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Introduction 

As stated in IRENA’s low-carbon pathway, a five-fold increase in production capacity of biofuels is 

needed by 2050 to meet current international climate targets. As competing demands for biomass are 

also projected to increase over this time period, innovative feedstocks and technologies need to not 

only be researched and developed, but also deployed and promoted by adequate policies.  

Advanced biofuels have different definitions (see Box 1 for an overview of different advanced biofuel 

definitions), and myriad available technologies. Therefore, experiences abound of the production of 

advanced biofuels using various technologies and feedstocks, although there are limited commercial-

scale facilities globally. IEA Bioenergy Task 39 has a comprehensive database of all biofuel facilities 

(both in operation and closed) that was closely consulted during the preparation of this collection1.  

IRENA (2019) provides a very good overview of some of the main barriers to the development of 

advanced biofuels, taken from interviews with commercial-scale advanced biofuel facilities, of which 

there are 30 worldwide2. The highest ranked barrier to advanced biofuel deployment identified in this 

research was policy instability. However, as the authors note, it is difficult to make generalized 

statements about the challenges in the field of advanced biofuels due to the differences between 

different biofuel pathways. 

 

This collection takes a deep-dive into a selection of different experiences in advanced liquid biofuels 

to detail their variety not only in terms of technology and development phase but also in their benefits, 

drivers and barriers. The experiences in the collection range from pilot to commercial-scale facilities 

and cover four continents; see Table 1 for an overview of the experiences. Each experience details the 

enabling factors, main drivers, benefits and challenges, as well as information on technology transfer, 

potential for scale up and replicability, and impacts of the COVID-19 pandemic. Links to further 

resources are provided where available. The experiences have been grouped by region. 

                                                           
1 Available online: https://demoplants.bioenergy2020.eu/  
2  IRENA, 2019. Advanced biofuels: What holds them back? Available online: https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Advanced-biofuels_2019.pdf  

Box 1 – definitions of advanced biofuels 
Advanced biofuels are typically defined using a combination of the following criteria: 

 The type of feedstock used; 

 The amount of greenhouse gas (GHG) emissions savings compared with fossil fuels; 

 The type of technology used; and/or 

 The type of fuel produced. 
 
This report takes into consideration the varying definitions of advanced biofuels globally. 
However, the IEA definition of advanced biofuels is used as reference, as an internationally 
recognized definition that encompasses various criteria: 

“sustainable fuels produced from non-food crop feedstocks, capable of 

delivering significant lifecycle GHG emissions reductions compared with fossil 

fuel alternatives, and which do not directly compete with food and feed crops 

for agricultural land or cause adverse sustainability impacts.”  

(IEA, 2021. Transport Biofuels. Online: https://www.iea.org/reports/transport-biofuels)  

https://demoplants.bioenergy2020.eu/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Advanced-biofuels_2019.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Advanced-biofuels_2019.pdf
https://www.iea.org/reports/transport-biofuels
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Table 1 Overview of collected experiences 

Title of experience Type of example Geographic 
location 

Europe 

2G Ethanol from lignocellulosic 
biomass – Versalis 

Commercial plant to produce 
2G Ethanol from lignocellulosic 
biomass 

Crescentino (Piedmont), 
Italy 

Advanced biofuels from wood-
based residue in UPM 
Lappeenranta Biorefinery – UPM 
Biofuels 

Commercial-scale biorefinery Management in Helsinki 
and production unit in 
Lappeenranta, Finland 

Commercial-scale flagship plant for 
the production of cellulosic ethanol 
– Clariant Sunliquid® 

Greenfield full-scale 
commercial ethanol plant for 
the conversion of agricultural 
residues to cellulosic ethanol 

Podari, Dolj County 
(near Craiova), Romania 

Process for flexible combined 
production of power, heat and 
transport fuels from renewable 
energy sources – FlexCHX Project 

Project - Fischer-Tropsch 

syncrude to be refined to 

transport fuels at oil refineries 

Espoo, Finland 

Biorefinery technology from 
Chempolis 

Biorefining technology licensor Company location: 
Oulu, Finland 

Asia 

Biorefinery technology from 
Chempolis 

Biorefining technology licensor Location of first 
biorefinery: Numaligarh, 
Assam, India 

CarbonSmart Fuels – Lanzatech RCF 
Technology 

Commercial-scale gas 
fermentation of industrial 
waste gases from steel mill 

Caofeidian, China 

Development of Production 
Technologies for Biojet Fuels 

Research and development 
(R&D) – Pilot scale 

Nagoya, Japan and 
Saraburi Province, 
Thailand 

North America 

Conversion of biodegradable 
materials to short-chain fatty acids 
through Anaerobic Digestion – 
Earth Energy Renewables 

Renewable chemical 
technology deployment – pilot 
scale production of SCFAs 
through anaerobic digestion 

Bryan, Texas, USA 

Integrated Biorefineries in the USA Research USA 

Oceania 

Mackay Renewable 
Biocommodities Pilot Plant, 
Queensland University of 
Technology 

Pilot plant for the 
demonstration of processes 
that convert agricultural 
feedstocks to biofuels and 
bioproducts 

Mackay, Queensland, 
Australia 



 

5 
 

2G Ethanol from lignocellulosic biomass – Versalis 
 

 

Geographic location: Crescentino (Piedmont), 
Italy 

Type of example: Commercial plant to produce 
2G Ethanol from lignocellulosic biomass. 

Investment: Private investment 

Status: The plant has been in operation since 
2013. Due to COVID 19 pandemic situation, 
Versalis decided to turn the production to hand 
sanitizer and it is expected to restart cellulosic 
ethanol production in 2021. 

 

Introduction 
PROESA® technology offers a flexible and reliable technological platform for the production of 

cellulosic ethanol. The core of the PROESA® technology is an integrated and chemicals-free pre-

treatment, followed by viscosity reduction and enzymatic hydrolysis steps that prepare 2G sugars for 

fermentation to bioethanol. 

Thanks to Crescentino industrial plant experience, the acknowledged benefits of cellulosic ethanol 

become real at industrial scale. 

Drivers, benefits, challenges and prospects 
Main drivers:  

The project was implemented by the previous owner (by whom Versalis acquired the plant as well as 

the technology in 2018) with the goal to establish the first industrial-scale reference plant in the world 

for production of cellulosic ethanol. 

Key enabling factors:  

Advanced biofuels represent key contributors for decarbonizing the transport sector and there will be 

a growing demand of them in the future. In addition to that, there is an increasing attention towards 

the so-called green chemistry, chemistry based on products derived not from fossil sources anymore 

but from renewables. In this sense, the production of cellulosic ethanol will be the first and immediate 

step towards a full bio-refinery concept, in which cellulosic feedstock is converted into several high-

value products. 

Technology transfer: 

The plant incorporates Versalis’ proprietary technology PROESA®, fully developed in-house. Versalis is 

fully in charge of the plant operations. Versalis licenses the PROESA technology, that is at the core of 

the Crescentino plant, worldwide and it is involved in several potential projects. 

Benefits: 

The plant produces 13 MWe of green electricity utilizing a by-product (lignin) and the portion in excess 

of this amount not used for operating the plant is exported into the national grid. The plant has zero 
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water discharge to fulfill the stringent local requirements and the wastewater treatment includes also 

a section for production of biogas. 

From a social point of view, the plant has generated more than 100 new direct jobs and represents 

an opportunity for development of local suppliers of biomass. 

Main challenges encountered:  

Being the first of its kind, the project has represented a challenge in scaling up a technology from pilot 

scale to commercial scale. Using different feedstock has also required some changes and 

developments after the initial start-up, generating a unique theoretical as well as practical experience. 

Indicators:  

The main indicator used to measure the outcome of the plant is the quantity of ethanol produced. 

