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Executive Summary

This report summarizes the results of the Task Force (TF), formed in the 21st ordinary meeting of the 
Sectorial Chamber for the Oilseeds & Biodiesel Production Chain, held on November 11, 2014, for the 
purpose of identifying and consolidating information on the results of the tests and experiments using 
different blends of biodiesel and mineral diesel in Brazil and globally.

The TF was formed with representatives from government entities (Civil House of the Presidency, MAPA, 
MCTI, Petrobras Biofuels and ANP) and private entities (ABIOVE, APROBIO, CNI and UBRABIO).  After 
presenting an overview of the Brazilian fleet equipped with diesel cycle engines, around four million vehicles 
in 2014, of which about 60% were classified in PROCONVE’s Phases P5 and P7, this report addresses the 
specifications of the biodiesel adopted in Brazil, showing that they are compatible with those in effect 
globally, especially in the United States and in Europe, and that some parameters, especially those related 
to water content, are more rigorous.

Supported by an analysis matrix, 57 studies on the subject were summarized, covering the impacts of 
blends equal or superior to 10% biodiesel in fossil diesel – called high blends – on important basic items, 
such as:  fuel consumption, emissions, cold starts, the engine’s power and performance, and the durability 
and wear of components.

Generally speaking, the benefits and disadvantages of using high blends of biodiesel were within expectations 
(all quantified), although some studies on the subject had different results for average behavior, such as 
reduction in fuel consumption and nitrogen oxides (NOx) emissions.  As regards cold starts, the engine’s 
power and performance, and the durability and wear of components, the results generally show that using 
high blends does not bring significant impacts in these items.

In Final Considerations, this report concludes that adopting procedures and taking care to maintain the 
biodiesel’s specifications, and with technical advances providing more adequate materials for use in 
contact with the biodiesel, progressively tend to avoid problems when using biodiesel, regardless of the 
specific diesel-biodiesel blend used.
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Introduction
Provisional Measure No. 647/2014, converted into Law No. 13033/2014, raised the percentage of the 
compulsory blend of biodiesel in diesel B to 7%.  This level has been in effect throughout Brazil since 
November 1, 2014.  Notwithstanding Brazil’s robust compulsory and duly regulated market, which should 
produce and consume over four billion liters of biodiesel in 2015, there is legal provision for using other blend 
percentages.  In this way, within specific and controlled circumstances, it would be possible to use different 
percentages of biodiesel in diesel B, such as 20% (B20), 30% (B30), 50% (B50) or even 100% (B100).  This 
reality can also be found globally as various countries are testing and using different biodiesel percentages.

The purpose of this report was to collect and systematize information on the uses of biodiesel in Brazil and 
globally, specifically those with high BX (henceforth defined as “high blends”), i.e., those equal or superior to 
10%.  Diverse databases were consulted – such as publishers of journals reviewed by peers, private and 
government institutions with an international reach – in search of tests, experiments and scientific articles 
related to the use of high blends of biodiesel over the last few decades.

This Task Force carefully sought solid data and information from reliable sources, whose representativity was 
believed to be applicable to the current domestic reality.  However, documents from the 1980s or 1990s 
were not discarded.  Even though automotive technology and fuel quality from that time tend to diverge, at 
times significantly, from current standards, incorporating this information was thought to enrich this report 
by bringing an important historic characterization and evolution for a better understanding of the current 
challenges and opportunities.

Nonetheless, the use of high blends of biodiesel was observed to be a common practice among many fleet 
managers, even though the results of such tests are rarely published.

Finally, it is hoped that the contents here presented may contribute to the discussions on the use of biodiesel 
as a motor fuel, as well as serve to support researchers, users and decision-makers.
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Fonte: MMA (2014) and DENATRAN

MMA (2014) further addresses the distribution of the fleet in accordance with PROCONVE’s phases1.  In 2012, the last 
year with available data, 50% of the domestic diesel fleet belonged to PROCONVE’s Phases P5 and P7, 21% to Phase P4, 
9% to Phase P3, 10% to Phase P2 and 10% to Phase P1 or P0.  Given the evolution of scrap and the new licenses, it is 
estimated that, in 2014, about 60% of the fleet is now classified in the Program’s Phase P5 and P7.

1  In Brazil, PROCONVE created emission limits in 1986, defining the limits for emissions by diesel vehicles.  Currently, emission limits are 
defined as a function of the vehicle’s cargo capacity.  Heavy vehicles comply with CONAMA’s Resolution No. 403/08.  The regulated emissions are 
carbon monoxide (CO), non-methane hydrocarbons (NMHC), nitrogen oxides (NOx) and particulate matter (PM).
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Brazilian Fleet: Diesel Cycle

According to MMA (2014), about 3.5 million diesel cycle vehicles circulated in Brazil in 2012.  Furthermore, 
according to DENATRAN’s data, approximately 700,000 new vehicles in this category were licensed in Brazil 
between 2013 and 2014.  Taking into account the scrapped fleet, four million diesel cycle vehicles are currently 
estimated to be in circulation, with over half that number beginning their useful life after the year 2000.

Figure 1:  Estimated fleet evolution of diesel cycle vehicles in Brazil
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Specifications for Diesel and 
Biodiesel in Brazil and Globally

When comparing the specifications for the biodiesel currently produced in Brazil, in the U.S., in the 
European Union and in Canada, there are only minor differences.

Brazilian specifications (ANP Resolution No. 45/2014) are the most rigorous as regards water content.  The 
200 mg/kg limit adopted in Brazil is about half that allowed in the rest of the world, but it is a necessary 
requirement due, for example, to the logistic peculiarities of an extensive domestic territory.  It should 
be noted that biodiesel’s high hygroscopicity demanded investments in Brazilian factories, not only 
to bring the biodiesel to below this level, but also to maintain it at that level during transportation and 
storage.  Currently there are discrete tolerance criteria for the biodiesel producer and the fuel distributor 
in inspection activities.

Canada is considerably more demanding as regards residues of alkaline metals, earth alkaline metals and 
phosphorus.

The European Union has some specific analyses, such as “linolenic ester content” and “polyunsaturated 
esters content”.  These analyses are more restrictive regarding raw material than the process, as they are 
related to the biodiesel’s oxidative stability – a parameter included in domestic biodiesel specifications at 
the same value as the European standard.  It should be highlighted that Brazil does not use raw material 
with high concentrations of linolenic acids or in proportions that could generate compatibility problems 
with the European market.

