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Success Stories of Advanced Biofuels for Transport 

 
NESTE: THE WORLD'S LARGEST PRODUCER OF 

RENEWABLE DIESEL 
 
 

Year of plant start-up: 2007, 2009, 2010, 2011 

Location: 
Porvoo, Finland  

Rotterdam, the Netherlands  

Singapore 

Technology:  HVO  

Plant capacity 
Combined: 2.9 Million tons/year  

(after Singapore expansion 2022: 4.5 Million tons/year) 

Operational experience achieved Commercial production 

Total Capital Expenditure 1420 million euros (+ Singapore expansion 1.4 Billion euros) 

Principle feedstocks: Vegetable oils, waste and residues 

Feedstock Capacity Global feedstock sourcing 

Products/markets: HVO Renewable diesel, renewable propane, renewable aviation fuels, 

renewable chemicals 

Technology Readiness Level (TRL): TRL 9 

 

DESCRIPTION 

Neste (NESTE, Nasdaq Helsinki) creates sustainable solutions for transport, business, and consumer needs. Our 

wide range of renewable products enable our customers to reduce climate emissions. We are the world's largest 

producer of renewable diesel refined from waste and residues, introducing renewable solutions also to the 

aviation and plastics industries. We are also a technologically advanced refiner of high-quality oil products. We 

want to be a reliable partner with widely valued expertise, research, and sustainable operations.  

In 2018, Neste's revenue stood at EUR 14.9 billion. In 2019, Neste placed 3rd on the Global 100 list of the most 

sustainable companies in the world. 

Our renewable diesel production is based on unique and proprietary NEXBTL technology. We have state-of-the-

art renewable diesel production facilities in Singapore and Rotterdam, and our annual renewable diesel 

production capacity is currently 2.9 Mton/a. The capacity expansion of our renewable products in Singapore will 

bring the total renewable product capacity close to 4.5 million tons annually in 2022.  

  



    

 

 

 

Please find photos in: https://www.neste.com/corporate-info/news-inspiration/material-uploads. Neste photo 

gallery features printable high quality images and Neste -logos. You can find pictures of our refineries and station 

network. 

 

Neste Rotterdam refinery 

 

Stakeholders involved: Proprietary NEXBTL technology, intensive R&D with global network of 

universities and partnerships 

Financing Support: Neste customers may use the renewable diesel to fulfil their renewable 

energy mandates and obligations.  

Contribution to Sustainable 

Development Goals: 

Neste has several focus areas in regards to Sustainability: Our business is built 

on a sustainable supply chain with traceability, human rights, combating 

deforestation, environmental monitoring, carbon footprint calculation over 

the whole life cycle. 

Contribution to European 

targets on GHG emission 

reduction in transports: 

Neste has customers globally, Europe being an important market area. 

In 2018, Neste renewable fuels helped our customers reduce global climate 

emissions by 7.9 million tons. This equals the annual emissions of 3 million 

passenger cars. Our target is to help our customers reduce their GHG 

emissions by at least 20 million tons every year by 2030.  The share of waste 

and residues is over 80% of our renewable raw materials. We are innovating 

and exploring new lower quality renewable raw materials. 

Employment: Neste is a direct employer for ca 5500 persons. In addition, the feedstock 

supply chain employs thousands of people. 

https://www.neste.com/corporate-info/news-inspiration/material-uploads
http://brandbank.neste.com/public?fo=514
http://brandbank.neste.com/public?fo=520


    

 

 

 

The ART Fuels Forum brings together 100 experts and leaders representing the alternative 
transportation fuels Industry to facilitate discussions, elaborate common positions on policy 
issues and identify market penetration opportunities and barriers for these fuels. The Forum is 
established and financed by the European Commission under the project name “Support for 
alternative and renewable liquid and gaseous fuels forum (policy and market issues)”.  

www.artfuelsforum.eu 

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a 
Programme of Research, Development and Demonstration on Bioenergy, functions within a 
Framework created by the International Energy Agency (IEA). Views, findings and publications 
of IEA Bioenergy do not necessarily represent the views or policies of the IEA Secretariat or of 
its individual Member countries. 

http://www.ieabioenergy.com/  

Replicability and scale-up 

potential: 
The refining facilities are replicable.  

Success factors: Stable, long term renewable fuel policies are needed to motivate additional 

investments. 

Constraints: Regulative uncertainties. 

 

 

Info provided by: Harri Heiskanen 

More information: www.neste.com 

 

 
 
 
 
 
 
 
 
 

http://www.artfuelsforum.eu/
http://www.ieabioenergy.com/
http://www.neste.com/


 

 
 

 
Success Stories of Advanced Biofuels for Transport 

 
CELLULOSIC ETHANOL COMMERCIAL PLANT IN 

CRESCENTINO (ITALY) BY VERSALIS 
 
Year of plant start-up: 2013 

Location: Crescentino, VC, Italy 

Technology:  Enzymatic hydrolysis of cellulosic biomass and fermentation to 
produce cellulosic ethanol. 

Plant capacity Confidential 

Operational experience achieved During the period of activity, the plant has produced around 

20,000 tons of fuel-grade cellulosic ethanol 

Total Capital Expenditure 240 Mill EUR as reported by previous owner 

Principle feedstocks: Feedstock that have been used are: Arundo Donax, wheat straw, rice 
straw, hardwood 

Feedstock Capacity The supply chain is directly managed by the Plant Owner. 

Products/markets: The main product is cellulosic ethanol sold as transport fuel. The 
residual lignin is used as solid fuel into a power station to generate 13 
MW of green electricity partially sold to the national grid. 

Technology Readiness Level (TRL): TRL 9 �� actual system proven in operational environment 

 

DESCRIPTION 

The Crescentino plant, located in the province of Vercelli in Italy, was the first in the world to be designed and 
built to produce bio-ethanol from agricultural by-products, woody material or plants not suitable for food 
consumption. This is a major innovation which many companies in the energy industry have been trying to 
achieve for years. 

This has been made possible thanks to PROESA®, the technology developed from 2006 by M&G Group and 
currently owned by Versalis, the chemical company of ENI. The project was also supported by the European 
Commission as part of its Seventh Framework Program. 

It has been possible to produce bio-ethanol using maize, sugar cane and other vegetable substances. PROESA® 



 

 
 

technology (ethanol production from biomass) is capable of extracting bio-ethanol from cellulosic biomasses 
such as wood, energy crops or agricultural waste such as straw. 

The Crescentino bio-refinery is located on a former industrial site in an important agricultural area, especially for 
rice, wheat and maize production. Furthermore, woody material and woody residues from other industries can 
be also easily procured locally in a 70 km radius from the plant. 

This area was chosen because it is located in the center of an agricultural area, has its own internal rail link and 
is relatively close to the R&D Center in Rivalta Scrivia (Italy), where PROESA® technology was developed. 

The site includes a boiler for electrical energy production from biomass and biomass derived material, a 
dedicated wastewater facility with full water recirculation, including the production of biogas from WWT 
anaerobic digestion. These features allow a further improvement of environmental footprint of the plant, 
making Crescentino a very efficient example of advanced biofuel production at scale. In addition, a part of the 
old foundry has been reused, following its conversion into a warehouse for the storage of the biomasses. 

