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Abstract 

Sisal fibre production process in Tanzania is highly inefficient, utilizing only 2% of the plant 

leaving 98% waste including; damaged leaves, boles, roots, poles, decortication by-products and 

short fibres. These wastes contain valuable components like sugars, protein, volatile solids, 

carbon, and other organic matter, which can be repurposed into high-valuable products. This 

review examines the current state of sisal production and waste management in Tanzania, em-

phasising innovative strategies to transform sisal waste into valuable resources. While extensive 

research has identified potential products from sisal waste, such as acids, bioplastics, biofuels, or 

animal feed, commercialization efforts remain limited. The technical and economic barriers to 

commercialization include variability in waste quality and composition, as well as the initial 

costs of building the infrastructure and machinery needed to convert sisal waste into valuable 

products. It is essential to conduct comprehensive studies on the quantities and composition of 

sisal waste across Tanzania; the scalability of waste valorisation processes and marketing of the 

products from sisal waste. Such studies will enable informed decisions for specific policy 

changes, fostering industrial investments through collaboration between researchers, industry, 

and government. This will drive commercialization, unlocking its economic potential by creat-

ing new industries, job opportunities and reducing environmental impact. 

Keywords: Sisal waste; Waste valorisation; Lignocellulose; Non-fibre products; commer-

cialization 

 

Introduction 

Sisal is among marginal land crops that may 

grow in arid places and requires less mainte-

nance because it can withstand many 

agro-ecological conditions (Mwaniki 2018). 

The plant consists of leaves, boles, poles and 

roots. The current worldwide annually de-

mand for sisal fibre is projected to be 400,000 

tonnes, whereas the production is roughly 

250,000 tonnes. Tanzania was the second sisal 

producer in 2019, producing 15% of the 

world’s production of 220,363 tonnes of sisal 

fibre after Brazil which produced 39% (Colley 

et al. 2021). In 2022/2023 fiscal year Tanzania 

produced more than 56,732.7 tonnes of sisal 

fibre, an increase of more than 17.3% com-

pared to the 48,359.49 tonnes produced in 

2021/2022 (URT 2024).  

The semi-arid climate and hot regions such 

as Lindi, Morogoro, Mtwara, Shinyanga, 

Singida and Tanga favours the plant. Other 

leading sisal growing regions in Tanzania are 

Arusha, Kilimanjaro, Pwani and Mwanza 

(Terrapon-Pfaff et al. 2012, Nylander 2024). 

Tanzania produces two varieties: hybrid 

11648, which accounts for about 80% of the 

production, and agave sisalana (Monja-Mio et 

al. 2019, Nerini et al. 2016). The agave si-

salana specie, introduced in 1893 from Mex-

ico, is primarily grown in waterlogged soils 

but is less tolerant to drought (Colley et al. 

2021, Saxena et al. 2011). Agave sisalana is 

mailto:nmsuya@udsm.ac.tz
mailto:nmmsuya@gmail.com
https://dx.doi.org/10.4314/tjs.v51i1.13


   Tanz. J. Sci. Vol. 51(1) 2025 

183 

currently grown in Lindi, Mwanza, 

Shinyanga, Simiyu and Singida. In compari-

son to agave sisalana, the Hybrid 11648 has 

demonstrated superior performance in terms 

of fibre yield, leaf count, and life cycle. The 

agave sisalana specie has short life span (7 – 8 

years before poling) and fewer leaves (250 

leaves per plant) than hybrid 11648, which has 

more leaves (500 – 600 leaves) and a life span 

of 12 -15 years before poling (Monja-Mio et 

al. 2019). However, agave sisalana produces 

far better, stiffer fibres.  

The traditional focus of the sisal industry has 

been on fibre production from sisal leaves, 

leaving a gap for the sustainable use of the 

entire plant. Sisal fibre production is highly 

wasteful utilizing only 2% of the plant 

(Mshandete et al. 2013, Msuya et al. 2018a). 

The remaining 98% which includes roots, 

leaves, stems, and short fibres, becomes waste 

that is often discarded or burned, releasing 

harmful particulate matter and carbon dioxide 

that worsens air quality and contributes to 

climate change and hence environmental 

challenges (Kivaisi and Mshandete 2017). 

Valorising sisal waste is crucial because it 

reduces environmental pollution such as 

emission concerns when burned in the farms 

and may yield valuable commercial products 

(den Doop 1949, Zhang et al. 2014). Produc-

tion of value-added products, such as biode-

gradable materials, animal feed, biofuels, and 

biodegradable packaging, can lead to new 

industries, job opportunities for women and 

youth in rural areas, and income for local 

communities, thus fostering rural develop-

ment and contributing to Tanzania's economic 

growth (Virgin et al. 2022, Konyo 2024).  