There are also some distinct specifications regarding the properties related to cold, such as CFPP, the 
pour point and the dew point.  These parameters are related to each country’s winter specifications.  In 
the U.S. and Canadian markets, the cold pour point parameters are shown as ‘annotate’, as their dynamics 
are based on agreements between the producer and the buyer, taking into consideration the proposed 
application, the addition of additives in the distribution or the use of installations that have devices to 
maintain the biodiesel’s temperature above that of the environment and in good condition.

A comparison between Brazilian specifications and U.S. specifications shows a Brazilian requirement 
significantly greater as regards oxidative stability and water content, with great similarity among the 
remaining parameters.  This shows the high quality adopted by biodiesel specifications in Brazil.
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Table 1:  Specifications of biodiesel in Brazil and globally

Brazil United States European Union Canada

Normative Instruction
ANP Resolution No. 

45/2014
ASTM D6751-15 EN14214:2012 CAN/CGSB-3524-

2011

Designation B100 Grade 1-B e 2-Bd FAME B100

Year of implementation 2014 2015 2014 2011g

Parameters Unit

Aspect - LIIa - - -

Specific density at 15ºC, min  - max. kg/m3 850–900 (20ºC) - 860 – 900 Annotate

Kinematic viscosity at 40ºC, min – max. mm2/s 3.0 – 6.0 1.9 – 6.0 3.5 – 5.0 1.9 – 6.0

Water and sediments, max %vol - 0.05 - -

Water content, máx. mg/kg 200b - 500 400

Total contamination, max. mg/kg 24 - 24 -

Flash point ºC 100 93 101 130

Distillation temperature, 90% recovered, max ºC - 360 - -

Ester content %mass 96.5 - 96.5 -

Linolenic ester content %mass - - 12.0 -

Polyunsaturated esters content %mass - - 1.0 -

Carbon residue, max %mass - 0.05 - 0.05

Sulphated ashes, max %mass 0.02 0.02 0.02 -

Total sulphur, max mg/kg 10 15 / 500 10 Annotate

Sodium + potassium content, max mg/kg 5 5 5.0 4

Calcium + magnesium content, max mg/kg 5 5 5.0 2

Phosphorus content, max mg/kg 10 10 4.0 4

Corrosivity to copper, 3h at 50ºC Degree 1 3 1 -

Cetane number - Annotate 47 51 Annotate

Cold filter plugging point, max ºC c - f -

Dew point ºC - Annotate - Annotate

Cold filterability s - d -

Acid value, max mg KOH/g 0.5 0.5 0.5 0.5

Free glycerin, max %mass 0.02 0.02 0.02 0.02

Total glycerin, max %mass 0.25 0.24 0.25 0.24

Monoglycerides, max %mass 0.7 0,4/ -d 0.7 -

Diglycerides, max %mass 0.2 - 0.2 -

Triglycerides, max %mass 0.2 - 0.2 -

Methanol/ethanol, max %mass 0.2 0.2e 0.2 0.20

Iodine index, max g of I2/100g Annotate - 120 -

Stability to oxidation at 110ºC, min Hours 8 3 8 8

Ta.  B100 can only be considered non-compliant after evaluation of water content and total contamination.
b.  For the purpose of inspections, the following values are adopted:  250 and 350 mg/kg for the producer and distributor, respectively.
c.  Because of large regional variations, differentiated limits are adopted by state throughout the year (Table II of RANP 45/2014).
d.  ASTM D6571 establishes that Grade 1B should present cold filterability (ASTM D7501) of 200 and has a maximum monoglycerides content (ASTM D6584) of 0.4%.  
Grade 2B should present 360 for the cold filterability test and there is no maximum limit for monoglycerides.
e.  If the sample presents a flash point above 130ºC, there is no need to test methanol/ethanol content.
f.  Bearing in mind that FAME is used in a wide range of temperatures within the European Union, CEN established six specifications for cold fluidity (Grade A – F) with 
cold filter plugging point values varying from +5 to -20, respectively.  For use in Arctic climates, Classes 0 – 4 were additionally defined with values varying from -20 
to -44ºC, respectively.
g.  The standard that establishes the specifications for B100 in Canada (CGSB CAN/CGSB-3.524) was revised in 2014.  However, ANP does not have access to this 
version of the standard so the data here reported refers to the 2011 version.
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Table 2:  Specifications of diesel in Brazil and globally
Brazil United States European Union Canada

Normative Instruction ANP Resolution nº 
50/2013 ASTM D975-15 EN590:2013 CAN/CGSB-3.520-

2011

Designation S10/ S500 1-D / 2-D Temperado / Ártico Tipo A/ Tipo B

Year of implementation/revision 2014 2015 2014 2011

Parameters Unit

Aspect - LII - - -

Color - a / Red - - -

ASTM color, max - 3.0 - - -

Biodiesel content % vol 7.0 5.0 7.0 1.0 – 5.0

Distillation

10% vol, recovered, max ºC 180.0 / Annotate - - -

50% vol, recovered, max ºC 245.0 – 295.0 / 
245.0 – 310.0

- - -

85% vol, recovered, max ºC 360.0 (S500) - 350 -

90% vol, recovered, max ºC Annotate (S500) 288 / 282 – 338i - 290 / 360

95% vol, recovered, max ºC 370.0 (S10) - 360 -

Specific density at 15ºC, min – max kg/m3 815.0 – 850.0 / 815.0 – 
865.0 (20ºC)

- 820.0 – 845.0/
800.0 – 840.0

-

Kinematic viscosity at 40ºC, min – max mm2/s 2.0 – 4.5 /
2.0 – 5.0

1.3 -2.4 /
 1.9 – 4.1i

2.0 – 4.5 /
1.2 – 4.0

1.3 – 3.6 /
1.7 – 4.1

Water and sediments, max % vol 0.05 (S500)b 0.05 - 0.02

Water content, max mg/kg 200 / 500c - 200 -

Total contamination, max mg/kg 24 (S10)b - - -

Flash point ºC 38.0 38 / 52i 55.0 40

Ramsbottom carbon residue in 10% final distillation, max % mass 0.25 0.15 / 0.35 0.30 0.1 / 0.2

Ashes, max % mass 0.01 0.01 0.01 0.01

Total sulphur, max mg/kg 10d / 500 15 10 15

Total aromatics, max % mass - 35h - -

Polyaromatics, max % mass - - 8.0 -

Corrosivity to copper, 3h at 50ºC degree 1 - - -

Cetane number or derived cetane number (DCN), min - 48 / 42 40h 51.0 / 
47.0 – 49.0

