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Introduction 

The economy of Brazil and especially that of the State of Sao Paulo, strongly depends 

on transport of raw materials and feedstocks, of intermediates and finished products, 

of end‐of-life (waste) and residues, and last but not least also of people. Economic 

development, for instance reflected in GDP per capita, is inherently flanked by 

increased transport, and thus sustainable economic development requires sustainable 

transport of people, resources and products. As an example, Figure 1 shows the 

global relation between increased GDP per capita and resulting (increased) transport 

per capita, here as passenger‐km. 

 

Figure 1. Increased (purchasing power parity) GDP per capita leads to increased GDP per capita 

transport, here as passenger‐km [1]. 

An overview of the energy consumption per transport mode for people and freight is 

given in the Figure 2 from the US Dept of Energy [2]. Biofuels can play a role in 

sustainable transport, in combination with electric transport, depending on regional 

situation and the mode of transport. A substantial part of people transport relies on 

light vehicles, which is already sustainably supplied by the mature 1st generation 

bio‐ethanol industry with a well‐recorded history of technical, market and financial 

development, as well as by an emerging 2nd generation bio‐ethanol industry. 
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Figure 2. World transportation energy consumption by mode, 2012 (quadrillion Btu) [2] 

The topic of this workshop on Advanced Biofuels is however, to address the aviation 

(passengers), marine (freight) and heavy road (freight) transport sectors that have less 

alternatives. They require sustainable biofuels with high energy densities, good 

availability and competitive pricing, and especially for aviation, more critical 

specifications (ASTM and others). The fuel volumes in these three heavy duty sectors 

are comparable with each 10‐12% of transport energy. 

 

Maturity and Readiness 

A central topic is Biofuels (or Fuel) Readiness Level (BRL or FRL)1. This 

BRL‐approach was developed in a European program2 (RENJET) that aimed to 

facilitate the decarbonisation of the aviation industry by accelerating the development 

of renewable jet fuel supply chains in the EU, simultaneously increasing availability 

and stimulating demand. One of RENJET’s Work Packages (# 1) explored to identify 

how and under what preconditions substantial volumes of sustainable, next generation 

biofuels can be made available in the short and medium term (respectively to 2020 

and 2035), as well as key opportunities to establish sustainable supply chains in the 

shorter term. 

The results are summarised in a report [3] that reviews the commercial and 

technological maturity of various technologies for converting biomass to aviation 

biofuel, drawing on an extensive review of academic and grey literature published in 

the field. In particular, it evaluates technologies with regards to their ‘fuel readiness 

                                                           
1 see Annex C for more detail 
2 RENJET ‐ the EIT Climate KIC project ‘Fuel Supply Chain Development and Flight Operations’ 
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level’, progress towards international certification, compatibility with existing 

infrastructure, economic viability and the opportunity costs of producing biofuels for 

aviation. Clearly this approach can be applied to the road and marine sectors as well. 

 

Figure 3. Structural overview of the RENJET project [4] 

 

Global Air transport 

Worldwide, flights produced 781 million tonnes of CO2 from approximately 250 million 

tonnes of kerosene in 2015. This is approximately 2% of human produced CO2, and 

12% of global transport emissions. Global passenger‐kilometres increase by 4‐5% 

annually, and historic improvements in aircraft fuel efficiency, operations and 

infrastructure contributed to a combined 1.5% emission reduction per year [5]. 
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Figure 4. CO2 emission scenario’s aviation sector [5] 

Without additional measures, the aviation sector’s emission numbers will increase 

drastically, and the Air Transport Action Group – an independent not‐for‐profit 

association that represents all sectors of the air transport industry has laid down an 

ambitious sustainable development plan3. This plan is recently supported by 

governments (see text box below), during the meeting at the International Civil 

Aviation Organization (ICAO) around design elements of a global market‐based 

measure for international aviation. 

 

 

                                                           
3 see Annex D 

Airlines Hail Historic ICAO Carbon Agreement 

Montreal (6 – 10 ‐2016) ‐ The International Air Transport Association (IATA) congratulated states 

which, under the leadership of the International Civil Aviation Organization (ICAO), have achieved an 

historic agreement to implement a market‐based measure that will support airlines’ efforts to stabilize 

emissions with carbon neutral growth. 

The agreement was reached by states attending the 39th ICAO Assembly which concluded today in 

Montreal, Canada. ICAO’s 191 member states agreed to implement a Carbon Offset and Reduction 

Scheme for International Aviation CORSIA) 

http://www.iata.org/pressroom/pr/Pages/2016‐10‐06‐02.aspx  

http://www.iata.org/pressroom/pr/Pages/2016‐10‐06‐02.aspx
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Global Marine Transport 

According to a publication by Transparency Market Research [6] the global bunker fuel 

market was valued at 372 million tons in the year 2013. It is estimated that this market 

will reach a total volume of 460 million tons by the end of 2020, rising at a compound 

annual growth rate of 3.1% between 2014 and 2020. The research report is prepared 

based on an extensive study of the global market for bunker fuel. This also implies that 

emissions from marine fuels can increase substantially. Given the relative low quality 

of common marine fuels (compared to aviation fuels), not only their carbon emissions 

are important but in particular sulphur and nitrogen oxide emissions are critical (Figure 

5). Legislation is emerging that limits these emissions both in territorial zones as well 

as in more remote places4. 

 

Figure 5. Role of biofuels for sustainable shipping [7] 

 

 

 

                                                           
4 S. Geraedts of GoodFuels quote on the basis of an on‐going (not yet published study by them and U Utrecht): 
“The Commission's 2011 White Paper on transport suggests that the EU's CO2 emissions from maritime transport 
should be cut by at least 40% from 2005 levels by 2050, and if feasible by 50%”. 
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Heavy road transport  

A recent engine road map for truck transport [8] predicts the sustained key importance 

of diesel engines for the heavy duty segment for the medium and even long term, with 

an upcoming role for gas (LNG, CNG). Diesel engines have improved in terms of 

emissions of CO2, NOx and particulate matter (PM), with the latter values indicated in 

the Table 1. However for further emission reduction, the heavy duty sector relies on 

liquid and gas biofuels. 

Table 1. Average limits of heavy-duty emission standards [9] 

Region 
Regulation and 

Year 
Average Standards Values (g/kWh) 

NOx PM 

United States 

2002 - 2004 2.7 0.013 

2007 1.6 0.013 

2010 0.27 0.013 

European Union 

Euro III (2000) 5 0.1 

Euro IV (2005) 3.5 0.02 

Euro (2008) 2 0.02 

Euro VI (2013) 0.2 - 1.0 0,01 - 0.02 

Japan 

2003 - 2004 3.38 0.18 

2005 2 0.027 

2009 - 2010 0.7 0,01 

The map below provides an overview of global heavy‐duty vehicle (HDV) emission 

standards in force as of June 2016. 

 

Figure 6. Nationwide emissions standards for diesel HDVs, 2016 [9] 
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Figure 7. Roadmap for truck engines concepts: Status quo and potential [8] 

 

Aviation biofuels in Brazil  

For one category (aviation biofuels), a recent multi‐stakeholder study has been 

completed in the State of Sao Paulo (Roadmap for sustainable aviation biofuels for 

Brazil — A Flightpath to Aviation Biofuels in Brazil, 2014) by a public‐private 

consortium led by FAPESP, Boeing, EMBRAER and UNICAMP [10]. The study 

indicated – among others ‐ that Brazilian air transportation is growing faster than the 

global average. Brazil was forecasted to become the 4th largest domestic air traffic 

market in the world by 2014. In 2010 the Brazilian aviation sector carried over 71 

million passengers and 870 thousand tonnes of air freight to, from and within Brazil. 

Brazilian aviation in 2009 contributed with R$ 32 billion to the national GDP and 
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employed about 684 thousand people. Brazilian jet fuel demand in 2011 was 7 million 

cubic meters, about 2.8% of global demand, of which the Brazilian refineries produced 

75% and the rest was imported. 

 

Figure 8. Brazilian kerosene consumption: historic data and projection towards 2020 [10] 

These estimates now need to be extended towards 2050 following the ICAO/ATAG 

targets of carbon neutral growth per 2020, and 50% GHG emission reduction in 2050 

relative to the year of 20055. Recently these are agreed to be implemented as a 

Carbon Offset and Reduction Scheme for International Aviation (CORSAI ‐ see also 

the box at page 4). The Roadmap report of 2014 also summarizes a number of 

high‐level actions (see next page) that the workshop of October 2016 aimed to 

progress6. 

Recommended actions from the Roadmap report (2014): 

                                                           
5 Although these ICAO/CORSAI targets are agreed as a global ambition, the question will remain how they 
translate to individual countries targets and realities 
6 In a communication on “Combustíveis Sustentáveis de Aviação: Uma realidade em curto prazo” that came in 
post‐workshop by UBRABIO – União Brasileira do Biodiesel e Bioquerosene in 7 November 2016, it was stated 
“Cenário Desejável 2030: A neutralização das emissões provenientes do mercado de venda de querosene de  
aviação no Brasil acima da linha de crescimento neutro a partir de 2020, garantindo além do cumprimento da 
neutralização necessária para o acordo do qual o Brasil é signatário, o alinhamento com as diretrizes e 
recomendações da COP‐21, contribuindo para a matriz de ações previstas para o cumprimento do NDC 
Brasileiro, e não aumentando as compensações necessárias por outros setores. Este cenário aponta 
preliminarmente uma necessidade de se evitar em torno de 8,3 a 12,4 milhões de tCO2e no ano de 2030, o que 
representará aproximadamente entre 3.750 a 5.600 mil toneladas de combustível sustentável de aviação.” which 
seems fully in line with the trends of this report. 
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Feedstock Production 

• agronomic research, particularly on non‐traditional feedstocks; 

• establish policies to create adequate conditions for better use of land; 

• improve logistics infrastructure for feedstock transportation; 

• evaluate the long term impact of biomass collection on soil water and biodiversity; 

• evaluate existing available industrial waste residue feedstocks; 

• establish sites that generate long‐term data to support feedstock operation methodologies 

as a platform for soil, water and biodiversity study. In addition, monitoring and 

measurement against standards must be established; 

• establish more rigorous law enforcement systems dealing with sustainability aspects of 

biofuels production. 

