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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 endȤof-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 passengerȤkm. 

 

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

transport, here as passengerȤkm [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 

bioȤethanol industry with a wellȤrecorded history of technical, market and financial 

development, as well as by an emerging 2nd generation bioȤethanol 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 10Ȥ12% of transport energy. 

 

Maturity and Readiness 

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

BRLȤapproach 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 RENJETôs 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 ófuel readiness 

                                                           
1 see Annex C for more detail 
2 w9bW9¢ π ǘƘŜ 9L¢ /ƭƛƳŀǘŜ YL/ ǇǊƻƧŜŎǘ ΨCǳŜƭ {ǳǇǇƭȅ /Ƙŀƛƴ 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ CƭƛƎƘǘ hǇŜǊŀǘƛƻƴǎΩ 
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levelô, 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 passengerȤkilometres increase by 4Ȥ5% 

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 scenarioôs aviation sector [5] 

Without additional measures, the aviation sectorôs emission numbers will increase 

drastically, and the Air Transport Action Group ï an independent notȤforȤprofit 

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 marketȤbased 

measure for international aviation. 

 

 

                                                           
3 see Annex D 

Airlines Hail Historic ICAO Carbon Agreement 

Montreal (6 ς мл πнлмсύ π ¢ƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ !ƛǊ ¢ǊŀƴǎǇƻǊǘ !ǎǎƻŎƛŀǘƛƻƴ όL!¢!ύ ŎƻƴƎǊŀǘǳƭŀǘŜŘ ǎǘŀǘŜǎ 

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

historic aƎǊŜŜƳŜƴǘ ǘƻ ƛƳǇƭŜƳŜƴǘ ŀ ƳŀǊƪŜǘπōŀǎŜŘ ƳŜŀǎǳǊŜ ǘƘŀǘ ǿƛƭƭ ǎǳǇǇƻǊǘ ŀƛǊƭƛƴŜǎΩ ŜŦŦƻǊǘǎ ǘƻ ǎǘŀōƛƭƛȊŜ 

emissions with carbon neutral growth. 

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

aƻƴǘǊŜŀƭΣ /ŀƴŀŘŀΦ L/!hΩǎ мфм Ƴember states agreed to implement a Carbon Offset and Reduction 

Scheme for International Aviation CORSIA) 

ƘǘǘǇΥκκǿǿǿΦƛŀǘŀΦƻǊƎκǇǊŜǎǎǊƻƻƳκǇǊκtŀƎŜǎκнлмсπмлπлсπлнΦŀǎǇȄ  

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. DŜǊŀŜŘǘǎ ƻŦ DƻƻŘCǳŜƭǎ ǉǳƻǘŜ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ŀƴ ƻƴπƎƻƛƴƎ όƴƻǘ ȅŜǘ ǇǳōƭƛǎƘŜŘ ǎǘǳdy by them and U Utrecht): 
άThe 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%έ. 
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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 heavyȤduty 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 multiȤstakeholder study has been 

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

Brazil ð A Flightpath to Aviation Biofuels in Brazil, 2014) by a publicȤprivate 

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

indicated ï among others Ȥ 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 Ȥ see also 