40

Cetane index, min - - - 46.0 / 43.0 – 46.0 -

Cold filter plugging point, max ºC e - 5 to -20/
-20 to -44j

-

Dew point, max ºC - i -10 to -34ºC (Arctic) Annotate

Acidity value, max mg KOH/g Annotate - - -

Lubricity, max µm 460f 520 460 460

Electrical conductivity, min pS/m 25g - - -

Stability to oxidation, max mg/100mL 2.5 - - -

a.  Usually colorless to yellowish, can present slight alterations to tones of brown and orange from the addition of biodiesel.
b.  Applicable to importations.
c.  Limits are applicable to distribution.
d.  A tolerance of 5 mg/kg will be allowed in the specified limit for inspection purposes.
e.  Because of large regional variations, differentiated limits are adopted by state throughout the year (Table II of RANP 50/2013).
f.  The specified limit refers to the result obtained by Standard ISO 12156.  If ASTM D6079 is used, the limit of 520 µm should be adopted.
g.  The analysis of the conductivity of Diesel S500 should be made after the addition of antistatic additive and coloring in the amount of 20 mg/kg.
h.  Diesel 1-D/2-D should meet the minimum cetane number or the total hydrocarbon content.
i.  When a dew point below -12ºC is specified, the combination of 1-D and 2-D is allowed.  In these cases, the limits of 38ºC for the flash point and 1.77 cSt at 40º are 
used and the limits for T90 are not applied.
j.  CEN stipulated Grades A – F for diesel used in temperate climates and Classes 0 – 4 for diesel used in severe and Arctic climates.
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Experiments, Tests & Uses of Biodiesel in 
“High Blends” in Brazil and Globally

A wide range of studies covering the most diverse aspects of the use of biodiesel in blends with mineral 
diesel is available in Brazilian and international literature.  They present analyses that consider biodiesel in 
different blends (BX), applied in different engines (buses, trucks, bench tests, locomotives, machinery and 
equipment, among others), produced from distinct raw materials (oil from soybeans, rapeseed, canola, 
sunflower, corn, palm, animal fats and oil residues), during a significant length of time and under different 
circumstances of use, storage and distribution.

The systemization of so much information came from using analysis matrices (Appendix I), which sought 
to extract the most relevant technical data from each of the studies consulted for this report.

In all, 57 studies, tests and analyses were part of the scope of this report.  They originate in 12 different 
countries:  U.S. (24), Brazil (8), Canada (7), Germany (4), Greece (4), France (2), Portugal (2), Spain (2), Belgium 
(1), Australia (1), India (1) and South Korea (1).  In continental terms, there are 31 studies from North 
America, 15 from Europe, eight from South America, two from Asia and one from Oceania.

Figure 2: Geographic distribution of the studies used in this report
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Among the studies included in this chapter, MIC (1985) presents a wide cycle of tests done by the following 
companies:  Mercedes-Benz do Brasil, Saab Scania do Brasil, Caterpillar Brasil, Cummins do Brasil, Volvo do Brasil, 
Fiat do Diesel Brasil, MWM Motores Diesel and Massey Perkins.  The total distance travelled was over 865,000 
km and the items evaluated included clogged injector nozzles, drivability, performance, fuel consumption and 
maintenance costs when using B30 (blend of 70% diesel, 30% methyl ester) or, in some cases, B100.

Schumacher and Madzura (1994) compare the parameters for fuel consumption, emissions, maintenance 
costs and alterations in the lubricant of ten urban buses in the United States.  Over 26 months, five buses 
were fueled with a B20 blend and five with D22 diesel, driving an average of 140,000 km.

Gateau (2006) presents the results obtained in France.  The tests, which lasted 12 years (1993 to 2005), derived 
from a fleet of 20 trucks with EURO 0 to EURO III technology, ten of which were fueled with B50 made from 
rapeseed and the other ten were fueled with traditional diesel.  They travelled a total distance of over 13 million 
kilometers and five of the engines were taken apart at the end of the tests.  Among the items evaluated were 
fuel consumption, alterations in cold starts, and the durability and wear of components.

Proc et al. (2006) report on the study made in the U.S. between 2004 and 2006, with a fleet of nine 
buses fueled with B20 from soy oil.  Each vehicle travelled about 160,000 km, and the impacts on fuel 
consumption, emissions, power and performance of the engines, alterations in cold starts, and the 
durability and wear of components were evaluated.  As a control sample, the authors fueled the bus fleet 
with B0, i.e., with diesel free of biodiesel.

Barnitt et al. (2008) estimate the impact from using B20 in the variables:  fuel consumption, maintenance 
costs, durability and wear of components, and alterations in the lubricant.  The tests used seven urban 
passenger vehicles that ran on diesel with a very low sulphur content and eight vehicles that ran on B20, 
each with an initial distance travelled between 138,000 km and 214,000 km.  In the twelve months of the 
study, the buses travelled over 1.1 million kilometers.

Castellanelli et al. (2008) analyze the performance of a diesel cycle engine in a dynamometer bench, using 
blends of biodiesel and diesel varying from 2% to 100%..

In its turn, FETRANSPOR (2011) analyzes the performance of 14 buses fueled with B20 and eleven fueled 
with diesel B in Rio de Janeiro.  In twelve months, 1.1 million kilometers were travelled, getting results on 
fuel consumption, durability and wear of components, and alterations in the lubricant.

ANP (2014) gives an overview of results covering the variables:  fuel consumption, emissions, cold starts, 
durability and wear of components, and power and performance.  The tests, developed by the companies 
Companhia Vale do Rio Doce S.A., Camargo Corrêa, Martin-Brower, Urbanização de Curitiba S.A. (URBS), Auto 
Viação Redentor, Viação Cidade Sorriso Ltda. and by the Laboratory for Development of Clean Technologies of 
the University of São Paulo (LADETEL/USP), included vehicles from urban passenger buses through locomotives 
and industrial machinery and equipment.  B10, B20, B25 and B100 blends were analyzed in these studies.
2  D2 diesel has characteristics that are similar to the diesel A S10 specified by ANP No. 50/2013 for trading on the domestic market.
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Petrobras (2014) analyzes the use of B20 in Ford pick-up trucks over a total of 100,000 km, in a 
12-month cycle of tests.