Refining Technologies 

• process research on different identified pathways; 

• establish pilot plants for most promising alternatives; 

• establish demonstration and first‐of‐a‐kind commercialization plants. 

Biofuel Logistics & Certification 

• prepare the Brazilian set of Regulations for accepting biofuels according to ASTM 

approval process for synthetic kerosenes; 

• develop and disseminate competence for aviation biofuel certification; 

• organize a long term strategy plan for the production and distribution of jet biofuels. 

Policies 

• establish facilities to become the locus of scientific and commercialization activities 

pertaining to the goals of this roadmap; 

• observe closely and anticipate regulatory actions by ICAO; 

• establish or regulate sustainability criteria to be met by aviation biofuels in the country, 

and coordinate with emerging standards around the globe; 

• establish a governmental long‐term program for integrated use of biofuels in all 

transportation modes; 

• build up high level human capacity related to biofuels for aviation; 

• establish policies to include small farmers and/or local communities in the jet biofuel 

production chain. 

In conclusion, the substitution of petroleum in aviation represents a very important niche for 

sustainable biofuels. Brazil has a great opportunity in this area to become a global player. 

There are important challenges to be overcome to create the basis for this new emerging 

industry. Brazil cannot afford not to participate. 
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The workshop of 17 and 18 October 2016 discussed those ambitions for the Brazilian 

situation especially for aviation (although strictly speaking not limited to that sector 

alone), to provide the basic data and numbers around GHG emission (reduction) 

towards 2050 and the impacts of the various measures of TOI (technology, operations, 

infrastructure), the growing role of aviation biofuels in emission reduction, and the 

development of the corresponding projected installed production capacities. This 

report also provides the estimates for required investments, GDP and tax impacts, as 

well as expected job creation. 

 

Demonstrations 

During the past years, a number of pilot and demonstration flights was operated within 

and to Brazil that showed the technical possibility of safe air travel based on biofuel 

blends to the larger audience. These flights were partially incidental, and sometimes 

also in longer series, but the scale‐up of biokerosene for regular air transport is 

completely in its infancy. Price levels are still high relative to fossil kerosene 

(especially at today’s oil price). This is due to a number of factors such as limited 

availability of sustainable feedstocks for today’s technology7, small scale of 

non‐integrated production, lack of regulations, and most important, the absence of a 

structured market (demand). 

 

Figure 9. Key issue of “aviation biofuels” worldwide 

 

Feedstock and Production Technologies  

From a techno‐economic point of view, the multitude of feedstock‐production 

technology‐product combinations are confusing suppliers, consumers, authorities and 

investors. It is unclear what are potentially winning technologies. Current production 

                                                           
7 there is a serious issue about scalability: todays (vegetable/used cooking oil) based feedstocks (~300 million ton 
worldwide, mostly for food applications) are difficult to scale to the level required for advanced biofuels (over 1 
billion ton/yr for combined aviation, marine and heavy road use). Eventhough a few plants for HRD exist with 
production capacities of approximately 1 million ton biofuel per year, it is difficult to mark feedstocks and 
technology as “being scalable”. 
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technology is predominantly based on hydrogenated plant / animal / waste oils and 

fats. Other technologies are emerging such as sugar‐based production (e.g. Amyris’ 

isoprenoid fermentations8), hydrothermal technologies (HTL, pyrolysis) and 

Fisher‐Tropsch technology, which is based on biomass gasification to syngas. Many 

struggle with the current low oil prices, working towards additional revenue from 

byproducts as well as high‐added value markets. 

 

Figure 10. Identified pathways for the production of sustainable jet biofuel in Brazil [Note: HEFA – 
Hydroprocessed Esters and Fatty Acids; CH – Catalytic Hydrothermolysis; DSHC – Direct Fermentation 

of Sugars to Hydrocarbons; ATJ – Alcohol to Jet; FT – Fischer‐Tropsh hydroprocessed synthesized 
paraffinic kerosene; HDCJ – Hydrotreated Depolymerized Cellulosic to Jet] [10] 

The Roadmap report also indicated missing scientific and technological research, 

which prevented ranking of options during the study of Cortez [10,11]. De Jong et al 

[12] produced a general and critical techno‐economic evaluation of various production 

technology/ feedstock combinations. In the Figure 11, an overview of the estimated 

cost contributions of the Minimum Fuel Selling Price (MFSP) for jet biofuels is given. 

Their work indicated that at the short term none of the pathways assessed are able to 

reach price parity with petroleum‐derived jet fuel. The pioneer plant analysis suggests 

that the hydro processed esters and fatty acids (HEFA) pathway is currently the best 

                                                           
8 as well as some industries that have potential renewable hydrocarbons‐from‐sugars technologies such as 
Solazyme and DSM/Martek‐BP (where low oil prices forced them to refocus their business towards other 
markets (food, nutraceuticals, cosmetics, consumer products), and Gevo (certified butanol‐to‐jet technology). 
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option; the technology achieves the lowest minimum fuel selling price (MFSP) of 29.3 

€ /GJ (1289 €/t) and the technology is deployed on commercial scale already. In the 

short term, nth plant analysis shows hydrothermal liquefaction (HTL) and pyrolysis 

emerging as promising alternatives, yielding MFSPs of 21.4 €/GJ (939 €/t) and 30.2 € 

/GJ (1326 €/t), respectively. The pioneer plant analysis shows considerable MFSP 

increases for producing drop‐in fuels using HTL and pyrolysis as both technologies are 

relatively immature. Hence, further R&D efforts into these pathways are 

recommended. Co‐production strategies decrease the MFSP by 4–8% compared to 

greenfield production. 

 

Figure 11. Comparative techno‐economic assessment of biojet fuel technologies [4] 

 

Marine and heavy road fuels  

For marine and road biofuels, the situation is different. The urgency for marine biofuels 

is (especially in Europe) more driven by reducing sulphur, nitrogen and fine particle 

emissions then by GHG emissions. Most of the emissions however are outside of 

territorial zones, so there is no consensus about who is liable, and the emissions are 

mostly ‘invisible’ for the larger audience anyhow. Sofar, Brazil has no regulations in 

place for marine emissions. Road (truck) emissions are much more visible, and clear 
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biodiesel schemes have been implemented for heavy transport (biodiesel blending 

mandates9). 

But in both cases, liquid biofuels are not the only option: LNG or CNG also lowers the 

emission profile although both are mostly available on a non‐renewables basis. 

Especially biogas may be an attractive option when integrated with agro ‐or MSW 

logistics when based on agricultural residue or MSW streams, such as discussed in 

Agropolo Workshop 2 on “Urban and agricultural wastes: energy, nutrient recycling, 

and production of fertilizer”10. For marine application, the biogas logistics towards 

bunker installations in port areas such as Santos may be confronted with too high 

costs and energy losses during transportation. In both cases, liquid biofuels such as 

methanol (from biogas) or pyrolysis oil provide good options. 

 

The role of integral biorefineries 

From a techno‐economic point, most advanced biofuels production technologies 

produce a range of fuel(s) and other products. At the fuels‐side, most technologies 

produce a portfolio for marine (or co‐firing) (‘heavy’ range), road/diesel (‘mid’ range), 

and kerosene (‘mid and top’ range)11 applications. At the feedstock side, the 

oxygen‐rich biomass and MSW‐streams are roughly split in energy dense fuels and 

oxygen rich (energy poor) material flows (due to ‘energy conservation law’). This sort 

of biorefinery systems do exist (e.g. sugar and pulp and paper mills), but are often 

designed and optimised for one product, treating the rest as waste. Therefore the 

development of efficient biofuels production systems can only happen when full and 

integral redefinition of this biorefinery‐concept is taken into account. Several of these 

refinery‐redefinition programs are being developed nowadays such as the 

REDEFINERY‐program around the Port of Rotterdam (The Netherlands), and the 

BIOFOREVER‐project of a consortium of chemical and energy industries in Europe, 

also centred around the Port of Rotterdam [13, 14]. The REDEFINERY program has 

generated (for specific cases), a first techno‐economic analysis, estimates of OPEX 

and CAPEX requirements, as well as implementation scenario’s that allows testing 

and demonstration. 

                                                           
9http://www.biodieselmagazine.com/articles/862394/brazil‐house‐approves‐increasing‐biodiesel‐mandateto‐10‐
percent  
10 www.agropolocampinasbrasil.org  
11 Heavy, middle, and top range indications are roughly based on ranking of boiling points – although that is a far 
too simplistic methodology. It should also include cloud points, flow/temperature and explosion characteristics. 

http://www.biodieselmagazine.com/articles/862394/brazil‐house‐approves‐increasing‐biodiesel‐mandateto‐10‐percent
http://www.biodieselmagazine.com/articles/862394/brazil‐house‐approves‐increasing‐biodiesel‐mandateto‐10‐percent
http://www.agropolocampinasbrasil.org/


                                                                                                                      
 

14 

 

Figure 12. Schematic overview of REDEFINERY outcome 

 Relevant for the Brazilian context is a study by Alves et al (2017) [15] that evaluated 

the use of different feedstocks (sugar crops, oil crops, and lignocellulosic biomass) for 

co‐production of biojet fuel and higher value‐added products in a biorefinery platform. 