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

highȤlevel 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 Lƴ ŀ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƻƴ ά/ƻƳōǳǎǘƝǾŜƛǎ {ǳǎǘŜƴǘłǾŜƛǎ ŘŜ !ǾƛŀœńƻΥ ¦Ƴŀ ǊŜŀƭƛŘŀŘŜ ŜƳ ŎǳǊǘƻ ǇǊŀȊƻέ ǘƘŀǘ ŎŀƳŜ ƛƴ 
ǇƻǎǘπǿƻǊƪǎƘƻǇ ōȅ ¦.w!.Lh ς União Brasileira do Biodiesel e Bioquerosene in 7 November 2016, it was stated 
ά/ŜƴłǊƛƻ 5ŜǎŜƧłǾŜƭ нлолΥ ! ƴŜǳǘǊŀƭƛȊŀœńƻ Řŀǎ ŜƳƛǎǎƿŜǎ ǇǊƻǾŜƴƛŜƴǘŜǎ Řƻ ƳŜǊŎŀŘƻ ŘŜ ǾŜƴŘŀ ŘŜ ǉǳŜǊƻǎŜƴŜ ŘŜ 
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 
ǊŜŎƻƳŜƴŘŀœƿŜǎ Řŀ /htπнмΣ ŎƻƴǘǊƛōǳƛƴŘƻ ǇŀǊŀ ŀ ƳŀǘǊƛȊ ŘŜ ŀœƿŜǎ ǇǊŜǾƛǎǘŀǎ ǇŀǊŀ ƻ ŎǳƳǇǊƛƳŜƴǘƻ Řƻ b5/ 
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 ǎǳǎǘŜƴǘłǾŜƭ ŘŜ ŀǾƛŀœńƻΦέ which 
seems fully in line with the trends of this report. 
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Feedstock Production 

Å agronomic research, particularly on nonȤtraditional feedstocks; 

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

Å improve logistics infrastructure for feedstock transportation; 

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

Å evaluate existing available industrial waste residue feedstocks; 

Å establish sites that generate longȤterm 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; 

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

biofuels production. 

Refining Technologies 

Å process research on different identified pathways; 

Å establish pilot plants for most promising alternatives; 

Å establish demonstration and firstȤofȤaȤkind commercialization plants. 

Biofuel Logistics & Certification 

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

approval process for synthetic kerosenes; 

Å develop and disseminate competence for aviation biofuel certification; 

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

Policies 

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

pertaining to the goals of this roadmap; 

Å observe closely and anticipate regulatory actions by ICAO; 

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

and coordinate with emerging standards around the globe; 

Å establish a governmental longȤterm program for integrated use of biofuels in all 

transportation modes; 

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

Å 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 scaleȤup of biokerosene for regular air transport is 

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

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

availability of sustainable feedstocks for todayôs technology7, small scale of 

nonȤintegrated production, lack of regulations, and most important, the absence of a 

structured market (demand). 

 

Figure 9. Key issue of ñaviation biofuelsò worldwide 

 

Feedstock and Production Technologies  

From a technoȤeconomic point of view, the multitude of feedstockȤproduction 

technologyȤproduct 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 
ǘŜŎƘƴƻƭƻƎȅ ŀǎ άōŜƛƴƎ ǎŎŀƭŀōƭŜέΦ 
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technology is predominantly based on hydrogenated plant / animal / waste oils and 

fats. Other technologies are emerging such as sugarȤbased production (e.g. Amyrisô 

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

FisherȤTropsch 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 highȤadded value markets. 

 

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

of Sugars to Hydrocarbons; ATJ ï Alcohol to Jet; FT ï FischerȤTropsh hydroprocessed synthesized 
paraffinic kerosene; HDCJ ï 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 technoȤeconomic 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 petroleumȤderived jet fuel. The pioneer plant analysis suggests 

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

                                                           
8 aǎ ǿŜƭƭ ŀǎ ǎƻƳŜ ƛƴŘǳǎǘǊƛŜǎ ǘƘŀǘ ƘŀǾŜ ǇƻǘŜƴǘƛŀƭ ǊŜƴŜǿŀōƭŜ ƘȅŘǊƻŎŀǊōƻƴǎπŦǊƻƳπǎǳƎŀǊǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ 
{ƻƭŀȊȅƳŜ ŀƴŘ 5{aκaŀǊǘŜƪπ.t όǿƘŜǊŜ ƭƻǿ ƻƛƭ ǇǊƛŎŜǎ ŦƻǊŎŜŘ ǘƘŜƳ ǘƻ ǊŜŦƻŎǳǎ ǘƘŜƛǊ ōǳǎƛƴŜǎǎ ǘƻǿŀǊŘǎ ƻther 
ƳŀǊƪŜǘǎ όŦƻƻŘΣ ƴǳǘǊŀŎŜǳǘƛŎŀƭǎΣ ŎƻǎƳŜǘƛŎǎΣ ŎƻƴǎǳƳŜǊ ǇǊƻŘǳŎǘǎύΣ ŀƴŘ DŜǾƻ όŎŜǊǘƛŦƛŜŘ ōǳǘŀƴƻƭπǘƻπƧŜǘ ǘŜŎƘƴƻƭƻƎȅύΦ 
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option; the technology achieves the lowest minimum fuel selling price (MFSP) of 29.3 