Several technologies can be applied to sisal 

waste valorisation in Tanzania, including 

biomass gasification, biochar production, 

composting, animal feed and biochemical 

production (Fertahi et al. 2023, Ogbu and 

Okey 2023, Haque et al. 2023, Siwal et al. 

2022, Wang et al. 2022). Though the invest-

ment costs for these technologies can be con-

siderable, biomass gasification to generate 

electricity or produce biofuels, for example, 

require expensive initial setups like gasifiers, 

turbines, and cleaning systems (Sansaniwal et 

al. 2017). However, operating a biomass gas-

ification plant from biomass waste is rela-

tively cost-effective (Heidenreich and Foscolo 

2015), since waste such as sisal waste is often 

discarded, lowering the input cost. Addition-

ally, syngas production offers a stable energy 

source for rural areas, reducing reliance on 

imported fuels. Electricity generated from 

waste or converting syngas into biofuels for 

local transport or industry can provide 

long-term economic benefits (Demirbas et al. 

2011, Kabeyi and Olanrewaju 2022). The 

energy can be supplied to local grids or used in 

off-grid communities, making it both eco-

nomically viable and environmentally bene-

ficial (Kusekwa 2011). The abundance of sisal 

waste in Tanzania further reduces the need for 

expensive raw materials.  

The economic feasibility of sisal waste like 

other waste valorisation technologies in Tan-

zania depends largely on the technology cho-

sen, scale of implementation, and available 

infrastructure (Doukali 2023). While low-cost 

options, such as biomass gasification, animal 

feed production, and composting, can have 

significant local impact, higher investment 

options like biochemical production and bio-

degradable packaging, may offer substantial 

long-term returns (Ashokkumar et al. 2022). 

The diverse range of technologies available 

ensures solution suitable for different scales of 

operation, offering both local and interna-

tional revenue opportunities (Andoni et al. 

2019, Schramade 2017). The key to success 

will lie in selecting technologies that align 

with the country’s economic, environmental, 

and social goals, supported by effective 

business planning, access to financing, and 

research and development. 

Waste from Sisal Plant 

Sisal, a hardy plant known for its durable 

fibres, generates substantial waste during 

cultivation and processing. This review ex-

amines the types of waste, their composition, 

and potential uses. Different researches pub-

lished on sisal production and waste utiliza-

tion were reviewed. The waste from sisal plant 

includes damaged leaves, boles, decortication 

waste, roots, poles and spinning waste. These 

wastes are made up of liquid or solid part 

except the last one. The composition of sisal 

waste varies based on several factors, includ-
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ing soil conditions, climate, agronomic prac-

tices, the plant's age, and the processing 

method. In addition, the amount of waste 

produced depends on the farming and fibre 

production technology and capacity. Sisal 

decortication technologies include manual, 

mechanical, wet, dry, biological, chemical, 

ultrasonic and a combination of those (Ahmad 

et al. 2017). Manual and mechanically rotating 

cylinder (raspador) type of decorticators are 

more common in Tanzania. But there is no 

documentation of which technology is domi-

nant. Although the latter technology is effi-

cient and produces high quality fibres, it needs 

a lot of washing water, hence producing sub-

stantial amount of wastewater, which is en-

vironmentally unfriendly. Modern plants re-

quire less water and have solid-liquid wastes 

separator, which impacts waste composition. 

Type of Waste from Sisal Plant 

Sisal leaves decortication waste 

The leaf is typically composed of 4% fibre, 

0.75% cuticle, 8% dry matter and 87.25% 

liquid (Sannapapamma et al. 2020). The fibres 

are used in the manufacture of different val-

uable products including ropes, anchors, 

cordage, and handicrafts that are applied in 

marine, automotive, renewable energies and 

construction materials (Warra and Prasad 

2024). Sisal fibres are obtained from leaves by 

a mechanical method known as decortication 

process as described by Srinivasakumar et al. 

(2013). This process is generally water inten-

sive and generates large amounts of residues. 

Since sisal fibres are only 4% of the wet sisal 

leaf mass fed in the decortication process, the 

remaining 96% of solid (bagasse) and liquid 

(juice) are usually discarded as waste (Daher 

et al. 2023, Apolinário et al. 2014). 

Sisal boles 

The sisal bole is the stem part of the sisal 

plant holding the leaves and the roots and it is 

traditionally counted as waste (Msuya et al. 