The coproduction of biofuels and biochemicals in a biorefinery context was 

demonstrated to be economically feasible. 

 

Figure 13. Schematic overview of an integral biorefinery producing bio(jet) fuel, chemicals and other 

co‐products [15] 
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The main cost drivers of such a platform are feedstock biomass cost, selling price of 

the biochemicals, investment costs, and key process‐inherent parameters such as 

conversion yields, obtained fermentable sugars, or oil content in the feedstock. 

Sugarcane was the most promising feedstock for a biorefinery in the region of Minas 

Gerais, while soybean was the most promising feedstock for a biorefinery in the region 

of Rio Grande do Sul, despite its higher uncertainty. In this study, succinic acid was 

found to be the most promising chemical intermediate for biopolymers industry due to 

its relatively high market value, unique market opportunity as a substitute of 

conventional petrochemicals, and forecast for future growth. But this result may be 

coincidental due to specific assumptions, and a broader analysis should be made. 

Ethanol‐to‐jet (ETJ) and hydro‐processed esters and fatty acids (HEFA) were the most 

attractive biojet fuel production routes in the study by Alves et al. (2016) from an 

economic point of view [15]. 

The risk analysis via Monte Carlo simulations indicate that scenarios for co‐production 

of biofuels and biochemicals in Brazil present large uncertainties and high financial 

risk, mainly due to the use of second‐generation feedstocks (both in 

availability/logistics and technology (costs)), and the introduction of new technologies 

and products. This is shown in Figure 14 as the Net Present Value (NPV) and Internal 

Rate of Return (IRR) output distribution curves for a number of projected biorefineries 

in Minas Gerais and Rio Grande do Sul. This finding conflicts with common industry 

experience12 that ligno‐cellulosic feedstocks can be made available in Brazil in huge 

quantities (for example with the current developments around energy cane) at prices 

50% lower than in Europe. Conversion technologies are available at demonstration 

(API) and commercial scale (Borregaard) and business cases show feasibility without 

subsidies. 

                                                           
12 Personal communication Anton Robek, DSM and BRD BV (november 2016) 
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Figure 14. NPV and IRR output distribution curves for projected biorefineries of Minas Gerais (MG) and 
Rio Grande do Sul (RG). Caption: (--) Stochastic output distribution curve; (♦) Deterministic result for 

Net Present Value (NPV) and Internal Rate of Return (IRR) [15] 
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Marine biofuels in Brazil 

Issues around increase in marine fuels consumption are comparable to those in the 

aviation sector in terms of drivers (growth in population and wealth) and resulting 

volumes, emission levels and availability (lack) of realistic alternatives. 

 

Figure 15. Comparison of aviation and marine biofuels market challenges [7] 

Comparable to the aviation sector, improvements in fuel efficiency (technology), 

operations and infrastructure cannot cope with the increase in emissions. Also 

alternatives such as LNG are small net contributors to emission reduction given their 

fossil origin, and biofuels are envisioned to play an increasing role in the marine sector 

as well. 

Sofar, in Brazil this topic has hardly been discussed quantitatively in terms of required 

volumes and related feedstock volumes, and a comparable exercise to generate 

numbers like done in The Netherlands (Fig. 16) and elsewhere is required. This 

analysis should include (bio) CNG and LNG as well as renewable methanol, pyrolysis 

oil etc. Marine biofuels given their lower requirements such as remaining oxygen levels 

can complement very well a biorefinery‐product portfolio towards cost‐price reduction 

with respect to the higher quality (aviation) fuels. 
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Figure 16. Volume requirements of marine biofuels for reduction targets [7] 

 

Heavy road biofuels in Brazil  

Brazil’s House of Representatives approved in march 201613 a measure to increase 

the mandatory percentage of biodiesel required in diesel fuel by 1% a year, from 7% 

today to 10% in three years. The measure leaves the door open to reach 15 percent 

biodiesel once positive engine test results are obtained, provided such a hike is 

approved by National Energy Policy Council (NEPC). The proposal also allows NEPC 

to authorize the use of higher blends on a voluntary basis in public transportation, 

mining equipment, power generation, tractors and other agricultural equipment. Most 

importantly, Brazil will achieve a significant improvement in reduction of greenhouse 

gas emissions and also of public health issues related to air pollution. 

Timelines 

Timelines in the development of energy, fuel and chemicals processes are substantial. 

Required development/testing/investment budgets also increase strongly with 

consecutive steps (TRL or FRL increase) towards increased technological maturity. 

The following diagram (Figure 17) gives a schematic overview of project timelines and 

required budgets based on industry experience [16] to develop the 1st‐of‐a‐kind plant. 

                                                           
13 http://www.biodieselmagazine.com/articles/862394/brazil‐house‐approves‐increasing‐biodiesel‐mandateto‐ 
10‐percent 
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After this, the technology learning curve starts, that typically results in cost reduction 

with increased installed production capacity and number of plants. Relevant for 

progressing advanced biofuels is the famous Goldemberg‐curve for the learning effect 

in ethanol production from sugar cane, that indicates 4‐fold cost reduction with a 20 

fold increase in ethanol production volume (achieved in over 30 years)14. 

 

Figure 17. Required development times and budgets for various stages in the innovation process [17]. 

A benchmark for the 1st‐of‐a‐kind lignocellulosic ethanol plant project (2007‐’17 for 

TRL 5/6 > TRL 7/8) is given by DSM‐POET, that confirms the 10 year project period 

for demonstration scale (1st‐of‐a‐kind) plants (Figure 18). TRL Strain developments (for 

fermentation) started much earlier: 2003 and before. This is crucial information for the 

level of realism of the roadmaps produced in this workshop. 

                                                           
14 See also the corn ethanol production learning curve at www.growtheenergy.com\  

http://www.growtheenergy.com/
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Figure 18. Realistic project time line for DSM‐POET project Liberty (pioneer commercial lignocellulosics 
plant). 

 

Workshop Objectives 

On the basis of this brief overview, the following 3 inter‐twined objectives are central in 

the Agropolo Workshop 3 on Advanced Biofuels:  

1 provide criteria / measures for a conducive environment for (future) 

competitive and sustainable, integral biofuels value chains for the projected 

volumes in time including the required investments, incentives and innovation 

framework with respect to technological development/testing, demonstration, 

and deployment; 

2 understand the societal dimension which includes consumer willingness to 

use advanced biofuels as well as producer ability to provide these including 

the required human capital for technical development, production, market 

implementation and regulation; 

3 have a clear insight on how the advanced biofuels implementation in SP and 

Brazil impacts the Brazilian and global environment ambitions as laid 

down in the COP Paris results, and following global sector / state agreements 

such as the recent ICAO agreement15.  

                                                           
15 See ICAO Press release of 6 Oct 2016, as referred to at page 4. 



                                                                                                                      
 

21 

The workshop results target qualitative and ultimately also quantitative roadmaps for 

advanced biofuels for the aviation, marine and heavy road transport sectors for the 

ICAO timeframe (2016‐2050), and a concrete set of next steps that include innovation 

and investment programs. 

1. Advanced biofuels for Brazil  

In this section, we describe how to translate high‐level (but quantitative) GHG‐targets 

to Biofuels Production and preliminary investment estimates. The starting point for 

these calculations for the aviation sector are related to the ICAO targets (carbon 

neutral growth from 2020 onwards, and halving the GHG emissions in 2050 relative to 

2005), as well as the historic trend in fuel consumption.  

 

The historic growth of aviation fuel consumption in Brazil was 4.5% per year. That 

number is somewhat lower in the recent years of economic and political turbulence, 

but expected to continue after stabilisation (2018 onward). ICAO assumes that the 

combination of airplane (and engine) Technology developments, aligning Operations 

and Infrastructures (TOI) will lead to a 1.5%/yr efficiency improvement. This number 

was verified with the workshop participants from Boeing, Embraer and especially 

Viracopos Airport [18], and agreed. This implies that the volume demand for biofuels 

will increase by a net 3.0%/yr, which is effectively the double of the European growth 

rate (total growth at approximately 3%/yr, with TOI at 1.5%/yr gives a biofuels increase 

of 1.5 %/yr). 

For simplicity sake, we grouped biofuels in 3 GHG‐qualities: today (‐35% GHG 

emission reduction), tomorrow (‐80% emission reduction – which is accepted as high 

but feasible), and far future (‐90% emission reduction, which is generally considered 

as very high, and difficult to achieve). An important question will be what (combination 

of) these biofuel-categories will satisfy the ICAO‐targets (especially the 2050 target of 

halved GHG‐emissions relative to 2005). 

A scenario consisting of only ‘today’‐biofuels (which reach a maximum of 35% GHG 

emission reduction) to absorb the net increase in biokerosene demand will be far from 

adequate to reach the targets, even when the increase is 40% higher than net fuel use 

increase and lead to the reduction of fossil kerosene use to become zero. Under these 

conditions, aviation biofuels grow from practically zero today to 20 Mt16 of 

biokerosene/yr17 for ‘domestic’ bunkering only. TOI‐improvements (Technology, 

                                                           
16 Mt – million tonnes, not metric tonne. 
17 2050: biofuels 19 739 kton/yr, TOI is equivalent to 7563 kton/yr 

Flightpath: Brazilian jet fuel demand (at a density of 800 kg/m3) was 4.5 million m3 

(3.6 million tonnes) and 7 million m3 (5.6 million tonnes) in resp. 2005 and 2011, 

about 2.8% of global demand, of which the Brazilian refineries produced 75% and 

the rest was imported. 



                                                                                                                      
 

22 

Operations and Infrastructure) are equivalent to approximately save 7 Mt/yr of jet fuels. 