Crescentino project was started in 2010, construction work began in 2011 and the boiler started producing 
energy in the autumn of 2012. In January 2013 bio-ethanol production began and the plant reached continuous 
operational capacity in 2015. After some technical improvements, such as the introduction of a soaking section 
of the biomass before the pre-treatment, the operation was regular during the first half of 2017 at industrial 
rate. Following the acquisition in November 2018, Versalis is in the process of implementing an action plan that 
will lead to a full resumption of operations with implementation of some process improvements. 

The expertise developed at Crescentino will enable similar plants to be built in the rest of the world.  

 

 

Plant in Crescentino (Italy) 



 

 
 

 

Stakeholders involved: 
Relevant actors:  

�ƒ Versalis �� Technology owner/licensor, engineering and operator  

�ƒ European commission 7th Framework Program  

Financing Support: Versalis acquired the plant as part of the M&G bio assets acquisition for an 
undisclosed amount 

Contribution to Sustainable 
Development Goals: 

SDG 2, 10, 12, 13, 7, 8, 9, 15 

Contribution to European 
targets on GHG emission 
reduction in transports: 

The PROESA® technology allows production of cellulosic ethanol from non ��
food feedstock with high GHG emission savings.  

Employment: The plant in Crescentino has created around 100 direct jobs and, additionally, a 
number of Indirect jobs in logistic and plant related services 

Replicability and scale-up 
potential:  

PROESA® technology has the potential to be adopted by multiple bio-
refineries across the world. Crescentino plant can be either scaled up or 
scaled down depending on the logistic, geography, biomass availability. 

Replication and scalability of the project at regional, national and international 
level is very high. 

Success factors: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Cellulosic biorefineries are typically large capex projects whereby large 
volumes of biomass are involved. 

As a consequence, successful deployment of cellulosic biorefineries depends 
on several variables: 

�ƒ Local feedstock availability (considering also existing competing 
uses) 

�ƒ Access to supporting financial measures (at least for first and/or 
second of a kind investment) 

�ƒ Long term regulatory framework-longer than 10yrs-, including 
binding targets to minimize off-take risk (either a specific mandate, a 
carbon target or fiscal support) 



 

 
 

Constraints: ���Š�‡���Ž�ƒ�…�•���‘�ˆ���‹�•�˜�‡�•�–�‘�”�•�ï���…�‘�•�ˆ�‹�†�‡�•�…�‡���‹�•���–�Š�‡���•�ƒ�‹�•���‘�„�•�–�ƒ�…�Ž�‡���–�‘ biofuel technologies. 
Major risks perceived by investors are: 

�ƒ Off take risks, as bio-based products compete against cheap fossil-
based products ��today cheaper than ever due to low oil price; 

�ƒ Financial risks, as biorefineries are high-capex investment, 
particularly in the case of so-called advanced/second generation 
bioproducts/biofuels, where the level of innovation, technological 
development, expertise involved is pretty high. Due to their 
inherent level of innovation, advanced biorefineries projects are 
not yet easily bankable today in the European context. 

�ƒ Regulatory risks: without a long-term regulatory framework, 
including binding targets (i.e. blending mandate), it is unlikely that 
investors would invest large capital in the European market: indeed, 
on a global basis, other regions offer more suitable environment for 
biofuels investments, thanks to large feedstock availability, 
consolidated market, relatively low labour cost, etc. (e.g. Far East, 
South America, etc). 

Info provided by: Pierluigi Picciotti ��Licensing Expert Green Chemistry  

More information:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

https://versalis.eni.com/irj/go/km/docs/versalis/Contenuti%20Versalis/IT/Docume
nti/Documentazione/Licensing/Biotech_0_/Proesa.pdf  

https://www.eni.com/assets/documents/press-release/migrated/2020-en/02/PR-
Versalis-Crescentino-8-febbraio-2020.pdf   

 
  
 

https://versalis.eni.com/irj/go/km/docs/versalis/Contenuti%20Versalis/IT/Documenti/Documentazione/Licensing/Biotech_0_/Proesa.pdf
https://versalis.eni.com/irj/go/km/docs/versalis/Contenuti%20Versalis/IT/Documenti/Documentazione/Licensing/Biotech_0_/Proesa.pdf
https://www.eni.com/assets/documents/press-release/migrated/2020-en/02/PR-Versalis-Crescentino-8-febbraio-2020.pdf
https://www.eni.com/assets/documents/press-release/migrated/2020-en/02/PR-Versalis-Crescentino-8-febbraio-2020.pdf


 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

The ART Fuels Forum brings together 100 experts and leaders representing the alternative 
transportation fuels Industry to facilitate discussions, elaborate common positions on policy 
issues and identify market penetration opportunities and barriers for these fuels. The Forum is 
esta�„�Ž�‹�•�Š�‡�†�� �ƒ�•�†�� �ˆ�‹�•�ƒ�•�…�‡�†�� �„�›�� �–�Š�‡�� ���—�”�‘�’�‡�ƒ�•�� ���‘�•�•�‹�•�•�‹�‘�•�� �—�•�†�‡�”�� �–�Š�‡�� �’�”�‘�Œ�‡�…�–�� �•�ƒ�•�‡�� �ò���—�’�’�‘�”�–�� �ˆ�‘�”��
�ƒ�Ž�–�‡�”�•�ƒ�–�‹�˜�‡���ƒ�•�†���”�‡�•�‡�™�ƒ�„�Ž�‡���Ž�‹�“�—�‹�†���ƒ�•�†���‰�ƒ�•�‡�‘�—�•���ˆ�—�‡�Ž�•���ˆ�‘�”�—�•�����’�‘�Ž�‹�…�›���ƒ�•�†���•�ƒ�”�•�‡�–���‹�•�•�—�‡�•���ó�ä�� 

www.artfuelsfo rum.eu  

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a 
Programme of Research, Development and Demonstration on Bioenergy, functions within a 
Framework created by the International Energy Agency (IEA). Views, findings and 
publications of IEA Bioenergy do not necessarily represent the views or policies of the IEA 
Secretariat or of its individual Member countries. 

http://www.ieabioenergy.com/   

 
 
 

 

A view of the Crescentino plant 
 

 
 
 
 
 
 
 
 
 
 

 
 

http://www.artfuelsforum.eu/


 

 
 
 

Success Stories of Advanced Biofuels for Transport 
 

PRIMOVE ENGINEERING PVT. LTD. 
AGROGAS (2G BIOCNG)  

 
Year of plant start-up: 2016 

Location: Gat No. 271, Village Pirangut, District: Pune, State: Maharashtra, 
Country: India 

Technology:  Anaerobic digestion to produce 2nd generation (2G)  BioCNG from agro 
residue 

Plant capacity AgroGas (2G BioCNG) of 100 kg/d i.e. 35 t/y max. Capacity 

Operational experience achieved Approx. 5,600 hours; Operated daily since 14.08.2016 till date i.e. about 
700+ days considering 350 days/annum. Total accumulated fuel 
produced > 30 ton 

Total Capital Expenditure 
` 1,150 Lakhs 1, being first such pilot sca le technology demonstration 
unit 

Principle feedstocks: Domestically available Agro residue with 10% moisture (rice 
straw/maize straw/sugarcane trash/cotton straw/soya trash/coconut 
frond/organic solid waste/bamboo/napier grass etc.) 

