	represents	one	of	the	most	important	“ladder”	industries	for	developing	
countries	seeking	to	promote	industrialisation	and	create	jobs.	Textiles	and	garment	manufacturing	
has	 historically	 been	 one	 of	 the	 most	 accessible	 sectors	 for	 initiating	 productive	 capacities	
because	of	its	labour	intensity	and	relatively	low	barriers	of	entry	(Kim	et	al.,	2010).	Demand	for	
textiles	has	increased	from	an	estimated	8.3	kg/person	in	1975	to	15.5	kg/person	in	2023	(Textile	
Exchange,	2024).	At	the	same	time,	the	number	of	times	clothing	is	worn	has	decreased	by	36%	
in	the	past	15	years	(EMF,	2017).

Yet,	 the	 industry	 is	unsustainable,	creating	massive	unmanaged	waste	as	seen	in	Figure	1	 ,	as	
well	as	creating	an	estimated	10%	of	global	greenhouse	gas	(GhG)	emissions	(Brocker,	2024).	
The	use	of	recycled	materials	is	being	embraced	by	brands	and	(especially	Western)	consumers	
to	improve	the	sustainability	of	textile	markets.	This	has	also	gained	regulatory	traction,	with	the	
EU	introducing	Product	Environmental	Footprint	(PEF)	guidelines	and	working	on	an	Ecodesign	
for	Sustainable	Products	Regulation	and	a	Strategy	 for	Sustainable	and	Circular	Textiles,	both	
of	which	include	provisions	on	recycled	content.	However,	as	of	2024,	only	an	estimated	11%	of	
clothing	contained	recycled	materials	in	global	markets	(Brocker,	2024).	Despite	efforts	towards	
a	circular	economy	in	the	EU,	post-consumer	textile	waste	has	increased	over	the	last	decade	
(Figure	1).

In	addition	to	the	growing	volume	of	waste,	sustainability	concerns	include	microplastic	pollution,	
water	use,	labour	standards,	dyes	discharge,	the	use	of	synthetic	(fossil-based)	polymers	and	the	
limited	use	of	renewable	energy	in	the	production	process.	Unlike	natural	fibres,	synthetic	fibres	
degrade	into	micro	and	nano-plastics	but	do	not	decompose	into	harmless	substances.	Plastics	
have	 been	 linked	 to	 maritime	 ecosystem	 and	 human	 health	 hazards,	 including	 respiratory,	
cardiovascular,	digestive	as	well	as	fetal	health	issues	and	cancer	(Landrigan	et	al.,	2023).

Figure 1. Textile	waste	
generated	by	households	in	the	
EU	(2004–2020)

Source:	Authors	on	data	
Eurostat,	accessed	Feb.	17,	
2025.

Note:	Data	from	2012	and	2014	
are	not	available.	Data	are	for	
EU-27	countries,	including	
Croatia	and	excluding	the	
United	Kingdom.
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Adding	to	the	challenge	is	the	fact	that	instilling	circular	production		is	a	complex	and	challenging	
process,	 given	 the	 highly	 fragmented	 nature	 of	 apparel	 supply	 chains	 and	 the	 myriad	 of	
subcontractors	involved	in	the	global	textiles	and	apparel	markets.	While	almost	all	textile	waste	
is	 recyclable,	an	estimated	75%	ends	up	 in	 landfills	globally	 (Wagaw	and	Babu,	2023).	Textile	
production,	globally,	consumes	approximately	93	billion	cubic	meters	of	water,	a	growing	concern	
as	climate	change	alters	rainfall	patterns.	Water	use	is	largely	concentrated	in	production	methods	
such	as	irrigation,	with	cotton	accounting	for	26%	of	clothing	fibres,	and	being	water-intensive	to	
produce	(Wagaw	and	Babu,	2023).

Adding	to	this	challenge	is	the	linkage	with	fossil	fuels	use	and	climate	change	impact.	Derived	
from	petrochemicals,	polyester	surpassed	cotton	as	the	most	used	fibre	in	the	world	in	the	early	
2000s.	It	fuelled	the	high	growth	of	global	fibre	production,	which	more	than	doubled	between	
2000	and	2024,	from	58	million	tonnes	to	124	million	tonnes	(Textile	Exchange,	2024).	Between	
2005	and	2010	it	replaced	cotton	as	the	most	widely	used	fibre	in	the	world	and	is	the	largest	
contributor	 to	 the	double-digit	growth	of	global	 fibre	production	between	2000	and	2024.	An	
estimated	 63%	 of	 textile	 fibres	 are	 produced	 from	 petrochemicals	 (Wagaw	 and	Babu.	 2023).	
Thus,	there	is	a	pressing	need	to	develop	more	sustainable	fibres	to	meet	increasing	demand.

Several	strategies	are	being	explored	to	reduce	the	environmental	footprint	of	textile	materials,	
including	consumer	awareness,	better	regulation	of	and	incentives	for	highly	polluting	industries	
such	as	fast	fashion,	and	use	of	recycled	materials.	One	avenue	is	the	development	of	new	sources	
of	low-impact	fibres	to	at	least	partly	move	away	from	materials	that	have	a	large	carbon,	water	
or	plastic	footprint	(UN	Environment	Programme,	2023).	In	this	context,	 fibres	that	are	derived	
from	by-products		sourced	from	or	linked	to	established	supply	chains,	such	as	those	based	on	
agricultural	waste,	are	an	important	tool	to	reduce	the	environmental	impact	of	textiles.

This	brief	explores	the	potential	of	alternative	natural	fibres	in	textiles,	focusing	on	banana	and	
pineapple	 fibres	as	compelling	case	studies.	The	study	 investigates	 these	promising	materials	
from	a	trade	perspective,	employing	a	mixed-methods	approach.	It	combines	a	comprehensive	
literature	 review	with	 insights	gathered	 from	 field	visits	and	 interviews	with	SMEP	projects	 in	
Uganda	and	Kenya.	The	research	includes	basic	modelling	to	assess	the	potential	impact	of	scaling	
local	projects	 to	 the	national	 level,	specifically	on	commodity	demand	and	trade.	Modelling	 is	
based	on	parameters	defined	in	collaboration	with	researchers	at	Busitema	University	in	Uganda,	
with	data	gathered	from	local	entrepreneurs	and	farmers.

↓ Image 2. Carpets	produced	
from	banana	fibre

© TEXFAD,	Uganda,	2025
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2. 

The need for alternative textile fibres 

2.1. Conventional fibres and their environmental problems

Traditional textile fibres, both natural and synthetic, can have significant environmental 
externalities, largely influenced by cropping methods and practices.	 	 It	 is	 thus	 crucial	 to	
acknowledge	 the	 diverse	 contexts	 of	 fibre	 production.	 Industrial	 cotton	 production	 methods	
can	 be	 resource-intensive,	 requiring	 large	 amounts	 of	 water	 and	 land	 to	 grow.	 Beyond	 the	
environmental	stresses	of	industrial	cotton	cultivation,	industrial	production	also	relies	on	chemical	
inputs,	such	as	pesticides,	which	can	degrade	the	soil	and	pollute	waterways.	Cotton	cultivation	
requires	an	estimated	200,000	 tonnes	of	pesticides	and	8	million	 tonnes	of	 fertilizer	annually,	
representing	 16%	 and	 4%	 of	 global	 consumption	 respectively	 (UN	 Environment	 Programme,	
2023,	2020).	Conversely,	cotton	cultivation	in	regions	like	Africa	is	often	rainfed	and	conducted	
by	smallholders	who	lack	access	to	chemical	inputs,	resulting	in	a	vastly	different	environmental	
footprint	compared	to	large-scale	industrial	operations.