2018a, Mshandete et al. 2013). Studies show 

that for each tonne of sisal fibre produced 

from sisal leaves; about 24 tonnes of leaf 

residues (sisal pulp), 100 m3 of wastewater, 

and 4.7 tonnes of sisal boles are generated 

(Terrapon-Pfaff et al. 2012). Each bole up-

rooted at the end of sisal plant life will have a 

pole and roots. According to Naik et al. 

(2016), the average weights of sisal bole, pole 

and roots are 38.38 kg, 21.4 kg and 29.98 kg, 

respectively. Thus, the tonnage of sisal bole 

generated per tonne of fibre produced corre-

sponds to 2.6 tonnes of sisal poles and 3.7 

tonnes of sisal roots.  

Short and damaged fibres, poles and roots 

Short and damaged fibres are produced 

during decortication process and typically 

account for 10-20% of the total fibres pro-

duced (Anandjiwala and John 2010). Sisal 

poles (the thicker, central parts of the sisal 

plant) and roots remain after the leaves are 

harvested for fibre extraction. A study of the 

typical composition of poles and roots of a 

sisal plant is necessary. Despite technological 

improvements in sisal fibre production and 

use, the amount of these wastes continues 

increasing with increase in fibre production. 

As efforts to increase sisal fibre production in 

Tanzania grow, exceeding 40,000 tonnes over 

just five years (Figure 1) due to the expanding 

market, more waste will be accumulated. 

These wastes are biodegradable and resilient, 

appropriate for various end uses. Beside pro-

duction of various chemicals and fuels, sisal 

wastes can be used in construction and land-

scaping (Mazo et al. 2024). 
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Figure 1: Sisal fibre production in Tanzania. Data source: (URT 2024) 

 

Composition of Waste from Sisal Plant 

Understanding the composition of sisal 

waste which includes; fibres, leaves, boles, 

poles, and roots, is crucial for effective val-

orisation. The components of sisal waste 

aforementioned differ in fibre content, chem-

ical composition, and structural characteris-

tics. Recognizing these differences is essential 

for determining the potential environmental 

impact and selecting the most appropriate 

technologies for processing the waste. 

Mshandete et al. (2013) investigated the fea-

sibility of utilizing fresh sisal boles waste 

(SBW) and residual leaf stubs (RLS). The 

volatile solids, total carbon, and total organic 

matter in all fractions investigated ranged 

from 93% to 98%, 49% to 55%, and 91% to 

98% on a dry weight basis, respectively. The 

total sugar contents in the investigated solid 

and liquid fractions of the wastes ranged be-

tween 8-27% and 30-35 mg/l, respectively 

(Mshandete et al. 2013). Table 1 shows the 

composition of waste from sisal plants as 

gathered from various literatures. The com-

position of sisal waste in terms of crude pro-

tein, cellulose, hemicellulose and total sugars 

highlights its potential for conversion into 

valuable products, such as animal feeds, bio-

fuels and packaging materials. More research 

is needed on sisal poles and roots on their 

composition and potential for production of 

valuable products. 

Table 1: Composition of some waste from sisal plants 

Parameter 

Decortication 

waste 
Sisal boles 

References 

Liquid Solids Leachate Biomass 

pH 5.60 - 5.23 - (Sharma and Varshney 

2012); 

(Msuya et al. 2018a); 

(Lima et al. 2013); 

(Guerra et al. 2021, 

Total sugars (g/L.) 1.11 - 30.15 8.45 

Crude protein (% by wt.) 11.56 - 6.38 5.31 

Ash content (% by wt.) 1.5-4.0 3.15 3.97-5.80 4.28-5.80 

Total solids, (% by wt.) 10.07 37.01 9.72 36.05 
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Total nitrogen (mg/L) 2.14 0.27 1.02 0.85 Mshandete et al. 2013); 

(Konyo et al. 2023) Total Organic matter (% 

by wt.) 
87.53 97.87 97.94 98.66 

Cellulose (% by wt.) - - - 6.48 

Hemicellulose (% by 

wt.) 
11.26 11.26 6.41 8.14 

Lignin (% by wt.) 4.5 6.6 - 5.00 

 

Alternative Uses of Sisal Plant Wastes 

Literature has documented various studies 

on the utilization of sisal waste, including sisal 

decortication wastes and boles, but scanty on 

sisal poles and roots. More efforts to boost 

sisal fibre production and profitability through 

smallholder sisal farmers (Beleko and Urassa 

2022) will result in increased waste and en-

vironmental pollution. Therefore, it is critical 

to address potential use of these waste prod-

ucts by valorising the entire sisal plant.  