Potential for scaling-up and replicability:  

Cellulosic ethanol is a great opportunity everywhere there is abundance of lignocellulosic biomass 

(agri/forestry residuals, dedicated energy crops). It generates both direct and indirect jobs, boosting 

the economic development of local communities. Although the production cost of cellulosic ethanol 

is decreasing thanks to the continuous technological development, is still higher than fossil-based 

ethanol. For this reason, policies and mandates by public authorities are needed to support the global 

deployment. 

Impact of the global COVID-19 pandemic: 

COVID-19 has certainly reduced the pace of new investments and several projects have been 

temporarily put on hold. In the specific case of the Crescentino plant, the growing need of hand 

sanitizers (whose major component is ethanol) has emerged as alternative production from the 

existing assets. Restart of production of cellulosic ethanol is however expected during 2021. 

References and additional information 
Versalis (Eni) is the largest Italian chemical company with a global presence in the plastics and rubbers’ 

markets; manufacturing and commercializing intermediates, polyethylene, styrenics and elastomers. 

Versalis has also been focusing on the bio-based industry, establishing a dedicated business unit, 

Biotech, and developing an integrated technological platform. With the Proesa® technology, Versalis 

produces second generation bio-ethanol to meet the growing demand and sustainability criteria for 

bio-fuels. As part of Eni’s wider vision, Versalis considers circularity to be a strategic driver to be 

integrated into processes and products throughout their life cycle, through innovations such as eco-

design, feedstock diversification and the recycling of polymers. Versalis has joined several projects and 

alliances to actively contribute to the ambitious European goal of using more recycled plastic in new 

products by 2025. Worldwide, the company is present in the Asia-Pacific region Furthermore, it is 

present in South Korea through LVE, a joint venture with Lotte Chemical that pursues development in 

the field of elastomers. To strengthen its presence in the American and Mexican market – and the 

elastomer industry in particular – Versalis has also offices in Houston, Texas. Versalis also serves the 

African Oilfield Chemicals industry with offices in Ghana, Congo and Angola, and is active in the Middle 

Eastern oilfield sector through VPM, a joint venture with Petrochem/ Mazrui Energy Services. 
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Link: 

https://www.eni.com/it-IT/attivita/italia-crescentino-un-impianto-per-la-

chimicadabiomasse.html#:~:text=Crescentino%20rappresenta%20un%20sito%20strategico%20che%

20rafforza%20il,residuali%20non%20in%20concorrenza%20con%20la%20filiera%20alimentare  

Publication: 

Versalis, 2019. Proprietary process technology PROESA®. Available online:  

https://versalis.eni.com/irj/go/km/docs/versalis/Contenuti%20Versalis/IT/Documenti/Documentazi

one/Licensing/Biotech_0_/Proesa.pdf#:~:text=Introduction%20to%20Versalis%20PROESA%C2%AE%

20cellulosic%20ethanol%20technology%20Advanced,are%20promoting%20their%20deployment%2

0at%20a%20large%20scale  

  

https://www.eni.com/it-IT/attivita/italia-crescentino-un-impianto-per-la-chimicadabiomasse.html#:~:text=Crescentino%20rappresenta%20un%20sito%20strategico%20che%20rafforza%20il,residuali%20non%20in%20concorrenza%20con%20la%20filiera%20alimentare
https://www.eni.com/it-IT/attivita/italia-crescentino-un-impianto-per-la-chimicadabiomasse.html#:~:text=Crescentino%20rappresenta%20un%20sito%20strategico%20che%20rafforza%20il,residuali%20non%20in%20concorrenza%20con%20la%20filiera%20alimentare
https://www.eni.com/it-IT/attivita/italia-crescentino-un-impianto-per-la-chimicadabiomasse.html#:~:text=Crescentino%20rappresenta%20un%20sito%20strategico%20che%20rafforza%20il,residuali%20non%20in%20concorrenza%20con%20la%20filiera%20alimentare
https://versalis.eni.com/irj/go/km/docs/versalis/Contenuti%20Versalis/IT/Documenti/Documentazione/Licensing/Biotech_0_/Proesa.pdf#:~:text=Introduction%20to%20Versalis%20PROESA%C2%AE%20cellulosic%20ethanol%20technology%20Advanced,are%20promoting%20their%20deployment%20at%20a%20large%20scale
https://versalis.eni.com/irj/go/km/docs/versalis/Contenuti%20Versalis/IT/Documenti/Documentazione/Licensing/Biotech_0_/Proesa.pdf#:~:text=Introduction%20to%20Versalis%20PROESA%C2%AE%20cellulosic%20ethanol%20technology%20Advanced,are%20promoting%20their%20deployment%20at%20a%20large%20scale
https://versalis.eni.com/irj/go/km/docs/versalis/Contenuti%20Versalis/IT/Documenti/Documentazione/Licensing/Biotech_0_/Proesa.pdf#:~:text=Introduction%20to%20Versalis%20PROESA%C2%AE%20cellulosic%20ethanol%20technology%20Advanced,are%20promoting%20their%20deployment%20at%20a%20large%20scale
https://versalis.eni.com/irj/go/km/docs/versalis/Contenuti%20Versalis/IT/Documenti/Documentazione/Licensing/Biotech_0_/Proesa.pdf#:~:text=Introduction%20to%20Versalis%20PROESA%C2%AE%20cellulosic%20ethanol%20technology%20Advanced,are%20promoting%20their%20deployment%20at%20a%20large%20scale
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Advanced biofuels from wood-based residue in UPM Lappeenranta 
Biorefinery – UPM Biofuels 
 

 

Geographic location: Management in Helsinki 

and production unit in Lappeenranta, Finland 

Type of example: Commercial-scale biorefinery  

Investment: Private investment of 

EUR 179 million (no public investment 

subsidies) 

Status: In operation since 2015 

 

Introduction 
UPM has set up the first commercial scale wood-based biorefinery, producing advanced biofuels, in 

the world. It uses a residue of pulp production, crude tall oil, as feedstock. The biorefinery is located 

in Lappeenranta, Finland and started commercial production of UPM BioVerno diesel and naphtha in 

January 2015.  

UPM BioVerno products reduce greenhouse gas emissions by over 80% compared to fossil fuels. The 

renewable diesel is a drop-in diesel that can be used in any diesel engine. It also reduces tailpipe 

emissions significantly. UPM’s renewable naphtha can be used as a biocomponent for gasoline or it 

can replace fossil raw materials in the petrochemical industry.  

Production of UPM's advanced biofuels does not generate additional demand for forest harvest areas 

or compete with food production as processing residue is used as feedstock.  

Today UPM's Lappeenranta Biorefinery produces approximately 160 million litres of advanced 

biofuels each year. These are used to replace fossil-based raw materials in transport fuels and various 

plastics and adhesives used, for example, in packaging and construction materials. 

Our clients can reduce their carbon footprint by replacing fossil-based raw materials with low-

emission products made by the UPM Lappeenranta Biorefinery using renewable raw material. 

The UPM Lappeenranta Biorefinery started commercial production of advanced biofuels in January 

2015 and reached its design capacity in 2017. This January we celebrated the biorefinery's 5-year 

anniversary. Over the last five years, the biorefinery has produced enough advanced biofuels to cut 

down GHG emissions equivalent to taking roughly 500,000 private cars out of traffic for a year. 
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Drivers, benefits, challenges and prospects 
Main drivers:  

The climate crisis will not wait – we need to reduce our GHG emissions and carbon must be removed 

from the atmosphere. UPM is in a key position to produce advanced biofuels out of biomass-based 

materials. Over 100 years of experience in the forest industry has enabled UPM to develop highly 

valued sustainable wood sourcing processes - as well as efficient production processes aiming to make 

more with less. UPM has been listed as the best company in the paper and forest industry sector in 

the Dow Jones European and World Sustainability Indices (DJSI) multiple times. The DJSI is based on 

an analysis of the economic, environmental and social performance of the world’s leading companies. 