While	cotton	has	sought	after	qualities,	the	greatest	growth	over	the	last	6	decades,	and	particularly	
from	2000,	has	been	 in	synthetic	or	 synthetic	 fibres,	 that	are	mostly	based	 in	petrochemicals	
(Figure	2).

Synthetic	fibres	such	as	polyester	may	be	durable,	but	their	production	is	energy	intensive,	relies	
heavily	on	 fossil	 fuels	and	hazardous	chemicals	such	as	antimony.	At	 the	same	time,	washing	
polyester	clothing	releases	an	estimated	half	a	million	tonnes	of	plastic	microfibres	into	the	ocean	
each	year,	 the	equivalent	of	more	 than	50	billion	plastic	bottles	 (Ellen	MacArthur	Foundation,	
2017).

Efforts	to	recycle	textile	fibres,	including	synthetics,	by	breaking	them	down	and	then	recreating		
fibres,	are	far	more	costly	than	mechanical	recycling.	Recycled	materials,	such	as	PET	from	plastic	
bottles,	 are	 often	 used	 to	 make	 recycled	 polyester.	 Such	 efforts,	 however,	 face	 considerable	
challenges	 including	 the	 inconsistency	 in	quality,	 type,	 and	 scale	of	 feedstock,	 the	 significant	
skills	and	technology	needed,	and	the	lack	of	understanding	of	the	durability	of	such	fibres	(UN	
Environmental	Programme,	2023).	Even	more	costly	and	technologically	challenging	is	chemical	
recycling,	 whereby	 synthetic	 polymers	 are	 broken	 down	 into	monomers	 for	 reformulation	 as	
synthetic	 fibres.	 In	 fact,	 in	 2024,	 less	 than	 1%	of	 the	global	 fibre	market	 came	 from	pre-	 and	
post-consumer	recycled	textiles	(Textile	Exchange,	2024).	There	is	therefore	a	growing	interest	
in	 exploring	alternative	 sources	of	 textile	 fibres,	 particularly	 those	with	a	 lower	environmental	
impact.

Figure 2. Cotton	versus	
Synthetic	Textile	Fibre	
Production	(1962–2024)

Source:	OECD	and	FAO	(2024),	
p.215.	
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2.2. Established and emerging alternative natural fibres

The	issues	around	industrial	cotton	raises	the	importance	of	low-impact	production	and	recovery	
methods	for	conventional	natural	fibres,	as	well	as	a	consideration	of	agriculture	residues	as	a	
source	of	fibres	that	have	a	lower	lifecycle	footprint	(Esteve-Turrillas	et	al.,	2017;	Khan	et	al.,	2022).	
There	are	already	established	options	in	natural	fibres,	ranging	from	bamboo	to	jute,	abaca,	coir,	
kenaf	and	sisal	(JACKS),	and	other	commodity-grade	fibres	like	hemp	(UN	Trade	and	Development,	
2022a).	These	fibres	offer	a	compelling	alternative	to	conventional	textile	fibres.	They	are	derived	
from	renewable	plant	sources,	with	no	need	 for	 fossil	 fuels	as	source	materials	 (though	 fossil	
fuels	are	still	generally	used	to	manufacture	and	transport	them).	Moreover,	they	generally	require	
fewer	chemical	 inputs	and	 less	water	 to	grow	 than	cotton,	minimizing	environmental	 impact.1	
Under	certain	conditions,	 their	biodegradability	can	reduce	waste	 to	 landfill	and	eliminate	 the	
microplastic	pollution	associated	with	synthetic	fabrics.	As	such,	they	are	also	being	explored	as	
ways	to	reduce	plastic	waste,	such	as	promoting	the	use	of	reusable	cloth	bags	as	an	alternative	
to	plastic	bags	(UN	Trade	and	Development,	2022b).	

However,	the	JACKS	sector	is	often	limited	to	home	textiles	or	decorations	because	its	base	fibres	
are	harder	and	sometimes	not	suitable	for	use	in	clothing.	New	and	emerging	fibres	include	hemp	
fibre,	pineapple	leaf	fibre	and	banana	pseudostems	fibre,	where	stems	account	for	about	60%	
of	the	plant's	fresh	weight	(Fiallos-Cárdenas,	Pérez-Martínez	and	Ramirez,	2022).	Pineapple	and	
banana	leaf	residues	would	otherwise	often	be	left	to	rot	in	the	field	or	be	burnt.	Bamboo	fibre	is	
also	being	used	for	textile	applications,	especially	as	a	feedstock	for	viscose	(rayon)	production	
(Tausif	et	al.,	2015).

While	constituting	just	5.7%	of	global	fibre	production	in	2018	(Bao	et	al.,	2022),	these	established	
alternative	natural	fibres	have	wide	applications,	ranging	from	packaging	(including	cloth	bags)	
to	 technical	applications.	For	example,	kenaf	 is	a	crop	native	 to	Africa	now	grown	around	the	
world.	It	is	resistant	to	insects	and	resilient	to	climate	change.	The	woody	core	can	be	used	for	
structural	materials	while	fibres	can	be	derived	from	the	stem	core	or	bark.	Kenaf	has	been	used	
as	an	adsorbent	material,	insulation,	and	paper,	as	well	as	being	mixed	with	synthetic	polymers,	
for	auto	 interior	 linings,	ceilings,	and	 furniture.	 It	could	also	be	used	 for	packaging,	bags,	and	
fabrics	(Ramesh,	2016).	Sisal,	a	plant	 that	naturally	grows	 in	North	Africa,	 is	drought	resistant,	
and	provides	a	 fibre	 that	has	similar	properties	 to	cotton	 in	 terms	of	water	absorption,	ability	
to	 be	 bleached,	 inflammable	 nature,	 and	 tensile	 strength	 (Korodowou	 et	 al.,	 2024).	 Bamboo	
shows	the	potential	to	replace	synthetic	fibres	in	reinforcing	structure	composites	(UN	Trade	and	
Development,	2022b;	Li	et	al.,	2021).

The	use	of	blends	of	alternative	fibres	with	traditional	materials,	particularly	cotton,	is	an	important	
pathway	towards	adoption.2	In	addition	to	being	used	in	pure	form,	alternative	fibres	can	be	used	
as	a	blend	replacing	up	to	30%	of	traditional	fibres	such	as	cotton	(Khan	et	al.,	2024).	Blending	
can	reduce	some	of	 the	disadvantages	of	 these	alternative	 fibres,	such	as	poorer	spinnability,	
elasticity,	 and	 less	 smoothness	when	compared	 to	conventional	 fibres.	For	example,	bamboo	
fabrics	can	be	processed	to	be	softer	than	cotton,	achieving	a	silk-like	texture,	with	high	levels	
of	moisture	absorption.	They	 require	 less	dye	and	dry	as	 fast	as	cotton.	While	 100%	bamboo	
fabrics	are	known	for	their	exceptional	softness,	they	often	lack	durability	and	versatility	in	certain	
applications.	 Therefore,	 they	 are	 frequently	 blended	with	 cotton,	 silk,	 or	 polyester	 (Babu	 and	
Chandrasekhara,	 2023).	 In	 some	 cases,	 special	 treatments	 such	 as	 cottonisation	 are	 used	 to	
soften	the	fibres	and	increase	their	blending	potential	and	use	(De	Quiroz	et	al.,	2020;	Khan	et	al.,	
2022;	Sauvageon	et	al.,	2018).

1 This	comparison	looks	at	the	
production	stage	of	alternative	
fibres.	It	is	important	to	
acknowledge	that	their	primary	
processing	into	usable	fibres,	
which	may	involve	blending	
with	other	fibres	and	chemical	
treatment	such	as	viscose	
production	for	bamboo	and	
hemp,	also	has	environmental	
implications.	A	comprehensive	
life	cycle	analysis	would	be	
required	to	fully	compare	these	
processing	stages	with	those	of	
conventional	fibres	like	cotton.