Potential use of Sisal Leaves and Decortica-

tion Waste 

Sisal leaf processing generates solid and 

liquid decortication waste. Additionally, fi-

bres that do not meet the required grades are 

classified as waste. The liquid waste ends up 

in stream and other water bodies while the 

solid waste is normally disposed of by burning 

or dumping on land and leaving it to rot 

thereby generating greenhouse gases such as 

methane (Msuya et al. 2018a). Attempts to 

mitigate the polluting effects of sisal decorti-

cation waste have been made by investigating 

the possibility of producing profitable prod-

ucts. Researched products are biogas (Srini-

vasakumar et al. 2013, Kiairie 2019, Peter et 

al. 2019, Arisutha et al. 2014); manure (Mri-

dha et al. 2023), animal feed (poultry and 

fish), pectin (Santos et al. 2013), alcohol 

(Lima et al. 2013), hecogenin (Joshi et al. 

2023), chemicals such as pectin, mannitol and 

succinic acid (Santos et al. 2015), simple 

sugars (De Paula et al. 2012) protein oyster 

mushrooms and pulp and paper (Bosco et al. 

2022) and protein black soldier fly (Konyo et 

al. 2023). However, thorough proximate and 

ultimate analyses of the decortication waste, 

which are important in knowing the potential 

for specific end products, are still lacking. 

Some specific end-products are highlighted 

below. 

Biogas production  

Biogas is an alternative green energy re-

source that is clean, environmentally friendly, 

renewable, and may be generated in digesters 

filled with feedstocks (Korbag et al. 2020). 

This has attracted the most attention in re-

search and at the production level in Tanzania 

(Magoggo 2011). The world's first biogas 

power plant (1,700 m3) employing sisal waste 

and bacteria from cow dung (methanogenic 

bacteria) was commissioned at Hale, Tanga in 

2007 (Srinivasakumar et al. 2013, Yhdego 

2021). The methanogenic bacteria convert the 

sisal waste to produce methane (CH4) and 

other gases such as carbon dioxide (CO2), 

Hydrogen Sulphide (H2S) and oxygen (O2) 

(Oudshoorn 1995). The biogas can be used to 

generate electricity, used as fuel for transport, 

cooking and lighting, or for powering farm 

machinery. The process effluent contains 

significant amounts of nitrogen, potassium, 

and calcium, which can be used as fertilizer 

and nutrient-rich animal feed. However, there 

is lack of information on efficiency of the 

biodigester and the concentrations of its ef-

fluent for suitability as animal feed or biofer-

tilizer.  

According to Oudshoorn (1995) one tonne 

of sisal pulp can generate 54.3 m3 of biogas by 

methanogenesis. But pilot plant designed by 

Rajabu and Manyele et al. (2015) to produce 

biogas from sisal decortication waste in-

creased the biogas yield from 0.157 m3/kg to 

0.386 m3/kg (146% increase) when sisal de-

cortication waste was reduced in size to 2 mm 

and digested at 40˚C than when the feedstock 

was untreated with large particle sizes and 

operating at atmospheric condition. Yet, they 

did not provide information on the microor-

ganisms in the inoculum and the effect of 

agitation. Kivaisi and Mshandete (2017) on 

the other hand, suggested that physical and 
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biological pre-treatments of decortication 

waste increased methane yield by 23-30%, 

while co-digestion with fish waste increased 

methane yields by 59-94%. But neither did 

they discuss the effect of digester design, 

particle size nor the techno-economic analysis 

and the possible commercialization of the 

products.  

In another study by González (2017) re-

ported that using a Combined Heat and Power 

(CHP) unit Mkumbara Sisal Estate in Tanga 

region could produce about 1,200,000 m3 of 

biogas per year that would generate around 

2,340 MWh of electricity. Although this is 

only for one estate, there is a potential to in-

tegrate this to all sisal estates to reduce pro-

duction costs and contribute to the national 

electricity grid. However, the study did not 

discuss details of design, sustainability of 

supply of feedstock and its economic viability. 

Sisal leaves are known to contain wax 

(0.38%) and hecogenin (0.10%) (Srinivasa-

kumar et al. 2013). Hecogenin is a pharma-

ceutical raw material for the manufacture of 

corticosteroids, which are currently imported 

into Tanzania. 

