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Green coco Industries 
(Green Coco Brasil Project) 



Sources: 

Miranda, 2011 

Guimaraes 2018 

https://www.lge.ibi.unicamp.br/pesquisas/biomassa/ 

 

 Cellulose 

 

• Abundant natural material obtained from renewable and sustainable sources and with low environmental and 

health risks (most abundant organic substance on earth);  

 

• Its function is to be the dominant reinforcing phase in the structure of plants; 

 

• Low cost, biodegradable, low density and extraordinary physical and mechanical properties; 

 

•  This material has been the subject of intense research and development with the advent of nanotechnology. 

 

LGE: Genômica e Bioenergia 
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https://www.lge.ibi.unicamp.br/pesquisas/biomassa/


Sources: 

Guimaraes 2018 

AGROPALMA 

 Nanocellulose 

 

• Particles with a high degree of crystallinity, with a high specific area, very high rigidity and tubular shape;  

 

• Diameter in the range of 3-20 nm and length between 100-600 nm; 

 

• They are remnants of acid hydrolysis of wood pulp or biomass fibers; 

 

• Dimensions and degree of crystallinity depend on the source of the cellulose; 

 

• Obviously, these characteristics influenced its performance as a reinforcement particle in polymer matrices. 
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Acid attack 
Cellulose Nanocrystals 

Acid Hydrolysis 

Cellulose fibrils 



Saucers: 

https://www.marketsandmarkets.com/Market-Reports/nano-cellulose-market-56392090.html 

 Nanocellulose Market by Demand  

 

Markets and Markets 
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 Nanocellulose Market Ecosystem 

 

Saucers: 

https://www.marketsandmarkets.com/Market-Reports/nano-cellulose-market-56392090.html 

Markets and Markets 
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 Nanocellulose Market by Application  

 

Saucers: 

https://www.marketsandmarkets.com/Market-Reports/nano-cellulose-market-56392090.html 

Markets and Markets 
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Sources: 

Nascimento et al, 2016 

Salah et al. 2017 

 

 Obtaining Cellulose/Nanocellulose from Coconut Fiber 

Biochemical composition of coconut fiber, delignified pulp, bleached pulp, and recovered lignin (Nascimento, 2016).  

Coconut component schematics (Salah, 2017) 

(33%) 
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Coconut water 

(33%) 

(33%) 

Biochemical composition of some plant fibers 

(33%) 



Sources : 
https://celluforce.com/shop/ 

 

 

 

 

 Perspectives with Nanocellulose from Coconut Fiber (revenues bruto) 

Calculation Basis 

300 Ton Green 

Coconnut 

 

 

Coconut Water 33% 

100.000,00 L/day 

US$  50.000,00 

 

Coconut Fiber  33 % 

 100 Ton/day 

 

 

Pilot Plant  

23Kg.Fiber/day 

 

 

Obtaining Nanocellulose 

 

10%  3 Ton. Nanocel/day 

          0,69Kg.Celulose/day 

 

20%  6 Ton. Nanocel/day 

          1,38Kg.Celulose/day 

 

30%  9 Ton. Nanocel/day 

          2,07Kg.Celulose/day 

 

Dried Nanocrystalline Cellulose  

 

 ($ 100/Kg) 

 

10%  US$ 300,000,00/day 

          US$ 69,00/day 

 

20% US$ 600,000,00/day 

          US$ 138,00/day 

 

30%  US$ 900,000,00/day 

          US$ 207,00/day 

 

 

Celulose 

30% averege 

30 Ton Cellulose 

 

Pilot Plant  

6,9Kg.Cellulose/day 
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Acid hydrolysis 

https://celluforce.com/shop/


Sources: 

Cerqueira et al. 2017 

 Obtaining Cellulose/Nanocellulose from Coconut Fiber 

• Paper written in 2017 by researchers from SENAI CIMATEC, Brazil; 

• In this study, cellulose nanocrystals were extracted from coconut fibers and incorporated in cassava and potato starch 

films at different concentrations (food packing); 