2 Blending	strategies	follow	
a	similar	strategy	used	in	
other	economic	sectors,	such	
as	biofuels-gasoline	blends	
and	renewable	electricity-
conventional	electricity	shares	on	
the	grid.		The	key	factor	behind	
successful	blending	strategies	
is	technical	suitability	and	
performance.	
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2.3. The geography of fibre production

World	production	of	natural	fibres	was	estimated	at	32.5	million	tonnes	in	2022,	an	increase	of	
1.5%	 from	the	previous	year.	At	25.3	million	 tonnes,	cotton	accounts	 for	about	60%	of	natural	
fibre	production	and	23%	of	all	fibre	production	(Table	1).	While	markets	signal	increased	interest	
in	 alternative	 natural	 fibres	 such	 as	 jute	 and	hemp,	 the	market	 shares	 of	 these	 fibres	 remain	
negligible.	 Conversely,	 manmade	 fibres	 such	 as	 polyester	 and	 polyamide	 dominate	 global	
markets,	accounting	for	over	70%	of	fibre	production	in	2022	(Figures	2	&	3)	after	fuelling	textile	
consumption	growth	over	the	past	30	years	(see	Section	1).3	These	figures	suggest	that,	despite	
their	potential,	no	material	is	currently	on	track	to	compete	with	cotton	or	synthetics	on	a	large	
scale.	Synthetic	fibres	such	as	polyester	are	cheaper;	have	more	consistent	qualities;	are	water	
and	 stain	 proof/resistant;	 and	 easier	 to	 manufacture	 (not	 being	 subject	 to	 weather	 and	 soil	
conditions),	handle	and	adapt	to	different	fabric	needs	(made-to-order)	(Jaffe	et	al.,	2020).

However,	most	of	the	natural	fibre	production	occurs	in	the	developing	world,	reflecting	potential	
for	growth.	For	example,	Ecuador	and	the	Philippines	produce	almost	all	of	the	world’s	abaca,	
while	India	and	Bangladesh	produce	almost	all	of	the	world's	jute.	Coir	fibre	is	mainly	produced	
in	Sri	Lanka,	the	Philippines	and	Indonesia,	while	2/3	of	kapok	fibre	is	produced	in	Thailand	and	
Indonesia.	Tanzania,	China,	Brazil	and	Kenya	produce	most	of	the	world’s	sisal,	henequen	and	
fique	fibre	(DNFI,	2025).

A	new	UN	Trade	and	Development	database	measuring	world	trade	in	non-plastic	substitutes,	
including	natural	plant	and	animal	fibres,	confirms	this	trend	and	reveals	new	insights.	Overall,	
developing	countries	account	for	about	45	per	cent	of	world	exports	of	natural	fibres,	measured	
in	current	USD	value.	However,	there	are	notable	differences	at	the	fibre	level,	where	the	weight	
of	developing	countries	varies	widely,	from	88	per	cent	for	jute	to	29	per	cent	for	hemp	(Figure	
4).	 Overall,	 developing	 countries	 tend	 to	 dominate	 exports	 of	 alternative	 fibres	 such	 as	 coir,	
abaca	and	sisal,	all	of	which	have	developing	country	shares	of	exports	above	50%.	Conversely,	
developed	countries	export	more	 traditional	 fibres,	 as	 they	account	 for	61%	of	 cotton	exports	
and	59%	of	wool.	These	facts	underscore	the	need	to	develop	fibres	that	are	appropriate	to	each	
geography,	making	the	most	of	each	country's	comparative	advantages.

↑

Table 1. Global fibre production by feedstock (2022)

Fibre source Global production 
MILLION		TONNES

%

ramie 9.5 0

other	animal	fibres	DEHAIRED	 24 0

abaca 76.9 0.1

kapok 78.2 0.1

silk	RAW 91.3 0.1

flax 175 0.2

sisal,	henequen,	and	similar 276 0.2

Fibre source Global production 
MILLION		TONNES

%

hemp 304.8 0.3

wool	CLEAN 1,058 0.9

coir 1,106 1

jute,	kenaf,	and	allied	fibres 3,349 3

cellulosic 7,195 6.4

cotton 25,321 22.6

synthetic 72,444 64.6

Source: Discover	Natural	Fibres	
Initiative	(2025).	DNFI World 
Natural Fibre Update – January 
2025.	https://dnfi.org/dnfi-
world-natural-fibre-update-
january-2025	
Accessed 21 January 2025

3 The	high	growth	and	market	
dominance	of	synthetic	fibres	
can	be	explained	by	different	
factors,	including	significantly	
lower	production	costs,	
made-to-order	manufacturing	
parameters	that	natural	fibres	
cannot	replicate,	and	year-round	
availability,	unconstrained	by	the	
seasonal	limitations	of	natural	
fibre	harvests.

Figure 3. Cotton	versus	
Synthetic	Textile	Fibre	
Production	(1962–2024)

Source: Discover	Natural	Fibres	
Initiative	(2025).	DNFI World 
Natural Fibre Update – January 
2025.	https://dnfi.org/dnfi-
world-natural-fibre-update-
january-2025	
Accessed 21 January 2025
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Natural	 fibres	are	traded	across	borders	 in	patterns	that	mirror	those	of	production,	 indicating	
opportunities	for	producing	countries.	Global	exports	of	natural	fibres	were	worth	USD	37	billion	
in	 2022,	 with	 cotton	 accounting	 for	 around	 60%.	 Wool	 including	 cashmere	 takes	 the	 lion's	
share	of	the	rest	at	24%,	followed	by	flax	(7%)	and	silk	(5%).	Yet,	exports	of	natural	fibres	have	
underperformed	all	merchandise	exports,	except	for	cotton,	which	rebounded	after	the	pandemic,	
in	line	with	general	merchandise	exports	(Figure	5).	Between	2012	and	2022,	merchandise	exports	
grew	at	 an	annual	 rate	of	3%,	while	 cotton	grew	by	 1%	and	other	natural	 fibres,	 by	 contrast,	
recorded	a	1%	average	annual	decline.	Despite	the	short-term	rise,	as	seen	in	Figure	2,	cotton	
consumption	has	remained	relatively	flat	for	the	last	3	decades.

← Figure 4. Cotton	versus	
Synthetic	Textile	Fibre	
Production	(1962–2024)

Source: UN	Trade	and	
Development	data	(2024).	
https://unctadstat.unctad.org/
datacentre
Accessed 30 January 2025

Figure 5. Global	exports	of	
cotton	and	other	natural	fibres,	
index	(2012=100)

Source:	UN	Trade	and	
Development	data	(2024).	
https://unctadstat.unctad.org/
datacentre
Accessed 30 January 2025

Note:	Other	natural	fibres	
include	abaca,	coconut,	coir,	
flax,	hemp,	jute,	silk,	sisal,	
wheat	husk	and	wool	including	
cashmere.	Volatility	may	be	
partly	explained	by	price	
movements	and	stockpiles	by	
major	consumers.

←
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3. 

Opportunities for agri-waste valorisation

While fibres such as JACKS are gaining traction as sustainable alternatives, these fibres 
are often derived from dedicated crops that are specifically grown for their fibre.	Embedded	
emissions	can	still	be	high,	as	this	requires	the	establishment	of	land-based	production	systems	
that	can	be	resource	 intensive	and	release	organic	and	chemical	pollutants.	 In	contrast,	 there	
are	waste-based	options	that	involve	converting	agricultural	residues	such	as	husks,	stems	and	
leaves,	which	have	no	immediate	secondary	use,	into	high-value	textile	fibres.	This	allows	value	
addition	to	otherwise	discarded	organic	matter,	expanding	the	frontier	of	economic	opportunities	
within	crops	while	reducing	the	environmental	footprint	of	virgin	fibre	production.