Converting crude tall oil into advanced biofuel is an innovative way to use the residue without 

changing the main process, pulp and paper production. Using crude tall oil will not affect the demand-

supply balance of the raw material. As for raw materials, UPM operates according to the principles of 

sustainable forest management: the origin of wood is always known and good forest management 

practices are promoted, including certification. By further processing crude tall oil, UPM is able to 

utilise the wood used for its pulp production in a more efficient way, without increasing wood 

harvesting or land use.   

Key enabling factors:  

Advanced biofuels from sustainable feedstocks are a fast track to decarbonize transport, which 

accounts for 25% of greenhouse gas emissions in Europe. This has been noted among EU policy makers 

and opened new markets for UPM BioVerno diesel. When it comes to naphtha, lively discussion 

around the plastics problem has increased the need for more sustainable solutions in the 

petrochemical industry.  

Technology transfer:  

UPM Lappeenranta Biorefinery’s concept has been innovated and developed in-house, using a 

hydrotreating process technology provided by Haldor Topsøe, a Danish technology company. 
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Benefits:  

With a GHG emission reduction of over 80% compared to fossil fuels, UPM´s wood-based renewable 

diesel, UPM BioVerno, has a significant impact on the environment. Moreover, reduced tailpipe 

emissions from the fuel improve air quality. Yet the fuel functions just like fossil diesel in all diesel 

engines, without modification.  

UPM BioVerno naphtha, in turn, can be used to replace fossil raw materials in the petrochemicals 

sector, providing renewable raw material e.g. in plastics. It is a drop-in solution, meaning that it can 

be used as such in current production units.  

In addition to reducing traffic emissions and dependency on oil, the UPM Lappeenranta Biorefinery 

investment has created more jobs in raw material production, technology and equipment 

manufacturing and production.  

Main challenges encountered:  

Regulative uncertainty on an EU level.  

Indicators:  

The successful ramp-up and reaching design capacity in a relatively short time in a first-of-its-kind 

biorefinery. Steady and safe production, with a high GHG reduction level, which is currently one of the 

most important measurements.  

International recognition, such as the European Union’s Sustainable Energy Europe Award, confirms 

significant progress. 

Potential for scaling-up and replicability:  

Technology can be scaled-up and used around the world.  

References and additional information 
More information on UPM Biofuels: www.upmbiofuels.com 

Reports: https://www.upmbiofuels.com/partners/reports/  

  

http://www.upmbiofuels.com/
https://www.upmbiofuels.com/partners/reports/
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Commercial-scale flagship plant for the production of cellulosic ethanol – 
Clariant Sunliquid® 
 

 

Geographic location: Podari, Dolj County (near 

Craiova), Romania 

Type of example: Greenfield first-of-its kind 

full-scale commercial ethanol plant for the 

conversion of agricultural residues to cellulosic 

ethanol  

Investment: more than EUR 100 million, 

receiving financing support from EC FP7, BBI JU 

Status: Under construction 

 

Introduction 
After 7 years of operating Clariant’s pre-commercial plant in Straubing, Germany and thorough 

process demonstration, Clariant announced in October 2017 the approval by the Board of Directors 

to invest in a new full-scale commercial plant for the production of cellulosic ethanol from 

agricultural residues using its sunliquid® technology (via enzymatic hydrolysis and fermentation).  

The plant, using wheat and barley straw as feedstock and with an annual capacity of 50 000 tonnes of 

cellulosic ethanol, will be located in Podari near Craiova in the southwestern part of Romania. The 

first-of-its-kind facility will generate new green jobs, business opportunities and economic growth in 

a rural area. With the flagship plant, Clariant intends to demonstrate that the commercial production 

of cellulosic ethanol on the basis of the sunliquid® technology is technically feasible, economically 

viable and competitive. By building the new plant, a new bio-based value chain built on agricultural 

residues will be established in the region, providing a tangible example of a successful circular 

economy approach. At the same time, this plant lays the foundation for a wide-scale implementation 

of advanced biofuels production in Europe and for a more sustainable energy supply in the European 

transport sector. 

Clariant is investing more than EUR 100 million in its first sunliquid® plant. The project receives more 

than EUR 40 million funding from the European Union. In this frame, the EU project SUNLIQUID is 

funding tasks focusing on the scoping, planning and execution phases to build a first-of-its-kind 

sunliquid® production plant. This includes feedstock availability evaluation and feedstock sourcing 

activities, as well as the development of an efficient logistics supply chain for the lignocellulosic raw 

material. The EU project LIGNOFLAG is funding tasks focusing on building and operating the 

production plant, which includes optimizing the conversion to cellulosic ethanol, using co-products for 

energy production and soil fertilization, as well as organizing the distribution of the final (co-)products. 

Drivers, benefits, challenges and prospects 
Reasons or main drivers:  

Clariant assessed several eastern European countries and carried out detailed analysis of different 

sites. In the end, the decision for the construction of the plant was made in favour of Romania. The 

main drivers for the decision-making process were: feedstock availability and economics/price, 

favorable infrastructure, allowing feedstock security and final product distribution and best use of by-

http://sunliquid-project-fp7.eu/
http://www.lignoflag-project.eu/
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products. Clariant chose Southwestern Romania, primarily because of an abundance of available 

straw, which is a key raw material for the production of cellulosic ethanol and it is currently an 

underutilized feedstock in this region. The Podari site has all the elements that are key for the success 

of the project: it is well positioned relative to the agricultural fields (radius of 70km), it is located in an 

industrial area, has all utilities (electricity, gas, water) either on the property or nearby, and provides 

easy access via roads or railway. 

Key enabling factors:  

The recent agreements on the revised Renewable Energy Directive (RED)II are setting the tone for 

creating a stable and predictable business environment that will trigger the development of and 

investment in advanced biofuel production within the EU. Thus, as another long-term benefit for 

Romania, the sunliquid technology opens up new opportunities in an expanding global market for 

second-generation biofuels and creates the premises for Romania to be a leading country within EU 

to expand its renewable energy footprint. 

Technology transfer:  

Clariant licenses its sunliquid® technology platform globally. The first license was sold in September 

2017 to Enviral, the largest bioethanol producer in Slovakia. In September 2019 the second license 

agreement was announced with ORLEN Południe, a member of PKN ORLEN that is a leader in the fuels 

and energy markets and the largest player in Central and Eastern Europe. In January 2020 the third 

license agreement was signed with Anhui Gouzhen Group and Chemtex Chemical Engineering. Both 

parties intend to form a joint venture with the aim to realize a full-scale commercial cellulosic ethanol 

production plant in Fuyang, East China. In addition to that, Clariant’s sunliquid® technology platform 

also offers opportunities for the development of bio-based products. In 2019, for example, Clariant 

signed a research agreement with ExxonMobil and Genomatica to evaluate the potential use of 

cellulosic sugars from agricultural residues to produce biodiesel. 

Benefits:  

Construction and operation of the plant will provide a wide range of socioeconomic benefits for the 

surrounding region of Craiova. During the construction phase, this can create over 800 jobs. On the 

industrial platform, Clariant intends to create around 100 direct jobs in the long term. Clariant plans 

to recruit its workforce locally and provides training both in its own laboratories in Planegg (near 

Munich) and at its pre-commercial sunliquid® plant in Straubing, Germany. In addition, about 300 jobs 

can be created in connecting businesses, e.g. the collection, storage and transportation of straw. 

Furthermore, the sunliquid® plant will create a supplier’s network, mainly formed by local farmers. 

They will have the opportunity to convert agricultural residues, such as cereal straw, into an additional 

source of income. It will allow them to industrially market straw for the first time, which was 

previously practically not utilized agricultural residue.   

Main challenges encountered:  

A clear Legislation is key to support and foster the deployment of advanced technologies to the 

market. The Renewable Energy Directive (RED) II now sets the right direction by enabling advanced 

biofuels to contribute to the decarbonization of EU transport. Furthermore, RED II is also setting the 

tone to create a stable and predictable business environment that will trigger the development of and 

investment in advanced biofuels production in the EU. This being said, the key to success is now a 

quick and ambitious transposition of RED II in the member states, clear ramp up targets to the min 

3,5% by 2030 advanced biofuels obligation must be implemented with penalties for non-meeting the 
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blending obligations with no use of double counting measures which would only reduce volumes of 

biofuels with “accounting tricks”.  

