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The non-wood fibre technology

The future is 
NON-WOOD PAPERMAKING

FIBRE
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SUSTAINABLE FIBRE 
FOR PAPERMAKING 

THIRD-GENERATION formicofib™ TECHNOLOGY

The paper industry needs new raw material resources be-
cause of the growing shortage of wood in densely popu-
lated areas and increasing industrialization. Paper, board, 
and tissue usage is also increasing the fastest in countries 
with small forest resources, large populations, and extensive 
agriculture, such as China and India. Huge amounts of ag-
ricultural residues are produced in these areas. Thanks to  
formicofib™ biorefining technology, this renewable and 
abundant biomass resource can now be processed into 
high-quality papermaking fibres – profitably and sustainably.

Typical non-wood raw materials with huge potential for 
pulping include straw, bagasse, bamboo, and reed. Like 
wood material, these contain cellulose, hemicelluloses, and 
lignin, all of which can be utilized as valuable inputs in a 
third-generation biorefinery.
 

COST-EFFECTIVE, MULTI-PRODUCT PLATFORM 

formicofib™ technology produces high-quality fibre for 
paper, board, packaging, and hygiene products. Chempo-
lis’ third-generation biorefining technology enables multiple 
products to be produced from agricultural residues using all 
the vegetable matter they contain. This is a definite plus, not 
only in terms of the environment, but also because of oper-
ating costs and excellent profitability that it offers.

The advanced chemistry at the heart of formicofib™ 
technology results in selective delignification, which helps 
overcome the key problems faced in conventional non-
wood pulping. The biosolvent and process water used are 
fully recovered and fewer process operations are needed 
compared to conventional non-wood pulping processes. As 
a third-generation, multi-product platform, formicofib™ is 
capable of generating approximately 25% higher sales rev-
enues with lower investment costs and some 20% lower 
 operation costs than in current technologies.

Technologies for the production of non-wood pulp

formicofib™ conventional soda process

Source: Comparison of Soda, Kraft, Conox, Chempolis and 
Freefiber: Investment and Production Costs, Prefeasibility 
Calculations. International Finance Corporation (2007)
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SUSTAINABLE FIBRE 
FOR PAPERMAKING 

HIGHLY SUSTAINABLE PROCESSING 

A biorefinery based on formicofib™ technology meets the three 
key aspects of sustainability – environmental, economic, and so-
cial – and can convert residues into a range of products. Instead 
of felling forests, replacing natural forests with plantations, and 
shipping pulp overseas, local biomass can be used for produc-
ing papermaking fibre locally. Because it uses residual biomass, 
Chempolis’ formicofib™ technology does not have a negative 
impact on food production or contribute to soil exhaustion and 
de-forestation. Quite the opposite: it provides a source of valuable 
additional income and great benefits to rural areas.

formicofib™ is based on an organic biodegradable biosolvent. 
Full recovery of the biosolvent is integral to the technology and 
as a sulphur-free technology, process has no odour problems nor 
does it generate waste. It also requires less inputs than conven-
tional non-wood pulping methods and is self-sufficient in terms 
of energy.

All in all, formicofib™ is an effluent-free, low-carbon technol-
ogy that offers today’s most sustainable technology for producing 
non-wood papermaking fibre.

Many paper companies are now focusing on 
solutions that can help save forest resources, 
and Chempolis’ formicofib™ technology 
offers an excellent way of refining residual 
local non-wood biomasses into high-quality 
papermaking fibres and biochemicals that can 
also be distributed locally.”
(Esa Rousu, the President and  
CEO of Chempolis Ltd, 2010)

“

BENEFITS OF 
formicofib™ technology

  High quality products

  Self-sufficient in terms of energy

  Full recovery of biosolvent, chemicals and water

  Low investment and operating costs

  Effluent free
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GREAT ADVANTAGES OF 
formicofib™

Selective and flexible delignification of agricultural
residues

formicofib™ technology selectively fractionates biomass, 
enabling the resulting process streams to be converted 
into high-quality fibre products, biochemicals, and ener-
gy. The main components of a biorefinery based on the 
 formicofib™ technology are:

•  Selective delignification of biomass using the  
 formicodeli™ system
•  Totally Chlorine Free (TCF) bleaching 
• Recovery of biosolvent and biochemicals through   
 evaporation and the formicopure™ process system
•  formicocont™, the unique and reliable process control   
 system that ensures a high degree of capacity utilization   
 and provides a continuous optimization of process.

formicodeli™ Washing

Fertilizer,  
soil improver

Lignin to power generation  
or downstream refining

Wheat straw,
reed etc.