Temporally, 11% of the studies analyzed were published up to and including the year 2000, 4% were 
published in the years 2001 to 2003, 9% in the years 2004 to 2006, 28% in the years 2007 to 2009, 32% 
in the years 2010 to 2012, and 18% in or after 2013.

Figure 3:  Frequency of the studies analyzed according to year of publication
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In summary, the studies consulted for this report can be classified according to the content of the biodiesel 
used, engine or vehicle tested and raw material used in accordance with Table 3 below.

Table 3: Studies consulted
Study BX (%) Vehicle/Engine* Raw Material

MIC, 1985 30/100 Bus/Truck/Others Soybeans

Schummacher and Madzura, 1994 30 Bus Soybeans

Howes and Rideout, 1995 (a) 20 Bus NI

Howes and Rideout, 1995 (b) 20 Bus NI

Bickel and Strebig, 2000 20 Truck Soybeans

Chase et al., 2000 50 Truck Soybeans

EPA, 2002 0 to 100 Bus/Truck/Others Soybeans/Rapeseed/Canola/Animal Fat/Others

Lagace et al., 2003 20 Bus Soybeans/Rapeseed/UCO/Animal Fat

Fraer et al., 2005 20 Truck Soybeans

McCormick et al., 2005 20/100 NI Soybeans/UCO/Animal Fat

Gateau, 2006 50 Truck/Others Rapeseed

Munack et al., 2006 20 Bus Rapeseed
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Study BX (%) Vehicle/Engine* Raw Material

Proc et al., 2006 20 Bus Soybeans

Chan, 2007 20 Truck/Others Soybeans/Animal Fat

McQueen, 2007 20 Truck Soybeans

Rhodes, 2007 20 Truck Soybeans

Schiavone, 2007 20 Truck/Others Soybeans/Others

Steinmetz, 2007 20 Others Soybeans/Animal fat/Others

Barnitt et al., 2008 20 Bus  NI

Castellanelli et al., 2008 20/30/50/100 Bench Soybeans

Kong and Kimber, 2008 20/100 Others  NI

Erhan et al., 2009 B10/B20/B30/B100 Others Soybeans/Rapeseed/UCO/Animal fat/Others

Faraj, 2009 20 Truck/Others Soybeans/Sunflower/Animal fat

Knuth and Winkler, 2009 30/100 Bus Soybeans

Lujan, 2009 30/50/100 Others NI 

MCT, 2009 20 Truck/Others Soybeans

Rakopoulus and Giakoumis, 2009 100 Truck Soybeans

Valtra, 2009 50/100 Tractor Soybeans/Animal fat

Yanowitz and McCormick, 2009 20 Truck  NI

Durbin et al., 2010 20 Others Soybeans/UCO/Animal fat

Kousoulidou et al., 2010 10 Light Rapeseed/Palm

Moscherosch et al., 2010 100 Light Soybeans

Peterson et al., 2010 20 Others  NI

B100 Energy, 2011 20 Bus Animal fat

Fetranspor, 2011 20 Bus Soybeans

Kulkarni et al., 2011 20/50/100 Irrigation Equipment Animal fat/Corn

Li et al., 2011 20 Light Soybeans

Osborne et al., 2011 20/100 Locomotive Soybeans

Traviss et al., 2011 20 Others Soybeans

Giakoumis et al., 2012 0 a 100 Others Soybeans/Rapeseed/Palm/Others

Grasman and Sadashivan, 2012 20 Bus/Others NI 

Hubert, 2012 30/100 Others Rapeseed

McCormick, 2012 20 Truck/Others Soybeans

Serrano et al., 2012, (a) 20/30 Bus Soybeans/Canola

Serrano et al., 2012, (b) 20 Others Soybeans/Palm

Shurland et al., 2012 20 Locomotive  NI

Tziourtzioumis and Stamatelos, 2012 70 Others Soybeans/UCO/Rapeseed

VN Engineers, 2012 20 Bus Soybeans/UCO

Anthonis et al., 2013 30 Bus  NI

Chavez, 2013 20 Others Soybeans

Winkler et al., 2013 100 Tractor NI

ANP, 2014 20/25/100 Bus/Truck/Others Various

Bari, 2014 20 Bus Canola

Broatch et al., 2014 50/100 Light Soybeans/Rapeseed

Lim et al., 2014 20 Others Rapeseed/Others

Petrobras, 2014 20 Light NI

Lahane and Subramanian, 2015 20/25/50/100 Bench  NI

Tinprabath et al., 2015 20/50/100 Others Rapeseed

 * ‘Others’, in the ‘Vehicle/Engine’ column, includes other unclassified circumstances.

NB:  NI = Not Informed; UCO = Used Cooking Oil

Table 3: Studies consulted (cont.)
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The results, estimated in terms of the impacts from using more biodiesel, were divided into five 
variants, as follows:
•	 Fuel consumption: comparison of data from fleets fueled with different blends of diesel/biodiesel;
•	 Emissions:  direct and indirect emission data from engines fueled with diesel and/or biodiesel are presented;
•	 Cold starts: item that reports the impacts of biodiesel on engine start-ups in cold weather;
•	 Power and performance of the engine: evidence is sought of alterations, or otherwise, in the 

engine’s power and performance when fueled with blends with different biodiesel content;
•	 Durability and wear of components: topic which investigates whether significant alterations exist in 

terms of the engine’s durability and wear of components in accordance with the fuel use.

Fuel Consumption
Brazil

The studies based on B20 show heterogeneous results in respect of fuel consumption levels.  Castellanelli 
et al. (2008), MCT (2009)3, FETRANSPOR (2011) and Petrobras (2014)4 show a fall in fuel consumption 
when using B20, of between 0.1% and 8.83%.  On the other hand, MCT (2009)5 and Petrobras (2014)6 
estimate increased consumption when using B20, of between 2.5% and 4.6%. Faraj (2009) does not 
observe any alteration in consumption with the use of B20.

For MIC (1985), the specific consumption is the same, when comparing the use of B30 with B0.  Castellanelli 
et al. (2008) also ran tests with B30 and their results show increased consumption with the use of this 
biofuel:  on average, the fleet supplied with B30 consumed 3.8% more fuel that the control fleet.  When 
releasing the results of the analyses made by Companhia Vale do Rio Doce S.A. with B25 in locomotives, 
ANP (2014) reports an intermediate level (an increased consumption of 2% when using the biofuel).