Potential for scaling-up and replicability:  

The scaling-up potential can be considered as high. Advanced biofuels present a low-emission solution 

and legislation in the EU (REDII) as well as worldwide is fostering their proliferation. In addition, the 

global abundance of agricultural residues is given. A study by the International Council on Clean 

Transportation (ICCT)¹ estimates the realistic number of agricultural by-products like straw that will be 

available in Europe in 2030 at 139 million tonnes. By using innovative technologies, Europe could 

therefore already produce over 28 million tonnes (corresponds to about 35 million litres) of cellulosic 

ethanol. 

References and additional information 
More information on sunliquid technology: www.sunliquid.com 

More information on Clariant plant in Romania: www.clariant.com/romania  

Information on SUNLIQUID EU project: www.sunliquid-project-fp7.eu 

  

http://www.sunliquid.com/
http://www.clariant.com/romania
http://www.sunliquid-project-fp7.eu/


 

14 
 

Process for flexible combined production of power, heat and transport fuels 
from renewable energy sources – FlexCHX Project 
 

 

Geographic location: VTT Bioruukki, Espoo, Finland 

Type of example: Project - Fischer-Tropsch syncrude 

to be refined to transport fuels at oil refineries 

Investment: EU H2020 Research and Innovation 

Activity, 01.03.2018-30.04.2021 

Linkage of conventional (CBs) and advanced biofuels 

(ABs): FT hydrocarbons can also be utilized at HVO 

plants in addition to oil refineries 

Status: Not yet commercially implemented, ready for 
industrial demonstration 

 

 

Overview 
A flexible combined heat, power and fuel production concept, FlexCHX, was developed for managing 

the seasonal mismatch between solar energy supply and the demand for heat and power 

characteristics of northern and central Europe. The process produces an intermediate energy carrier 

(Fischer-Tropsch (FT) hydrocarbon product), which can be refined to transportation fuels using 

existing refineries. The FlexCHX process can be integrated into various combined heat and power 

(CHP) production systems, both industrial CHPs and communal district heating units. In the summer 

season, renewable fuels are produced from biomass and hydrogen; the hydrogen is produced from 

water via electrolysis that is driven by low-cost excess electricity from the grid. In the dark winter 

season, the plant is operated only with biomass to maximize the production of heat, electricity, and 

FT hydrocarbons.  

In the three-year-long EU FLEXCHX project, this process was developed to TRL5 and its key enabling 

technologies were validated at a 0.5 MW pilot plant. The process is now ready for industrial-scale 

demonstration. The key results of the project were: 

 Main principles of FLEXCHX process control and integration into the existing control system 

of combined heat and power or district heating plants  

 Operational pressurized gasification pilot plant including gasifier, filter, catalytic reformer, 

and gas coolers  

 Patent for innovative secondary gasification stage and pre-reforming of tars 

 New pulse cleaning system for the filters and its scale-up to industrial plant sizes 

 Catalytic reformer pilot plant for pressurized gasifiers 

 The conceptual industrial design of the FlexCHX plant  

 Operating experiences for complete gasification, gas cleaning, and Fischer-Tropsch synthesis 

process chain in biomass alone mode and a mode simulating electrolysis assisted operation  

 Identification of potential routes for upgrading the different cuts of FT syncrude at an oil 

refinery or a Hydrotreated Vegetable Oil plant  

 Simulation model for the complete FlexCHX process 
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Drivers, benefits, challenges and prospects 
Main drivers:  

 Rapidly increasing share of variable electricity (solar and wind) in the European electricity 

mix and the poor match between the availability of solar energy and the demand for heating 

especially in Northern parts of the world. 

 The general need for replacing fossil fuels in the transport sector and the challenges of the 

state-of-the-art oil industries to adapt to the new situation 

 The limited availability of sustainable biomass resources and the possibility to double or 

even triple the production potential by using electrolysis hydrogen for boosting the process 

 The need for reaching high annual operation times for the capital intensive technology and 

to utilize existing assets within the power plant and oil refining industries 

Key enabling factors:  

EU policy for low-carbon energy and financing through the Horizon 2020 program. 

Technology transfer:  

The following organisations collaborated on the project or provided technical expertise: 

 VTT Technical Research Centre of Finland Ltd, Finland 

 UAB Enerstena, Lithuania 

 INERATEC, Germany 

 Deutsches Zentrum Für Luft- und Raumfahrt e.V., Germany 

 Helen Oy, Finland 

 Lithuanian Energy Institute, Lithuania 

 Kauno Energija AB, Lithuania 

 Neste Engineering Solutions, Finland 

 Johnson Matthey PLC, UK 

 Oy Brynolf Grönmark Ab, Finland 

Benefits:  

After follow-on industrial demonstration, the FLEXCHX tri-generation concept has the potential to 

contribute significantly to the growing need for renewable transport fuels. Each CHP plant with 30 MW 

energy input will produce annually almost 10 ktoe of fuel intermediate. If 25 % of the currently used 

bioenergy in Europe would be utilized in tri-generation plants, which would correspond to almost 

15 Mtoe, which equals to the current production of Biofuels in the EU, while not affecting food 

production or land use. This level would be reached by 1500 FLEXCHX units with an average size of 

30 MW. 

Main challenges encountered:  

Realizing the critical next step, industrial demonstration, is challenging as this plant is not yet 

economically attractive for investors and the required amount of funding is at least an order of 

magnitude larger than the financing of this RIA project (ca. EUR 4.5 million).  

Indicators:  

 Energy efficiency in converting biomass and renewable electricity to FT-syncrude during the 

hybrid operation mode was estimated to be close to 60 % 

 Energy efficiency from biomass to FT-crude and heat during biomass-alone mode was 

estimated to be close to 80 % 
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 The production cost of the FT-syncrude in different studied conditions was in the range 0.7 - 

1.1 EUR/litre.  

 The total operation time of the gasification pilot plant was 350 hours including tests with 5 

different biomass qualities 

 The plant can be shifted from biomass-alone operation mode to electrolysis-assisted mode 

(or vise versa) in less than 30 minutes 

Potential for scaling-up and replicability:  

 This process with the presently used fixed-bed gasifier is suitable to feedstock capacities of 

10-50 MW corresponding to FT production of 4-20 kt/a.  

 The same process concept can also be realized with a steam-oxygen-blown fluidized-bed 

gasifier. Then economically attractive size range is 150-500 MW corresponding to 50-

200 kt/a FT production. 

 Industrial demonstration at 5-10 MW scale is suggested as the next step in order to reduce 

the risks related to full-scale production units.  

References and additional information 
VTT Technical Research Centre of Finland Ltd is a state owned and controlled non-profit limited 

liability company established by law and operating under the ownership steering of the Finnish 

Ministry of Employment and the Economy. VTT is an RTO whose activities are focused on three areas: 

Carbon neutral solutions, Sustainable products and materials, and Digital technologies. VTT is impact-

driven and takes advantage of its wide multi-technological knowledge base to strengthen Finnish and 

European industrial competitiveness. VTT can combine different technologies, produce information, 

upgrade technology knowledge, and create business intelligence and value-added for its stakeholders. 

VTT has a staff of 2103, net turnover in 2020 was 148,9M€ and other operational incomes were 

95,5M€. Over the years, VTT has gained vast experience from participation and coordination of 

numerous European projects including R&D Framework Programme projects and other thematic 

frameworks and programs. VTT is ranked among the leading European RTOs. In December 2017, VTT 

has been recognized with the “HR Excellence in Research” award by the European Commission. 