Pulp

Acetic acid, 
Furfural

TCF-bleaching

Filtrate
treatment

formicopure™Evaporation

Water
Recovered  
biosolvent

Water

SELECTIVE formicodeli™ SYSTEM 

formicodeli™ stands for efficient and selective delignifica-
tion of lignocellulosic raw material. Due to rapid impregnation 
of the biosolvent into the raw material cooking takes place 
quickly and at a low temperature. A low operating tempe-
rature means lower energy costs and better brown stock 
qua lity. Thanks to highly selective delignification, the levels 
of cellulose, hemicelluloses, and lignin content in brown 
stock can be adjusted easily, maximizing product quality and 
 making dewatering and bleaching easy.
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EFFICIENT BROWN STOCK WASHING

Thanks to the excellent dewatering properties of the brown 
stock produced, the lignin fraction and biosolvent can be 
separated very cost-effectively, using drum washers for 
 example. The pure brown stock has a low lignin and tran-
sition element content, which makes it an ideal raw mate-
rial for TCF bleaching. Evaporation and distillation of the 
 washing filtrates by using formicopure™ ensure that biosol-
vent and process water can be fully reco vered. Besides this, 
the bleaching filtrate circulation is also fully closed.

EASY AND HIGH BRIGHTNESS TCF BLEACHING

The designs of formicofib™ technology and formicodeli™ 
system guarantee excellent brown stock bleachability. The 
fibre product is pure, with a low lignin and transient element 
content, enabling the use of highly selective and  efficient to-
tally chlorine-free (TCF) bleaching. As an examp le, two-stage 
TCF bleaching of wheat straw-based brown stock produced 
by formicofib™ technology can result in brightness excee-
ding 85% (ISO). Using TCF-based bleaching chemicals also 
reduces overall bleaching costs significantly.

The use of TCF bleaching means that bleaching filtrates 
can be fully recovered as well. formicofib™ technology 
 minimizes water consumption below 5 m3/ADt and gene-
rates no effluents, which is outstanding compared to con-
ventional non-wood pulping technologies. Bleaching filtrates 
can be re-used and nutrients and dissolved organic material 
can be used as an organic fertilizer or soil improver.

formicopure™ FINALIZES THE FULL  
RECOVERY OF BIOSOLVENT AND WATER

The lignin and the desired part of hemicelluloses, which dis-
solve in the formicodeli™ system, are separated from the 
volatile biosolvent by evaporation, after which the biosol-
vent is returned to delignification. The lignin can be proc-
essed into an excellent solid fuel with a high dry matter 
content (>90%) and a net heating value of 20 MJ/kg. The 
separated hemicelluloses can be processed into acetic acid 
and furfural, which are purified in the formicopure™ sys-
tem.  This distillation-based system is very energy-efficient 
and produces high-purity biochemicals. formicopure™ 
also purifies process water for re-use in pulp washing. With 
 formicopure™ the water consumption is minimized and 
discharges avoided.

The formicodeli™ 
process system offers:

  Raw material flexibility

  Fast and selective delignification

  Low investment and operation costs

  Clean fibre fraction for TCF bleaching maximizing   
 fibre quality

The formicopure™
 process system offers:

  Full recovery of biosolvent and water

  Higher sales revenues from the high-purity 
 biochemicals produced

  Lower operating costs due to low consumption 
 of chemicals and water.

  Low investment costs

In formicodeli™ cooking takes place rapidly
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Quality references of pulp. Typically brightness levels vary between 80-90%, depending on customer demands.

WHEAT STRAW REED BAGASSE BAMBOO

Yield, % 38-42 40-43 38-42 42-45

Fiber length, mm 0.6-0.7 0.7-1.0 0.6-0.8 1.1-1.5

Million pcs / g pulp 35 35 22 17

Bleachability Good Very good Excellent Good

Dewatering Good Very good Very good Excellent

HIGH QUALITY FIBRE

Due to its selective, optimal process conditions and design, 
formicofib™ produces high-quality non-wood papermaking 
fibre for paper and board, packaging, and hygiene products 
in a highly sustainable way. formicofib™-based wheat straw 
pulp, for example, offers excellent runnability, thanks to its 
good wet strength, drainability, and formation on modern 
paper machines. Non-wood pulp produced using this tech-
nology also offers very good optical properties.

Characteristics of formicofib™ pulp

REED BASED 
FURNISH

WHEAT STRAW
BASED FURNISH

Runnability •• •

Wet strength • ••

Formation •• ••

Wet pressing •• •

Bulk •• •

Smoothness • •

Opacity • •

Printability •• •

UPM has tested formicofib™ pulp (70% of furnish) successfully  
on a modern paper machine running at up to 1,300 m/min.” 
(UPM-Kymmene Corporation, 2009)“

HIGH-QUALITY PAPER PRODUCTS 

Bleached formicofib™ straw pulp and reed pulp are par-
ticularly suitable for producing printing paper and the surface 
layers of cartonboard, and offer similar properties to those of 
high-grade Kraft eucalyptus pulp. Both products, whether 
coated or uncoated, call for high-quality printing surfaces, 
and bleached straw and reed pulp can really deliver here. 