Mushroom cultivation and protein source 

Mushrooms have an important role in or-

ganic soil growth and development, solid 

waste management, and soil mineral replen-

ishment. Muthangya et al. (2013) studied the 

pre-treatment effect of saline sisal decortica-

tion waste for mushroom production when 

soaked in hot and cold water. The study indi-

cates that saline sisal decortication waste can 

be utilized for commercial mushroom pro-

duction with a yield of more than 40%. In 

another study, do Carmo et al. (2014) found 

that sisal decortication waste can be efficiently 

bio converted into nutrient rich oyster mush-

rooms with 29.0% crude protein and 2.2% fat. 

The high protein and fat content of black sol-

dier fly (BSF) makes it one of the most 

promising insect species for commercial 

production in poultry feed composition (Abd 

El-Hack et al. 2020).  

Konyo et al. (2023) used sisal decortication 

waste as a substrate for the growth of the black 

soldier fly (BSF) and found that it had a better 

reduction of the waste by 52%. The harvested 

BSF larvae contained crude protein 53% and 

other mineral nutrients which are sufficient for 

poultry and fish feed requirements. Mhaiki et 

al. (2013) and Msuya et al. (2024) isolated 

yeast cells from sisal bole juice as source of 

microorganism for fermentation but the yeast 

can also be a source of protein for animal feed. 

Strains isolated from specific regions have 

high adaptation to their own climatic condi-

tions and substrate, making their use in pro-

duction processes more interesting (Šimono-

vičová et al. 2021, Jacobus 2021). 

Bioethanol and bio-oil production 

Bioethanol, which is produced through the 

conversion of biomass resources such as sisal, 

is utilized in a variety of industries to catalyse 

the synthesis of petrochemicals and fuels 

(Anekwe et al. 2023). Sisal decortication 

waste was indicated as a possible feedstock to 

produce bioethanol with maximum production 

of 0.27 g/g attained in 60 hours when Candida 

tropicalis CCT 1516 was employed in the 

fermentation process (Damião et al. 2018). 

However, the researchers did not cover the 

effect of the production process conditions 

and the quality of the bioethanol produced as 

well as the scaling up of the production pro-

cess and commercialization of the product. 

Cunha et al. (2024) studied the pyrolysis of 

composted sisal residue to produce bio-oil at 

450°C and 550°C. Results show that com-

posting helped reduce the oxygenated bio-oil 

species by approximately 44%–75%. At both 

temperatures, large concentrations of hydro-

carbons (alkanes and alkenes) were produced 

(>160% increase), concentrations of ketones, 

aldehydes, and phenolic were reduced (>50%) 

and esters, furans, and acetic acid were elim-

inated in the composted biomasses (Cunha et 

al. 2024). Pereira et al. (2022) used sisal res-

idues in a fluidized bed reactor to produce 

bio-oil with distinct characteristics compared 

to other biomasses. By varying the nitrogen 

flow rate, biomass mass flow, temperature, 

and pressure in a fluidized bed reactor ob-

tained bio-oil composition that was intensely 

dependent on the process parameters. The best 

results were achieved at the lowest pressure 

(test LLP) condition, which showed high 

bio-oil yield and improved composition con-

sisting mainly of alkylphenols (16.05 wt %), 
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aromatics (6.09 wt %) and catechols (8.72 wt 

%) (Pereira et al. 2022). 

Pulp and paper and bio-composites 

The potential and special papermaking 

properties of certain sisal species have long 

been used by producers of specialty papers 

such as cigarette, bank note, filter and Bible 

paper. Short and damaged fibres left after fibre 

extraction is mainly used for making pa-

per/paperboards, hecogenin (a cortico ster-

oid), wax and biogas (Li et al. 2020). Bosco et 

al. (2022) found that short sisal fibre wastes 

from spinning processes have a promising 

potential for paper pulp production compared 

to other non-wood raw material. Through soda 

pulping techniques waste sisal fibres as short 

as 1 mm achieved pulping required perfor-

mance after 240 minutes under maximum 

temperature 140◦C. However, both studies do 

not provide optimal fibre length and operating 

conditions for best quality pulp. 

Guerra et al. (2021) showed that acid and 

alkali pretreatment of sisal waste increase 

cellulose content. The X-ray diffraction pat-

tern and thermal characterization showed a 

crystallinity degree increase and thermal sta-

bility improving, respectively, hence a better 

candidate for composite production. Melo et 

al. (2019) found that sisal fibre powder can be 

used as reinforcement in composites. Natural 

fibre reinforced polymer composites are more 

attractive structural materials due to their high 

specific strength, lightweight and biodegra-

dability properties. However, one of the seri-

ous problems of plant fibres is their strong 

polar character, which creates many problems 

of incompatibility with most thermosetting 

and thermoplastic matrices (Ndazi et al. 