The sum of both gives an estimate of over 27 Mt/yr replaced fossil jet fuel use under 

un‐changed policies, and all trajectories are shown in the figure below. Calculation 

results are presented as CO2‐emission levels in the figure below. Using the biojet fuel 

of ‘today’s technology and given the volume increases, the total CO2‐emission will 

even increase relative to the starting point, because of the fast growth in consumption 

(from 14 Mt CO2‐equivalent/yr in 2005 to 40 Mt CO2‐eq in 2050). This is too high, 

although it is half of the benchmark (of no‐policy‐change), which would lead to 86 Mt 

CO2‐eq/yr emission. 

 

Figure 19. Projected biobased, fossil and total jetfuel profiles, resulting in 20 Mt/yr biofuels use in 2050, 
with fossil aviation fuels declining from approximately 6 Mt/yr in 2014 to 0. 

 

 

Figure 20. GHG Emission profiles in kton CO2‐eq/yr for the case of “today” biofuels leading to 35% 
emission reduction, resulting in 40 Mt/yr of emissions in 2050, compared to a target of 7 Mt/yr (50% of 
2005 emissions). The arrow indicates the effect of “today” biofuels on the combined remaining (bio + 

fossil) jet fuels. 
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Also a situation where only ‘tomorrow’ biofuels (‐80% GHG emission reduction) will be 

used at a maximum growth rate of 40% higher than net fuel increase will result in 

overall carbon emissions of 12 Mt CO2‐eq/yr: 76% higher than the target of 7 Mt/yr. 

See the figure below for resulting emission profiles towards 2050. It underlines the 

importance of further technological innovation by further technology improvement and 

fuel chain integration and streamlining to achieve reductions of 85‐90%. 

 

Figure 21. GHG Emission profiles in kton CO2‐eq/yr for the case of “tomorrow” biofuels leading to 80% 
emission reduction, leading to 12 Mt/yr emissions in 2050, compared to a target of 7 Mt/yr. The arrow 

indicates the ‘wedge’ of emission reduction taken by “tomorrow” biofuels. 

From the above biofuel production data various other key numbers can be calculated 

such as required amounts of biomass, corresponding land‐use (and associated water, 

fertiliser and energy use), but also the required investment numbers, estimated job 

creation potential as well as corporate and income taxation (state) revenue. We have 

used the following numbers, that are partially derived from industrial and other 

experience. 

# Item Estimate 

1 CAPEX 100 M€ per 100 kton production capacity18, double for solids 
processing plants 

2 Jobs 100 p / 100 kton /yr (direct)19, 2‐3 x indirect 
Salaries € 45 000/yr (average) 

3 Corporate tax 30% 

4 Income 30% 

5 GHG stochiometric, e.g. 3,15 x mass of hydrocarbon streams. 

 

                                                           
18 AR: First in kind cellulosic ethanol plants were much higher (e.g. POET‐DSM, $ 300 mln for a 75 kt ethanol 
plant). The number seems ok for a large scale bio‐refinery producing 1 million ton of cellulosic sugars. 
19 AR: This is on the high side. The POET‐DSM plant employs 60 FTE's. Also a large scale bio‐refinery will not 
employ 1000 FTE's. 
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2. Critical system requirements  

The international aviation sector committed itself to stabilize CO2 emissions with 

carbon neutral growth from 2020 and to reduce net CO2 emissions with 50% in 2050 

compared to 2005 levels. ATAG estimates developments in operations, infrastructure 

and technology to yield 1,5% efficiency improvements (Chapter 1). For the balance in 

the overall reduction of fossil jet fuel consumption, the only available technological 

solution is the use of sustainable aviation biofuels. The aviation industry requires 

sustainable “drop‐in biofuels”, meaning fuels that equal all performance characteristics 

of fossil fuel.  

The transition towards sustainable biofuels is limited by the cycle indicated in Chapter 

1 of high price / modest demand / lacking supply (see Figure 9 “Key issue”). To break 

this cycle, a number of measures is needed on technological and non‐technological 

level. The drivers for Brazil are related to aviation‐related environmental matters 

(reduction of emissions) but regional economic development is equally important 

(Chapter 6).  

Important challenges for biofuels are developing and scaling up combined feedstock 

and production/refining technology pathways (technological challenges) and 

improvements in logistics and deployment as well as societal embedding 

(non‐technological challenges). Several Critical System Requirements (CSR) or 

critical high level parameters in terms of goals, can be identified for both feedstock and 

production technologies and for logistics and societal embedding (see Table 2). These 

CSRs have been linked to the gaps and barriers during the workshop and translated 

into steps on the road towards implementation of jet biofuels to meet the targets 

(Chapter 6). 
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Table 2. Critical system requirements (high level parameters in terms of goals) for implementation of jet biofuels. 

Critical system requirements for FEEDSTOCKS for jet biofuel production 

Increase feedstock yield Increasing the yield is critical except for non‐agricultural feedstock such as industrial wastes and municipal solid 
waste. Even the most established feedstocks, such as sugarcane, face the challenge of increasing productivity, 
especially in order to reduce production costs. 

Reduce feedstock costs Reducing feedstock costs is critical to reduce production costs and allow the jet biofuels to be cost‐competitive 
relative to regular fuel. Several of the feedstocks considered do not have established production systems or are in 
experimental phases and, therefore, have high costs. 

Reducing feedstock costs for non‐agricultural feedstocks is equally important, although the means to achieve the 
reduction are more related to logistics and collection, especially in the case of residues and wastes. 

Develop new (energy) 
crops 

In addition to existing well known crops, developing new crops20 (with potential higher yield for this new application) 
is crucial. 

Reduce GHG emissions Reducing the CO2 emissions is the main driver for the aviation industry for the development and implementation of 
biofuels. The potential of reducing emissions in the feedstock production stage is essential in this sense. 

Improve the energy 
balance21 

The ratio between energy input and output is vital in terms of the efficiency of the feedstock/technologies and must 
also be considered along with the potential to reduce GHG emissions. 

Consider Land use Land use change (LUC) is a factor accounted for in CO2 emissions and thus contributes to climate change. 
Therefore, the expansion of currently produced feedstocks and the production of new feedstocks should take this 
into consideration. Depending on type of soil and its current vegetal coverage, implementation of new agricultural 
activities may have a favourable or unfavourable LUC footprint. 

Environmental effect of 
agrichemical use 

The environmental impacts (on air, soil, water etc.) of agrichemical use in agricultural feedstock production is an 
issue to be considered regarding the sustainability of jet biofuels. Aspects to be considered are: the use of nitrogen 
fertilizers, recycling of nutrients, byproducts and residues on the field, crop intensification using modern 
technologies and possibly increased use of agrochemicals etc. The above is irrelevant for waste feedstocks. 

Pollution Pollution is an issue related to the environmental and social sustainability of biofuels. Related to potential 
feedstocks, pollutions include the amount of waste material generated in the production of the feedstock as well as 
soil erosion and the soil, water and air contamination due to agriculture practices and processing of feedstocks. 

Job creation and quality in 
the agro sector 

The generation of jobs and the improvement of the quality of jobs are also fundamental when considering potential 
feedstocks. 

Critical system requirements for PRODUCTION TECHNOLOGIES for jet biofuel production 

Increase the yield of each 
step of the production 
process 

Yield increase of each step of pretreatment of biomass conversion (chemical or biological) and final syntheses of jet 
biofuel is critical since the cost of the costs of feedstock is responsible for a large part of the final cost of the fuel and 
therefor conversion should be as efficient as possible. Note that the investment costs (reactors) for the 
thermochemical conversion of lignocellulosics are more dominant. 

                                                           
20 ... such as energy cane, sorghum and miscanthus (remark from current workshop, not in original document) 
21 ... and water balance … (remark from current workshop, not in original document) 
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It is important to identify the right feedstock‐technology‐product combinations (per region). 

Prepare for a fully 
integrated biorefinery 
industry 

From a techno‐economic point, most advanced biofuels production technologies produce a portfolio for marine (or 

co‐firing), road/diesel and kerosene applications, as well as chemicals and materials. At the feedstock side, the 
oxygen‐rich biomass and MSW‐streams are roughly split in energy dense fuels and oxygen rich (energy poor) 
material flows (‘energy conservation law’). This sort of biorefinery systems do exist (e.g. sugar and pulp and paper 
mills), but are often designed and optimised for one product, treating the rest as waste. Therefore the development 
of efficient biofuels production systems can only happen when full and integral redefinition of this 
biorefinery‐concept is taken into account. 

Reduce GHG emissions 
and CO2 footprint of the jet 
biofuel 

Jet biofuels aim to improve the environmental footprint of the aviation industry. The potential for simple and energy 
economic/profitable technology is fundamental in this sense. 

Improve the energy 
balance 

The ratio between the energy input and output of the technology is fundamental as well. 

Industrial employment (job 
creation and quality) 

The generation of jobs and the improvement of the quality of jobs are also fundamental when considering 
production technologies. 

Critical system requirements for SOCIETAL EMBEDDING of jet biofuels 

Support market 
development/level playing 
field 

Aviation industry has committed itself to reduce its environmental footprint. To stimulate innovation and the 
necessary investments market development and a level playing field for jet biofuels is crucial. This should include 
governmental incentives and policies as well as quality and safety standards. 

Logistics Logistics are an important part of aviation biofuels costs, therefore, the distribution system for jet biofuels and 
harvest logistics to refinery have to be taken into account. 

Agreement on 
sustainability criteria 

To be able to evaluate sustainability of jet biofuels consensus on sustainability criteria is crucial. This also applies to 
standardisation of biomass feedstock and intermediates. 
Methods and tools to support the evaluation need to be developed as well. 