Feedstock Capacity 280 t/y, supply of feedstock is secured through various biomass 
aggregator sources identified 

Products/markets: Produ ct:  AgroGas (2G  BioCNG)  

By Product: Digestate (bio-manure) 642kg/d i.e. > 250 ton till date 

Markets: AgroGas (2G BioCNG) fuel for vehicle filling and Digestate as 
manure for farm fields 

Technology Readiness Level (TRL): Technology is completely ready 

TRL 8 �� system complete and qualified 

  
 

 
1 1 Lakh INR = 100,000 INR = 1300 EUR 



 

 

DESCRIPTION 

Primove is a Pune based Technology Company working in the domain of gaseous fuels and energy. Produced 
exclusively from agricultural waste and plant material, AgroGas i.e. 2nd Generation BioCNG, also known a�•���î�	�—�‡�Ž��
�‘�ˆ���–�Š�‡���	�—�–�—�”�‡�ï���‹�•���ƒ���•�—�…�Š-needed, airtight invention from the labs of Primove. Patented and tested, AgroGas (2nd 
Generation BioCNG) is delivering a 3-fold socio-environmental impact �� reducing carbon footprint, conserving 
fossil fuels and giving a sustainable entrepreneurial opportunity to the farmers thereby undoing the wrongs of 
fossil fuels. Primove has been the only company which has the technology today for processing any kind of 
agricultural biomass without any pre-treatment to produce second generation (2G) BioCNG that can be directly 
fed in vehicles. Primove has set up first 2G BioCNG plant in India at Pirangut in Pune which was inaugurated in 
August 2016 at the hands of Hon. Shri. Nitin Gadkari, Minister of Road, Transport and Highways and Hon. Shri. 
Manohar Parrikar, the then defense Minister. 

If we initiate 5000 such 2nd Generation BioCNG plants across the country, then fuel import cost of 
` 7 lakh crore2 
could be reduced to almost 
` 3 lakh crore. If such plants are init iated in every village, then it can provide 
employment to at least 500 people from that community. In addition to this, AgroGas can prove to be a good 
import substitute as it is cost effective and pollution free. Our goal is to take the innovation of AgroGas plants 
throughout the length and breadth of India to ensure higher fuel substitution, more livelihood opportunities to 
�–�Š�‡���ˆ�ƒ�”�•�‡�”�•���ƒ�•�†���ƒ�„�‘�˜�‡���ƒ�Ž�Ž�á���”�‡�†�—�…�–�‹�‘�•���‘�ˆ���…�ƒ�”�„�‘�•���ˆ�‘�‘�–�’�”�‹�•�–�á���–�Š�‡�”�‡�„�›���Ž�‡�•�†�‹�•�‰���ƒ���Š�ƒ�•�†���–�‘���–�Š�‡���•�ƒ�–�‹�‘�•�ï�•���‰�‘�ƒ�Ž�•���‘�ˆ���ˆ�‹�‰hting 
the effects of pollution at a global level. 

 

 

 
2 1 lakh crore INR = 10,000,000 INR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Process Flow Diagram 



 

 
 

 
 

 
 

 

 
 

 

Stakeholders involved: Á Farmers providing agro residue, Briquette 

manufacturers, Customers who fill AgroGas in their 

vehicles (users),  

Á Farmers utilizing digestate/manure in their farm fields,  

Á State Pollution Control Board (PCB) granting NOC for 

the plant,  

Á Petroleum and Explosives Safety Organization (PESO) granting 

approval and licenses to operate the plant 

Financing Support: 0ÒÉÍÏÖÅȭÓ ÐÉÌÏÔ ÐÒÏÊÅÃÔ ÈÁÓ ÎÏÔ ÁÖÁÉÌÅÄ ÁÎÙ ÓÕÂÓÉÄÙ ÂÕÔ -ÉÎÉÓÔÒÙ of New and 

Renewable Energy (MNRE) has provision to grant a subsidy of 
` 400 Crore 

for such plants generating 12,000 m3/d Biogas 

Contribution to Sustainable 

Development Goals: 

Advantages offered by the project are as follows: 

Small and marginal farmers who shall be able to sell their agro waste, 

which otherwise was being burnt thereby polluting the air, benefit from 

the project. This is an additional source of income for the farmers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
AgroGas being dispensed in Car 



 

 
 

 
 

 

 This project falls under the sustainable development goal of the World Bank 
and facilitates affordable, reliable, sustainable and renewable energy from 
biomass. 

The project is Carbon Neutral as it is an inexhaustible and clean energy. 

The project comes u�•�†�‡�”���–�Š�‡���ò���™�ƒ�…�Š�Š�����Š�ƒ�”�ƒ�–�����„�Š�‹yaa�•�ó���‘�ˆ�����‘�•�ä�����”�‹�•�‡��
Minister of India. 

India has committed in the Paris Climate accord to reduce the greenhouse gas 
emission by production of energy from bio source instead of fossil fuel. The 
AgroGas (2G BioCNG) project is supporting the vision of the Government of 
India in the matter. 

Production of AgroGas (2G BioCNG) on a large scale could potentially replace 
imported LNG/CNG, commercial LPG and all transportation fuels and thus save 
valuable foreign exchange. 

Project will generate employment in rural area and supplement the agriculture 
income of farmers. 

In line with all advantages mentioned above, the project contributes to 
following SDGs: Reliable, sustainable and modern energy for all (SDG7), 
regional development (SDG8) and promotion of sustainable industrialization 
(SDG9), sustainable consumption and production patterns (SDG 12), and GHG 
emission reduction (SDG13) 

Contribution to GHG emission 
reduction in transports: 

The AgroGas (2G BioCNG) unit at Pirangut, Pune is the first and the only such 
plant to have received approvals and licenses for its operation (under Form 
E&F for compression and filling of Compressed Bio Gas and under Form G for 
dispensing of Compressed Bio Gas under Gas Cylinders Rules, 2016) which 
utilizes agro residue to produce BioCNG for automobile filling. 

The produced AgroGas (2G BioCNG) complies with purity specifications 
stipulated under IS 16087:2016 published by Bureau of Indian Standards 
(BIS) thus maintaining purity of methane > 90%. 

Use of BioCNG arrests harmful tailpipe emissions. AgroGas technology has the 
potential t�‘���•�‡�‡�–�����•�†�‹�ƒ�ï�•���•�‡�™ climate plan �� also known as its Intended 
Nationally Determined Contribution (INDC) announced at the COP21 i.e. 
reduction of emissions intensity per unit GDP by 33 to 35 percent by 2030 
below 2005 level. 

The organic carbon rich digestate goes back to farm fields to increase 
fertility of soil and give better farm yield. 

The existing project has the potential to power 13 cars (8 kg/fill) or 25 auto 
rickshaws (4 kg/fill) or a combination of above to thus reduce GHG emissions 
by these vehicles. 