2006). 

Potential use of Sisal Boles Waste 

Sisal boles are normally slashed and burned 

on the farm thus causing environmental 

emission concerns (Mshandete et al. 2013, 

Ngonyani 2010). The boles composed of 

various materials that can be used in produc-

tion of sugars, membranes, inulin, acids (cit-

ric, lactic, etc.) and polymers, bioethanol and 

bio-oil and protein. Efforts to utilize these 

boles have been done through research to 

analyse the potential of producing different 

valuable products. However, thorough prox-

imate and ultimate analyses of the boles, 

which are important in knowing the potential 

for specific end products, are still lacking. 

Some specific end-products are highlighted 

below. 

Sugars and membranes from juice and ba-

gasse 

The boles contain high total sugar content in 

the juice of up to 30% (m/v) that can be ex-

tracted and fermented to produce valuable 

products to increase income to the sisal in-

dustry (Msuya et al. 2018a). The sisal bagasse, 

a lignocellulose has about 60% carbohydrates 

that can be pre-treated to produce sugars than 

can be used as feedstock for various products. 

Xavier et al. (2023) reported production of 

90% pure cellulose acetate membranes using 

alkaline and acid pre-treatments of the sisal 

bagasse. The membrane produced is suitable 

for removing inhibitors from the fermentation 

process.  

Inulin production 

Inulin is a naturally soluble dietary fibre, a 

reserve biopolysaccharide in plants 

(Afoakwah 2023). Inulin is becoming in-

creasingly popular due to its purported im-

munomodulatory, antioxidant, anticancer, 

hepatoprotective, hypoglycaemic, and gas-

trointestinal protective properties (Du et al. 

2023). Industrially inulin is currently derived 

from Jerusalem artichoke tubers (Zhang et al. 

2022) and chicory roots (Kardamanidis et al. 

2024, Singh et al. 2025). Sisal boles waste a 

lignocellulosic material has the potential to 

produce inulin (Apolinario et al. 2017) using 

different extraction methods. Elisante and 

Msemwa et al. (2010) used dry ‘baking’ ex-

traction method to extract inulin from sisal 

boles as a feedstock for bioethanol production. 

Majaliwa et al (2023) used an ultrasonic ex-

tractor in a wet extraction to produce inulin 

(18%) from sisal boles waste at 80°C and 90 

minutes.  

Acids and Polymers 

Ngonyani (2020) used sisal inulin as a 

feedstock to produce citric acid with a high 

yield of 46.66%. Besides citric acid, lactic 

acid can also be produced from sisal bole 

juice. Lactic acid (2-hydroxy propanoic acid) 

is the simplest hydroxyl acid with an asym-

metric carbon atom that was traditionally used 
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in food, pharmaceutical, cosmetic and leather 

tanning industries (Nikolaivits et al. 2021). 

Lactic acid is also used as a building block for 

renewable and biodegradable plastics (Msuya 

et al. 2022). Recent research has shown en-

couraging results in reducing the cost of pro-

ducing Lactic acid using various biomass 

sources, such as horse chestnut (Çetin 2022), 

lignocellulosic biomass (Zu et al. 2024, Choi 

et al. 2024) and coffee waste (Kim et al. 

2024).  

Lactic acid can also be produced from sisal 

bole waste. Msuya et al. (2018b) utilized dif-

ferent concentrations of sugar from sisal boles 

juice for production of Lactic acid (LA) using 

Lactic Acid Bacteria (LAB). The study fo-

cused on analysing the effect of initial sugar 

concentration, process temperature and initial 

medium pH on the produced lactic acid con-

centration, yield and productivity. Maximum 

condition for production of LA occurred at a 

temperature of 37°C, initial pH of 6 and initial 

sugar concentration of 120 g/L which corre-

sponded with the highest LA concentration of 

more than 24 g/L and a yield of 93% (Msuya 

et al. 2018b). It was possible to produce lac-

tide from lactic acid with a conversion rate of 

99% over 2 hours at a system temperature of 

180ºC, regardless of the catalyst ratio used 

(Msuya et al. 2022, Çetin 2022).  

Bioethanol and bio-oil production 

Sisal bole bagasse is a lignocellulose which 

can be used for second generation bioenergy 

such as biogas, briquettes and bioethanol. In 

addition, bagasse can be pyrolyzed to produce 

bio-oil, or gasified to produce syngas or 

pre-treated to produce pulp and paper and 

other chemicals. Elisante and Msemwa et al. 