The	production	of	textile-grade	fibres	from	crop	residues,	such	as	pineapple	leaves	and	banana	
stems,	can	follow	two	main	approaches:	mechanical	cottonisation	and	chemical	processing	into	
viscose.	Each	method	offers	distinct	advantages	depending	on	the	intended	textile	application.

In	the	cottonisation	process,	fibres	are	extracted	directly	from	the	leaves	of	pineapple	plants	or	
the	pseudo-stems	of	banana	plants.	In	most	circumstances,	the	first	step	is	retting,	a	microbial	
or	enzymatic	treatment	that	breaks	down	non-fibrous	plant	components,	helping	to	separate	the	
fibres.	Some	producers	skip	this	stage.	The	second	step	in	decortication,	a	mechanical	process	
that	strips	the	fibres	from	the	plant	material.4	Once	extracted,	the	fibres	undergo	further	cleaning,	
carding	 to	 remove	 residual	 plant	matter,	 and	drying	processes	 to	 align	 them	 for	 spinning.	 To	
make	the	fibres	more	suitable	for	textile	production,	they	can	be	cottonised—a	refining	step	that	
softens,	shortens,	and	treats	the	fibres	to	behave	more	like	cotton	or	flax.	This	method	produces	
a	natural,	slightly	coarse	textile	material,	often	used	in	linen-like	fabrics	or	blended	with	cotton	for	
sustainable	fashion	applications.

Alternatively,	banana	and	pineapple	fibres	can	be	processed	into	viscose,	a	regenerated	cellulose	
fibre	that	offers	a	finer	and	more	uniform	texture.	This	process	begins	with	pulping,	where	the	
extracted	fibres	are	chemically	treated	to	isolate	pure	cellulose.	The	cellulose	is	then	dissolved	
in	a	chemical	solution,	such	as	sodium	hydroxide	and	carbon	disulfide,	to	create	a	viscous	liquid,	
which	is	extruded	through	fine	nozzles	into	an	acid	bath,	where	it	solidifies	into	regenerated	fibres.	
The	resulting	material	has	a	silkier	texture,	making	it	more	versatile	for	high-performance	textiles.	

4 Note	that	the	production	
process	of	SMEP-supported	
Mananasi	Fibre	Ltd.,	which	is	
presented	as	a	case	study	in	
Section	3.1,	does	not	include	
retting	and	decortication	is	the	
first	step.

Image 3. Banana	
pseudostems,	source	of	fibre	
for	banana	production.	Less	
than	1%	of	plant	mass	are	fibre

© H.	Pacini	/	Banatex-EA,	
Uganda,	2025

←
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Viscose	–	also	known	as	rayon	–	is	chemically	intensive	during	production,	often	involving	alkaline	
treatments	(NaOH),	Xanthalation	with	carbon	disulfide	(CS2),	and	extrusion	processes	coupled	
with	acid	regeneration	(involving	sulfuric	acid	H2SO4).	The	production	of	viscose	requires	careful	
stewardship	 of	 process	 chemicals,	 as	 those	 can	 be	 harmful	 if	 released	 into	 the	 environment.	
While	 the	 production	 of	 viscose	 is	 highly	 scalable,	 usage	 of	 banana	 and	pineapple	 cellulosic	
fibre	as	a	feedstock	is	not	well	documented	for	this	purpose,	suggesting	the	main	pathway	for	
conversion	is	mechanical	decortication	of	fibres.

Cottonised	fibres	maintain	a	natural,	textured	feel	suitable	for	eco-friendly	fabrics,	viscose-derived	
fibres	on	the	other	hand	offer	a	smoother,	softer	alternative	that	requires	more	intensive	chemical	
processing.	While	both	methods	contribute	to	the	growing	demand	for	plant-based	sustainable	
textile	 alternatives,	 decortication	 and	 cottonisation	 processes	 generally	 require	 less	 process	
chemicals	and	water	and	are	often	the	preferred	choice	by	smaller	producers.	Both	processes,	
however,	require	energy	which,	depending	on	the	source	can	increase	or	decrease	the	overall	
pollution	footprint	of	the	process	chosen.	

Waste-based	 fibres	have	multiple	applications	and	can	enhance	 the	 functionality	of	materials,	
especially	when	 used	 as	 a	 blend.	 Banana	 fibres	 are	 a	 traditional	 source	 of	material	 used	 for	
clothing,	paper,	and	textiles	such	as	ropes	and	curtains	in	India,	Japan	and	the	Philippines.	They	
are	currently	being	used	along	with	jute,	bamboo	and	cotton	to	produce	sanitary	pads	in	India.	
The	peels	can	also	be	ground	into		flour	to	be	used	as	a	food	additive.	(Balda	et	al.,	2021).	Banana	
fibre-based	 composites	 show	 favourable	 characteristics	 compared	 to	 100%	 cotton,	 including	
tensile	and	tear	strength,	air	flow	and	friction	resistance	(Khan	et	al.,	2022).	Preliminary	studies	
show	 that	 a	 30%	 banana	 fibre/70%	 cotton	 blend	 has	 similar	 characteristics	 to	 100%	 cotton	
textiles,	while	saving	25%	of	energy	costs,	and	using	far	less	water,	land	and	fertilizer	(Khan	et	
al.,	2024).	Pineapple	leaf	fibre	has	demonstrated	comparable	strength	to	cow	leather,	with	better	
resistance	to	colour	fading	from	light	exposure	in	experiments	(Sureshkumar	et	al.,	2012).	Other	
benefits	include	employment	opportunities.

Perhaps	 the	most	 attractive	 aspect	 of	 using	alternative	plant	 sources	 for	 fibres	 is	 their	 ability	
to	biodegrade	and	enhance	soil	quality.	More	 research	 is	needed	 to	better	understand	which	
crops	have	the	most	promising	biodegradation	characteristics	for	such	use	(Provin	et	al.	2024).	
A	significant	byproduct	of	processing	 these	plants	 is	 the	extraction	of	 large	volumes	of	water	
containing	 valuable	 nutrients.	 This	 nutrient-rich	 water	 presents	 an	 opportunity	 for	 resource	
recovery	 and	 reuse.	However,	 it	 requires	 careful	management,	 as	direct	discharge	 can	cause	
water	pollution	and	eutrophication	(Sethupathi	et	al.,	2024).	Potential	applications	for	using	these	
byproducts	include	the	production	of	organic	fertilizers,	such	as	for	controlled	algae	farming,	but	
further	research	is	needed	to	optimize	this	process	and	minimize	environmental	risks.	In	addition,	
pineapple	 wastewater	 has	 been	 shown	 to	 reduce	 the	 toxicity	 of	 textile	 wastewater,	 a	 major	
contaminant,	 by	 providing	 electron	 donors	 that	 fuel	microbial	 processes	 capable	 of	 breaking	
down	harmful	pollutants	(Nuid	et	al.,	2023).	

Pineapple	peels	have	also	been	used	as	an	effective	textile	dye	(Umesh	et	al.,	2023).	Geotextiles,	
which	are	textiles	used	in	landscaping	applications,	have	also	been	made	from	natural	fibres	and	
used	for	soil	stabilisation	(to	prevent	erosion),	to	help	drainage	and	reinforce	roads	(Leão	et.	al,	
2012).