Link: http://www.flexchx.eu/ 

Publications: 

 E. Kurkela, M. Kurkela, C. Frilund, I. Hiltunen, B. Rollins, A. Steele Flexible Hybrid Process for 

Combined Production of Heat, Power and Renewable Feedstock for Refineries. Johnson 

Matthey Technol. Rev., 2021, 65, (2), 333–345. 

https://doi.org/10.1595/205651321X16013744201583 

 E. Kurkela, M. Kurkela, I. Hiltunen, Production of synthesis gas from biomass residues by 

staged fixed-bed gasification - results from pilot test campaigns. Chemical Engineering 

Transactions, Vol. 86, 2021. https://doi.org/10.3303/CET2186002 

 E. Kurkela, M. Kurkela, C. Frilund, I. Hiltunen, Process concept for flexible production of 

renewable transportation fuels and heat - Results for the pilot-scale process validation tests. 

VTT Technology 387. https://doi.org/10.32040/2242-122X.2021.T387 

 Esa Kurkela, Minna Kurkela, Ilkka Hiltunen, Pilot-scale development of pressurized fixed-bed 

gasification for synthesis gas production from biomass residues. Biomass Conversion and 

Biorefinery https://doi.org/10.1007/s13399-021-01554-2 

http://www.flexchx.eu/
https://doi.org/10.1595/205651321X16013744201583
https://doi.org/10.3303/CET2186002
https://doi.org/10.32040/2242-122X.2021.T387
https://doi.org/10.1007/s13399-021-01554-2
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Biorefinery technology from Chempolis 
 

 

Geographic location:  

Company location: Oulu, Finland 

Location of the first biorefinery project: Numaligarh, 

Assam, India 

Type of example: biorefining technology licensor 

Investment: not stated 

Status: commercial-scale project under construction 

 

 

Overview 
Business model: Chempolis is a biorefining technology licensor. Chempolis technology is based on a 

multi-product platform – besides ethanol, the biorefinery can produce different biochemicals such as 

lignin, furfural, acetic acid, etc. from lignocellulosic feedstocks. 

Chempolis provides ground-breaking biorefining technologies that can turn biomass into high-quality 

products profitably and sustainably. Advanced biofuels produced by Chempolis technology can 

replace the burning of fossil fuels, one of the main producers of CO2 emissions. The technology is ready 

– political facilitation and support mechanisms are needed to support promoting bio-based economy 

to make industry transition take place.  

The first commercial-scale project is under construction in India. This will be the world’s first 

biorefinery producing cellulosic bioethanol from bamboo. The project is executed by a joint venture 

owned by Chempolis, Finnish leading clean-energy company Fortum and Indian state-owned oil 

company NRL. The joint venture was established in 2018 to construct the biorefinery whose start-up 

will be in late 2022. 

Drivers, benefits, challenges and prospects 
Main drivers:  

Circular economy and the concept of cascading use – food for people, non-food advanced biomass 

biofuels for transport and industry. 

Key enabling factors:  

 High overall yield thanks to selective fractionation. The technology uses highly selective 

biosolvent, which enables high yields and purified biochemicals that significantly improve the 

revenue. 

 Low wastewater amount, thanks to closed-loop process and recovery, and lower discharges 

in aggregate. 

 Energy self-sufficient plant with high resource efficiency. 

 Social sustainability providing work for local people and high positive rural societal 

development. 
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Technology transfer:  

Several EU programs have been utilized in the past years; currently, Chempolis is involved in the 

VIABOND project which is aiming to replace fossil resources with renewable lignin in everyday 

consumer products3. 

In our first biorefinery project in India, EIL has been acting as an Engineering, Procurement, 

Construction & Management (EPCM) partner in the execution phase and another leading consulting 

company in the field in earlier phases. The project is executed by a joint venture by Chempolis, Finnish 

leading clean-energy company Fortum and Indian state-owned oil company NRL. The project has also 

been supported by the governments of Finland and India.  

Benefits: 

The advanced biofuels produced by Chempolis’ technology can replace fossil fuels, the burning of 

which are one of the main producers of CO2 emissions. Another significant emission source is the 

textile industry that emits annually equal amounts as air and sea traffic together. Solely the straw 

amount of Delhi area could replace 50% of world’s cotton production. 

Chempolis’ first biorefinery project in India is a showcase for large scale implementation of the 

technology in India, Asia and around the world. Especially in Asia, burning straw in fields is polluting 

air locally. For example, in India, approx. 32 million tonnes of straw is burned annually, which would 

imply a need for 100 Chempolis biorefineries utilizing straw as feedstock. At the same time, the 

biorefineries and supply of biomass would create jobs for locals.   

Chempolis biorefining technology can use residual biomasses as a raw material and thus, the idea is 

to save food for people, not for cars. The technology enables highly profitable production of multiple 

bioproducts with low operating and investment costs. Raw material source being very local in rural 

area provides social benefits and welfare. 

Main challenges encountered:  

Risk assessment of building the first-of-its-kind biorefinery to prove each part of the process as a 

whole is functional and reliable. 

1G ethanol is still widely used and thus, investors are hesitating to jump into the 2G ethanol business. 

As cellulosic ethanol is not available in the markets yet, the legislation is not implemented to push for 

2G. Thus, political actions are needed to trigger the 2G market to emerge. 

The EU has set targets for increasing biofuels for transport and distribution obligations for its member 

states. Therefore, EU energy and climate policy play a key role in planning biorefinery investments. In 

order to get investments to biorefineries, clear policies, a stable operating environment and 

predictability of subsidy mechanisms for the bioeconomy are needed. Technology already exists, but 

typically in the early stages of an industrial revolution, policies are needed to support the promotion 

of the bioeconomy. 

Availability of biomass. In general, a lot of biomass is available but procuring and handling it can be a 

challenge. For some biomasses (such as bagasse from sugarcane production) logistics already exist. 

However, for some biomass (such as straw), logistics do not exist. If the farms/plantations are small, 

it can cause challenges for logistics. Availability of biomass depends on the raw material – storage is 

                                                           
3  More information available here: https://chempolis.com/the-viobond-consortium-will-replace-fossil-
resources-with-renewable-lignin-in-everyday-consumer-products/  

https://chempolis.com/the-viobond-consortium-will-replace-fossil-resources-with-renewable-lignin-in-everyday-consumer-products/
https://chempolis.com/the-viobond-consortium-will-replace-fossil-resources-with-renewable-lignin-in-everyday-consumer-products/
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needed if the biomass is only available for a couple of months per year. Traders are probably not used 

to the logistics needed for collecting raw materials for advanced biofuels. Consolidation of supply 

chains is needed and operators in this space. 

Economical size of the plant is rather large, thus high capital investment represents considerable risk. 

Potential for scaling-up and replicability: 

Almost unlimited scaling-up and replicability – where lignocellulosic raw material is available, it can 

be used as a feedstock for a biorefinery. 

Development of biomaterial is in dynamic phase and thus, new applications to replace fossil resources 

are under research and development all the time. 

Impact of the global COVID-19 pandemic on the viability of the example: 

COVID-19 has had impact to the project progress in India and thus, it has required some additional 

work to stay in the schedule. In addition, there have been travel restrictions to go to the site, hindering 

practical work to some extent. 

References and additional information 
Chempolis develops and sells biorefining technologies for global markets of biofuels, biochemicals and 

specialty fiber products for pulp, textile, tissue and packaging. Chempolis proprietary formico® 

technologies are leading solutions with strong growth. Chempolis main shareholders are Fortum and 

Taaleri. Over 40 employees. 

Links: 

www.chempolis.com 

www.abrpl.co.in 

  

http://www.chempolis.com/
http://www.abrpl.co.in/
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CarbonSmart Fuels – Lanzatech RCF Technology 
 

 

Geographic location: Caofeidian, China 

Type of example: Commercial plant – Gas 
fermentation of industrial waste gases from 
steel mill 

Investment: Private investment   

Status: Commercial Operations since May 2018. 
Second facility online April 2021.  