Castellanelli et al. (2008) compare the use of B100 with diesel A, indicating that the fleet fueled with biodiesel 
consumed, on average, 12.6% more fuel compared to that using traditional diesel.  Valtra (2009) indicates 
similar levels, with an increased consumption of 13.5%.  ANP (2014) shows less favorable results for the 
biofuel, with increases in consumption between 8% and 10% using B100 compared to traditional diesel.

Global

For Schumacher and Madzura (1994), the fleet using B20 showed a fuel consumption 3.0% greater than the 
fleet using diesel D2, a similar result to that obtained by Rhodes (2007), Barnitt et al. (2008), Osborne et al. (2011) 
and Serrano (2012)7, whose results show an increase in specific consumption varying from 1.7% to 3.7%.  
However, Serrano (2012)8 and Chavez (2013) show a reduction in consumption of 4% and 1%, respectively.

Other authors, such as Bickel and Strebig (2000), Fraer et al. (2005), Lagace (2005), Proc et al. (2006) and 
3  Tests with off-road engines.
4  Tests with Ford Transit, urban use.
5  Tests by Mercedes-Benz.
6  Tests with Ford Ranger, both urban use and off-road.
7  Tests with non-urban use.
8  Tests with urban use.
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Chan (2007), defend the lack of consistent differences in terms of consumption when comparing the use 
of B20 with traditional diesel.

Comparing the B50 blend with pure diesel, Chase et al. (2000) and Gateau (2006) respectively point to the 
same consumption and an increase of 3.4%.

In studies with B30, Serrano (2012) gets antagonistic results, depending on the modality:  for urban use, there 
is a fall of 6.6% in consumption in the fleet supplied with B30; in non-urban use, there is an increase of 3.2% in 
consumption.  Anthonis et al. (2013) defend the same consumption of B30 and traditional diesel.

Knuth and Winkler (2009) estimate that the use of B100 raises specific consumption by 12%, compared 
with common diesel.

Emissions
Brazil

As part of the validation program for the B5 blend, the emissions of soybean biodiesel produced by the ethylic 
and methylic methods were tested.  The average results indicate an increase in emissions of NOx (B20: +4.2%; 
B50: +13.6% and B100: +19.2%) and a reduction in particulate matter (B20: -11%; B50: -23% and B100: -39%).

ANP (2014), citing data from tests by URBS of emissions from engines using B100, observes an increase of 
19% in NOx and a reduction of 63.7% in particulate matter when compared to emissions from petroleum 
diesel.  Periodically, the company monitors the opacity issued by the fleet’s buses.  The vehicles fueled with 
B100 had an opacity between 69% and 73% lower than that of similar vehicles fueled with S10.  For hybrid 
vehicles, which already meet the PROCONVE P7 specifications, the reduction reached 80%.

According to FETRANSPOR (2011), there is a reduction in opacity between 11% and 39% when using B20 
in public passenger transport buses.  These reductions in the opacity index confirm, even if indirectly, the 
reduction in emissions of particulate matter.

Valtra (2009), in tests using B50 and B100 blends in tractors, found a reduction in emissions of NOx 
(-12.4%) and HC (-25.7%) and the same CO emissions when using B50.  With B100, NOx emissions showed 
an increase of 11.4%, while emissions of HC and CO showed significant reduction (-45.6% and -17%, 
respectively).  In respect of opacity, a B50 blend brought a reduction, on average, of 16.39%, while using 
pure biodiesel (B100) reduced soot emissions by 49.58%.

Companhia Vale do Rio Doce S.A., in tests using B25 in locomotives, found an increase of 0.6% in NO 
emissions and a reduction of 9.7% in CO emissions (ANP, 2014)..

Global

Giakoumis et al. (2012) carried out an extensive bibliographic review of the studies that evaluated the 
effect of biodiesel on the emissions from diesel cycle engines, mainly in bench tests, according to different 
cycles and using biodiesel from different oilseeds and fats.  Generally speaking, an increase in biodiesel 
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content tends to reduce emissions of particulate matter, hydrocarbons and carbon monoxide, while 
showing small increases in NOx emissions.  Yet the review shows that emissions are influenced by the 
engine’s operating conditions, as well as by the biodiesel content.  The results found by Giakoumis are 
similar to those presented in EPA (2002).

The reduction in particulate matter emissions was seen in studies such as those by Moscherosch et al. 
(2010), Chase et al. (2000) and Osborne et al. (2011).  Traviss et al. (2011) expanded their evaluation and 
even identified a reduction in the emission of fine particulates with the use of biodiesel.

NOx emissions are strongly dependent upon the engine’s operating conditions, the freight and the 
rotation.  This influence is seen in the variation of reported results.  Serrano (2012) analyzes the emissions 
from buses in two systems with different uses, urban and extra-urban, where it was possible to identify 
both the increase and the reduction in NOx emissions, depending on the operating conditions.

Proc et al. (2006), when evaluating emissions according to the CSHVC (city suburban heavy vehicle cycle), 
observe a reduction in NOx emissions, as well as a difference in results among drivers.  Anthonis (2013) 
cites a study with measurements made of urban buses under real conditions, where the results suggest 
a possibility of reduction in NOx emissions.  Schumacher and Madzura (1996) and Kulkarni (2011) do 
not identify alteration in NOx emissions, while McCormick (2012) emphasizes a drastic reduction in NOx 
emissions in engines with catalytic converters, such as those in PROCONVE P7 engines.  In their studies, no 
damage or loss of efficiency of the catalysts was seen, even after 240,000 km in tests with B20.

Osborne et al. (2011) and Shurland et al. (2012), testing the use of biodiesel in locomotives, confirm the 
tendency of a reduction in emissions of particulate matter, hydrocarbons and carbon monoxide under 
real operating conditions and following the line-haul and switch standard test cycles.  For NOx, Shurland 
et al. (2012) emphasize that the equipment tested with B20 met EPA specifications for both cycles, while 
Osborne et al. (2011) identified an increase in NOx emissions only in the line-haul cycle.

Cold starts
Brazil

In Brazil, Petrobras carried out a specific study of starts at low temperatures in four Ford Rangers (EURO IV), 
driving with B20 at -1oC.  No alteration was observed in comparison with fossil diesel (Moreira and Maia, 2014).