In	 sum,	 the	 use	 of	 waste-based	 fibre	 feedstocks	 offers	 developing	 countries	 a	 dual	 pathway	
to	structural	 transformation	and	decarbonisation.	By	utilizing	domestic	organic	waste	streams,	
these	countries	can	 foster	new	 industries	aligned	with	 their	comparative	advantages,	offering		
entrepreneurship	opportunities,	while	reducing	the	environmental	 impact	of	textiles.	While	still	
focused	on	niche	applications,	novel	approaches	are	gaining	traction	in	developing	regions	such	
as	East	Africa,	with	promising	results	at	the	local	 level.	This	 is	the	case	in	Uganda	and	Kenya,	
where	SMEP-funded	interventions	are	extracting	textile-grade	fibres	from	by-products	of	banana	
and	pineapple	crops,	and	building	connections	with	partners	established	in	international	textile	
value	chains.	Through	an	ecosystem	approach	and	South-South	cooperation,	these	projects	are	
creating	market	linkages	between	food	systems	and	manufacturing	industries	and	establishing	a	
circular	production	and	trade	cycle.
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3.1. Kenya: Textile grade fibre from pineapple leaf

Pineapple	 is	 an	 important	 cash	 crop	 in	 Kenya,	 contributing	 substantially	 to	 job	 creation	 and	
generating	 foreign	 currency	 earnings	 through	 exports.	 Small-scale	 production,	 primarily	
undertaken	by	rural	households,	occurs	in	the	Coast,	Central,	and	Western	regions.	Households	
cultivate	 pineapples	 for	 both	 home	 consumption	 and	 commercial	 purposes.	 Large-scale	
operations,	 concentrated	 in	 the	 Central	 region,	 dominate	 the	 sector,	 with	 a	 few	major	 farms	
accounting	for	most	of	the	production	(Hossain,	2016).

Del	Monte	Kenya	Ltd,	one	of	the	country's	largest	producers	of	pineapple	fruit,	faces	significant	
environmental	 and	 economic	 challenges	 due	 to	 the	 predominant	 practice	 of	 burning	 post-
harvest	 residues,	mainly	 leaves.	This	process	generates	significant	greenhouse	gas	emissions	
and	air	particulate	pollution,	posing	health	risks	to	nearby	communities	and	wasting	biomass.	
The	heat	from	burning	residues	also	leads	to	nutrient	loss	and	soil	depletion,	inviting	the	use	of	
chemical	fertilizers	that	further	increase	carbon	emissions	and	long-term	input	costs	to	farmers.	
Recognising	 the	 need	 for	 a	 sustainable	 alternative	 and	 to	 explore	 economic	 opportunities	
in	 pineapple	 residues,	 a	 partnership	 between	 The	 Chequered	 Flag	 and	Mananasi	 Fibre	 Ltd.	
launched	a	pilot	project	to	upcycle	this	agricultural	waste,	illustrated	in	the	photo	below.

The	project	introduced	a	novel	decortication	technology	that	transforms	pineapple	biomass	into	
valuable	textile-grade	fibres	and	nutrient-rich	compost.	By	intercepting	about	10%	of	Del	Monte's	
pineapple	waste,	 the	project	aims	 to	produce	400kg	of	 textile-grade	 fibre	daily.	 	Furthermore,	
the	project	explores	repurposing	the	remaining	plant	material	for	animal	feed	and	compost.	This	
biochar	is	being	tested	in	a	trial	for	wastewater	filtration	and	as	a	compost	enhancer,	creating	a	
closed-loop	system	and	a	promising	model	for	a	complete	pineapple	waste	management	solution.

Early	results	demonstrate	the	project's	significant	impact.	To	date,	over	1,500	tonnes	of	pineapple	
waste	have	been	diverted	from	Del	Monte's	fields,	yielding	22	tonnes	of	textile-grade	fibre	and	158	
tonnes	of	compost.	The	project	has	also	generated	employment	for	85	individuals,	with	gender-
balanced	 workforce	 and	 technical	 skills	 development.	While	 reducing	 environmental	 impact,	
lowering	production	costs	and	promoting	a	circular	economy,	the	project	is	also	creating	cross-
sector	linkages	between	large	corporations	and	local	start-ups,	with	a	positive	multiplier	effect	
on	the	local	economy.

Image 4. Pineapple	fibre-
based	leather

© Pinatex

←
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3.2. Uganda: Spinnable textile fibre from banana pseudostems

Bananas	are	a	staple	food	crop	in	Uganda,	with	approximately	three-quarters	of	farmers	engaged	
in	its	cultivation	and	the	nation	recording	the	world's	highest	per	capita	banana	consumption	at	
220-400kg	per	annum.	With	an	estimated	70%	of	the	over	6	million	tons	of	annual	“matooke”	(an	
abundant	banana	variety)	production	absorbed	by	household	consumption,	the	remaining	30%	
enters	a	fragmented	supply	chain	involving	multiple	intermediaries.	As	a	result,	exports	remain	
relatively	low,	accounting	for	only	5%	of	total	output	(UNDP,	2024).

In	2005,	Uganda	launched	the	Presidential	Initiative	on	Banana	Industrial	Development	(PIBID),	
a	 government-led	 facility	 aimed	 at	 transforming	 the	 banana	 industry	 by	 developing	 and	
commercializing	value-added	banana	products.5	More	recently,	in	2017,	the	government	adopted	
the	Uganda	Green	Growth	Development	Strategy,	which	calls	for	a	low-emissions	growth	path	
and	efficient	use	of	resources.	Both	are	examining	ways	to	create	new	and	useful	byproducts	
from	banana	production.

There	are	several	startups	seeking	to	develop	new	products	from	agricultural	materials.	These	
include	Hya	Bioplastics,	which	seeks	to	make	plastic	substitutes	from	water	hyacinths	combined	
with	other	waste	materials,	such	as	sawdust	and	cassava	starch;	Amelia	Agro	Africa	Ltd.,	which	
takes	 agricultural,	 food	 and	 animal	 waste	 and	 creates	 compost;	 and	 	 TEXFAD,	 that	 creates	
carpets,	 and	handicrafts	 such	as	 scarves	using	 textile	 (cotton)	waste	 and	 fibres	derived	 from	
banana	stems	(Buda	and	Ricz,	2023).

The	 Banatex-EA	 project,	 led	 by	 a	 consortium	 of	 stakeholders	 including	 private	 companies,	
government	 agencies	 and	 universities,	 is	 responding	 to	 the	 growing	 demand	 for	 sustainable	
textile	fibres	by	upcycling	agricultural	waste	from	banana	farms	in	Kampala's	Wakiso	and	Mukono	
districts.	Currently,	banana	pseudostems	only	fruit	once	and	after	the	banana	harvest,	the	stems	
are	discarded	as	waste.	Banatex-EA	intervenes	by	extracting	raw	fibres	from	these	stems,	which	
undergo	 treatment	 to	 become	 spinnable,	 promoting	 resource	 efficiency	 and	 a	 circular	 bio-
economy.

5 For	more	information	on	the	
PIBID,	see:	https://www.pibid.
org/	

←

↑ Image 5. Matooke	is	a	green	
cooking	banana	and	a	dietary	
staple	across	Uganda

© Friends	Cargo,	2021

Image 6. Banana	
pseudostems,	source	of	fibre	
for	banana	production

© H.	Pacini	/	Banatex-EA,	
2025

https://www.pibid.org/ 
https://www.pibid.org/ 
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Within	 the	 project,	 TEXFAD	 extracts	 raw	 fibre	 from	 the	 banana	 stems	 using	 a	 decortication	
technology	 developed	 in-house	 and	 a	 specialised	 fibre	 preparation	 equipment	 developed	 by	
the	National	 Textile	University	of	Pakistan.	 It	 does	 this	by	 involving	 local	 smallholder	 farmers,	
providing	them	with	additional	income	through	the	sale	of	banana	stems	and	training	them	in	
proper	harvesting	and	banana	stem	handling	practices	to	ensure	quality	 fibre	production.	The	
project	is	also	exploring	the	use	of	other	banana	waste	products,	such	as	the	sap,	which	can	be	
fermented	into	fertiliser,	and	the	remaining	biomass,	which	can	be	converted	into	briquettes	for	
fuel,	biochar	for	soil	improvement,	or	used	for	mushroom	growing.	