Education The generation of jobs and the improvement of the quality of jobs through formalization, education/training etc. are 
fundamental. 

Public awareness Implementation of jet biofuels needs to be supported by building more (public) awareness of the possibilities from jet 
biofuels on creation of green jobs and advantages of biomass use for (advanced biofuels) products. 
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The establishment of CORSAI in the ICAO framework in 2016 (see text box at page 4) 

is a formal and visible governmental measure to create a professional framework 

around the aviation biofuels market; comparable steps for marine and other heavy 

transport biofuels need to be made. 

3. Area’s  

To achieve the critical system requirements of advanced biofuels, the following 

technological and non‐technological area’s have to be considered:  

Feedstock production 

• biomass production: agro – and forestry technology including plant genomics, 

breeding and nursing programs and underlying genomics. Also plant and tree 

health, pest monitoring, control and prevention; 

• biomass collection: from field to factory gate ‐low impact harvesting of crop and 

residues, logistics/ transport, preprocessing and storage technology 

(combinations); 

• managing the land: nutrients, soil, energy and water management in agro and 

forestry systems. Energy management around biomass harvesting (trucks and 

tractors), logistics and storage; 

• MSW: collection, storage and preprocessing. 

Conversion technology 

• biomass preprocessing, pretreatment and depolymerisation technology; 

• biomass conversion technology: (bio‐)chemical and thermal conversion 

technology such as chain elongation and branching and de‐oxygenation by 

hydroformulation and other catalytic technologies; 

• integral biorefinery development. 

Biofuel use 

• blending and distribution systems for low and high biofuels blends; 

• combustion technology for high and low blends; 

• supply chain management: monitoring, QA, sustainability and certification; 

• engine and fleet redesign such as dual feed systems; 

• integration with other renewables technologies. 

Non‐technological (societal) area’s 

• short term financing: investments and operation, especially in low oil price 

situation; ‐“onrendabele top” handling; 

• long term financing: export market; 

• marketing and PR – especially during market introduction and demonstration 

stages; 

• regulations, sustainability and certification. 
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• human capital & communication  

• governmental policies  

• nature restoration and/or management  

4. Drivers for development  

The high‐level key drivers for aviation biofuels are the ICAO‐targets: carbon neutral 

growth in 2020, and halved 2050 GHG emission profiles in 2050, as well as secure 

supply of affordable biofuels. For marine biofuels, the high‐level key drivers for Brazil 

are not formalised, but in the future probably relate to SECA22 and NECA23. With 

respect to heavy road transport, Brazil’s House of Representatives approved at March 

03, 2016, a measure to increase the mandatory percentage of biodiesel required in 

diesel fuel by 1 percent a year, from 7% today to 10% in three years for reasons of 

significant improvement in reduction of greenhouse gas emissions and also of public 

health issues related to air pollution24.  

Critical variables to select among technological and non‐technological alternatives for 

advanced biofuels are:  

1. formal regulatory approval such as ASTM‐certification for aviation; 

2. short‐term techno‐economic feasibility, with an acceptable price differential 

versus fossil fuels covered with feasible incentives (such as biotickets); 

3. long‐term techno‐economic feasibility via integral biorefining and co‐product 

valorisation, also with respect to a potential export market in combination with a 

more level playing field; 

4. integral sustainability and LCA especially meeting minimum GHG emission 

targets. For the short term, relatively modest quantitative emission reduction 

targets have been formulated (‐35%). The long term (2050) requires GHG 

emission reduction targets of 80% or better; 

5. biodiversity improvement/ nature conservation (improvement); 

6. social impacts (job/income creation, rural development) – positive per‐capita 

GDP income development; 

7. acceptance by the public. 

Societal drivers in Brazil include the need of ‘green’ jobs and economic development, 

especially in less developed and rural areas. 

5. Readiness level  

Brazil has a number of domestic and international players or stakeholders that can 

contribute (and benefit) substantially to (and from) the large scale development of 

                                                           
22 Sulphur Emission Control Areas 
23 Nitrogen Emission Control Areas 
24 www.biofuels‐news.com/display_news/10328/brazil_increases_biodiesel_blend_mandate_to_8/  
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advanced biofuels for aviation, marine and heavy road applications. For aviation 

biofuels, they include airlines such as Gol, Azul and Tam and others such as 

Air‐France‐KLM, equipment manufacturers such as Embraer and Boeing, fossil 

(Petrobras, Shell, BP and others) as well as renewable biofuels (Amyris, others), 

feedstock suppliers (sugar and bagasse from sugar cane industry; wood / pulp & 

paper industries such as Suzano, Fibria, CPMC or Stora Enzo; SunChem ‐ camelina; 

Acrotech macauba – Acrotech/MG; others); chemical industries (Braskem, DSM, 

DuPont, Corbion, others), technology companies (M&G/Beta Renewables, Viride, 

DSM, others); equipment industries (Dedini, Mitsui, others); and research institutes 

(CTBE, IAC, UNICAMP, USP – various location, others).  

6. Gaps and barriers  

Procedure  

The starting point for the roadmaps was the ICAO‐based scenario in which 

“tomorrow’s” advanced biofuels (‐80+% emission reduction) enter the scene. This is 

summarized in the following diagram, including expected investment requirements 

(20‐40 billion EUR or 80‐160 billion R$) and job creation of around 60 000 direct and 

indirect jobs25. The workshop participants agreed on using this scenario, where it was 

noted that “tomorrow” biofuels alone are probably not able to meet the ICAO targets. 

 

Figure 22. Estimated aviation fossil and biofuels volume developments following ICAO / CORSAI 
scenario. 

                                                           
25 Using public DSM‐POET numbers for investment levels and direct and indirect job creation. 
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The workshop participants (see Appendix B) were split in 2 groups of 30‐40 people. 

They expressed their insights and opinions about ‘future’ technologies, pilots, plants, 

requirements, regulations, infrastructural demands, etc. in the form of post‐its 

(‘stickies’) on A0 size blank roadmap sheets (Figure 23) in several consecutive rounds 

of approximately 1 hour each. The blank roadmap sheets pictured years in the 

2015‐2050 time frame (horizontally) and readiness (or maturity) levels (vertically). 

Depending on the topic this could be Technological Readiness (TRL) or Fuel 

Readiness Level (FRL), as indicated in Annex C of this report. 

 

Figure 23. Example of a blank roadmap sheet with the initial situation of 6 MT/yr of (fossil) aviation fuels 
and the 2050 objective of approximately 20 MT/yr jet biofuels indicated. 

The first rounds were focused on technological aspects and the second rounds on 

non‐technological aspects. Participant inputs were discussed per group and per round, 

and in consensus adjusted in position (year and readiness level). The result was 

presented plenary and briefly discussed among all workshop participants. 
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Figure 24. Post‐its on the Roadmap sheets 

At the morning of day 2, the participants were redistributed in two groups discussing, 

streamlining and integrating respectively the (two) technological and non‐technological 

roadmaps into a consolidated and agreed technological and non‐technological 

roadmap. The resulting roadmaps are evaluated below.  

Report on technological roadmap 

Before addressing individual topics, the groups first discussed the main trends (Figure 

25). From the overall inputs it was very clear that the participants in general observed 

that the 15‐year period towards 2030 is most likely characterised by a structuring 

period (STRUCTURE) that allows for ‘experimentation’ and in which winning 

feedstock‐technology‐product combinations are developed, tested, compared and 

optimised. This implies a continued optimisation of existing and new technologies, 

including especially developing feedstocks and optimising existing and new (energy) 

crops (‘croptimisation’) towards larger scale pilots and demonstration plantations to 

prepare for commercial scale roll‐out. An important aspect is to prepare for a fully 

integrated biorefinery industry that minimises wastes (Circular Economy) and 

optimises value of byproducts in adjacent sectors (chemicals, materials, food, feed, 
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etc), next to advanced biofuels. This period towards 2030 is therefore characterised by 

continuous evaluation; plant‐level and regional/national economic scenario analysis; 

and screening and selection of feedstock‐conversion‐product technology combinations 

towards complete sustainability analysis. This requires building a robust set of decision 

support tools and acquiring realistic data (and monitoring tools). Especially for aviation 

biofuels, certification of products is extremely important and early indicators / testing 

facilities of (non) suitability should be well accessible for the developers. During the 

structuring period, advanced biofuels are most likely more expensive than their fossil 

counterparts. This requires an incentive structure that allows developers and early 

players to have sufficient confidence for progress and systems optimization towards 

better cost competitiveness. This also implies that a more level playing field is required 

that allocates emission and other societal costs with the polluter such as carbon 

taxation, ETS or other measures. 

 

Figure 25. Roadmap with main trends described above. ‘(Existing) technology optimization should be 
interpreted as short hand for the further development and optimisation of feedstock conversion‐product 

combinations. 
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2030 demarcates a point in time that fossil and biofuels are approximately equally 

large26. Hence, after this structuring period (2030) a regime change is expected, where 

main decisions on feedstock, technology, infrastructure etc. are expected to have been 

taken tuned to geography, climate and other region‐specific characteristics. Here it 

should be mentioned that the airlines are exploring a ‘BioPort’‐like model which 

focuses on localised supply chains per airport. As an example, GOL presented during 

the workshop their current project portfolio, connected to the Plataforma Brasileira de 

Bioquerosene around the larger as well as smaller airports of Brazil [19]. 