 
 

 

 
 

 

Employment: The plant employs 6 operators, 1 supervisor and 1 engineer. 

Replicability and scale-up 
potential:  

The AgroGas (2G BioCNG) has the potential to be scaled up to produce 5 
Ton per Day (TPD), 10 TPD, 25 TPD, 50 TPD or even more of BioCNG per day 
depending on land & raw material (agro residue) availability and the 
potential to sell AgroGas. 

The technology can be adapted for implementation at an international 
level. 

Success factors: �ƒ Biomass aggregation systems should be in place and a clear mandate 
from Central and State Govt. for centralized purchase of agricultural 
residue and prohibition on burning the biomass residue 

�ƒ Sales avenues and facilitation by way of fertil izer companies buying 
digestate recovered from Biogas digester (which is a rich source of 
organic carbon) 

�ƒ Free and fair open market policy for sales of BioCNG by the 
manufacturers of BioCNG in line with Parallel Marketer policy 
available for commercial LPG 

�ƒ Due concessions under Income Tax act (at par with facilities available 
to new CGD and NG operators). Exemption of profits for certain 
years for IT under 80JJ(a) of Income Tax act 

�ƒ Initiative by Govt. Oil Companies for setting up BioCNG plants and 
making available retail sales outlets for BioCNG sales throughout the 
country 

Constraints: Technically �–�Š�‡�”�‡�ï�•���•�‘���…�‘�•�•�–�”�ƒ�‹�•�–���ˆ�‘�”�����‰�”�‘�
�ƒ�•���’�”�‘�Œ�‡�…�–�ä�����–���‹�•���‘�•�‡���‘�ˆ���–�Š�‡���•�‘�•�–��
beautiful technologies which gives good business, contributes to clean 
environment and is yet sustainable. 

Info provided by: Rajesh Date, Director / Santosh Gondhalekar, Director, Primove Engineering 
Private Limited, Pune 

More information:  www.primove.in 

 
 
 
 

 

 
 

 
 

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a Programme 
of Research, Development and Demonstration on Bioenergy, functions within a Framework 
created by the International Energy Agency (IEA). Views, findings and publications of IEA 
Bioenergy do not necessarily represent the views or policies of the IEA Secretariat or of its 
individual Member countries. 

http://www.ieabioenergy.com/  

http://www.primove.in/
http://www.ieabioenergy.com/


 

    

 

 

 

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a Programme of 
Research, Development and Demonstration on Bioenergy, functions within a Framework created 
by the International Energy Agency (IEA). Views, findings and publications of IEA Bioenergy do not 
necessarily represent the views or policies of the IEA Secretariat or of its individual Member 
countries. 

http://www.ieabioenergy.com/  

The ART Fuels Forum brings together 100 experts and leaders representing the alternative 
transportation fuels Industry to facilitate discussions, elaborate common positions on policy issues 
and identify market penetration opportunities and barriers for these fuels. The Forum is established 
and financed by the European Commission under the project name “Support for alternative and 
renewable liquid and gaseous fuels forum (policy and market issues)”.  

www.artfuelsforum.eu 

steps include encouragement of biofuel generation from excess crop 

production and setting apart Rs 5000 crores viability gap funding (VGF) to 

establish second generation ethanol refineries. For providing specific fiscal 

incentives, the policy categorises biofuels into several groups: 1G (First 

Generation), 2G, 3G, and bio-CNG.  

This policy shall provide major boost in commercialising the technology.   

Constraints: Currently technology is at pilot scale only. Process validation being carried 

out for commercial viability.  

 

Info provided by: Dr S K Puri, Chief General Manager, Indian Oil R&D Centre, Faridabad 

More information: www.iocl.com  

 
 
 
 
 

 
 

http://www.ieabioenergy.com/
http://www.artfuelsforum.eu/
http://www.iocl.com/


 

    

 

 

 

 
Success Stories of Advanced Biofuels for Transport 

 
BEIJING SHOUGANG LANZATECH NEW ENERGY SCIENCE 

& TECHNOLOGY CO., LTD.: GAS FERMENTATION 
 

 

Year of plant start-up: 2018 

Location: Caofeidian, Hebei Province, China 

Technology:  Gas fermentation to ethanol 

Plant capacity 45k MTA (Metric Tons Annually) 

Operational experience 

achieved 

Over 1 year of operation since start up; more than 28,000 tons of fuel 

ethanol produced 

Total Capital Expenditure 350 million RMB1 

Principle feedstocks: Steel mill off gas 

Feedstock Capacity Design flowrate 59,000 kg/hr 

Products/markets: Transport fuel, Jet fuel feedstock (ATJ-SPK), biomass for animal feed and 

biogas for use at steel mill.  

Technology Readiness Level 

(TRL): 

TRL 8 – system complete and qualified 

 

DESCRIPTION 

LanzaTech’s technology has been demonstrated at five industrial sites with over 850,000 hours of operation using 

steel mill waste gases (BlueScope Steel, NZ; Shougang Steel, CN; BaoSteel, CN; China Steel, TW) and approximately 

30,000 hours using syngas from industrial MSW gasification (Sekisui, JPN). Operations were conducted as series of 

campaigns, each frequently over 2,000 hours in duration. In addition to customer-owned pilot/demonstration units, 

LanzaTech operates an R&D and piloting facility in Soperton, GA known as LanzaTech Freedom Pines Biorefinery.  

With the success of its pilot and demo programs, LanzaTech started construction on the first generation 

commercial facility in China in 2016. On May 3, 2018, LanzaTech initiated operations at this facility with its Joint 

Venture partner, Shougang Group. The 45,000-ton ethanol/annum facility located at the Jingtang Steel Mill outside 

Beijing is currently producing ethanol and optimization efforts are underway.   

 
1 1 RMB (Chinese Yuan) = 0.13 EUR 



 

    

 

 

 

 

LanzaTech Commercial Facility with Shougang, China 

 

Stakeholders involved: Joint Venture Partners: LanzaTech; Shougang Group, Tangmin;  

Site: Jingtang Steel Mill,  

Financing: Shougang Group, Shougang Funds; Tangmin Group; Shanghai Dehui 

Financing Support: The project has received multiple grants from municipal, provincial governments 

for carbon reduction and circular economy. 

Contribution to 

Sustainable Development 

Goals: 

Through utilization of waste emissions this project enables local production of 

low carbon fuels, that displace need for fresh fossil inputs; it creates new green 

employment at the steel mill and by avoiding combustion of gases at site, the 

processes reduces criteria pollutants which would impact local communities.  

Using wastes and residues in this way, promotes sustainable consumption 

patterns and provides a new avenue for low carbon fuels.  

With this in mind, the project contributes to the following SDGs: GHG emission 

reduction (SDG13), sustainable consumption and production patterns (SDG 12), 

reliable, sustainable and modern energy for all (SDG7), regional development 

(SDG8) and promotion of sustainable industrialization (SDG9).  



 

    

 

 

 

Contribution to European 

targets on GHG emission 

reduction in transports: 

The facility in China is a first generation commercial facility converting industrial 

off gases to ethanol.  

This project is a landmark facility that will show European Steel mills the 

opportunities of carbon recycling, through production of low carbon fuel as 

ethanol or jet fuel, supporting decarbonisation goals. 