 

Overview 
Recycled carbon fuels and products are available today and can show real carbon savings. However, 

policy landscape varies globally and can prevent deployment of RCF technology.  

Process: 

Lanzatech produces Recycled carbon fuel (RCF) with gas fermentation of industrial waste gases from 

steel mill. LanzaTech’s technology is like brewing, but instead of using yeast that eat sugar to make 

beer, LanzaTech’s biocatalysts eat waste carbon to make a variety of products in addition to fuels, 

such as IPA, acetone and proteins. 

The process takes carbon monoxide and ferments it to make ethanol, which can be used for blending 

with gasoline in the road transport market. The ethanol from this facility has also been converted by 

the Alcohol-to-Jet (ATJ) process to make Sustainable aviation fuel. This was used to fly transatlantic 

and transpacific commercial flights in 2018 and 2019 respectively. This pathway fits under Chinese, 

Indian and EU regulations but does not qualify under current Federal US policy frameworks outside of 

the California LCFS. The ethanol can be used to make polyethylene, monoethylene glycol (MEG), PET, 

and surfactants. The products are consistent with Lanzatech’s aim to replace carbon in hard to electrify 

sectors, such as chemical markets and aviation. 

Key results:  

 Over 27 million gallons of fuel-grade ethanol and mitigation of over 100,000 tons of CO2 since 

May 2018. 

 2 commercial plants in China in operation and 6 additional plants globally in design and 

construction.  

 Multiple feedstock streams demonstrated for ethanol production. 

 The ethanol from steel mill waste gas is used today in both fuels (gasoline and aviation), and 

consumer products including glycols, surfactants PET resins, and fibres.  

Linkage of conventional (CBs) and advanced biofuels (ABs): 

This process can take waste emissions from first generation CB biorefineries and together with green 

hydrogen make a syngas stream that can be fermented to make ethanol. Waste and residue biomass 

that otherwise cannot be used for CBs can be gasified and the resulting syngas stream can be 

fermented to make ethanol. In addition, landfill or other biogas streams can be reformed and 

converted to ethanol. 
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Drivers, benefits, challenges and prospects 
Main drivers: 

Support of RCFs will not increase fossil fuel use in the energy or transportation sector because the 

inputs are produced as an unavoidable and unintentional consequence of another production process, 

such as the chemistry of steel making.  

Unavoidable carbon-rich waste process gases or exhaust gases of non-renewable origin can be 

recycled into carbon fuels. Some energy-intensive manufacturing processes, such as steel production, 

inevitably result in gaseous CO and CO2 emissions, which cannot be stored and which the holder is 

required to discard. CO emissions are usually combusted for heat or power –at typically very low 

efficiency (< 40%) and frequently at non-competitive economics relative to purchased grid power– or 

even flared. RCFs that utilize waste process gases, capture and reuse (recycle) the energy in these 

waste gases more efficiently (>80%) to produce fuel or other chemicals.  

Key enabling factors: 

Supportive policy framework that includes Recycled Carbon Fuels within fuels mandates. In China, 

ethanol production that avoids ILUC and biodiversity issues is supported and as such, steel mill waste 

gases as a feedstock are included in the policy framework. The sustainability has been verified by the 

Roundtable for Sustainable Bioproducts (RSB) over 12 criteria that range from human, labour, land 

rights, to environmental parameters such as water, soil, air quality, and GHG emissions.  

Benefits: 

When not flared, industrial emissions can be combusted for combined heat and power (CHP) systems. 
However, since energy can be renewable, but you need a source of carbon to make liquid fuels and 
chemicals, it is more sustainable to recycle waste gases than make power. The LanzaTech process has 
a higher energy efficiency than CHP, emitting 50% less CO2 per unit energy recovered from the waste 
gas and >85% less NOx, SOx and particulate matter. Particulate and NOx emissions from industry are 
both frequently cited as a root cause of a variety of respiratory diseases and are known to aggravate 
existing cardiovascular conditions. Fine particulate emissions (PM2.5, PM10) are directly tied to 
environmental damage, including the formation of acid rain and the destruction of both forests and 
farm crops, while industrial NOx emissions provide a precursor to the ground-level formation of ozone. 
All these emissions contribute toward the smog created by industrial air pollution, but all of them can 
be addressed without sacrificing industrial productivity. 
 
The LanzaTech process reduces the greenhouse gas footprint of transportation fuels by 70% or more.  

By co-locating and integrating with the source of input gas, LanzaTech avoids the capital and energy 

penalties of collecting, transporting and pre-processing traditional feedstocks. The LanzaTech inputs 

are independent of the food chain and therefore eliminate the competition between food and fuel.  

Lanzatech calculates that there are enough waste streams available to produce low carbon fuels at a 

scale that would reduce global CO2 emissions by 7%, the equivalent of taking around 700 million cars 

off the road annually. 

When ethanol is converted to sustainable aviation fuel, the resultant jet fuel offers higher energy 

content (MJ/kg) than conventional jet fuel and has virtually no sulphur, aromatics, and trace metals. 

The National Research Council of Canada (NRC) conducted flight emission and contrail tests with 92% 

LanzaTech SAF with 8% aromatics at high altitude cruise conditions at Mach 0.7, where global warming 

effects of aviation take place. Soot and particulate emissions were reduced by 80-90% leading to 

weakened and disperse contrails.  
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A LanzaTech facility requires labour from several different sectors, and its operation requires inputs 

ranging from chemical feedstocks to energy commodities. As such, its construction has a significant 

impact on the local economy and supports many jobs. Analysis by third parties have estimated that 

including direct, indirect, and induced impacts, one commercial facility is expected to support over 

800 jobs during construction and over 1,000 jobs during operation. 

Main challenges encountered: 

Policies that don’t include RCFs to support decarbonization targets in transport do not push to reduce 

carbon intensity to the extent that policy framework on lowering carbon emission have. Any policy 

framework for fuels that creates a feedstock specific framework poses a challenge to RCFs.  

Financial – Any first of Kind facilities require investment and there is risk in building these as they are 

the first. With this risk comes additional costs (e.g. for insurance) which adds cost to the project.  

Indicators: 

Lanzatech measure the output of product and monitor the equivalent CO2 mitigated. The facility has 

also been certified by the Roundtable on Sustainable Biomaterials (RSB) over its 12 principles.  

Potential for scaling-up and replicability: 

This approach is highly scalable. By using a distributed model, it is different from traditional refining 

approaches where size is key. Smaller modular systems that can be flexible to match a variety of 

feedstock compositions and volumes in all geographies enables rapid replication. As an example, 

Lanzatech has two plants operating in China, with a third in construction. There are six additional 

plants in design and construction globally. This is key to get the volumes Lanzatech need to market to 

support the wider alternative fuels sector.  

Impact of the global COVID-19 pandemic on the viability of the example:  

The second plant came online during the pandemic. The pandemic did not harm the viability of carbon 

recycling. There was also a minor positive impact while some of the ethanol from the first operational 

plant was pivoted away from fuels into COVID-19 sanitizers and cleaning materials.  

References and additional information 
Publication:  

Fackler et al. 2021. Stepping on the Gas to a Circular Economy. Annual Review of Chemical and 

Biomolecular Engineering. 12:439-470. Available at: 

https://www.annualreviews.org/doi/abs/10.1146/annurev-chembioeng-120120-021122  

  

https://www.annualreviews.org/doi/abs/10.1146/annurev-chembioeng-120120-021122
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Development of Production Technologies for Biojet Fuels 
 

 
 

Geographic location: Nagoya, Japan and Saraburi 

Province, Thailand 

Type of example: research and development (R&D) – Pilot 

scale 

Investment: FY2019 budget JPY 2.424 billion (approx. USD 

22.2 million) 

Status: Project period: FY2017 to FY2024 

 

Overview 
In this project, research and development (R&D) is conducted for reducing costs and practical 

application of biojet fuel that do not compete with food. 