 

Figure 26. Biokerosene projects GOL [19] 

During the workshop this led to a debate around distributed (and inherently 

small‐scale) versus centralised, large scale facilities as was presented by Bonomi 

(CTBE) [20]. The latter resonates also conclusions in the socalled 

REDEFINERY‐study around Port of Rotterdam, where significant economic benefits 

were seen at processing scales exceeding 1.5 million tonnes of feedstock (wood chips 

in that case). The debate was not conclusive since especially in Brazil, fuel logistics 

around remote, small airports sees a price potential that may support regionalised and 

                                                           
26 At the situation of 4.5% annual growth, in 2030 kerosene use has approximately doubled to 12 Mt/yr (in case 
of no policy change), of which TOI should have taken 20% (~ 2Mt/yr), biofuels should have grown to more than 5 
Mt/yr and remaining fossil is 4.2 Mt/year. 
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smaller‐scale production combinations for instance by integrating biofuel and food 

production. 

 

Figure 27. Potential feedstock per region [20] 

Hence, scale benefits have to be seen in relation to the logistics infrastructure of 

biomass production/harvest, (local or central) preprocessing, (local or central) 

conversion to biofuel and other products and distribution to blending and bunkering 

facilities at air and marine ports. BE‐Basic indicated a range of regional studies in 

Brazil and Malaysia around a number of regional crops (studies of Maria del Mar 

Palmeros et al, GDP Groups, etc), also in relation to chemicals and other 

co‐production. During the workshop it was explicitly concluded that more and 

systematic scenario studies on the interplay between (feedstock) production and 

logistics, scale of (preprocessing and) conversion, and fuel distribution network are 

necessary throughout Brazil and with the eye on the export market. Hence, a further 

significant volume increase is expected in number and size (SCALE‐UP). Then high 

blends are necessary (>50% biofuels) where infrastructural/logistic players should be 

preparing for biofuel‐only situations. This is also sufficiently far in the future that 

equipment (engines, airplanes) manufacturers should have been prepared for the 

specific requirements or opportunities that these high blends may bring. Then also 
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financial maturity must be such that the expected significant investment decisions can 

be taken.  

It was generally felt that especially the structuring period urgently requires a national 

Brazilian ‘champion’ such as Plataforma Bioquerosene Brasil or BioPort Brasil 

(modelled after BioPort Holland) where crucial stakeholders (airlines and airports, fuel 

developers and producers, airplane manufacturers, financial sector, government, 

academia etc) monitor the progress of the development. Therefore this is posted as a 

separate (green) block very early (‘now’) in the roadmap above (Figure 25). It was 

clear during the meeting, that a National Strategic Plan based on a firm 

socio‐economic study is urgent. 

7. Analysis: alternatives and timelines  

Detailed technological roadmap  

1.  Decision support tools/scenario analyses  

• the structuring period towards 2030 requires good quantitative insight in the 

impacts of decisions. quantitative and non‐quantitative analysis of integral 

advanced biofuels value chains, feedstock/technology evaluation (Virtual 

Biorefinery); 

• landscape and logistics‐effect of (minimum) scale and logistics/hub creation, 

distributed (modularity) vs central manufacturing and use, landscape fit, 

macro‐economic and LCA models, uncertainty and risk analysis (Monte Carlo 

and other methods methods), and others; 

• also to provide insight to e.g. public and policy makers (like climate calculator). 

2. Data 

• the above decision support tools but eventually also daily operation will require 

reliable and high quality data; 

• big data management and imaging; 

• new and cost effective monitoring tools…  

3.  Optimisation of existing technologies 

• 1G optimisation, lower costs sugars, ethanol, lignin; 

• HEFA‐like and other hydrogenation technology/catalysts; 

• biogas (CBG, LBG) in plant but also other (road, marine, ship) transportation to 

replace fossil diesel; 

• (catalytic) HTL, pyrolysis, gasification/syngas and other thermochemical 

developments; 

• debottlenecking pretreatment – swing/merry‐go round; 



                                                                                                                      
 

36 

• new robust strains, strain and catalyst development for 

sugar/syngas/lignin/ethanol/alcohols/etc to hydrocarbon conversion. Also other 

microbial platforms than yeast (bacteria, cyanobacteria, algae, etc); 

• other waste (MSW) to value‐added co‐products and by‐products. 

4.  Croptimisation  

• domestication and optimisation of (new) energy crops such as Energy Cane and 

Macauba; 

• pilot and demo plantations with integral and improved water, nutrient, energy and 

carbon management; 

• doubling cropping system, co‐production (energy crops and feed/cattle), paste 

intensification; 

• improved harvest systems (including low‐impact equipment), and utilisation of 

harvest residues including sewage, vinasse, and other agro‐industrial (mill) 

residues. 

5.  Integral biorefinery development  

• coproduct valorisation, combined fuels/chemical/food/energy production; 

• cascading systems; 

• integral oil and sugar/lignin biorefineries e.g. macauba and other oil crops. 

6.  Flanking technologies  

• H2 / hydrogenation ‐ technology combined with fertiliser (NH3 production) – 

further energy integration; 

• modular scalable technology for small sites (<100 kt/yr); 

• continuous/in‐line blending for high blends, blending logistics. 

7.  Fleet (engine, equipment) redesign  

• engine upgrading; 

• high blends and biofuel‐only; 

• dual fuel system (diesel and gas); 

• other  

8.  Engineering (design) of non‐technological topics  

• market – internal, international and export market; 

• legal – e.g. ANP regulations that are explicitly fossil‐based; 

• production / trade / consumption; 

• financial (CAPEX, incentives, risk, hedge, other); 

• education and manpower skill training; 

• infrastructure demands and development. 
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9.  Breakthrough/ alternatives / disruptive development  

• solar biofuels (CO2/syngas + electric/PV/direct light); 

• solar planes, hybrid propulsion including mixed solar/electric; 

• unforeseen breakthroughs, surprises; 
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Figure 28. Technological roadmap for advanced biofuels for aviation and other heavy transport 
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Macauba  

The specific case of macauba, a reasonably draught‐tolerant endemic Brazilian palm 

tree, to deliver vegetable oil as well as other (lignocellulosic) biomass products has 

received substantial attention. Initial attempts are made to domesticate macauba, and 

research and breeding programs have started in Minas Gerais. At first glance, annual 

oil and biomass productivities per hectare seem comparable to those of the common 

oil palm (Figure 29, data from Acrotech, a Minas Gerais based start‐up company), and 

we use those to populate a potential macauba roadmap. 

 

Figure 29. Macauba basic data [21] 

Assuming that macauba‐oil would be the sole feedstock for aviation biofuels, the 

required plantation area associated with the projected increase in aviation biofuels can 

be calculated for the period 2020‐2050. The land area matching the target productivity 

of 19.5 Mton/year of aviation fuels is approximately 4 Mha, which is 70% of the land 

use for sugar cane in the State of Sao Paulo (5.7 Mha) than current sugar cane area. 

Hence in terms of potentials this is feasible. The specific technological roadmap for 

this macauba development is posted below (Figure 30). Given the current state of 

development, establishing 60 kha of productive plantations in 2020 seems not possible 

due to maturation rate (macauba delivers oil only after a few years) and absent large 

scale nurseries, but the long term potential (post‐2030) is promising. 

Not mentioned in the draft roadmap is the development of flanking technologies such 

as large scale pest and disease monitoring/ control / management which has shown to 

be critical in the Malaysian and Indonesian oil palm sector. It should also be noted that 
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the oil production is associated with a substantial coproduction of lignocellulosic 

biomass (leafs, truncs, shells) including an estimated 10% proteins of 136 Mton/year, 

which may lead to an additional 30+ Mton/year of lignocellulosic fuel potential (at 25% 

mass yield), 14 Mton of food/feed protein and of course other uses. This may serve 

other transport sectors in Brazil or be targeted for the export market. All and all, 

macauba is an opportunity worth exploring. 

 

Figure 30. Roadmap for macauba as a feedstock for aviation biofuels [21] 

 

Report on social issues related to the roadmap27 

During the discussions on technical and logistic breakthroughs needed for an 

implementation of advanced biofuels for aviation and marine sectors a number of 

social aspects were mentioned by participants. Most aspects were regarded as ‘very 

important’ or even ‘crucial’ to address early on, i.e. before 2030, to realise the goals for 

biofuels in 2050. As a starting point it was agreed that the drivers for Brazil are less 

related to environmental matters (reduction targets for emissions) but more to the 

                                                           
27 See also roadmap figures (Figure 28 and Figure 31) 
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creation of green jobs, the realisation of added value from biomass growth including 

export of added value fuels and materials, and unlocking of poor areas in Brazil.  

Socio‐economic and sustainability study  

To facilitate the deployment of advanced biofuels a thorough socio‐economic and 

sustainability analysis should be carried out to indicate job opportunities, added 

economic value, environmental gains, dependency relations, volumes, etc. This should 

be done early on (asap) to help communication and setting of targets. It requires;  

• agreement on sustainability criteria; 

• methods to qualify and quantify impacts; 

• methods to identify best options for regulation and policy incentives; 

• measuring tools; 

• data sets for HDI. 

National strategy  

Participants recommended to define a national strategy for implementation of 

advanced biofuels, including an agenda for short‐term and long‐term R&D, policy 

measures (including tax options and incentives) and financing. A level playing field for 

energy and non‐energetic usages of biomass should be the basis of the plan. The 

strategy should be based on validated predictions of aviation and marine fuel needs 

and growth, opportunities for the export market and socio‐economic aspects including 

emission reductions and job opportunities. The socio‐economic study should inform 

the strategy. The strategy should be translated to regional strategic plans.  

Logistics  

Attention should be given early on to logistics and the use of biojet in existing 

pipelines28, the realisation of new pipelines, and the logistical systems for harvest to 

refinery. Models for logistics should be ready in 2017, based on scale and location of 

biorefinery options. 