Optimization of the technology will be implemented at LanzaTech’s Steelanol 

project in Belgium with ArcelorMittal. This will be the first project globally to 

demonstrate utilzation of blast furnace (BF) gas in a live fermentation. This is 

particularly important as more than 80% of the carbon rich gases available at 

steel mills is BF gas, highlighting the first commercial application of using this gas 

stream globally. This project will have the GHG reduction potential of taking 

80,000 cars off the road each year.  

Employment: The plant employs ~ 130 engineers & operators. 

Replicability and scale-up 

potential: 

A further three plants are in the pipeline in the USA, South Africa, Europe and 

India.  

Success factors: It is important to have a supportive legislative and financial landscape for 

successful projects to replicate. Technology neutral policy and broad 

decarbonisation targets will support deployment of new facilities, as it will create 

a stable marketplace and create confidence for investors to finance more 

projects.  

Constraints: Technology neutral policy is not global today, but the language is changing to 

include new technologies such as gas fermentation of waste emissions.  There 

are some countries today, where there isn’t a level playing field for incentives 

(tax credits or mandates). In such cases, where new approaches such as recycled 

carbon fuels are ineligible, this is a constraint. 

 

Info provided by: Freya Burton, LanzaTech 

More information: www.lanzatech.com  

 
 
 

http://www.lanzatech.com/


 

    

 

 

 

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a 
Programme of Research, Development and Demonstration on Bioenergy, functions within a 
Framework created by the International Energy Agency (IEA). Views, findings and 
publications of IEA Bioenergy do not necessarily represent the views or policies of the IEA 
Secretariat or of its individual Member countries. 

http://www.ieabioenergy.com/  

The ART Fuels Forum brings together 100 experts and leaders representing the alternative 
transportation fuels Industry to facilitate discussions, elaborate common positions on policy 
issues and identify market penetration opportunities and barriers for these fuels. The Forum is 
established and financed by the European Commission under the project name “Support for 
alternative and renewable liquid and gaseous fuels forum (policy and market issues)”.  

www.artfuelsforum.eu 
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Success Stories of Advanced Biofuels for Transport 

 
DBT-IOC: Indigenous Enzyme Technology development 

 
Year of plant start-up: 2018 

Location: Faridabad, India 

Technology:  Indigenous Enzyme Technology development 

Plant capacity 5000 litre reactor 

Operational experience 

achieved 

Better results than the laboratory experiments, successfully tested the 

efficacy of the produced enzyme in the 1MT 2G ethanol Pilot Plant with 

acid pre-treated slurry.   

Total Capital Expenditure 0.3 million Us dollars 

Principle feedstocks: Pre-treated Rice straw , bagasse , agriculture residue  etc   

Feedstock Capacity - 

Products/markets: 2G Bio-ethanol Plants/bio-refinery 

Technology Readiness Level 

(TRL): 

TRL 7 – system prototype demonstration in operational environment  

 

DESCRIPTION 

Cellulase enzyme is a major opex cost component in 2G ethanol process for conversion of biomass into ethanol. 

Currently the enzyme supply is proprietary to very few companies and the cost of enzyme per litre of ethanol 

production is very high.  In view of this, DBT-IOC Centre for Advanced Bio-Energy Reseach, IOC R&D Centre 

Faridabad has developed its indigenous cellulase enzyme recipe for the sustainable supply of enzyme at low opex.   

The cellulase enzyme preparation consists of multiple activities and hence more than 85000 mutants of fungal 

strains were profiled for different cellulolytic and hemicellulolytic activities like endo/exoglucanase, β-glucosidase, 

FPase etc. Based upon profile enzyme broths from potential strains were blended and analyzed for hydrolytic 

performance at different FPU/Protein concentrations. This has led to two strains that were selected for further 

activity improvement and process development. These strains had very high hydrolytic activity ranging from 1.5-2.5 

FPU/ml on Avicel as substrate. Carbon sources such as commercial cellulose, pretreated biomass were used and 

found better for enzyme production. After optimization of carbon and nitrogen sources, cultural conditions, 

feeding strategies, etc the cellulase enzyme production has been improved significantly.   



 

 

 

  

 

 

 

Enzymes has been produced at 5 Lit scale reactors using optimized media and carbon sources. Large numbers of 

experiments were performed for fine tuning and repeatability testing. Some fermentor parameters (pH, temp., 

DO, amount of feed) were again optimized at this scale.  This indigenously developed cellulase enzyme is cost 

effective and its performance was analyzed on different pretreated biomass (acid pretreated rice straw, wheat 

straw, sugar cane bagasse) for fermentable sugar production. The process has been up scaled up successfully 

using commercial grade chemicals in series of 250L and 5000 L reactors. The enzyme broth produced 

commercially in 5000 L reactors has shown excellent productivity and activity. The broth also has efficient 

hydrolytic activity comparable to commercial enzymes. 

The indigenously produced enzyme broth as such (without concentration and stabilization) has been evaluated 

in the 1MT/Day pilot plant and the indigenous enzyme has shown comparable hydrolysis efficiency to the 

commercial enzyme for rice straw biomass.  The indigenously developed cellulase enzyme is cost effective by 

about 30%. This is first attempt in India to develop large scale enzyme production process. 

 

                           

 

Scaleup facilities from 5 litre to 5000 L reactors 

 

 

 



 

 

 

  

 

 

 

Stakeholders involved: 2nd generation ethanol manufacturers, oil companies 

Financing Support: Indian Oil Corporation Limited 

Department of Biotechnology, Government of India 

Contribution to 

Sustainable Development 

Goals: 

This technology shall provide sustainable and economical supply of enzymes 

which are the major opex cost element  in biomass to ethanol conversion  process 

based upon which  globally as well as in India a large number of plants are being 

committed.  

Contribution to GHG 

emission reduction in 

transports: 

Ethanol blending in gasoline has high GHG reduction potential 

Employment: The enzyme production is an involved process that requires manpower both 

skilled for analytical monitoring and semiskilled for plant operation. Hence, 

employment potential is there. 

Replicability and scale-up 

potential: 

The process has been up scaled up successfully using commercial grade chemicals 

in series of 250L and 5000 L reactors. The enzyme broth produced commercially in 

5000 L reactors has shown excellent productivity and activity. Therefore, this 

process carries high scale up potential  

Success factors: The Government of India has unveiled a new National Biofuel Policy (2018) that 

incentivises biofuel generation through multiple measures. Major steps include 

encouragement of biofuel generation from excess crop production and setting 

apart Rs 5000 crores viability gap funding (VGF) to establish second generation 

ethanol refineries. For providing specific fiscal incentives, the policy categorises 

biofuels into several groups: 1G (First Generation), 2G, 3G, and bio-CNG.  

This policy shall provide major boost in commercialising the technology.   

Constraints: Currently technology has been demonstrated at 5000 L scale only. Process 

validation being carried out for commercial viability. 