Pilot-scale verification tests are being conducted to build an integrated manufacturing process-based 

technologies such as biomass gasification/liquefaction and microalgae culture technology. 

In the production of biojet fuel from microalgae, a plant containing a cultivation pond in the scale of 

10,000 m² was built in Thailand (Saraburi Province), for pilot-scale test employing fast-breeding 

Botryococcus braunii. Additionally, issues involved in industrialization with greater efficiency and their 

solutions are examined for verification into the feasibility of stable, long-term and continuous 

operation, reduction of production cost, etc. The technology development participants are IHI 

Corporation and Kobe University and the plant is owned by Siam Cement Group. 

A demonstration project is being conducted by a pilot plant that converts woody and herbaceous 

biomass into hydrogen and carbon monoxide gas and reforms the purified gas into biojet fuel by 

catalyst. The project participants are Mitsubishi Hitachi Power Systems, Ltd., Chubu Electric Power Co., 

Inc., Toyo Engineering Corporation, JAXA (The Japan Aerospace Exploration Agency), Mitsubishi Heavy 

Industries Group and AIST (National Institute of Advanced Industrial Science and Technology). 

New Energy and Industrial Technology Development Organization (NEDO) has been conducting these 

projects from FY2017 to FY2020. 
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Integrated production processes 

 

Source: NEDO 

Drivers, benefits, challenges and prospects 
Reasons or main drivers:  

The Aim of this project is to establish at least two integrated manufacturing processes that are 

expected to be commercialized by around 2030. 

Benefits: 

The introduction of biofuels is important not only for CO2 reduction and diversification of energy 

sources as a fossil alternative fuel, but also from the viewpoint of creating new industries. 

Between March and April 2021, the biojet fuels produced from these two processes were mixed with 

existing fossil fuel (JET A-1) to give sustainable aviation fuel (SAF) of international standard (ASTM 

D7566), which were then used in commercial air flights in June 2021. 

References and additional information 
Project overview: https://www.nedo.go.jp/english/activities/activities_ZZJP_100127.html  

Video: https://youtu.be/MdcK7tRNf-8  

 

  

https://www.nedo.go.jp/english/news/AA5en_100437.html
https://www.nedo.go.jp/english/activities/activities_ZZJP_100127.html
https://youtu.be/MdcK7tRNf-8
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Conversion of biodegradable materials to short-chain fatty acids through 
Anaerobic Digestion – Earth Energy Renewables 
 

 

Geographic location: Bryan, Texas, United 

States of America 

Type of example: Renewable chemical 

technology deployment 

Investment: Private 

Status: Pilot scale, with demonstration scale 
being designed and planned out. 

 

Introduction 
Anaerobic digestion is the most stable, robust and inexpensive fermentation process.  It uses naturally 

occurring microorganisms under non-sterile conditions.  These microorganisms degrade a wide variety 

of feedstocks (cellulose, hemicellulose, starch, protein, fats) without the need for extraneous 

enzymes. The fermentation products are short-chain fatty acids (SCFAs) of many different chain 

lengths (acetic, propionic, butyric, up to caprylic) and methane, which is produced largely from further 

degradation of the SCFAs. The SCFAs are more valuable as a product and as a potential precursor to 

biofuels than methane; therefore, Earth Energy Renewables has found a way to inhibit methane 

formation and to efficiently recover the SCFAs from the fermentation. Attained yields exceed 40% by 

weight with an acid cost of about USD 1-2/kg (depending on feedstock cost).  The acid production 

process has been fully tested and integrated in a 3000 kg/year pilot plant and it is being scaled up to 

demonstration scale (50 ton/year).  Commercial scale-up to 5500 tonnes SCFAs/year is planned.   

The SCFAs have established chemistry for their conversion to biofuels (e.g., drop-in gasoline, jet fuel 

and diesel), however, they are very valuable, so at the moment it does not merit conversion of such 

valuable products to fuels. Future biofuel production is envisioned as oil prices rise and chemical prices 

decrease.   

Drivers, benefits, challenges and prospects 
Main drivers:  

The need for natural and renewables SCFAs is a main driver as well as the need for treating wet organic 

wastes, which are difficult to work with using other technologies.  

Key enabling factors:  

The main enabling factors are the high market value of the natural organic chemicals and the flexibility 

of the technology that allows for the use of low-value feedstocks. 

Technology transfer:  

The process was originally conceived at Texas A&M University. A prior company was developing 

biofuels and received funding from the US Department of Energy, US Department of Defense and US 

Department of Agriculture. This company shut down and the Earth Energy Renewables company took 
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over the assets and technology, switching focus to renewables chemicals rather than biofuels due to 

their greater profitability.  

Benefits:  

The technology is able to process any biodegradable material and efficiently convert it into product. 

This allows the implementation of our process anywhere in the world and not be subject to feedstock 

availability. In addition, the process produces many different types of SCFAs, constituting a true 

chemical and fuel platform.  

Main challenges encountered:  

Financial is the main challenge as with any brand-new, never-tried before technology. In addition, 

most governments provide incentives for producing biofuels rather than biochemicals, which are an 

essential stepping stone towards the commercialization of biofuels.  

Indicators:  

A high return of investment at low initial capital investment was very critical for the decision to move 

forward with the technology by investors.  

Potential for scaling-up and replicability:  

Earth Energy Renewables is working towards scaling up the process from pilot plant to demonstration 

to commercial.  This is interest from several investors to replicate the process in other parts of the US 

and the World.  

References and additional information 
Information about Earth Energy Renewables: http://www.ee-renewables.com  

Private company, >20 employees 

  

http://www.ee-renewables.com/
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Integrated Biorefineries in the USA 
 

 

Geographic location: United States of 

America 

Type of example: Research, Development 

and Demonstration  

Investment: Public and Private 

Status: Research, Pilot, and Demonstration 

scale projects are ongoing  

 

Overview 
Lessons learned were compiled from direct experience with over 40 projects throughout the United 

States and over the course of approximately 10 years. 

Under the Renewable Fuel Standard, the United States has outlined a goal to produce 21 billion gallons 

of advanced biofuels by 2022. This creates an urgent need to bridge the gap between promising 

research and commercial, largescale production of advanced liquid biofuels to decrease greenhouse 

gas emissions as well as to displace gasoline utilization in the transportation sector. 

The development of the integrated biorefinery was identified as a crucial part of achieving alternative 

fuel production goals. Throughout its stages of development, the integrated biorefinery will utilize 

input from all of the other platforms as well as the existing biofuels industry. The research and 

development of feedstocks and the biochemical and thermochemical conversion platforms will allow 

the integrated biorefinery to continually increase its diversity and complexity further increasing 

effectiveness, efficiency, and productivity. 

The process of developing an integrated biorefinery is unique because of the new technologies 

involved as well as the integration and bundling of these technologies. A detailed and realistic project 

scope and expectations is critical to the successful deployment of an integrated biorefinery. 

Even though there are a few integrated biorefineries in the early stages of commissioning, startup, 

shakedown and/or commercial production, large scale implementation of highly-efficient integrated 

biorefinery facilities is still a goal yet to be realized. This is caused by a variety of non-technical and 

technical barriers. 

Drivers, benefits, challenges and prospects 
The U.S. Department of energy assessed the market deployment aspects for integrated biorefineries, 

as well as the technical and non-technical critical success factors.  

The major critical success factors and barriers, both non-technical and technical, can be grouped into 

three broad categories: policy, financial, and technical.  