ú /GJ (1289 ú/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 ú/GJ (939 ú/t) and 30.2 ú 

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

increases for producing dropȤin fuels using HTL and pyrolysis as both technologies are 

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

recommended. CoȤproduction strategies decrease the MFSP by 4ï8% compared to 

greenfield production. 

 

Figure 11. Comparative technoȤeconomic 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 óinvisibleô 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 nonȤrenewables basis. 

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

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

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

and production of fertilizerò10. 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 technoȤeconomic point, most advanced biofuels production technologies 

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

produce a portfolio for marine (or coȤfiring) (óheavyô range), road/diesel (ómidô range), 
and kerosene (ómid and topô range)11 applications. At the feedstock side, the 

oxygenȤrich biomass and MSWȤstreams are roughly split in energy dense fuels and 

oxygen rich (energy poor) material flows (due to óenergy conservation lawô). 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 biorefineryȤconcept is taken into account. Several of these 

refineryȤredefinition programs are being developed nowadays such as the 

REDEFINERYȤprogram around the Port of Rotterdam (The Netherlands), and the 

BIOFOREVERȤproject 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 technoȤeconomic analysis, estimates of OPEX 

and CAPEX requirements, as well as implementation scenarioôs that allows testing 

and demonstration. 

                                                           
9http://www.bƛƻŘƛŜǎŜƭƳŀƎŀȊƛƴŜΦŎƻƳκŀǊǘƛŎƭŜǎκуснофпκōǊŀȊƛƭπƘƻǳǎŜπŀǇǇǊƻǾŜǎπƛƴŎǊŜŀǎƛƴƎπōƛƻŘƛŜǎŜƭπƳŀƴŘŀǘŜǘƻπмлπ
percent  
10 www.agropolocampinasbrasil.org  
11 Heavy, middle, and top range indications are roughly based on ranking of boiling points ς 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/
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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 

coȤproduction of biojet fuel and higher valueȤadded 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 

coȤproducts [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 processȤinherent 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. 

EthanolȤtoȤjet (ETJ) and hydroȤprocessed 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 coȤproduction 

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

risk, mainly due to the use of secondȤgeneration 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 lignoȤcellulosic 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; (ǅ) 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 biorefineryȤproduct portfolio towards costȤprice 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  

Brazilôs 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 1stȤofȤaȤkind plant. 

                                                           
13 http://www.biodieselmaƎŀȊƛƴŜΦŎƻƳκŀǊǘƛŎƭŜǎκуснофпκōǊŀȊƛƭπƘƻǳǎŜπŀǇǇǊƻǾŜǎπƛƴŎǊŜŀǎƛƴƎπōƛƻŘƛŜǎŜƭπƳŀƴŘŀǘŜǘƻπ 
млπǇŜǊŎŜƴǘ 
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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 GoldembergȤcurve for the learning effect 

in ethanol production from sugar cane, that indicates 4Ȥfold 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 1stȤofȤaȤkind lignocellulosic ethanol plant project (2007Ȥô17 for 

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

for demonstration scale (1stȤofȤaȤkind) 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 DSMȤPOET project Liberty (pioneer commercial lignocellulosics 
plant). 