Wheat straw and reed pulp produced using formicofib™ 
technology give printing paper good formation, excellent 
smoothness, opacity, and porosity, together with high sur-
face and z-strength. The fine structure offered by straw and 
reed pulp provides the right level of density, tensile stiffness, 
and high bonding to other layers needed in the top layers 
of cartonboard. Combined with an optimized hemicelluloses 
content, the runnability and high wet strength of straw and 
reed pulp are even better than those of Kraft wood pulp.

In addition to bleached formicofib™ pulp, semi-bleached 
and unbleached formicofib™ grades can also be produced. 
Semi-bleached and unbleached reed and bamboo pulp are 
an excellent choice for the inner layers of cartonboard and 
fluting because of their high bulk and strength. Both reed and 

From sustainable raw material to  

HIGH QUALITY FIBRE 
AND PAPER PRODUCTS
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bamboo pulp, offer good drainability, and their fine, short 
fibre guarantees smooth surfaces for tissue products. 

The high purity of bleached pulp grades produced using 
formicofib™ technology makes them an ideal choice for 
food and hygienic products.
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formicofib™ pulp gives very good printing properties 
for paper products. For instance, with the same brightness 
level, paper opacity and printing quality e.g. printing gloss 
is significantly better in comparison to wood based furnish.
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formicofib™ technology contains three key process 
systems: formicodel i™, formicopure™, and 
formicocont™, which provide selective delignification, 
full recovery of biosolvent and water enhanced with 
biochemical production, as well as rigorous and reliable 
process automation and control.
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“

SELECTIVITY TRANSLATES INTO HIGH 
PROFITABILITY

Selective delignification and the need for fewer process units 
translate into low investment and 20% lower operation cost. 
Lower operation costs base on the ability to use energy and 
biochemicals generated in the process in the bio refinery it-
self. Moreover, generated biochemicals are valuable by-prod-
ucts that increase sales revenues. Being able to utilize all the 
vegetable matter contained in inputs provides a solid foun-
dation for 25% higher sales revenues than in conventional 
processes. High-quality fibre, complete chemical and water 
recovery, and the ability to co-produce valuable biochemicals 
and energy – combined with low investment costs and raw 
material flexibility – make formicofib™ a unique  and supe-
rior solution for producing non-wood  papermaking fibre. 

formicofib™

Typical in soda process
Profitability IRR
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Chempolis is the most feasible, its 
investment and production costs are
the lowest.”
(IFC, 2006)
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SELECTIVITY ALSO MEANS NO WASTE

Selective delignification is based on the use of a novel sul-
phur-free biosolvent that can be fully recovered by evapo-
ration, without the problems typically associated with the 
silicates present in non-wood raw materials or solubility limi-
tations of cooking liquors. Following recovery, the biosolvent 
can be fully re-used in the process, while the dissolved lignin 
is used in energy generation.

As both biosolvent and process water are fully recov-
ered, no waste or effluent are generated. Together with the 
low level of chemical input needed and the fact that the 
biorefinery is self-sufficient in terms of energy, formicofib™ 
offers excellent cost-effectiveness combined with high sus-
tainability.

The most energy efficient pulping 
technology.” 
(US Department of Energy, 2008)“

Technologies for the production of non-wood pulp

SODA PROCESS formicofib™

Cooking media Aqueous sodium hydroxide Aqueous formic acid

Products Pulp Pulp, furfural, acetic acid

Concentrated spent liquor for 

combustion

Dry solids content  < 50%

Net heating value < 6 MJ/kg

Dry solids content ~90%

Net heating value ~20 MJ/kg

Bleaching chemicals Hypochlorite, oxygen and hydrogen peroxide in 

newest mills, chlorine and hypochlorite in other 

mills.

Hydrogen peroxide and other oxygen chemicals, 

i.e. TCF bleaching

Recovery rate of pulping chemicals 60-80% >99%

Dewatering on paper machine Poor – restricted production speed Very good – high production speed possible

CO2 emissions ~ 2 t/tpulp  
1) -

AOX emissions 2,5 t/tpulp  
1)

25 mg/l  2)

-

COD emissions 70 kg/tpulp 
1)

700 mg/l  2)

< 1 kg/tpulp

< 50 mg/l

Water consumption 100 m3/tpulp 
1) approximately 15 m3/tpulp

1) Source: International Finance Corporation (2007). China: Technical Assistance for the Sustainable Development of the Non-wood Pulp and Paper Industry. 