• Nanocellulose was obtained from coconut fiber through acid hydrolysis process; 

• suspension of the coconut cellulose nanocrystals was examined by an SEM to determine the crystal length (L), 

diameter (D), and aspect ratio (L/D), and the state of the aggregation of the nanocrystals; 

• coconut cellulose nanocrystals examined had length L values of 89–320 nm (average of 264.9±23.0 nm) and average 

diameter D of 8.10±1.21 nm; 

• average aspect ratio (L/D) was 32.7±5.1, which confirms the potential of the coconut cellulose nanocrystals to used as 

reinforcement agents in polymeric matrixes. 

http://dx.doi.org/10.1590/0104-1428.05316 
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Sources: 

Cerqueira et al. 

 Obtaining Cellulose/Nanocellulose from Coconut Fiber 

• This work was developed by Professor Morsyleide's group from the Federal University of Ceará/EMBRAPA, already a 

green coco partner group; 

• The authors demonstrate that despite the relatively low cellulose percentage (31.6% in this case) in green coconut 

fiber (compared to other plant fibers), it was possible to obtain cellulose nanocrystals through four different methods; 

• Methods: acidic hydrolysis with high acid concentration, acidic hydrolysis with low acid concentration, ammonium 

persulfate oxidation, and high-power ultrasound; 

• Cellulose nanocrystals were analyzed by FTIR spectroscopy, X-ray diffraction, transmission electron microscopy, and 

TG analysis; 

• Using these methods, the whole coconut fiber could be used to produce cellulose nanocrystals and lignin; 

• Among the proposed methods, high-power ultrasound showed the highest efficiency in cellulose nanocrystal 

extraction. 

http://dx.doi.org/10.1016/j.indcrop.2015.12.078 
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Sources: 

Poornachandhra et al, 2023 

 Obtaining Cellulose/Nanocellulose from Coconut Fiber 

https://www.researchgate.net/publication/377077885 
 

• Paper written in 2022 by researchers from different Indian institutions; 

• In this study, two methods, steam explosion and alkali-acid hydrolysis, were evaluated for the cellulose extraction 

from coconut husk fiber; 

• Between the two methods, acid hydrolysis yielded 1.8 times higher cellulose content than steam explosion; 

• In order to maximize cellulose content in nanocellulose synthesis, acid concentration, reaction temperature, and 

hydrolysis time were optimized using Response Surface Methodology (RSM); 

• The optimum reaction condition for the synthesis of NCC was 50 °C with 45 wt% acid concentration for 60 

minutes due to its high cellulose content (85.6 %); 

• Synthesized NCC was spherical in shape with a diameter below 40 nm. NCC had better crystallinity (80.05 %) 

with a high zeta potential of -72.2 mV. 
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https://www.researchgate.net/publication/377077885


Dismemberment 
Washing 

 

Drying 

Miling 
 

 
Merceirization 

 

NaOH  (aq) 5% 

Temperature (60°C) 

Time (2h) 

Filtration 

Drying (48h) 

 
 

Bleaching 

 

NaClO(aq) 2% 

NaOH  (aq) 5% 

CH3COOH(aq) 5% 

 

Temperatura (70ºC) 

Tempo (2h)  

1000 RPM 

Secagem (48h) 

Acid hydrolysis 

 

H2SO4(aq) 45% 

Temperature (40°C) 

Time (60 min)  

Centrifugation 

 

 

1000 RPM 

Time (3-4h) 

 

Sourcers: 

Guimaraes 2018 

 Obtaining Cellulose/Nonocellulose from Green Coconut Fiber 

Dialysis 

(3-4h) 

 

 

Birefringence 

 

Characterization 

 

Transmission electron 

microscopy (TEM) 

 

X-ray diffraction (XRD) 
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 Industrial Process for Obtaining Nanocellulose 

Sources: 

Qing et al 2020 
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 Industrial Process for Obtaining Nanocellulose 