Early	 results	and	data	collected	 from	 field	 visits	 show	considerable	potential.	 The	project	has	
identified	and	engaged	80	banana	 farms,	established	partnerships	with	key	stakeholders	and	
initiated	the	procurement	of	necessary	equipment	for	fibre	refining	and	cottonisation	(softening).	
Preliminary	assessments	indicate	a	significant	potential	for	supply	of	textile	fibre,	with	7	banana	
stems	weighing	20-30	kg	each	yielding	an	average	of	1	kg	of	raw	fibre.	Assuming	that	10%	of	the	
stalks	harvested	are	used	for	other	purposes,	such	as	mulching,	or	cannot	be	used	due	to	poor	
quality,	this	can	amount	to	up	to	41	tonnes	of	textile	fibre	per	year,	with	an	estimated	value	of	USD	
229,000	and	farmers	receiving	payment	for	each	stem	delivered.	

The	 project	 is	 also	 exploring	 the	 development	 of	 local	 processing	 capacity,	 including	 the	
possibility	 of	 providing	 farmers	with	 decorticating	machines	 to	 extract	 fibre	 themselves.	 This	
would	further	enhance	productivity	by	creating	efficient	logistics,	while	reducing	fuel	costs	and	
transport	emissions.

Image 7. Cross	sectional	
view	of	banana	fibres	from	
pseudostems

© Banatex-EA,	2025

←
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4. 

Market potential

The Kenya and Uganda cases show that promoting business models that embrace circular 
economy and resource efficiency principles offers promising solutions to tackle manufacturing 
pollution while contributing to socio-economic development.	This	is	especially	true	in	countries	
with	large	agricultural	sectors	where	value	addition	is	limited	to	basic	food	processing	that	typically	
results	in	weak	linkages	with	manufacturing.	Taking	these	innovative	approaches	to	scale	would	
allow	 sustainable	materials	 such	 as	 agri-residues-based	 textile	 fibre	 to	 enter	 export	markets.	
This	would	not	only	 reduce	emissions	embedded	 in	products	but	also	strengthen	urban-rural	
linkages,	benefiting	 the	 local	economy.	Basic	sensitivity	analysis	shows	 that	approaches	such	
as	those	introduced	by	the	Mananasi	Fibre	Ltd.	and	Banatex-EA	projects,	if	adopted	nationwide,	
can	drive	sector	competitiveness	and	contribute	to	the	achievement	of	national	economic	goals.6

Despite	 potential	 and	 strong	 domestic	 demand,	 Kenya's	 textile	 industry	 faces	 significant	
challenges.	These	include	issues	in	the	upstream	part	of	the	supply	chain,	such	as	low-quality	
local	cotton	lint	production	due	to	limited	cotton	seed	availability	and	quality,	underutilisation	of	
existing	ginneries	caused	by	low	seed	cotton	supply	and	the	high	costs	of	farming	(KIPRA,	2020).	
This	translates	in	a	high	dependence	on	imports.	In	fact,	in	2022,	Kenya	was	a	net	importer	of	
raw	cotton,	with	imports	of	1,155	tonnes	worth	USD	3.11	million	and	exports	of	199	tonnes	worth	
just	USD	7.5	thousand.	

If	Mananasi's	model	were	scaled	up	nationally,	and	assuming	no	supply	chain,	technological	or	
financial	barriers,	it	could	produce	2,021	tonnes	of	pineapple-based	textile	grade	fibre	annually.	
This	would	be	worth	approximately	USD	14.8	million	at	current	market	prices.	In	kg	terms,	this	is	
twice	the	amount	of	cotton	that	Kenya	had	to	import	in	2022	and	about	30%	of	domestic	demand,	
estimated	at	6,170	tonnes	in	the	same	year.7	Pineapple	fibre	is	not	a	perfect	substitute	for	cotton	as	
it	can	only	be	blended	with	standard	textiles	at	a	ratio	of	30%	without	major	technical	challenges.	
However,	scaling	up	production	could	still	significantly	reduce	Kenya's	reliance	on	cotton	imports.	
This	would	help	meet	the	growing	textiles	demand	while	adding	value	to	local	agricultural	waste.

Once	 one	 of	 Africa's	 largest	 cotton	 producers,	 Uganda	 has	 long	 struggled	 with	 sluggish	
productivity	due	to	the	high	cost	of	credit,	a	lack	of	cooperative	movement	and,	more	recently,	
climatic	 hazards	 (World	 Bank,	 2009;	 UN	 Trade	 and	 Development	 2018;	 Republic	 of	 Uganda,	
2022).	As	a	result,	value	addition	in	the	sector	is	limited	and	most	foreign	earnings	come	from	
exports	of	raw	cotton,	which	in	2022	amounted	to	7,617	tonnes	worth	USD	19.8	million.	Despite	
importing	only	110	tonnes	of	cotton	worth	USD	325.000,	likely	for	niche	applications,	the	country	
remains	a	net	exporter.	The	challenge	is	to	revitalize	the	sector	and	add	value	to	locally	sourced	
materials	before	export.

Applying	the	Banatex-EA	model	to	all	6	million	hectares	of	bananas	grown	nationally	can	work	
towards	 this	 goal,	while	 helping	 to	manage	 the	 vast	 amounts	 of	 organic	waste	 generated	 by	
one	of	the	world's	largest	banana	sectors.	Given	the	large	area	harvested,	the	model	could	yield	
over	one	million	tonnes	of	banana-based	textile	fibre,	with	an	estimated	value	of	USD	5	billion.	
This	is	about	6	times	the	estimated	domestic	demand	for	cotton.	Beyond	its	scale,	the	premium	
nature	of	banana	fibre	and	its	suitability	for	blending	with	cotton	could	drive	local	value	addition	
in	handicrafts	and	home	textiles.	As	part	of	 the	Banatex-EA	project,	 local	 textile	manufacturer	
TEXFAD	demonstrates	 the	 strong	 compatibility	 of	 these	 fibres	 and	 the	possibility	 for	 existing	
cotton	businesses	to	incorporate	banana	fibre.

6 The	figures	presented	in	
the	following	paragraphs	are	
UN	Trade	and	Development	
estimates	based	on	data	from	
SMEP	projects	(2025),	FAOStat	
(2022)	and	UN	Comtrade	
(2022),	all	collected	in	February	
2025.	The	model	assumptions	
have	been	defined	and	results	
validated	with	external	sources,	
including	academic	literature	and	
key	informant	interviews.

7 Despite	potential,	it	should	
be	noted	that	regulatory	barriers	
may	limit	market	access	for	
residue-based	fibre,	as	this	type	
of	fibre	may	be	classified	as	
waste	by	regulations	in	importing	
countries,	resulting	in	bans	or	
restrictions	on	entry.
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5. 

Challenges

In sum, despite demonstrated potential, replacing conventional textile materials with 
sustainable alternatives presents a complex array of challenges, which we summarise here. 

First	and	foremost,	it	is	crucial	to	avoid	assuming	that	alternative	fibres	are	universally	superior	
to	conventional	textiles	in	all	market	contexts.	As	noted	above,	there	are	certain	properties	and	
economic	considerations	 that	need	 to	be	considered	before	comparing	 the	market	viability	of	
different	materials.	For	example,	the	energy	use	of	the	production	process	for	natural	fibres	may	
be	higher	than	that	of	synthetics	(Meng	et	al.,	2024).	The	loss	of	material	traditionally	used	for	
compost	fertilizer	must	also	be	considered.	Simply	put,	comprehensive	life	cycle	analyses	(LCAs)	
are	essential	to	inform	consumers	about	the	true	sustainability	of	alternative	products	(Tewari	et	
al.,	2024).8	This	applies	to	all	products	derived	from	edible	plants,	from	banana-based	packaging	
and	fertilizers	 to	 textile	bio	composites	(Castillo,	De	Guzman	and	Aberilla,	2023;	Rodríguez	et.	
al,	 2018).	 Furthermore,	 replicating	 key	 use	properties	 such	 as	 flexibility,	water	 resistance,	 and	
lightweight	 nature	 may	 be	 challenging	 in	 the	 short	 term,	 like	 the	 difficulties	 encountered	 in	
replacing	plastic	bags	(Hira	et	al.,	2022b).	As	noted	above,	experiments	with	using	blends	may	
prove	a	worthwhile	solution.