 

Workshop Objectives 

On the basis of this brief overview, the following 3 interȤtwined 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. 
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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 (2016Ȥ2050), 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 highȤlevel (but quantitative) GHGȤtargets 

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 GHGȤqualities: today (Ȥ35% GHG 

emission reduction), tomorrow (Ȥ80% emission reduction ï which is accepted as high 

but feasible), and far future (Ȥ90% 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 ICAOȤtargets (especially the 2050 target of 

halved GHGȤemissions relative to 2005). 

A scenario consisting of only ótodayôȤbiofuels (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 ódomesticô bunkering only. TOIȤimprovements (Technology, 

                                                           
16 Mt ς 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. 
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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 

unȤchanged policies, and all trajectories are shown in the figure below. Calculation 

results are presented as CO2Ȥemission levels in the figure below. Using the biojet fuel 

of ótodayôs technology and given the volume increases, the total CO2Ȥemission will 

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

(from 14 Mt CO2Ȥequivalent/yr in 2005 to 40 Mt CO2Ȥeq in 2050). This is too high, 

although it is half of the benchmark (of noȤpolicyȤchange), which would lead to 86 Mt 

CO2Ȥeq/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 CO2Ȥeq/yr for the case of ñtodayò 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 ñtodayò biofuels on the combined remaining (bio + 

fossil) jet fuels. 
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Also a situation where only ótomorrowô biofuels (Ȥ80% 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 CO2Ȥeq/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 85Ȥ90%. 

 

Figure 21. GHG Emission profiles in kton CO2Ȥeq/yr for the case of ñtomorrowò 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 ówedgeô of emission reduction taken by ñtomorrowò biofuels. 

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

such as required amounts of biomass, corresponding landȤuse (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 Mú per 100 kton production capacity18, double for solids 
processing plants 

2 Jobs 100 p / 100 kton /yr (direct)19, 2Ȥ3 x indirect 
Salaries ú 45 000/yr (average) 

3 Corporate tax 30% 

4 Income 30% 

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

 

                                                           
18 !wΥ CƛǊǎǘ ƛƴ ƪƛƴŘ ŎŜƭƭǳƭƻǎƛŎ ŜǘƘŀƴƻƭ Ǉƭŀƴǘǎ ǿŜǊŜ ƳǳŎƘ ƘƛƎƘŜǊ όŜΦƎΦ th9¢π5{aΣ Ϸ олл Ƴƭƴ ŦƻǊ ŀ тр ƪǘ ŜǘƘŀƴƻƭ 
plant). The number seems ok for a large scŀƭŜ ōƛƻπǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎƛƴƎ м Ƴƛƭƭƛƻƴ ǘƻƴ of cellulosic sugars. 
19 !wΥ ¢Ƙƛǎ ƛǎ ƻƴ ǘƘŜ ƘƛƎƘ ǎƛŘŜΦ ¢ƘŜ th9¢π5{a Ǉƭŀƴǘ ŜƳǇƭƻȅǎ сл C¢9ϥǎΦ !ƭǎƻ ŀ ƭŀǊƎŜ ǎŎŀƭŜ ōƛƻπǊŜŦƛƴŜǊȅ ǿƛƭƭ ƴƻǘ 
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 ñdropȤin biofuelsò, 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 ñKey issueò). To break 

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

level. The drivers for Brazil are related to aviationȤrelated 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 

(nonȤtechnological 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 nonȤagricultural 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 costȤcompetitive 
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 nonȤagricultural 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 ΦΦΦ ŀƴŘ ǿŀǘŜǊ ōŀƭŀƴŎŜ Χ όǊŜƳŀǊƪ ŦǊƻƳ ŎǳǊǊŜƴǘ ǿƻǊƪǎƘƻǇΣ ƴƻǘ ƛƴ ƻǊƛƎƛƴŀƭ ŘƻŎǳƳŜƴǘύ 
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It is important to identify the right feedstockȤtechnologyȤproduct combinations (per region). 