Global

Generally, even in countries with colder climates than Brazil, starting problems with a cold engine are only 
reported for blends above B50.  In France, over 20 heavy vehicles and 14 light vehicles with B50 were 
monitored from 1993 to 2005 (Gateau, 2006).  In those 12 years, Volvo and Scania heavy vehicles and 
Peugeot and Citroën light vehicles, which met the EURO 0, EURO I, EURO II and EURO III standards, were 
duly monitored and presented no cold-start problems.
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In Minnesota, U.S., which has a very harsh winter, six Ford LT9000 trucks travelled with B20 for about 
220,000 km and also had no problem (Bickel and Strebig, 2000).

Over 40 vehicles from different manufacturers in Vancouver, Canada, were comprehensively monitored.  
The fleet in the study totalled about 8 million kilometers using B20, in 2005 and 2006.  Even in the winter, 
no problems were reported.

CARB (California Air Resources Board) carried out a study involving over 40 fleet vehicles from several U.S. states, 
using B20, B50 and B100.  Vehicles with International/Navistar engines, General Motors, Perkins, Mercedes-
Benz, Volkswagen, MAC, Thomas Built, Volvo, Isuzu, John Deere, Caterpillar, Cummins, Ford, Detroit Diesel and 
Freightliner were monitored, and no problems with cold starts were detected when using B20 and B50. When 
using B100, additives are recommended in the winter (Durbin et al., 2010).

Injection at low temperatures of around -8oC was evaluation with B20, B50 and B100, using a Bosch CRI 
3.1 piezoelectric injector in several diesel engines.  No alteration was observed when compared to the 
injection of fossil diesel (Tinprabath et al., 2015).

A study at the University of Valencia (Spain), using various blends from B20 to B100 in Euro V light vehicle 
engines with direct injection and common rail, concluded that cold starts with B100 could generate 
alterations in the mass flow of fuel, thus affecting combustion.  During the European winter, the use of 
B50 as a maximum was recommended (Broatch et al., 2014).

Cold starts can also affect particulate emissions differently.  This was the conclusion of Rakopoulos and 
Giakoumis (2009) in heavy truck engines with B100.  In cold starts, a reduction of 63% in particulate emissions 
was observed when compared to diesel without biodiesel.  In hot starts, this reduction was 66%.

Power and Performance
Brazil

When using B100, both MCT (2009) and Castellanelli et al. (2008) observe minor impacts of loss in power 
and torque.  According to the first study, the result is expected because of biodiesel’s lower calorific power 
compared to mineral diesel.  MIC (1985), in tests with Caterpillar Brasil, does not show any impacts in power 
and performance.  Castellanelli et al. (2008) also recorded small losses in power and torque when using B50.

MIC (1985), reporting on tests by Cummins, Volvo and Fiat, does not show any reduction in power and performance 
when using B30.  On the other hand, tests done by MWM and Massey Perkins recorded intermediate impacts in 
these same items.  ANP (2014), reporting on tests with B25 in the locomotives of Companhia Vale do Rio Doce S.A., 
does not indicate a loss in performance due to the use of higher biodiesel content.

Several other Brazilian studies broach this matter related to the use of B20.  B100 Energy (2011), FETRANSPOR 
(2011) and ANP (2014) claim there is no loss of power and performance in such conditions, while Petrobras 
(2014), in tests with Ford Rangers, records a small loss in performance compared to the use of mineral diesel.
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Global

In the international scenario, Knuth and Winkler (2009) and Lahane and Subramanian (2015) describe a drop in 
performance and torque of 9% and 2.76%, respectively, when comparing the use of B100 and common diesel.

For lower biodiesel blends, Lahane and Subramanian (2015) record a loss of 0.9% in the torque of engines 
using B20.  On the other hand, Lujan (2009) – analyzing the use of B30 – and the studies by Bickel and Strebig 
(2000), Lagace et al. (2003), Proc et al. (2006), Faraj (2009), Durbin et al. (2010), Chavez (2013) and Bari (2014) 
do not indicate any impact on the power and performance of diesel cycle engines using B20.

Durability and Wear of Components
Brazil

In a similar way, when dealing with the topic ‘Power and Performance’, there are few cases and relatively minor 
potential impacts when using more biodiesel in terms of durability and wear of the components of diesel engines.

MIC (1985) describes minor impacts, such as deposits on pistons, cylinder heads and injector nozzles, 
when using B100 in Mercedes-Benz buses.  Other than these effects, tests by Fiat, Mercedes-Benz trucks, 
MWM Motores Diesel and Massey Perkins, these last using B30, also show wear in the cylinders.

On the other hand, the same study does not show an impact in tests with B30 done by Cummins and by Volvo, 
and the same conclusion was reached using B100 in Saab/Scania and Caterpillar equipment (MIC, 1985).

When dealing with B30, MCT (2009) reports there were no impacts in tests developed by Peugeot/Citroën, 
the sane result as that obtained using B20 in Camargo Corrêa and Martin-Brower equipment.

FETRANSPOR (2011) does not observe any impacts in the durability of the components when using B20 
in metropolitan passenger buses.

ANP (2014) records the need for more frequent fuel-filter changes when using B20 in off-road engines, as well as no 
undesirable impacts on the durability and wear of components in tests done by Camargo Corrêa and by LADETEL.

Finally, Petrobras (2014) indicates good results when using B20 in its Ford Ranger and Transit fleets.  In the first case, 
a little wear in the cylinder walls was the only impact noted, while in the case of the Transits no impact was observed.

Global

Among the international studies consulted in this document, Winkler et al. (2013) show small accumulations 
of elements and reduction in the periods between oil changes when using B100.

Regarding the use of B50, Chase et al. (2000) and Gateau (2006) converge in terms of results, stating that 
there are no negative impacts in the durability and wear of components in the engines analyzed.

Lagace et al. (2003) and Fraer et al. (2005) cite a need to change fuel filters and injector nozzles more frequently 
when using B20, an effect the authors consider of little significance.  Bickel and Strebig (2000), Proc et al. (2006), 
Barnitt et al. (2008) and Durbin et al. (2010) do not record any negative impacts in durability.
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Summary of Results

The following Figures 4 to 6 and Table 4 systematize the main results obtained from the studies consulted 
for this report.  The green highlights relate to information collected from Brazilian literature.

As regards the differences in fuel consumption among the tests using high blends and conventional 
diesel, as expected, lower average elevations were seen as the biodiesel content fell (Figures 4 and 5).  On 
average, the studies on B100 show a consumption 9.5% higher in comparison with conventional diesel, 
varying from a minimum of 0% to a maximum of 15%.