There	 are	 several	 obstacles	 that	 have	 been	 identified	 to	 reach	 the	 full	 potential	 of	 activating	
new	circular	economy	sectors	and	supply	chains.	These	include	the	issue	of	properly	valorising	
externalities,	 including	the	energy,	emissions,	and	pollution	costs	of	current	 industries	and	the	
benefits	of	circular	 industries;	the	need	for	proper	harmonisation	of	standards	at	the	domestic	
and	 international	 levels;	 developing	 systems	 for	 collection,	 cleaning	 and	 sorting	 of	 natural	
feedstocks	as	part	of	a	broader	effort	to	remake	supply	chains,	which	requires	serious	financial	
investment;	 and	 increasing	 consumer	 awareness	 of	 the	 differences	 between	 sustainable	 and	
linear	consumption	(Hira	et	al.,	2022a).	While	the	EU	is	at	the	forefront	of	circular	economy	efforts,	
recent	studies	demonstrate	that	considerable	regulatory	barriers	along	these	lines	persist	within	
the	bloc	(Pender	et	al.,	2024).	

8 For	a	discussion	of	the	
life-cycle	trade-offs	of	replacing	
plastics	with	non-plastic	
substitutes,	see	UN	Trade	and	
Development	(2023).

Image 8. Banana	fibres	in	
sun-drying	process

© TEXFAD,	Uganda,	2025

←
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Such	efforts	are	only	multiplied	in	complexity	at	the	global	scale.	Large	multinational	enterprises	
(MNEs)	 are	 understandably	 cautious	 about	 altering	 their	 supply	 chains	 abruptly.	 They	 have	
concerns	 about	 ensuring	 an	 adequate	 volume	 and	 consistent	 quality	 of	 natural	 fibres.	 More	
research	is	needed	to	develop	greater	knowledge	of	the	properties	and	optimal	uses	of	different	
fibres	and	composites	in	different	products.	It	also	important	for	them	to	show	visible	differences	
in	 natural-fibre	 vs.	 artificially	 created	 products,	 to	 gain	 consumer	 premiums,	 particularly	
considering	the	immature	state	of	regulation	and	policy	(Midani,	2023).	Thus,	while	developing	
country	producers	feel	pressure	from	global	brands	towards	circular	shifts,	 there	is	a	 lack	of	a	
clear	playbook	for	doing	so	outside	of	clear	short-term	initiatives	such	as	energy	efficiency,	given	
the	gaps	among	the	brands	and	policymakers,	and	the	financial	investments	required	to	reach	
scale	(Farrukh	and	Sajjad,	2024;	Jayasinghe	et	al.,	2020).

In	many	regions,	traditional	knowledge	of	local	plant	fibres	has	been	lost	due	to	the	dominance	
of	imported	cotton	and	plastics.	In	fact,	in	many	cases,	fibres	from	local	plants	were	traditionally	
used	for	a	variety	of	purposes,	including	rope,	sanitary	pads,	medicinal	purposes,	and	bags,	but	
knowledge	and	support	dissipated	with	the	introduction	of	imported	cotton	and	plastic	products,	
displacing	 local	 industry.	 For	 example,	 in	 Ghana,	 plantain	 is	 primarily	 seen	 as	 a	 fruit	 source,	
overlooking	 the	multiple	 potential	 uses	 of	 the	 rest	 of	 the	 plant	 (Loos	 et	 al.,	 2018).	 Fibre	 uses	
may	 also	 change	 geographically.	 For	 example,	 the	 contrast	 between	 pineapple	 leaf	 fibre	 use	
in	the	Philippines	(clothing)	and	its	disposal	as	waste	in	India	(Hazarika	et	al.,	2017)	highlights	
the	 potential	 for	 knowledge	 sharing	 and	market	 development,	 potentially	 facilitated	 by	 large	
companies.

There	are	also	firm-level	challenges	that	hinder	the	development	of	sustainable	business	models	
for	novel	fibres.	These	include	ensuring	a	steady	and	adequate	supply	of	feedstocks;	constraints	
facing	smallholder	farmers,	such	as	a	lack	of	capital	and	access	to	equipment	and	markets;	small	
scale	and	high	production	costs,	limited	technological	solutions	and	agro-industrial	clusters;	and	
local	 support	 and	community	 acceptance	 (Institute	 for	Sustainable	Communities	 et	 al.,	 2021).	
Despite	positive	market	signals,	addressing	these	challenges	cannot	be	left	to	market	forces	alone	
and	policy	support	is	needed	to	address	market	failures.	These	include	financing	cooperatives	
to	 provide	 agricultural	 extension	 services	 and	 vocational	 training	 to	 farmers,	 knowledge	
dissemination	and	technology	transfer,	including	South-south,	and	support	for	startup	costs.

While	 less	 tangible,	 demand-side	 and	 regulatory	 challenges	 may	 be	 substantial.	 Textile	
manufacturers	may	be	reluctant	to	adopt	new	materials	due	to	factors	such	as	the	higher	prices,	
capital	costs	for	acquiring	or	adapting	machinery,	and	a	general	hesitancy	to	deviate	from	familiar	
materials	like	cotton	and	synthetics.	Furthermore,	policy	barriers,	including	Non-Tariff	Measures	
(NTMs)	and	high	tariffs,	can	hinder	market	access	and	discourage	innovation.	In	fact,	novel	fibres	
may	be	subject	to	particularly	stringent	regulations	because	they	are	derived	from	edible	plants.	It	
is	likely	that	material	standards	for	these	fibres	are	not	yet	available,	and	despite	being	non-food	
products	they	end	up	being	subjected	to	existing	standards	for	food	products,	which	are	more	
stringent	and	can	hamper	their	trade,	or	left	in	a	regulatory	“limbo”.

Sustainable	and	economically	viable	fibre	production	from	waste	depends	furthermore	on	spatial	
considerations.	Upcycling	must	occur	near	farms	to	minimize	transportation	costs	and	emissions,	
and	to	ensure	rapid	processing	of	perishable	materials.	For	instance,	interviews	with	farmers	and	
business	owners	in	the	Banatex-EA	project	suggest	that	banana	stems	must	be	processed	no	
later	than	4	days	after	harvesting	to	avoid	losing	their	material	properties.	In	this	view,	the	typical	
disconnect	 between	 agricultural	 production	 areas	 and	 urban	manufacturing	 hubs	 presents	 a	
challenge	but	also	an	opportunity	for	policymakers	to	incentivize	local	supply	chains.	This	includes	
supporting	 local	 textile	 industries	and	 farmers,	particularly	 in	areas	with	abundant	agricultural	
waste,	thus	creating	new	market	opportunities	and	bridging	the	urban-rural	divide.
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6. 

Recommendations

Challenges can be addressed with forthright efforts by policy and market stakeholders, but 
clearly more research is needed to help map out such pathways.

FOSTERING INNOVATION AND CAPACITY BUILDING 

Developing	circular	economy	markets,	beyond	proof	of	concept,	requires	orchestrated			efforts	
to	 incentivize	 stakeholders	 to	 shift	 to	new	supply	chains.	To	ensure	change,	we	need	 to	 start	
with	 developing	 a	 playbook	 by	which	 such	 transformation	 can	 be	 achieved	 and	 thus	 reduce	
uncertainties.	The	knowledge	required	ranges	from	improving	our	technical	capacity	to	develop	
natural	fibre	feedstocks	into	case	studies	of	sustainable	business	models	such	as	the	incipient	
ones	developed	here.