Prepare for a fully 
integrated biorefinery 
industry 

From a technoȤeconomic point, most advanced biofuels production technologies produce a portfolio for marine (or 

coȤfiring), road/diesel and kerosene applications, as well as chemicals and materials. At the feedstock side, the 
oxygenȤrich biomass and MSWȤstreams are roughly split in energy dense fuels and oxygen rich (energy poor) 
material flows (óenergy conservation lawô). 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 
biorefineryȤconcept 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. 

оΦ !ǊŜŀΩǎ  

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

technological and nonȤtechnological areaôs have to be considered:  

Feedstock production 

¶ biomass production: agro ï 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 Ȥlow 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: (bioȤ)chemical and thermal conversion 

technology such as chain elongation and branching and deȤoxygenation 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. 

NonȤtechnological (societal) areaôs 

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

situation; Ȥñonrendabele topò handling; 

¶ long term financing: export market; 

¶ marketing and PR ï 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 highȤlevel key drivers for aviation biofuels are the ICAOȤtargets: 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 highȤlevel key drivers for Brazil 

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

respect to heavy road transport, Brazilôs 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 nonȤtechnological alternatives for 

advanced biofuels are:  

1. formal regulatory approval such as ASTMȤcertification for aviation; 

2. shortȤterm technoȤeconomic feasibility, with an acceptable price differential 

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

3. longȤterm technoȤeconomic feasibility via integral biorefining and coȤproduct 

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 (Ȥ35%). 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) ï positive perȤcapita 

GDP income development; 

7. acceptance by the public. 

Societal drivers in Brazil include the need of ógreenô 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.ōƛƻŦǳŜƭǎπƴŜǿǎΦŎƻƳκŘƛǎǇƭŀy_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 

AirȤFranceȤKLM, 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 Ȥ camelina; 

Acrotech macauba ï 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 ï various location, others).  

6. Gaps and barriers  

Procedure  

The starting point for the roadmaps was the ICAOȤbased scenario in which 

ñtomorrowôsò advanced biofuels (Ȥ80+% emission reduction) enter the scene. This is 

summarized in the following diagram, including expected investment requirements 

(20Ȥ40 billion EUR or 80Ȥ160 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 ñtomorrowò 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 ¦ǎƛƴƎ ǇǳōƭƛŎ 5{aπth9¢ ƴǳƳōŜǊǎ ŦƻǊ ƛƴǾŜǎǘƳŜƴǘ ƭŜǾŜƭǎ ŀƴŘ ŘƛǊŜŎǘ ŀƴŘ ƛƴŘƛǊŜŎǘ Ƨƻō ŎǊŜŀǘƛƻƴΦ 
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The workshop participants (see Appendix B) were split in 2 groups of 30Ȥ40 people. 

They expressed their insights and opinions about ófutureô technologies, pilots, plants, 

requirements, regulations, infrastructural demands, etc. in the form of postȤits 

(óstickiesô) 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 

2015Ȥ2050 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 

nonȤtechnological 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. 



                                                                                                                      
 

31 

 

Figure 24. PostȤits 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 nonȤtechnological 

roadmaps into a consolidated and agreed technological and nonȤtechnological 

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 15Ȥyear period towards 2030 is most likely characterised by a structuring 

period (STRUCTURE) that allows for óexperimentationô and in which winning 

feedstockȤtechnologyȤproduct 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 (ócroptimisationô) towards larger scale pilots and demonstration plantations to 

prepare for commercial scale rollȤout. 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; plantȤlevel and regional/national economic scenario analysis; 

and screening and selection of feedstockȤconversionȤproduct 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. ó(Existing) technology optimization should be 
interpreted as short hand for the further development and optimisation of feedstock conversionȤproduct 

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 regionȤspecific characteristics. Here it 

should be mentioned that the airlines are exploring a óBioPortôȤlike 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 

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

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

REDEFINERYȤstudy 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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smallerȤscale 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. BEȤBasic 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 

coȤproduction. 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 (SCALEȤUP). Then high 