Figure 4: Fuel consumption – variation in consumption due to the use of “high blends” of 

biodiesel in relation to traditional diesel

MIC, 1985 (a): Mercedes Benz do Brasil (bus) Serrano, 2012 (b.A): non-urban use

MIC, 1985 (b): Saab/Scania do Brasil Serrano, 2012 (c.T): urban use

MCT ,2009 (a): Mercedes-Benz Serrano, 2012 (d.A): non-urban use

MCT ,2009 (b): Testes com motores off-road Petrobras, 2014 (a): Ranger, highway use

FETRANSPOR, 2011 - (a): Rodoviária A. Matias Petrobras, 2014 (b): Ranger, city use

FETRANSPOR, 2011 - (b): Real Auto Ônibus Petrobras, 2014 (c): Transit, highway use

FETRANSPOR, 2011 - (c): Viação Ideal Petrobras, 2014 (d): Transit, city use

Serrano, 2012 (a.T): urban use

When using B50, the increase of consumption is between 0% and 3.4%, with an average of 1.7%,
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The results computed from the use of B30, in its turn, show an average increase of 0.7% in fuel consumption, 
with significant variation (from -6.6% to 3.8%), while tests with B20 show a variation in consumption 
between -8.8% and 4.6%, with an average of 0.2%.

Among the justifications for the tendency observed is the lower calorific power of biodiesel in relation to 
diesel (thus raising the unit fuel consumption of the former).  In contrast, the biofuel’s greater specific mass 
can, at times, act to restrict the extent of the fuel consumption increase, in view of the fact that, in the same 
volume of fuel, there is a larger mass of biodiesel in relation to mineral diesel.

Nevertheless, the relatively high variance observed proves the difficulty of getting homogenous and 
compatible estimates for the purpose of making a decision.  While the use of standard methodologies to 
evaluate the consumption controls various parameters in such a way as to obtain reproducible results, 
these controls lead to conditions that diverge from the vehicle’s real use.  On the other hand, the adoption 
of methodologies that reproduce real situations leads to results that are probably coherent within the 
study, but are difficult to compare with other studies.

Figure 5:  Fuel consumption – variation in consumption by range of diesel-biodiesel blend
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The balance of direct emissions from biodiesel when compared to mineral diesel is positive.  Agreeing with the 
EPA (2002) study, the use of B20 generates significantly lower emissions of carbon monoxide (CO), hydrocarbons 
(HC) and particulate matter (PM), compared to a small increase in nitrogen oxide (NOx) emissions.
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Considering the use of B20, on average, the studies consulted for this report recorded a reduction of 
around 20% in CO emissions, varying from 53% to 4%.  Similar levels were observed in the reduction 
of PM emissions (an average of -23%, with a minimum of -5% and a maximum of -47%).  In the case of 
hydrocarbons, the average reduction was 28% (varying from a minimum of 10% to a maximum of 60%).

In the case of NOx, a small increase in emissions, of around 3%, was observed when using B20 to the 
detriment of pure fossil diesel.  Notwithstanding reports of increased emissions at levels above 20%, there 
are cases where a reduction in NOx emissions of as much as -5% was reported.

Figure 6:  Variation in emissions of carbon monoxide (CO), hydrocarbons (HC), particulate matter 

(PM) and nitrogen oxides (NOx) when using B20

Table 4 is a summary of the results for the items “Cold Starts”, “Power and Performance” and “Durability 
and Wear of Components”.

Reservations regarding “Cold Starts” are rare; the limitations are restricted to environments with negative 
temperatures, which are not applicable to the Brazilian market.

For the item “Power and Performance”, the results are notably insignificant when comparing the use of 
B20 with conventional diesel.  In these cases, there are a few reports of a loss in power and torque but the 
majority of the studies do not record negative impacts from using more biodiesel.  There even are some 
cases where an increase in power was recorded.  As the biodiesel content in the diesel blend increases, a 
reduction in power and a fall in performance becomes more common.
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Finally, there are few losses attributable to biodiesel in the item “Durability and Wear of Components”.  
Briefly, the changes of fuel filters and some other components were more frequent.

The studies consulted for this report converge as regards the need to have best practices throughout the 
fuel production and distribution chain, paying special attention to the proper procedures for handling, 
transporting and storing the biodiesel and mineral diesel consumed by the automotive market.  A not 
insignificant range of the problems presented here are a result of the poor operating conditions observed.  
Furthermore, it is a fact that the specifications for mineral and renewable fuels must be complied with 
throughout their useful lives; in other words, the quality of the product plays a major role in the good 
running of diesel cycle engines.

Table 4:  Cold Starts, Power & Performance, and Durability & Wear of Components – results of the 
studies consulted for this report

BX Study Cold Starts Power & Performance Durability & Wear of Components

B100

MIC, 1985 (a)     Presence of moderate whitish deposits on 
pistons, cylinder heads and injector nozzles

MIC, 1985 (b)     No impact

MIC, 1985 (c)   No impact No impact

Knuth e Winkler, 2009   Loss of performance of 9%  

MCT, 2009 (c)  
Slight loss of performance 

due to lower calorific power 
of biodiesel

 

Castellanelli et al., 2008   Slight loss of power and 
torque  

Valtra, 2009   Slight loss of power Slight presence of deposits on pumps and 
more frequent oil changes

Winkler et al., 2013     Small accumulations of elements and reduc-
tion in periods between oil changes

Broatch et al., 2014 Alterations in mass flow 
of fuel    

Lahane e Subramanian, 2015   Loss of 2.76% in torque  

B50

Chase et al., 2000   No impact No impact

Gateau, 2006 No impact   No impact

Castellanelli et al., 2008   Slight loss of power and 
torque  

Broatch et al., 2014 Maximum limit:  B50    

B30

MIC, 1985 (d), (e)   No impact No impact

MIC, 1985 (f)   No impact Slight presence of deposits on injector noz-
zles

MIC, 1985 (g)     Clogged injector nozzle orifice, wear and 
abnormal ovalization of the cylinders

MIC, 1985 (h), (i)   Loss of performance and 
power

Deposits on and blockage of injector nozzles, 
erosion of pistons and adverse wear

Lujan, 2009   No impact  

MCT, 2009 (a)     No impact

Serrano, 2012      

B25 ANP, 2014 (a)   No impact No impact
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BX Study Cold Starts Power & Performance Durability & Wear of Components