 

Info provided by: Dr S K Puri, Chief General Manager, Indian Oil R&D Centre, Faridabad 

More information: www.iocl.com 
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The ART Fuels Forum brings together 100 experts and leaders representing the 
alternative transportation fuels Industry to facilitate discussions, elaborate common 
positions on policy issues and identify market penetration opportunities and barriers 
for these fuels. The Forum is established and financed by the European Commission 
under the project name “Support for alternative and renewable liquid and gaseous 
fuels forum (policy and market issues)”. 

www.artfuelsforum.eu 
 
 

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a 
Programme of Research, Development and Demonstration on Bioenergy, functions 
within a Framework created by the International Energy Agency (IEA). Views, 
findings and publications of IEA Bioenergy do not necessarily represent the views or 
policies of the IEA Secretariat or of its individual Member countries. 

http://www.ieabioenergy.com/ 
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Success Stories of Advanced Biofuels for Transport 

 
RELIANCE CATALYTIC HYDROTHERMAL LIQUEFACTION 

 
Year of plant start-up: 2016 

Location: Gagva, Jamnagar, India 

Technology:  Reliance Catalytic Hydrothermal Liquefaction (RCAT-HTL) 

Plant capacity The plant has been upgraded for continuous run in 2018. Currently at 
0.5 barrel per day of drop-in liquid biofuel.  

Operational experience achieved 1100 hours 

Total Capital Expenditure USD 4.0 million 

Principle feedstocks: Algae, wet organic biomass, Bio-waste (Food waste, ETP Sludge, 
Agricultural Crop Residue etc.), ETP sludge, oily sludge from refinery 
and petrochemicals 

Feedstock Capacity 2 ton per day (10-20% solids) 

Products/markets: Transport fuel 

Technology Readiness Level (TRL): TRL 8 for algae, food waste and ETP sludge 

 

DESCRIPTION 

Reliance Catalytic Hydrothermal liquefaction �� �îRCAT-�������ï�á�� �ƒ��catalytic thermochemical process developed by 
Reliance Industries Ltd. (RIL), converts biomass, biowaste and organic waste into energy-rich drop-in liquid biofuel 
and recovers fertilizer-rich water and biochar. This environmentally sustainable process overcomes the limitations 
of the existing technologies and offers a green solution to the hazard of wet waste and agro-residues disposal. 
�������ï�•����������-HTL is also more feed-flexible �� it can handle both dry as well as wet bio-waste, organic waste, mixed 
waste by co-processing or independently. 

Research on RCAT-HTL process at RIL began as part of Algae to Oil (A2O) program in 2011, aimed to convert algae 
to biofuel. In due course, it has been realized that RCAT-HTL has a huge potential for processing not only algae but 
also various wet organic biomass and bio-waste to produce biofuel. Biggest advantage of RCAT-HTL over other 
thermo-chemical technologies is in case of wet waste. The process uses water in the wet waste as a reactant 
thereby avoiding the energy-intensive drying of wet biomass; and improving the overall energy recovery. By 
avoiding the drying, water which is otherwise lost is recovered along with the nutrients that are available in the 
wet feedstock. 









 

    

 

 

 

 
Success Stories of Advanced Biofuels for Transport 

 
HVO REFINERY LA MÈDE 

 
Year of plant start-up: 2018 

Location: La Mède, France 

Technology:  Lipids hydrogenation process 

Plant capacity 500 kT/y (HVO biodiesel) 

Operational experience achieved Not started-up yet 

Total Capital Expenditure 275 M Euros 

Principle feedstocks: Lipids: mix of Vegetable Oils and residual lipids 

Feedstock Capacity 650 kT/y based on a mix of Vegetable Oils and residual lipids, and for HVO 

biodiesel production  

Products/markets: Transport fuels 

Technology Readiness Level 

(TRL): 

between TRL 8 and 9 : new Axens process, first-ever to be used at 

industrial level 

TRL 8 – system complete and qualified 

TRL 9 – actual system proven in operational environment  

 

DESCRIPTION  

Retrofit of a former 150,000 bpd (barrels per day) crude oil refinery into a bio-refinery, aiming at supplying the 

regulated renewable transport fuel European market in drop-in HVO biodiesel and biojet, in a context where 1) FAME 

biodiesel faces incorporation rates limitations (ICE technology), 2) biojet must be drop-in and no first-generation 

biojet exists, the incorporation rates must increase to 10 % in energy content by 2020 (RED), 14 % by 2030 (RED II). 

 

 

 

 



 

    

 

 

 

 

Overview of the process 

 

Stakeholders involved: Lipids producers (Ag and Waste industries) 

Financing Support: Primary support comes from the European Renewable Directive 

mandating incorporation of renewable energy in transport, mostly in the 

format of biofuels 

Contribution to Sustainable 

Development Goals: 

SDG 13: GHG emission reduction in transport 

SDG 7: reliable, sustainable, affordable energy for all 

SDG 8 and 15: local development 

Contribution to European 

targets on GHG emission 

reduction in transports: 

HVO biodiesel and HEFA bio jet will help attain RED and RED II objectives 

of GHG emission reduction in transport  

Employment: 250 local jobs have been maintained on the industrial site by the retrofit 

Replicability and scale-up 

potential: 

First of a kind for the Axens lipid hydrogenation process, allowing further 

sales of this mature technology process across the world 

Success factors: Renewable regulations mandating the use of biofuels to reduce the 

transport carbon footprint must be in place 

Axens process operability and viability 

Constraints: Sustainable lipids availability 

 



 

    

 

 

 

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a Programme of 
Research, Development and Demonstration on Bioenergy, functions within a Framework created 
by the International Energy Agency (IEA). Views, findings and publications of IEA Bioenergy do not 
necessarily represent the views or policies of the IEA Secretariat or of its individual Member 
countries. 

http://www.ieabioenergy.com/  

The ART Fuels Forum brings together 100 experts and leaders representing the alternative 
transportation fuels Industry to facilitate discussions, elaborate common positions on policy issues 
and identify market penetration opportunities and barriers for these fuels. The Forum is 
established and financed by the European Commission under the project name “Support for 
alternative and renewable liquid and gaseous fuels forum (policy and market issues)”.  

www.artfuelsforum.eu 

Info provided by: Philippe Marchand 

More information: www.total.com  
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DESCRIPTION  

Thanks to EU Support since 2011, the FP7 All-gas project represents a true revolution in the circular economy, 

establishing a new paradigm by producing algae biofuel from wastewater with a positive energy balance, fuelling 

up to 20 vehicles per ha, and allowing sustainable water reuse as a by-product. 

The project was born with the objective of demonstrating, on an industrial scale, the production of algae biofuel 

for vehicles. In addition, it uses urban wastewater as a source of nutrients for the culture and presents a circular 

economy model in which algae treat the wastewater without external energy supply, through photosynthesis. 

In December 2017, the industrial plant in Chiclana (Spain) was inaugurated by EU Commissioner for Energy, 

Miguel Arias Cañete. An algae culture area of more than 2 hectares came into service making this plant the 

world's largest facility for the generation of biofuels from microalgae.  

Currently, the project is capable of moving up to 40 cars with the biofuel obtained, with the effluents of 10,000 

inhabitants (2000 m3/d). Compared with ordinary biofuels, such as bioethanol from sugar or biodiesel from palm-

oil, All-gas produces 4 times more energy per hectare, generating at the same time reuse water - without the 

need to use agricultural land or fertile soil, freshwater or artificial fertilizer. 