(2010) extracted the inulin from sisal boles as 

a feedstock for bioethanol production. More 

studies on the optimal conditions that affect 

the production of high yield ethanol are nec-

essary. Other products that are still in research 

from lignocellulosic sisal bole bagasse include 

furfural, biogas, briquettes, bio-oil and bio-

ethanol. In addition, all products from the sisal 

decortication waste can also be produced from 

sisal bole 

 

Unlocking the Commercial Potential of 

Valorisation of Sisal Waste in Tanzania 

The sisal industry has traditionally focused 

on fibre production from sisal leaves, leaving 

a gap in the sustainable use of the entire plant. 

Currently, only 2% of the plant is used for 

fibre production, while the remaining 98%, 

including leaves, stems, and fibres, is often 

discarded or burned, releasing harmful par-

ticulate matter and carbon dioxide that wors-

ens air quality and contributes to climate 

change. However, these wastes materials can 

be transformed into valuable products as 

shown in Figure 2. For instance, waste from 

sisal decortication, containing fibres, can be 

used in construction materials, composted for 

biofertilizer production, or anaerobically di-

gested to produce biogas. Sisal boles juice can 

be used to isolate microorganisms or fer-

mented for biofuels production and biopoly-

mers for packaging. The bagasse from sisal 

boles, on other hand, can be used for bri-

quetting, gasification, or pyrolysis to generate 

alternative energy. Poles and roots have the 

potential as construction materials, and for 

chemicals and fuel production.  

Despite promising research, commerciali-

zation of these valuable products has been 

limited. With Tanzania's fibre production 

increasing by more than 40,000 tonnes in five 

years (Figure 1), and the Tanzania Sisal Board 

aiming to reach 120,000 tonnes by 2025/2026, 

the potential for sisal waste accumulation and 

its valorisation continues to grow. Valorising 

sisal waste is crucial to reduces environmental 

pollution and unlock its commercial potential. 

Producing value-added products like biode-

gradable materials, animal feed, biofuels, and 

packaging can create new industries, provide 

job opportunities for women and youth in 

rural areas, and generate income streams for 

local communities, fostering rural develop-

ment and contributing to Tanzania's economic 

growth.  

Sisal waste valorisation aligns with several 

global sustainability goals. By promoting the 

efficient use of agricultural by-products, 

Tanzania can help reduce poverty (SDG 1), 

advance clean energy (SDG 7), and improve 

food security and mitigating climate change 

(SGD 2, 8, 9 and 12). It also supports the 

transition to a circular economy, where waste 

is minimized and resources are reused, thus 
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creating positive environmental, economic, 

and social impacts (Tawo and Mbamalu 

2025).  

Despite these benefits, several barriers can 

hinder the shift to sisal waste valorisation. 

These barriers include technological, finan-

cial, regulatory, and social aspects. Techno-

logical solutions and innovations should focus 

on affordable, small-scale, modular systems 

that integrated into existing sisal farming and 

processing operations, minimizing capital 

costs while maintaining high efficiency. 

Compact biomass gasification units or 

small-scale pyrolysis systems, for example, 

would allow local farmers and small busi-

nesses to participate without requiring large 

investments. Additionally, biotechnological 

innovations, such as enzymatic pre-treatment 

of sisal fibre for biofuels or biocomposites, 

can improve the efficiency and value of the 

waste. Integrating renewable energy sources, 

like solar or wind power, with waste pro-

cessing can make valorisation more ener-

gy-efficient and sustainable. 

Financial solutions and innovations should 

include government subsidies, tax incentives, 

and grants to support businesses adopting 

environmentally sustainable technologies. 

Partnerships between the private sector, gov-

ernment, and NGOs can mobilize resources 

and facilitate technology transfer. 

The Tanzanian government should imple-

ment clear policies to encourage the valorisa-

tion of agricultural waste, particularly sisal. 

These policies could include tax incentives for 

businesses adopting waste valorisation tech-

nologies, subsidies for renewable energy 

production from agricultural waste, and waste 

management regulations that promote recy-

cling and repurposing of sisal waste. 

The question will be the availability of raw 

material in terms of the specific product to be 

produced. The availability of specific waste 

types determines the feasibility of producing 

certain products. The waste treatment methods 

depend on its composition and its distinctive 

characteristics. The cost-effectiveness of uti-

lizing and processing sisal waste remains a 

critical consideration.  