(International) agreements  

Agreements should be made or aligned before 2020 about: 

• certification of biojet qualities, including for 100% biojet, and alignment with 

ASTM procedures; 

• globally aligned policies29 for biofuel use (aviation and marine) with clear targets; 

• global standardisation of biomass feedstock qualities and intermediates – 

commodity platform. 

 

                                                           
28 Comment from the workshop: at this moment only a p[ipeline for Jet A‐1 is operational; installing others will 
be complicated 
29 Immediately after the workshop CORSAI of ICAO was announced – see text box at p. 4 
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R&D agenda  

The R&D agenda should pay attention to:  

• funding including industries (OEM’s); 

• crop/agriculture models for security of supply; 

• calculations and models for smallest scale biorefinery systems in various 

contexts e.g. for regional biojet production – pilots around 2025; 

• models for integrative and inclusive production systems, allowing social 

development for poor regions – deployment around 2030; 

• providing examples/best practices for other countries including Africa, Asia, etc. 

around 2035; 

• disruptive thinking (see also education). 

Education  

Participants agreed that educational targets should be set to include programs for 

multidisciplinary education and training of:  

• biorefinery concepts (to increase number of operators, engineering designers, 

etc); 

• precision agriculture (to educate farmers, increase sustainable farming, including 

for double cropping, crop yields, harvesting, maintenance of biodiversity, water 

management and fertiliser recycling options and use); 

• entrepeneurship; 

• creative and disruptive thinking related to social issues and societal needs (to 

increase future disruptive solutions); 

• governance (within the chain from feed‐stocks to products as well as for lateral 

uses of energy, byproducts and recycling; including models for financing and 

investment options for federal, regional and stakeholder models and the forming 

of cooperatives); 

• sustainability (including tools for measuring sustainability (crop management, 

social sustainability, etc) and realising (international) harmonisation of 

certification and agreements on targets; 

• quality control, specification and certification of biojet and bio‐marine fuels. 

Communication  

More efforts need to be done in awareness building on creation of green jobs and 

advantages of biomass use for (advanced biofuels) products. Pertinent wrongly based 

assumptions need to be addressed and clear messages need to be communicated on 

best options, opportunities and best practices. This should include policy papers and 

white papers for certain target groups (such as financers). Communication should be a 

continuous effort, providing information on latest developments. 
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Figure 31. Non‐technological roadmap for advanced biofuels for aviation and other heavy transport 
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Conclusions and next steps 

The central conclusion from the AgroPolo Workshop on Advanced Biofuels is that the 

period up to 2030 allows for testing advanced biofuels value and supply chains at 

relevant industrial volumes. Testing has to be done along the whole supply chain; from 

field to distribution. Testing needs to be done both technically as well as non‐technical. 

The period after 2030 is predicted to be focused at scale‐up in an emerging integrated 

biorefinery context, and technological as well as non‐technological issues need to be 

solved. From that perspective the workshop participants agreed on the next steps. 

# What Whom 

1a CHAMPION / BIOPORT BRAZIL 
Professionalise & Alignment Plataforma  
Bioquerosene / BioPort Brasil. 

Pedro Scorza (GOL), Marcelo 
Goncalves (EMBRAER), Antonini 
Macedo (Boeing), Telma Franco 
(UNICAMP), other workshop 
participants 

1b QUANTITATIVE SCENARIO ANALYSIS 
& DATA COLLECTION. 
Include social and comparative scenarios. 
BE‐Basic‐Fapesp call as opportunity‐ 
neutral supervisory board. 

Antonio Bonomi (CNPEM-CTBE), 
Luuk van der Wielen (TU Delft, 
BE-Basic) 
with others 

2a NATIONAL STRATEGY – (energy) – 
concrete version biojet? 
White Paper. Numbers – we have what 
you need . We solve your problems of 
tomorrow. Incl incentives; Tax measures; 
Market visions; Funding plans 

Telma Franco (UNICAMP), Luuk 
van der Wielen (TU Delft, BE-
Basic) 

2b STRATEGIC COMMUNICATION PLAN 
and POLICY BRIEFS, focus on 
opportunities (Green jobs, HDI). tangible – 
show what needs to be done – realistic 
roadmap‐ pioneers. Use results scenario 
studies (impacts) – public versions, focus 
on times – urgencies; 
Use Plataforma Brasileira – alignment 
other organisations. 

Linked to champion and 
supporting national strategy – 
support Patricia Osseweijer (TU 
Delft, BE-Basic) 
MoU Agropolo 

3 INTEGRATION PROGRAMS (PILOT / 
DEMO SCALE). 
Use funding options 

Industry Agropolo partners 

4 Reflect after the report is sent round (and 
reconvene after one month). Provide input 
in two weeks: ‐ make final plan of action ‐ 
develop R&D‐demo‐business lines 

Telma Franco (FEQ-UNICAMP), 
Luu van der Wielen (TU-Delft, BE-
Basic), plus all participants 
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Annex A – Workshop Program 
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53. João Henrique Bittar Unicamp 

54. Johnny Rodrigues Soares Feagri 

55. Joop Groen Viricle 

56. Jorge Lombarinas Aeroporto de Viracopos 

57. Jorge V. S. Neto Sagitta Energia 

58. José A. Numes da Silva Abisolo 

59. JOSÉ LUIZ CAMARGO GUAZZELLI Techno Park Campinas 

60. Juliano Cherix Algae 

61. Leda Marise Vialta Instituto de Estudos Avançados 

62. LILIAN CRISTINA ANEFALOS IAC 
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Annex C – Fuel Readiness Level incl. certification and markets 

In parallel with the well‐known Technology Readiness Levels (TRL), the more 

complete state of maturity of advanced biofuels can be indicated with a so called Fuel 

(or Biofuel) Readiness Level FRL (or BRL). 

Level FRL Description FRL “Toll Gate” 

1 Basic principles • Feedstock & process basic principles identified 

2 Technology concept 

formulated 

• Feedstock & complete process identified 

3 Proof of concept • Lab scale fuel sample produced from realistic 

feedstock 

• Energy balance analysis conducted for initial 

environmental assessment 

• Basic fuel properties validated 

4 Preliminary technical 

evaluation 

• System performance and integration studies 

• Specification properties evaluated 

5 Process validation • Scaling from laboratory to pilot plant 

6 Full‐scale technical 

evaluation 

• ASTM certification tests conducted: fit‐forpurpose 

properties evaluated, turbine hot section testing, 

components and testing 

7 Certification / fuel 

approval 

• Fuel listed in international standards 

8 Commercialisation • Business model validated for production 

• Airline purchase agreements secured 

• Plant‐specific independent GHG assessment 

conducted in line with internationally‐accepted 

methodology 

9 Production capability 

established 

• Full scale plant operational 

 

The FRL scale is broadly aligned with nine‐step Technology Readiness Level (TRL) 

scales which are commonly used to assess the maturity of innovative technologies, 

and which were first developed by NASA in the 1990s [1]. Arup URS and E4Tech 

(2013) observe that biofuels in general have taken between three and five years to 

progress by one TRL [2]. Data specific to the progression rates of aviation biofuels is 

limited, but overlap with this observation. The first three fuels to achieve ASTM 

certification took between one and three years to complete the process (corresponding 

to FRL 6), whilst some others yet to complete have been working towards it for five 

years at the time of writing [3,4]. Assuming a progression rate of 3‐5 years per FRL, 

aviation biofuels technologies can be expected to progress by up to two levels 

between 2014 and 2020. 
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Fuel Readiness Level of aviation biofuels relevant for the Brazilian market [5]. 

Conversion technology Certification level Fuel readiness level (FRL) 

Hydro-processed esters and 

fatty acids (HEFA) 

ASTM D7566 certified 

(2011); 

8 Commercial-scale facilities in 

development. 

Direct fermentation sugars-

to-hydrocarbons (DFJ) 

ASTM D7566 certified 

blends up to 10% with 

petroleum jet (2014); 

7-8 First commercial scale 

facilities are being developed. 

Ethanol-to-Jet (ETJ) No ASTM certification at 

the present; 

Awaiting final approval, 

expected in 

mid-2016; 

6 Some are already being scale-

up to demo and tested for 

certification purposes. 

Biomass gasification and 

Fischer-Tropsch Syngas-to-

Jet (GFT) 

Route has been certified 

for blends of up to 50% 

with petroleum jet fuel by 

ASTM (Sep. 

2009); 

7-8 Demo plants operating; 

Commercial-scale facilities being 

developed. 

Biomass pyrolysis and 

hydrogenation (PTJ) 

No ASTM certification at 

the present;  

Expected to be approved 

for blends with petroleum 

jet in 2017. 

6 Already scaled from lab to pilot 

scale; 

Demo and early commercial in 

development. 
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Annex D – Executive Summary from The Netherlands Vision and Action 

Plan Sustainable Aviation Biofuels (2014‐15). 

Sustainable aviation 

The aviation industry has committed to sustainable development in an international 

global context, as laid down in the global ATAG biofuels ambitions30. Essentially these 

are: promote improvements in fuel consumption efficiency by plane technology, 

aviation operations and infrastructure, introduction of sustainable aviation biofuels (as 

there is no technical alternative for combustion engines so far), carbon neutral growth 

from 2020 onwards, and reaching a 50% emission reduction target by 2050 relative to 

the 2005 situation. In addition, it should be realised that additional societal 

developments are also taking place, for instance cost reduction and improved work‐life 

balance in business travel by enhanced use of remote communication technology and 

shift towards other forms of transportation (e.g. train) with inherently lower cost and 

emission schedules. Obviously, the latter development is only possible for 

land‐connected destinations and practically impossible for intercontinental travel, 

which is the most significant contributor to aviation fuel consumption and GHG 

emission. 