This technology allows to convert the wastewater from any small or medium-sized town with enough available 

land (1 football field for 5000 people) and sunlight into a sustainable biofuel. At the same time, the electrical 

energy needed to clean wastewater with conventional technology is saved. 

 

 

Fleet vehicles and algae ponds of the FP 7 All-gas project in Chiclana(Cadiz) 

 

 

 

 



 

 

 

  
 

 
 

3. The net balance of CO2 generated in this project is positive, as it is 

based almost entirely on renewable sources.  

The aim of the project is not only the production of quality biofuel from algae 
but also taking in account a sustainability approach: biofuel feedstock is 
grown with environmentally safe and biodiversity-friendly practices, 
sequestering carbon from the biomass to  give a positive carbon balance of 
the overall system. 

This project fulfils the main European policy goals:  

1. Reducing greenhouse gas emissions  

2. Boosting the decarbonisation of transport fuels  

3. Diversifying fuel supply sources and developing long term 
replacements for fossil oil  

4. Diversifying income and employment in rural areas  

Employment: During lifespan of the project more than 10 direct jobs were created among 
researchers and engineers in process development.  In addition, during the 
construction and implementation of the infrastructure, around 15 to 20 
indirect jobs were created among builders and suppliers.  

In the long run through replication, the municipalities that implement the 
new solution will employ personnel in a new activity of biofuel production 
and distribution  

Replicability and scale-up 
potential:  

Replicability of FP project is very high since it needs mainly wastewater and 
non-arable land for its application. The land requirements of the process (kg 
CH4/ha year) will depend on the climatological conditions, in the 
Mediterranean region an algae harvest around 100 t / ha is possible, yielding 
up to 15 000 kg Ch4/yr.  

Success factors: 1. Need for wastewater treatment: extension, upgrading or replacement of 
existing facilities - or waste nutrients from manure and animal farming 

2. Available Land   

3. Fleet of municipal cars to be converted to CNG, or easy access to gas 
network with L quality.  

Constraints: 1. Climatic conditions affect the performance of the process 

2. Land availability and nutrient supply (wastewater, manure) 

3. Permits related to the operation of CNG facilities   

 
 



 

    

 

 

 

 
Success Stories of Advanced Biofuels for Transport 

 
BFSJ: PRODUCTION OF FULLY SYNTHETIC PARAFFINIC 

JET FUEL FROM WOOD AND OTHER BIOMASS 
 

Year of plant start-up: Under construction 

Location: Sweden 

Technology:  Hydrolysis of wood biomass to alcohols followed by chemical 

synthesis to jet fuel   

Plant capacity 10,000 t/y 

Operational experience achieved N/A - not yet in operation 

Total Capital Expenditure Estimated € 44,000,000 

Principle feedstocks: Wood waste; domestic 

Feedstock Capacity 40,000 t/y wood waste 

Products/markets: Fuel for aviation, road transport, heavy duty machinery 

Technology Readiness Level (TRL): TRL 8 

 

DESCRIPTION 

The BFSJ project uses the Alcohol To Jet (ATJ) pathway, as an alternative to the technologies available today, for 

the production of drop-in aviation fuels. The alcohols are produced from wood waste and other biomass. Such 

drop-in aviation fuels can be a 100 % replacement for standard aviation fuel.  Funding for the project is provided 

under the EU FP7 programme. 

A pre-commercial industrial scale plant is being constructed. The plant uses Swedish Biofuels technology to 

convert biomass to aviation fuel via alcohols. The capacity of the plant is to be 10,000 tonnes per year, of which 

half is aviation fuel with the rest being ground transportation fuels. The aviation fuel produced will be compatible, 

without blending, with in-service and envisaged jet engines for both civil and military applications. It will consume 

a variety of sustainable raw materials, focusing on wood residues. The ground transportation fuels, both gasoline 

and diesel varieties, will be drop-in compatible with existing fuels.  

During the course of the project, it became clear that production technology should be adapted to be more 

flexible, so that it could be built either as a standalone facility, the original concept, or as a “bolt-on” facility taking 



 

    

 

 

 

output from existing alcohol production plants as an intermediate product. The technology has been successfully 

modified to account for such a possibility. This has the added benefit of increasing the replicability and scale-up 

potential of the technology. 

Currently the project is in the phase of site selection. 

 

Demonstration plant 

 

Stakeholders involved: Large parts of the biomass to aviation fuel supply chain are represented by the 

BFSJ consortium members: forestry by SCA, end user by Lufthansa, producer by 

Swedish Biofuels, market developer by SkyNRG, equipment manufacturer by 

Remeksi Keskus, analysis by E4Tech and policymakers by the Institute of 

European Studies at the University of Brussels. 

Financing Support: Financing support has been given by the European Commission – FP7 

Programme: BFSJ 612763. 

Contribution to 

Sustainable Development 

Goals: 

SDG13: Direct action to reduce carbon dioxide emissions by converting aviation 

fuel use to fossil free fuel. 

SDG12: Assist in rendering the rapidly expanding global air travel sector 

sustainable through the use of sustainable fossil free fuel. 

SDG7: Increases access to liquid fuels for those countries without their own 

supply of fuel. 

SDG15: Increase the productivity of land through the use of sustainable wood 

waste as raw material for the production of jet fuel. 

SDG8: Promotes regional development for the husbandry of forests and 

regional production of aviation fuel. 

Contribution to European 

targets on GHG emission 

The process converting wood waste to fuel cuts carbon dioxide emissions from 

the use of the fuel by 65 % or more. Greater emissions savings can be achieved 



 

    

 

 

 

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a Programme of 
Research, Development and Demonstration on Bioenergy, functions within a Framework created 
by the International Energy Agency (IEA). Views, findings and publications of IEA Bioenergy do not 
necessarily represent the views or policies of the IEA Secretariat or of its individual Member 
countries. 

http://www.ieabioenergy.com/  
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transportation fuels Industry to facilitate discussions, elaborate common positions on policy issues 
and identify market penetration opportunities and barriers for these fuels. The Forum is 
established and financed by the European Commission under the project name “Support for 
alternative and renewable liquid and gaseous fuels forum (policy and market issues)”.  

www.artfuelsforum.eu 

reduction in transports: by using renewable sources of electricity and diesel fuel in the production 

process and logistics. 

Employment: 20 jobs per processing plant 

More jobs for forest husbandry and logistics in direct proportion to the quantity 

Replicability and scale-up 

potential: 

The technology uses standard chemical engineering processing equipment and 

can be replicated and scaled as desired. 

Success factors: Successful replication depends on the will to reduce carbon dioxide emissions, 

replacing fossil aviation fuel with fossil free alternative. Typically, this can take 

the form of a mandate for renewable fuel in transport together with 

appropriate targets. Given the lower cost of fossil jet fuel compared to bio jet, 

some price support is required. 

Constraints: The usual showstopper for the majority of alternative fuel technologies is 

availability of the corresponding sustainable biomass. However, the technology 

developed by Swedish Biofuels expects to overcome this problem as, in 

principle, any locally grown and waste biomass can be used as a feedstock to 

the process. 