Environmental Assessment. Technical Report Module 7 2) Calculated from original figures of the source
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The world needs sustainable,

formicofib™ 
NON-WOOD FIBRE  
MULTI-PRODUCT LOW CARBON SOLUTION 

Paper consumption is growing fastest in Asian countries. 
Non-wood materials are available in abundance in countries 
with a shortage of wood, however, and are widely used in the 
pulp and paper industry. The reliance on outdated technolo-
gies has resulted in inferior paper quality and severe econo-
mic and environmental problems, such as water pollution 
and CO2 emissions linked to the extensive co-combustion of 
coal. Burning residual material in fields generates extensive 
smoke and emission problems as well. 

Globally, agricultural production generates more than 5 bil-
lion tonnes of residual lignocellulosic biomass a year. This is 
more than 10 times the amount of wood used by the world’s  
pulp and paper industry. With the right technology, pulp 
and paper can be produced from residual non-wood fibre 
 without felling forests and causing environmental pollution. 
And that technology is formicofib™.

formicofib™ technology offers an ideal solution for pro-
ducing non-wood pulp that really delivers in terms of pro-
duct quality, cost efficiency, and environmental performance. 
Thanks to its favourable process chemistry, formicofib™ 
avoids the main problems associated with other technolo-
gies used and developed for non-wood raw materials.

formicofib™ is truly a third-generation biorefining techno-
logy, because it is capable of producing a variety of outputs 
– pulp, biochemicals, and solid fuel – without compromising 
on energy efficiency or sustainability.

Characterizing raw materials for papermaking fibres

WOOD NON-WOOD

Integration to papermaking New mills typically stand-alone Typically integrated

Drying of pulp Necessary for transportation No drying, direct use in papermaking

Transportation of pulp Long distances accross the globe No transportation, direct use in papermaking

Mill size, ADt/a 1’000’000 100’000

Raw material availability and price Limited availability at the growing markets, spe-
cialized growing and harvesting increases the 
price

Available at the growing markets, cheap be-
cause available as agricultural residues

Typical bleaching ECF TCF

Odorous components Sulphur No-sulphur

CO2 emissions of papermaking concepts in China

Sources:
• World Best Practice Energy Intensity Values for Selected Industrial 
 Sectors, US Department of Energy 2008.
• Comparison of Soda, Kraft, Conox, Chempolis and FreeFiber: Investment  
 and Production Costs, Prefeasibility Calculations. International Finance  
 Corpo ration (2007) 
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ventional non-wood pulp or even market chemical wood 
pulp.
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TECHNOLOGY 
TRANSFER

The world needs sustainable,

formicofib™ 
NON-WOOD FIBRE  

A QUALITY OFFERING COVERING THE ENTIRE CHAIN

Chempolis’ expertise covers the entire processing chain – from biomass to pulp and other end-products – and delivers sus-
tainable results at every stage of a project. Our expertise in engineering and project implementation can make a valuable cont-
ribution to the success of the project – from conceptual engineering, process and plant engineering, to equipment design, 
supplying proprietary systems, and turnkey plant deliveries.

Supervising installation work, commissioning, and initial operations are also an integral part of Chempolis’ skills set. By 
 relying on us as a one-stop shop technology partner, customers can rest assured that their plants will perform at their best 
from the very start.

“We deliver sustainable results.”

formicofib™

technology

formico®

systems

EPC

Services

Deliveries

Deliveries

Deliveries

Deliveries

• Feasibility studies
• Pre-engineering work
• Laboratory tests

• Paper machine trials
• Training
• Plant optimization

• E (engineering) management
• P (procurement) management
• C (commissioning)

• Complete formico® systems for biorefineries which  
 are characterized by reliability, safety, high opera- 
 tional efficiency and low energy consumption

• Licence for formicofib™ technology which is  
 characterized by high raw material and energy  
 efficiency and low water consumption

• formicocont™
• formicodeli™
• formicopure™
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Chempolis is a technology leader providing 
innovative and sustainable solutions and services 
for a wide variety of customers in the biomass 
and biorefining areas, as well as related process 
industries. 

Headquarters and Biorefining Centre
Chempolis Biorefining Park
Lääketehtaantie 1
FI-90660 Oulu
Finland

Tel. +358 (0)10 387 6666
Fax +358 (0)10 387 6668

Asia Pacific Headquarters
Chempolis Biorefining Technology (Shanghai) Co., Ltd.
Room 402-17, #2 Building, 690 Bibo Road
Zhangjiang Hi-Tech Park
Shanghai 201203, P.R.China

Tel. +86 21 6104 2254
Fax +86 21 6104 1410

www.chempolis.com