• Incentivize	cross-disciplinary	research	and	development	(R&D)	in	sustainable	fibre	production	
and	processing	technologies	(e.g.	softening).

• Explore	 the	potential	of	blending	different	 fibres	 to	 improve	 functionality	and	environmental	
performance;	and	develop	related	standards	and	specifications.

• Investigate	 the	use	of	byproducts	 from	 fibre	processing	 for	 other	 applications	 (e.g.	 organic	
fertilizers,	natural	dyes,	composting,	biochar).

• Undertake	comprehensive	life	cycle	analyses	(LCAs)	to	assess	the	context-specific	sustainability	
of	alternative	fibre	products	and	avoid	“greenwashing”.

• Cross-fertilize	fibre-relevant	research	from	different	fields,	e.g.	materials	science,	environmental	
science,	business	and	sustainable	agriculture	to	inform	product	development.

• Facilitate	knowledge	sharing	and	technology	transfer	between	universities	and	supply	chain	
actors,	including	in	South-South	relationships.

• Raise	 awareness	 about	 the	 business	 opportunities	 of	 waste	 valorisation	 and	 facilitate	
stakeholder	dialogue	on	solutions	that	work.

STRENGTHENING SUPPLY CHAINS

Ultimately,	circular	economies	can	only	be	constructed	within	a	clear	market	framework	where	
incentives	push	producers	and	consumers	 into	more	sustainable	exchanges.	Experience	 from	
efforts	 to	 control	 hazardous	waste	 and	 child	 labour	 show	 that	 when	 properly	 accounted	 for,	
pollution	externalities	can	be	curtailed	or	properly	valorised	so	that	the	fundamental	features	of	
competition	and	innovation	of	markets	can	continue	to	improve	efficiency.

• Work	to	organise	and	coordinate	a	consistent	and	reliable	feedstock	supply.

• Promote	sustainable	agricultural	practices	for	biomass	preparation	and	feedstock	cultivation,	
minimizing	chemical	inputs	and	water	use	where	possible.

• Provide	targeted	support	for	smallholder	farmers	and	cooperatives	to	participate	in	sustainable	
fibre	production,	from	extension	services	to	access	to	finance	and	technology.
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• Implement	robust	traceability	systems	throughout	the	fibre	supply	chain,	enabling	verification	
of	sustainable	agricultural	practices,	ethical	labor	conditions,	and	product	origin.

• Support	the	development	of	local	processing	capacity,	including	access	to	decortication	and	
transport	equipment,	and	funding	for	innovative	startups.

• Fostering	strong	buyer-supplier	linkages,	both	between	large	companies	and	innovative	start-
ups,	and	between	textile	manufacturers	and	agricultural	producers.

• Support	the	development	of	agro-industrial	clusters	that	link	agricultural	production	with	textile	
manufacturing,	including	innovative	start-ups	and	designers.

• Strengthen	 urban-rural	 linkages	 by	 addressing	 logistical	 and	 infrastructure	 constraints	 in	
feedstock	production	areas,	considering	life-cycle	considerations.

• Procurement	policies	that	favor	these	alternatives.

DESIGNING AN ENABLING POLICY AND REGULATORY ENVIRONMENT

Ultimately,	governments,	aided	by	international	support,	need	to	lead	the	process	of	transforming	
the	regulatory	environment	at	the	global	and	domestic	levels,	for	the	circular	economy	to	emerge.	
Beyond	consideration	of	externalities,	research	should	show	that	circular	 initiatives	will	have	a	
long-term	payoff	 for	 future	 generations	 through,	 for	 example,	 creating	 a	 healthy	 eco-services	
system,	and	 improving	 the	health	and	productivity	of	workers.	 International	organisations	and	
aid	agencies	can	provide	focused	support	for	developing	country	governments	and	producers	to	
help	finance	and	otherwise	promote	the	transition.

• Develop	integrated	policy	frameworks	that	support	the	entire	sustainable	fibre	value	chain,	from	
feedstock	cultivation	to	market	access,	aligning	agricultural,	industrial,	trade,	and	environmental	
policies.

• Address	the	regulatory	"limbo"	by	developing	specific	standards	and	testing	protocols	for	novel	
fibres	that	are	distinct	from	food	standards	(e.g.	sanitary	and	phytosanitary).

• Accompany	technical	standards	with	clear	definitions	and	guidance	on	the	use	of	environmentally	
and	socially	responsible	materials,	such	as	Textile	Exchange's	“Preferred	Fibres	and	Materials”	
(Textile	Exchange,	2023).	

• Avoid	applying	 food	safety	and	health	standards	 to	 textile	 fibres	derived	 from	edible	plants,	
such	as	bananas	and	pineapples,	unless	there	is	a	substantiated	risk.

• Harmonize	 standards	 and	 regulations	 across	 regions	 and	 internationally,	 using	multilateral	
processes,	such	as	the	INC	negotiations	for	a	Global	Plastics	Treaty.

• Design	 targeted	 tariff	 lines	 that	specifically	 recognize	and	support	sustainable	 fibres;	where	
possible,	create	separate	HS	codes	for	these	materials	to	allow	for	reduced	tariffs.
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PROMOTING SUSTAINABLE CONSUMPTION

In	 the	 absence	 of	 a	 push	 from	 consumers,	 producers,	 government	 and	 MNEs	 are	 naturally	
reluctant	 to	upend	existing	profitable	business	models.	 If	 they	perceive	 that	circular	economy	
initiatives	raise	their	costs,	even	if	only	in	the	short	run,	they	may	find	themselves	at	a	competitive	
disadvantage,	 reflecting	 the	 collective	 action	 problems	 inherent	 in	 valorising	 the	 commons.	
Western	consumers	through	their	market	power	can	help	to	push	through	such	resistance,	by	
voting	with	their	money	and	purchase	these	alternatives.	International	organisations	can	help	to	
focus	such	responses	and	twin	them	with	efforts	around	harmonisation	and	regulation	of	trade	
and	investment.

• Launch	public	awareness	campaigns	to	educate	consumers	about	the	benefits	and	sustainability	
of	 alternative	 fibres,	 highlighting	 their	 environmental	 benefits	 and	potential	 to	 support	 local	
economies.

• Enable	 the	adoption	of	 sustainable	 alternatives,	which	are	more	expensive	 than	cotton	and	
synthetic	fibres,	through	market	support	mechanisms	and	fiscal	incentives,	such	as	tax	breaks	
for	producers.

• Promote	 labelling	 initiatives	 that	 clearly	 identify	 and	differentiate	 sustainable	 fibre	products	
from	standard	commodities,	including	through	traceability.

• Minimize	transportation	costs	and	emissions	by	locating	processing	facilities	close	to	feedstock	
sources	(e.g.	drying	and	fibre	extraction	at	or	near	the	farm).

• Explore	 the	potential	 for	agricultural	waste	 fibres	 to	generate	carbon	credits	and	contribute	
to	national	climate	targets.	This	includes	research	into	the	eligibility	of	these	fibres	for	existing	
carbon	offset	programs.

• Developing	 appropriate	 methodologies	 for	 quantifying	 and	 verifying	 emission	 reductions	
associated	with	the	use	of	agri-waste	fibres.

• Integrate	alternative	fibres	into	green	public	procurement	schemes,	such	as	by	defining	fibre	
content	requirements	for	certain	goods	(e.g.	school	uniforms)	and	providing	fiscal	incentives	to	
suppliers	meeting	criteria

The	views	reflected	in	this	study	are	those	of	its	authors	and	do	not	necessarily	reflect	those	of	
their	institutions.	
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