 

Adaptation to The Netherlands’ situation 

Global jet fuel consumption increases by 4‐5% annually. A possible adaptation for the 

Dutch situation is to stimulate modal shifts (e.g. improved connectivity of rail and 

road‐based transport to and from major aviation hubs), and investing aggressively in 

more advanced facilities for remote communication. The Dutch employers are in many 

cases already restricting aviation transport (cost reduction, improved work‐life 

balance), yet The Netherlands’ government may help to promote and invest in these 

options to develop these into serious and competitive alternatives. Such a set of 

measures may help to direct growth in the aviation sector to lower numbers than the 

average international growth, for instance to 2‐3% annually. ATAG estimates 

developments in operations, infrastructure and technology to yield 1.5% efficiency 

improvements – we propose to use this (global) number, since many of these 

developments are international (The Netherlands does not have a substantial airplane 

                                                           
30 Towards Sustainable Aviation, joint declaration signed at the 6th Aviation & Environment Summit organized by 
ATAG in March 2012. See www.ATAG.org.  

Because The Netherlands with its open economy depending strongly on 

international trade, finance and productive industry, de Luchtvaarttafel 

recommends an integral approach to adapt the ATAG ambitions to The 

Netherlands’ situation. Early adaptation also implies benefits such as influencing 

the direction of global development and realising strategic positions – which is in 

line with the proactive strategy of the Dutch aviation sector. 

http://www.atag.org/
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industry, and airports follow international schemes already). For the balance in the 

overall reduction of fossil jet fuel consumption, the only available technological solution 

is the use of sustainable aviation biofuels. In the following estimates, three proposed 

scenarios of the Luchtvaarttafel have been implemented in the model with the 

following GHG‐emission reduction (Vandaag – up to 35% emission reduction, Morgen 

– up to 80% emission reduction, and Overmorgen – 85% emission reduction). Note 

that in all cases, there will always be a net CO2 emission, yet much smaller than for 

the fossil case. The state of development for each category is: (1) Vandaag – mature 

and investable yet resource constrained, (2) Morgen – emerging maturity, with to 

promising but not unlimited resourcing and logistics challenges, (3) Overmorgen – 

embryonic in technology and market. Although we restrict prognoses to the Vandaag 

and Morgen options, we do not lock them in on specific 

feedstock‐technology‐combinations. 

Practical considerations 

Realistic aviation fuels can only consider products that satisfy current engine 

conditions, since the lifetime of airplanes is long, replacement costs high and 

replacement rates low. Obviously, allowable fuels require ASTM certification, but we 

feel this is well possible for Vandaag and Morgen products. 

Realistic commercial projects with plants built and operated require positive business 

cases and returns on investments, and have realistic life spans of 10‐15 years. 

Dedicated feedstock infrastructure projects usually require long term investment tracks 

that are comparable to the rest of the energy and fuels industry. It should also be 

recognised that both domestic and foreign investments can provide good solutions to 

feedstock sourcing, production capacity and product distribution. Roll‐out of the 

BioPort Holland concept in that sense connects regional supply worldwide, to 

hub‐based production and bunkering for the internationally operating 

Netherlands‐based aviation sector. 

Feedstock sustainability is the most essential component of sustainable biofuels. Key 

players in The Netherlands have committed themselves already to work with robust 

standards that include ILUC and food security as well as biodiversity, GHG reduction, 

soil / water / air quality, pesticide use and human / labour / land rights including rural 

development. For instance, KLM and SkyNRG use the RSB‐standard and associated 

low impact modules, which score high in recent assessment reports of sustainability 

standards by PwC, Ecofys and WWF31. At the moment, The Netherlands government 

has not specified specific standards or comparable policies, yet the development of 

and investment by a robust aviation biofuels industry and offtake of their products by 

airports and airlines requires a stable and affordable legal and certification framework. 

It should also be determined where the additional costs of certification (e.g. auditing 

                                                           
31 WWF International (and PwC) (2013), Searching for Sustainability – comparative analysis of certification 
schemes for biomass used for the production of biofuels; Ecofys, WWF (2012) Low Indirect Impact Biofuel (LIIB) 
methodology 
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schemes etc) should be laid: fossil transportation fuels in all sectors are not certified 

on their sustainability impact, and introduction of novel and more sustainable biobased 

alternatives should not be extra hampered in this unlevelled playing field. This is 

urgent and should be done in a transparent European and global context. 

Scenario prediction 

Implementing these adaptations to the Dutch situation to meet the international ATAG 

ambitions indicates the following projections for GHG (CO2‐equivalent) emission 

reduction in the 2015‐2050 timeframe. In a business‐as‐usual scenario (dotted line), 

the emissions will explode from over 12 million tonnes per year today towards 37 

million tonnes/year in 2050. In the proposed scenario, emissions roughly remain 

constant around 12 million tonnes/yr towards 2020, to reduce towards 6 million 

tonnes/yr in 2050. Figure A.1 below shows the large impacts of TOI (Technology, 

Operations and Infrastructure) improvements as well as sustainable (2G) aviation 

biofuels to reach the proposed scenario (red line) relative to the reference (dotted line) 

scenario. This scenario will phase in primarily the Morgen aviation biofuels, since 

these can scale GHG‐emission reduction to the most significant levels. Note that 

conventional fossil kerosene reduces substantially but will not fade away entirely, 

allowing to buffer when biorenewable feedstocks are subject to seasonal effects, pest 

and other dynamics. In the 2050 situation, Morgen (2G) aviation biofuels will dominate 

the portfolio by over 90 % from their proposed first commercial introduction in 2020. 

The Vandaag biokerosene will play a limited role, paving the way for the more 

sustainable Morgen biofuels, ramping‐up during 2014‐2020 towards 150 kton/yr 

production scale (compare: 20% of Neste Oil capacity), in a project that will stop by 

2030. 

 

Figure A. 1. Projected CO2 emissions for the timeframe 2015‐2030 in ktons CO2‐equivalents per year. 
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Investments 

The development of the underlying biorenewable and fossil aviation fuels portfolio will 

look as is shown in Figure A.2 (in ktons per year). The bump around 2030 indicates 

projected disinvestments in the relatively small 1G infrastructure that is required to 

prepare and orient aviation biofuels markets. The aviation fuels market will roughly 

double towards 7 683 kton/year in 2050, with over 90% of (2G) aviation biofuels. This 

will require expanding production capacity with approximately 139‐338 ktonnes per 

year. Assuming that the average investment costs are 100 million $ per 100 ktonnes of 

production capacity (double for solids handling plants), this will require a cumulative 

investment package of 2‐4 bn $ in 2030 and 7‐14 bn $ in 2050. Keeping industry 

average numbers of 20% return on investment, this should yield 400‐800 million € in 

margins in 2030 (and 1.4‐3 bn € in 2050 at 2015 index). Job creation and other net 

macro‐economic impact can only be estimated in a full macro-economic model of The 

Netherlands that incorporates displacement and multiplier effects, under relevant 

international macro‐economic scenarios. This is part of the currently ongoing 

macro‐economic impact study (under BE‐Basic & TKI‐BBE, 2014). The corresponding 

biomass requirement will remain very limited with respect to (to be) hydrogenated 

vegetable oils, but will expand substantially towards 46 million dry tonnes of biomass 

annually (at 15% yield – double of current EtJ, direct fermentations or other catalytic 

technologies) or 25 million tonnes (at 28% ‐stoichiometric maximum for which there is 

no current working technology proposed yet). This should be seen in view of the 

current Dutch food and feed imports of 40 million wet tonnes per year, which requires 

roughly a quadrupling of the biomass handling capacity of the Dutch seaports (or 

comparable foreign investments with final product shipping). 

 

Figure A.2. Projected biorenewable and fossil aviation fuels portfolio in ktons per year.  
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Innovation and international orientation 

It is clear that the Morgen (2G) aviation biofuels will have to take the majority of the 

GHG‐emission reduction as opposed to the contribution of the Vandaag (1G) jet 

biofuels. Given their current level of emerging maturity, significant development, 

piloting, scale‐up of feedstock sourcing (domestic and international), production 

facilities and market/business models needs to happen. Given the opportunity for The 

Netherlands to capitalise on its leadership position through its proactive aviation 

industries and academics, it is proposed to launch an internationally oriented 

innovation program consolidating the BioPort Holland concept in The Netherlands and 

beyond. When initiated at a significant level, such a public‐private innovation program 

combines the harvesting economic opportunities as well as leading and 

professionalising the sustainability standards also in an international context. 

Components of such an innovation program should be: 

• Several well chosen international pilot projects (for instance in The Americas ‐ 

especially Brazil ‐, Asia, Africa and Australia); 

• Consolidation of BioPort Holland as a sustainable aviation biofuels centre of 

excellence/institute; 

• A professional sustainable biomass trading/sourcing system. First estimates indicate 

€ 80 million program costs over 5‐10 years. 

As such a development needs to be an integral part of a sustainable 

BBE‐development that includes also developments in the chemical, agro‐food and 

energy sectors, it is proposed to align the innovation program with proven 

public‐private organisations such as BE‐Basic at the national and relevant regional 

levels32. First steps have been made (Appendix B) to develop elements of such a 

program.  

 

De 

Luchtvaarttafel, 

June 2014 

                                                           
32 See 
http://www.biobasedeconomy.nl/2014/05/21/bio‐innovation‐growth‐megacluster‐big‐c‐gelanceerd‐in‐dusseldo
rf/  

http://www.biobasedeconomy.nl/2014/05/21/bio‐innovation‐growth‐megacluster‐big‐c‐gelanceerd‐in‐dusseldorf/
http://www.biobasedeconomy.nl/2014/05/21/bio‐innovation‐growth‐megacluster‐big‐c‐gelanceerd‐in‐dusseldorf/