Sources: 

Qing et al 2020 

1) Cellulose Pulping 2) Obtaining Nanocellulose 

Merceirization 
Bleaching 

Acid hydrolysis 

Ultra Filtration Drying 
3) H2SO4 Recovery   
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 Industrial Process for Obtaining Nanocellulose 

Sources: 

Reshmy et al 2022 
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 Industrial Process for Obtaining Nanocellulose 

Sources: 

Qing et al 2020 

• Paper by a research group from the University of Sarawak in Malaysia;  

• It presents a study on the technical and financial feasibility of a nanocellulose pilot plant fed with palm fiber through simulations using ASPEN 

Plus; 

• Authors propose a batch process based on three stages; 

• The first stage consists of a group of pulping reactors, where the lignin and hemicellulose extraction and pulp bleaching stages take place; 

• Second stage consists of an acid hydrolysis reactor, where the amorphous and crystalline phases of cellulose are separated by differences in 

reaction kinetics, resulting in cellulose nanoparticles;  

• A third stage consists of a CSTR sulphuric acid recovery reactor. Process is completed with product purification and effluent treatment stages; 

• In addition to a complete process flow diagram, the authors propose mass and energy balance calculations, a heat exchanger network and an 

estimate of the plant's operating cost. Using Aspen's Chemical Engineering Plant Cost Index (CEPCI) tool, they estimated the total value of the 

detailed asset purchase; 

• Finally, by comparing three different local economic scenarios (Malaysia), the authors propose a breakeven point to determine the payback 

period. 

https://doi.org/10.1016/j.mset.2020.01.001 
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 Industrial Process for Obtaining Nanocellulose 

Sources: 

Reshmy, et al 2020 

• This article presents an overview of various strategies for obtaining nanocellulose, with a focus on enzymatic 

ones; 

• It also provides current data (2021) on all the nanocellulose plants in the world;; 

• No industrial-scale plant exists for the time being; 

• All industrial plants are on pilot (experimental) or demonstration (commercial) scale;  

• There are 25 plants around the world, in different countries; 

• Most of the cellulose processed comes from pulpwood or pulpwood pulp, but there are already plants that 

process lignocellulosic waste [(IntechFibers/France) and (Swiss Federal Laboratories/Switzerland)].  

https://doi.org/10.1016/j.fuel.2021.122575 
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 Industrial Process for Obtaining Nanocellulose 

Sources: 

Rebouillat, et al 2013 

• Interesting review article demonstrating other processes for obtaining nanocellulose besides acid hydrolysis, as 

well as methods for modifying the surface of nanocellulose; 

• The publication also contains proposed process flowcharts; 

• It is interesting to note that in 2013, when this publication was published, there were 7 pilot plants in the world; 

• Today there are 25. 

http://dx.doi.org/10.4236/jbnb.2013.42022 
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 Industrial Process for Obtaining Nanocellulose 

Sources: 
https://celluforce.com/celluforce-restarts-production-of-cellulose-nanocrystals-at-its-newly-modernized-facility/ 

https://celluforce.com/15-tons-of-celluforce-ncc-ready-to-ship/ 
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 Industrial Process for Obtaining Nanocellulose 

Sources: 
https://celluforce.com/shop/ 
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 Our current status 

 

 

SENAI CIMATEC 

• Delivery: Pilot Industrial Plant 

• Fiber: Coconut Fiber 

• NDA; 

• Approved Project Scope; 

• Pilot Plant Feeding Capacity: 23 Kg.Fiber/day; 

• ProductionTarget: 3,5 Kg.Nanocel/day; 

• Minimal Efficiency: 50 % 

• Project Start Preview: 2° semester 2024 

 

future pilot plant installations 
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Dr. Antonio Martins da Cunha 

a.martins@green-coco.de 

 

 

Clementino Coelho 

c.desouzacoelho@gmail.com 

 

 

Dr. Danilo Hansen Guimarães 

dhanseng@yahoo.com.br 
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