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

preparing for biofuelȤonly 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 óchampionô 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 (ónowô) in the roadmap above (Figure 25). It was 

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

socioȤeconomic 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 nonȤquantitative analysis of integral 

advanced biofuels value chains, feedstock/technology evaluation (Virtual 

Biorefinery); 

¶ landscape and logisticsȤeffect of (minimum) scale and logistics/hub creation, 

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

macroȤeconomic 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 toolsé  

3.  Optimisation of existing technologies 

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

¶ HEFAȤlike 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 ï swing/merryȤgo round; 
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¶ 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 valueȤadded coȤproducts and byȤproducts. 

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, coȤproduction (energy crops and feed/cattle), paste 

intensification; 

¶ improved harvest systems (including lowȤimpact equipment), and utilisation of 

harvest residues including sewage, vinasse, and other agroȤindustrial (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 Ȥ technology combined with fertiliser (NH3 production) ï 

further energy integration; 

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

¶ continuous/inȤline blending for high blends, blending logistics. 

7.  Fleet (engine, equipment) redesign  

¶ engine upgrading; 

¶ high blends and biofuelȤonly; 

¶ dual fuel system (diesel and gas); 

¶ other  

8.  Engineering (design) of nonȤtechnological topics  

¶ market ï internal, international and export market; 

¶ legal ï e.g. ANP regulations that are explicitly fossilȤbased; 

¶ 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 draughtȤtolerant 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 startȤup company), and 

we use those to populate a potential macauba roadmap. 

 

Figure 29. Macauba basic data [21] 

Assuming that macaubaȤoil 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 2020Ȥ2050. 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 (postȤ2030) 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 óvery 

importantô or even ócrucialô 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.  

SocioȤeconomic and sustainability study  

To facilitate the deployment of advanced biofuels a thorough socioȤeconomic 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 shortȤterm and longȤterm R&D, policy 

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

energy and nonȤenergetic 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 socioȤeconomic aspects including 

emission reductions and job opportunities. The socioȤeconomic 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 ï 

commodity platform. 

 

                                                           
28 Comment from the workshop: at this momenǘ ƻƴƭȅ ŀ ǇώƛǇŜƭƛƴŜ ŦƻǊ WŜǘ !πм ƛǎ ƻǇŜǊŀǘƛƻƴŀƭΤ ƛƴǎǘŀƭƭƛƴƎ ƻǘƘŜǊǎ ǿƛƭƭ 
be complicated 
29 Immediately after the workshop CORSAI of ICAO was announced ς see text box at p. 4 
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R&D agenda  

The R&D agenda should pay attention to:  

¶ funding including industries (OEMôs); 

¶ crop/agriculture models for security of supply; 

¶ calculations and models for smallest scale biorefinery systems in various 

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

¶ models for integrative and inclusive production systems, allowing social 

development for poor regions ï 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 feedȤstocks 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 bioȤmarine 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. NonȤtechnological 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 nonȤtechnical. 

The period after 2030 is predicted to be focused at scaleȤup in an emerging integrated 

biorefinery context, and technological as well as nonȤtechnological 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. 
BEȤBasicȤFapesp call as opportunityȤ 
neutral supervisory board. 

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

2a NATIONAL STRATEGY ï (energy) ï 
concrete version biojet? 
White Paper. Numbers ï 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 ï 
show what needs to be done ï realistic 
roadmapȤ pioneers. Use results scenario 
studies (impacts) ï public versions, focus 
on times ï urgencies; 
Use Plataforma Brasileira ï alignment 
other organisations. 

Linked to champion and 
supporting national strategy ï 
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: Ȥ make final plan of action Ȥ 
develop R&DȤdemoȤbusiness lines 

Telma Franco (FEQ-UNICAMP), 
Luu van der Wielen (TU-Delft, BE-
Basic), plus all participants 
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