It is necessary to conduct comprehensive 

research that will thoroughly document the 

composition of the entire sisal plant, planta-

tion biomass and the country's production 

capacity. The study should also focus on the 

scalability of waste utilization process and 

building markets for products from sisal 

waste. The estimates on plantation biomass of 

the sisal plant can be used in assessing the role 

of sisal plantations specifically on the regional 

carbon storage (Vuorinne et al. 2021) which is 

also the major area of concern worldwide. The 

proposed research will include the sisal poles 

and roots composition and their potential for 

production of valuable products. The financial 

potential of different valorisation processes 

(cost-benefit analysis), environmental impact 

reduction metrics (e.g., pollution levels before 

and after waste valorisation) is another area of 

concern. This will pave the way to industries 

and investors on the clear path to take in in-

dustrial production of different products from 

sisal waste and its economic benefits. 

It is essential to allocate resources towards 

research and development to improve the 

quality and functionality of products made 

from sisal waste. Additionally, it is important 

to broaden the range of market uses for these 

products. This will contribute to the growth of 

product development and market expansion. 

Engaging in collaboration with designers and 

manufacturers can reveal novel applications, 

thereby portraying these products as envi-

ronmentally friendly alternatives. Imple-

menting training programs to provide local 

communities with the knowledge needed to 

properly handle sisal waste can lead to eco-

nomic benefits. Additionally, promoting local 

enterprises that transform waste into valuable 

goods can further contribute to these benefits. 

Furthermore, supporting the adoption of 

techniques that convert sisal waste into valu-

able resources not only decreases the need for 

landfills and minimizes pollution, but also 

incorporates waste into other applications like 

soil stabilization. This, in turn, promotes the 

implementation of sustainable land manage-

ment practices. Tanzania could develop a fully 

integrated circular economy model for the 

sisal industry, where sisal waste is no longer 

seen as a burden but rather a valuable re-

source. Sisal farms and processing plants 

would adopt sustainable practices to maxim-
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ize the utility of every part of the plant. Fibre 

would be extracted for use in traditional 

products like ropes, while waste materials, 

such as leaves, pulps, and stems, would be 

transformed into high-value products such as 

bioplastics, biofuels, compost, and animal 

feed. To create economic opportunities, a 

network of small- to medium-scale processing 

units could be established across rural areas, 

enabling local farmers and entrepreneurs to 

transform sisal waste into value-added prod-

ucts. The alternative routes for production of 

valuable products from sisal plant wastes are 

summarised in Figure 2.  

 

 

Figure 2: Alternative uses of sisal waste. 

 

Conclusions and Future Research 

Sisal fibre production is a high waste pro-

cess that generates significant waste such as 

damaged leaves, boles, decortication waste, 

roots and poles. The composition of sisal 

waste varies based on several factors, includ-

ing soil conditions, climate, agronomic prac-

tices, the plant's age, and the processing 

method. Despite improvements in sisal fibre 

production and use technology, the amount of 

these wastes continues to rise in tandem with 

increased fibre production. Consequently, 

efforts to boost sisal fibre production and 

profitability through smallholder sisal farmers 

may result in increased waste and environ-

mental pollution. To address these concerns, 

the valorisation of sisal waste is crucial as not 

only help mitigate environmental pollution 

but also present opportunities for production 

of useful and commercially viable products. In 

addition to being used in production of various 

chemicals and fuels, sisal wastes can be used 

in construction and landscaping.  

While literature has extensively explored the 

utilization of sisal decortication wastes and 

boles, research on the potential of sisal poles 

and roots remains limited. Despite research 

that has been done on valuable products from 

sisal waste, little has been done on the com-

mercialization of these products. It is therefore 

recommended comprehensive research be 

conducted to document the quantity and qual-
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ity of sisal wastes produced in Tanzania, 

which may save as feedstock for various 

products. This research should include the 

analysis of ultimate and proximate composi-

tion of roots and poles, as well as vitamins and 

minerals analysis of various parts of the plant 

Other important data is on plantation biomass 

(a breakdown of waste generation per planta-

tion), production capacity within the country., 

and the environmental impact reduction met-

rics (e.g., pollution levels before and after 

waste valorisation). Further studies should 

also focus on the scalability and the financial 

potential of waste valorisation processes and 

marketing of the products from sisal waste. 

Such studies will provide a clear guidance for 

industries and investors, helping them pursue 

the industrial production of sisal 

waste-derived products and realize the asso-

ciated economic benefits. The Tanzanian 

government should implement clear policies 

to encourage the valorisation of agro-waste, 

particularly sisal. These policies could include 

tax incentives for businesses adopting waste 

valorisation technologies, subsidies for re-

newable energy production from agricultural 

waste, and waste management regulations that 

promote recycling and repurposing of sisal 

waste.  
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