B20

Bickel e Strebig, 2000 No impact No impact No impact

Lagace et al., 2003   No impact Greater change of fuel filters

Fraer et al., 2005    
No significant impact; possible higher 

frequency in changes of injector nozzles and 
fuel filters

Proc et al., 2006   No impact No impact

Chan, 2007 No impact    

McQueen, 2007 No impact    

Schiavone, 2007     Greater change of fuel filters and injector nozzles

Barnitt et al., 2008     No impact

Castellanelli et al., 2008   Increase in power and slight 
loss of torque  

Faraj, 2009   No impact  

MCT, 2009 (b), (c)     No impact

Durbin et al., 2010
Use of additives or 

change in blend at very 
low temperatures

No impact No impact

B100 Energy, 2011   No impact  

Fetranspor, 2011 No impact No impact No impact

Traviss et al., 2011      

Chavez, 2013   No impact  

ANP, 2014 (b), (e)   No impact No impact

ANP, 2014 (c)   No impact Greater change of fuel filters

Bari, 2014   No impact  

Petrobras, 2014 (a) No impact Slight loss of performance Slight wear in cylinder walls

Petrobras, 2014 (b) No impact   No impact

Lahane e Subramanian, 2015   Slight fall (0.9%) in torque  

Tinprabath et al., 2015 No impact    

MIC, 1985 (a): Mercedez-Benz do Brasil (ônibus)
MIC, 1985 (b): Saab/Scania do Brasil
MIC, 1985 (c): Caterpillar Brasil
MIC, 1985 (d): Cummins do Brasil
MIC, 1985 (e): Volvo do Brasil
MIC, 1985 (f): Fiat Diesel Brasil
MIC, 1985 (g): Mercedez-Benz do Brasil (caminhão)
MIC, 1985 (h): MWM Motores Diesel
MIC, 1985 (i): Massey Perkins

MCT, 2009 (a): Teste Peugeot/Citroën
MCT, 2009 (b): Teste Mercedez-Benz
MCT, 2009 (c): Teste com motores off-road
ANP, 2014 (a): Companhia Vale do Rio Doce S.A.
ANP, 2014 (b): Camargo Corrêa S.A.
ANP, 2014 (c): Martin-Brower Comércio
ANP, 2014 (e): LADETEL/USP
Petrobras, 2014 (a): Ranger
Petrobras, 2014 (b): Transit

Table 4:  Cold Starts, Power & Performance, and Durability & Wear of Components – results of the 
studies consulted for this report (cont.)
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Final Considerations
The 57 studies consulted to report the results of the tests and experiments using blends of biodiesel and 
petroleum diesel over 10% (>B10) were selected as being the most robust from a scientific point of view, 
from reliable sources and representative of Brazil’s reality.

These studies are evidence of the growing interest, shown by researchers and government and private 
entities, in the evaluation of these blends as regards the important items for the biodiesel production 
chain and the end-user of the blends.  After oscillating between 4% and 11% in the earlier three-year 
periods, 28% of the studies were made between 2006 and 2009.  The following three-year period (2009-
2012) accounted for 32% of these studies and the most recent period (2012-2015) for 18%.

Generally speaking, the evaluations of the diesel-biodiesel blends indicate that, up to B30, no clear 
tendencies could be verified regarding a variation in fuel consumption, since the results show both 
increases and reductions in consumption.  Up to B50, the average increases observed are relatively small 
or insignificant, varying between 0.2% (B20), 0.7% (B30) and 1.7% (B50).  Also worth mentioning is the 
large variation in the results for B20, which go from a reduction of 8.8% in consumption up to an increase 
of 4.6%. For B100, both the average (an increase of 9.5%) and the variation (increases between zero and 
15%) were higher.

This variability can be explained by the nature of the experiments:  while the bench test results are more 
reproducible because they are better controlled, experiments with vehicles on the roads suffer from 
the influence of factors over which little or no control is possible (traffic conditions, drivers, number of 
passengers, freight volume, etc.), thus tending to produce different results.

Regarding emissions, there are three aspects to highlight.  The first refers to the emission levels established 
by PROCONVE.  In their successive phases for heavy vehicles (basically trucks and buses) from P0 to P7, the 
maximum permitted emission limits are becoming ever more restrictive, encompassing carbon monoxide 
(CO), hydrocarbons (HC), nitrogen oxides (NOx) and particulate matter (PM).  In this aspect, the results of 
the studies related to Brazil and other countries show small increases in NOx and significant reductions in 
the other named pollutants, both increasing with the increase in blend content, resulting in a balance of 
emissions favorable to the high blends being analyzed.

The second aspect refers to NOx.  There are studies indicating that the emissions of this pollutant are 
strongly dependent on operating conditions, rotation and torque of the engine, while others highlight 
a reduction in NOx emissions in engines equipped with catalytic converters, which as from 2012 are 
classified in PROCONVE’s P7 phase.

The third point, in principle, involves the challenge represented by the compensatory effect between 
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emissions of NOx and of PM.  In general, the engine’s operating conditions that reduce particulate matter 
emissions tend to increase the emissions of nitrogen oxides, and vice versa.

When it comes to tests related to difficulties with cold starts, there were few reservations identified in the 
studies, other than those restricted to low-temperature environments, of little pertinence to the Brazilian 
market.  Furthermore, the requirements established by ANP regarding the cold clogging point, stricter in 
the winter months, tend to be sufficient to prevent any problems in this item.

Engine power and performance was another item researched in the selected studies, and these results were 
similar to those related to consumption:  reduction of power and loss of performance are more frequent with 
blends richer in biodiesel, though there are also tests that indicate an increase, rather than a reduction, in power.  
In general, the studies consulted do not register significant impacts on the engine’s power and performance 
when using biodiesel blends, as compared to fossil diesel, especially in the case of B20.

As regards durability and wear of components, in general, the studies consulted do not register significant 
losses from the use of diesel-biodiesel blends, in different proportions, except for more frequent changes 
of fuel filters and some other components.  Nevertheless, the TF considers it important to have some 
records in this regard, related to the biodegradable character of biodiesel.

Indeed, based on the recommendations included in some of the studies analyzed and on best practices 
for the storage and handling of these blends, following and improving the procedures and care that 
allow specific blends to maintain their quality until finally used are indicated.  This step, together with the 
advances in more adequate materials used in contact with this biodegradable fuel, both in internal tank 
linings and in the manufacture of engine parts and components, tends to reduce progressively possible 
problems in the final use of diesel-biodiesel blends.
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Appendix I – Matrix of the Analysis Used
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