 

Info provided by: Professor Angelica Hull 

More information:  

 
 

http://www.ieabioenergy.com/


 

    

 

 

 

 
Success Stories of Advanced Biofuels for Transport 

 
FAST PYROLYSIS BIO-OIL PRODUCTION PLANT EMPYRO 

 
Year of plant start-up: 2015 

Location: Netherlands 

Technology:  Fast Pyrolysis  

Plant capacity 24.000 tons/year of FPBO (Fast Pyrolysis Bio-Oil)  

Operational experience 

achieved 

Since start-up over 30.5 million litres (36 kton) of FPBO have been produced 

as of mid-2018. Currently in operation 24/7 and producing at design capacity. 

All FPBO that was produced has been used by our customer (to replace 

natural gas). 

Total Capital Expenditure 25 million EUR 

Principle feedstocks: Wood residue (from local Dutch suppliers). Other cellulosic biomass types 

under investigation. 

Feedstock Capacity 36.000 tons/year (dry matter) 

Products/markets: 
Main use currently:  Replacing natural gas as heating fuel to produce high-

temperature steam in the boiler of an industrial client. 

Side use: FPBO produced at Empyro was provided to researchers in over 20 

countries so far. Their research ranges from the production of fungible 

biofuels for automotive and aviation to bio-based chemicals.  

In the pipeline:  

• Production of renewable transport fuels from FPBO both via the co-

refining route (this will be done with the FPBO from a new plant under 

construction for Pyrocell in Sweden, starting in 2021), as well as via the 

standalone upgrading route by hydrodeoxygenation.  

• Use of FPBO as a renewable substitute for fossil-based chemicals such as 

bitumen, phenols and creosote in the process industry. 

By-products: Steam (6.5 MW net) and power (0.5 MW net) bringing the 

overall efficiency to 85-90%. 

Technology Readiness 

Level (TRL): 

TRL 9  



 

    

 

 

 

 

 

 

 

pipes to our next-door neighbour, AGA-Linde, who liquefy it into carbonic acid. 

In this way, we are not only the largest producer of ethanol and protein animal 

feed, but also the largest supplier of green CO2/carbonic acid in Sweden. That’s 

enough bubbles to fill every carbonated beverage sold throughout the country.  

¶ Carbonic acid for foods: In addition to all the regular bottled 

carbonated beverages found in stores, carbonic acid is also often 

added directly to drinks in restaurants and bars.  

¶ Industrial applications for carbon dioxide: Carbon dioxide is also 

common as a refrigerant in the food industry, both in the packaging of 

goods and for transport. It is also used in fire extinguishers and in the 

paper pulp production process. 

Replacing all fossil carbon dioxide currently in use with clean, green carbon 

dioxide is an important part of the transition to a sustainable society. 

Operational experience 

achieved 
More than 3,700 million m3 ethanol produced. 

Total Capital Expenditure More than € 200 million. 

Principle feedstocks: We mainly refine grain (wheat) at our plant, but also other raw materials such 

residuals from the food industry and bread returns from food retailers.  

Feedstock Capacity About 80 ton/h. The raw materials are mainly domestic. The majority is wheat 

and other grains, but recycled products and industrial residues from the food 

industry are also used.  

Products/markets: Our refining process yields three main products – ethanol, protein and carbon 

dioxide. We process each of these into sustainable products such as transport 

fuel, animal feed and carbonic acid. Our ethanol for example reduces the GHG 

emissions by more than 90% compared to fossil fuels, making it one of the most 

sustainable fuels in the world.   

See the below image for a full overview of the by-products.  

Technology Readiness 

Level (TRL): 

TRL 9 – actual system proven in operational environment  

 

DESCRIPTION 

Lantmännen Agroetanol helps find solutions for a more sustainable society. We take care of nearly everything in 

our ingredients and create value at multiple levels. Our ethanol replaces fossil oil, whether in fuels, chemical 

products or in a future plastic. 

Since 2001, we have produced fuel ethanol at our plant in South-Eastern Sweden based on wheat and other 

grains as well as residues from the food industry. Thanks to efficient processes, the use of renewable process 

energy from adjacent biomass-fuelled CHP and important co-products in the form of protein-rich feed and 

biogas, the fuel ethanol produced reduces GHG emissions by more than 90% compared to fossil fuels.  

Our feed products are high-grade protein to replace soya which otherwise would be imported, mainly from the 



 

    

 

 

 

 

 

 

 

Stakeholders involved: Lantmännen Agroetanol is part of Lantmännen, an agricultural cooperative owned 

by 25,000 Swedish farmers, with operations throughout the entire value chain 

from farm to fork. Thus, it involves a range of actors and stakeholders in the 

agriculture sector.  

Agroetanol is part of Händelö Eco industrial park. Besides Agroetanol, E.ON, which 

has a combined heat and power plant delivering steam, electricity and heat from 

renewable raw materials is part of this, but also Svensk Biogas, a biomethane 

company and the city of Norrköping. Händelö Eco Industrial park is a part of the 

natural cycle of city, industry and agriculture. 

Financing Support:  As an agriculture cooperative, we are owned by virtually all active farmers in 

Sweden. Our Agroetanol business has sales of around 1.7 billion Swedish kronor 

and approximately 90 employees.  

All investments have been 100% financed by Lantmännen.  

Blending mandates, especially GHG reduction quotas in European countries, and 

tax exemption for high blend biofuels. 

Contribution to 

Sustainable 

Development Goals: 

Our Agroetanol business contributes to a number of the UN’s Sustainable 

Development Goals, namely: 

¶ SDG 2: End hunger, achieve food security and improved nutrition and 

promote sustainable agriculture. By producing vital by-products like 

protein through our biorefinery operation, a scarce resource in Europe, 

we are helping achieve food security for Europeans.  

¶ SDG 7/ SDG 12/ 13: Ensure access to affordable, reliable, sustainable and 

modern energy for all. Ensure sustainable consumption and production 

patterns. Take urgent action to combat climate change and its impacts. 

Our highly sustainable, crop-based bioethanol provides Europe with 

access to a green, available fuel which dramatically reduced CO2 

emissions compared to fossil fuels. 

¶ SDG 8: Promote sustained, inclusive and sustainable economic growth, 

full and productive employment and decent work for all. Our biorefinery 

is providing jobs for local people in Sweden, as well as supporting 

Europe’s farmers who supply us with the grains, which in-turn provides 

them with stable income at a time when traditional farming costs lead to 

many farms closing across Europe.  

Contribution to 

European targets on 

GHG emission reduction 

in transports: 

In our biorefinery Lantmännen Agroetanol produces sustainable ethanol with over 

90% GHG savings, we’re not only contributing but beating the EU’s GHG emission 

reductions targets for the Union as well as for transport.  

The fossil diesel in heavy goods vehicles have so far been difficult to replace at any 

scale, but ED95 in Scania trucks can be used to reduce the GHG emissions 

significantly. 

Employment: Approximately 130 jobs directly plus the farming sector and downstream 

industries which largely depend on our products. We estimate the total 

employment in the whole value-chain (field to ethanol) to approximately 500 jobs.  