Policy:  

In both the United States and the European Union, biofuel and bioenergy policies are under evaluation 

for potential change. For early biorefineries, assured markets are typically tied to mandated 

volumetric production or greenhouse gas saving levels. With these levels facing an uncertain future, 

the commercial viability of biorefineries is endangered. 
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Financial: 

Financial barriers are among the most challenging aspects of biorefinery deployment. Lenders of 

project financing will not consider federal incentives and subsidies as income in the consideration of 

loan applications if it is perceived that federal (and provincial or local) policies and financial support 

mechanisms are uncertain. If a project developer does not have a strong and established financial 

performance record, obtaining debt (and/or equity) financing in the current uncertain policy 

environment can be nearly impossible. In addition, capital costs for commercially viable facilities are 

relatively high, and securing capital for an unproven technology is extremely difficult. Lenders are 

hesitant to provide debt financing for first-of-a-kind facilities where the process performance cannot 

be adequately guaranteed. In order to reduce technical risks, government financial assistance in 

projects aimed at proving performance at the pilot, demonstration, and pioneer scales can be a key 

enabler. And for those companies that cannot obtain financing, government financial assistance in the 

form of grants, subsidies, or loan guarantees can be critical to enhance lender confidence to invest in 

facility construction and replication at the commercial scale. 

Technical: 

Additional technical success factors barriers include: end-to-end process integration, risk of first-of-a-

kind technology; technical risk of scaling; stages of scaling; and cost of production. 

Market challenges: 

Market Challenges and Barriers include: inadequate supply chain infrastructure; offtake agreements; 

biofuels distribution infrastructure; codes, standards, and approval for use; and lack of acceptance 

and awareness of biofuels.  

Other key lessons learned and recommendations: 

 Great emphasis needs to be placed on scale-up risks, for which data validation and piloting 

efforts should be seriously considered prior to design of an integrated facility. 

 Early-stage and emerging technology projects should be driven and have their progress 

measured by technical accomplishments and milestones and not by schedule, 

entrepreneurial goals, or political expediencies. 

 Projects that demonstrate poor project management practices, including mismanaging the 

budget or schedule or making multiple, major, high-level change requests (especially those 

indicating the technology is not as mature as proclaimed by the project) should be coached 

into compliance or considered for termination. 

 Demonstration-scale and commercial-scale deployment projects must not be allowed to 

proceed to award or into detailed design and engineering without the validation of the 

requisite data at the preceding scale. Projects should be required to verify/validate any 

supporting bench-, pilot-, or demonstration-scale data prior to receiving an approval. 

 Overaggressive schedules mask risks and could result in years of delay. 

 “Commercially available” equipment adapted for a new function or scale needs to be treated 

as new technology. 

 The more new technology process steps, the higher the risk to successfully executing the 

project. 

 Well balanced, diverse project teams are vital to the project success. 

 The appropriate team and requisite skills mix varies depending on the stage of development. 

 Adopting formal project management and change control best practices improves the 

chances of success. 



 

29 
 

 Invoking a formal Risk Mitigation Plan results in disciplined, cost effective risk management 

and application of contingency. 

 Projects should consider additional contingency during commissioning/startup to address 

risks and unknowns associated with starting up first of a kind units. 

 Oversight of long lead equipment manufacturers is important. 

 Performing an independent, third-party pre-award risk assessment is a good management 

practice that successfully identifies risk, project deficiencies, and true commercialization 

readiness level. 

 Utilizing an independent engineer throughout the life of a project is good management 

practice to successfully identify technical risk and potential project design deficiencies. 

 Project location weather and climate should be considered in the plant design and 

construction. 

References and additional information 
The content is from a paper titled: “Assessing the Market Deployment Aspects For Integrated 

Biorefineries, Technical and Non-Technical Critical Success Factors”, Prepared for IEA Bioenergy 

Technology Collaboration Programme, Task 42, November 2014, Authors include: James Spaeth, 

Glenn Doyle et al., U.S. Department of Energy. US DOE continues to fund research, pilot and 

demonstration scale projects and lessons learned continue to be compiled.  These projects are 

working to solve critical research and development challenges encountered in the successful scale-up 

and reliable operations of integrated biorefineries focused on the manufacture of advanced or 

cellulosic biofuels and higher-value bioproducts. 

Additional research findings: https://www.energy.gov/eere/bioenergy/development-integrated-

biorefineries 

Information on NREL’s research laboratory: https://www.nrel.gov/bioenergy/ibrf.html 

 

  

https://www.energy.gov/eere/bioenergy/development-integrated-biorefineries
https://www.energy.gov/eere/bioenergy/development-integrated-biorefineries
https://www.nrel.gov/bioenergy/ibrf.html
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Mackay Renewable Biocommodities Pilot Plant, Queensland University of 
Technology 

 

 

Geographic location: Mackay, Queensland, 

Australia 

Type of example: Pilot plant for the 

demonstration of processes that convert agricultural 

feedstocks to biofuels and bioproducts 

Investment: Australian Government, Queensland 

Government, Queensland University of Technology, 

Mackay Sugar Limited 

Linkage of conventional (CBs) and advanced biofuels 

(ABs): The facility has the capacity to demonstrate 

both conventional and second generation biofuel 

production processes and also demonstrate the 

production of valuable co-products. 

Status: The Pilot Plant is currently in operation and 

has recently received further funding to upgrade 
and expand equipment capability. 

Introduction 
The Mackay Renewable Biocommodities Pilot Plant (MRBPP) is publicly available research 

infrastructure located in Queensland University of Technology. It is a pilot plant for the demonstration 

of processes that convert agricultural feedstocks to biofuels and bioproducts. 

Drivers, benefits, challenges and prospects 
Main drivers: 

The plant has been developed to:  

 Bridge the gap between laboratory research and commercial investment 

 Rapidly advance the commercialisation of new technologies 

 Connect global innovators to Australian feedstock suppliers, investors, end-users 

Key enabling factors:  

The Mackay Pilot Plant is operated by Queensland University of Technology through Research 

Infrastructure and affiliated with researchers within QUT Faculties, and Research Centres, in 

particular, the Centre for Agriculture and the Bioeconomy. QUT has Australia’s leading research 

capability in the utilization of renewable biobased resources to produce bioproducts. The Pilot Plant 

is hosted by Mackay Sugar Limited and is based on the site of an operating sugar factory, giving 

researchers direct access to biomass and sugarcane by-products. Access to raw materials and a 

dedicated, unique space means that researchers can readily develop and demonstrate a range of 

technologies at pilot scale. 

Technology transfer:  

Since its establishment in 2010, the Pilot Plant has supported multiple projects with a range of local, 

national and international partners across feedstock supply, investors and end users in research and 

new product development. 
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Benefits:  

Aside from the environmental benefits from using biofuels and bioproducts, the Pilot Plant also 

supports rural areas to fully utilise their bioresource assets to grow new jobs in biomanufacturing 

industries. For example, the host region, the Mackay-Isaac-Whitsunday region has one of the best 

sugar resources, not just in Australia but in the world, and there are significant opportunities to use 

technology to transform and manufacture products within the region itself.  

Potential for scaling-up and replicability:  

Pilot plants are typically used to establish technologies developed in the laboratory by providing large-

scale data for the development of feasibility assessments for commercial-scale development. In 

addition, pilot plants enable companies to produce larger quantities of materials to enable market 

testing of their products. Pilot plants such as the MRBPP can be replicated elsewhere and the learning 

from the operation of the Pilot Plant can contribute to making commercial plants successful.  

Impact of the global COVID-19 pandemic on the viability of the example:  

Due to Queensland’s success in limiting community transmission, COVID has had limited direct 

impacts on the operation of the facility. 

References and additional information 
Publications: 

An update on the Mackay Renewable Biocommodities Pilot Plant: preliminary trial results. In Bruce, R 

C (Ed.)Proceedings of the 33rd Annual Conference of the Australian Society of Sugar Cane Technologists 

2011.Australian Society of Sugar Cane Technologists / Curran Associates, Inc.,Australia, pp. 454-460. 

Mackay Renewable Biocommodities Pilot Plant. Accessed from 

https://www.qut.edu.au/research/why-qut/infrastructure/biorefining-research-facility/mackay-

renewable-biocommodities-pilot-plant. 

QUT Mackay pilot plant to get capability upgrade (2021). Accessed from 
https://www.qut.edu.au/news?id=176208. 
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