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Abstract 

Renewable diesel (RD) and biodiesel (BD) are produced from renewable resources. Replacing petroleum 

diesel by RD and/or BD in power generation has the potential to reduce life-cycle greenhouse gas (GHG) 

emissions. Therefore, the Canadian Coast Guard (CCG) has been developing a strategy to introduce RD, 

BD or their blends into its small and large vessel fleet to help reduce net GHG emissions. During this 

process, immediate questions that need to be addressed are what the optimal RD/BD blend ought to be, 

how much of the RD/BD blend can be introduced, and how these blends will affect the combustion and 

emissions performance of the engines powering the vessels. 

In this project, the National Research Council (NRC) and CCG work together to characterize and optimize 

the properties of RD, BD and their blends with petroleum-based ultra-low-sulfur diesel (ULSD), as well as 

evaluate the combustion and emissions performance of RD/BD/ULSD blends when applied to heavy-duty 

diesel engines.  

This interim report summarizes the findings from Task 2 of the project, which was designed to characterize 

properties of RD/BD blends at five different blending ratios. The findings reveal that although the BD volume 

percentage in a RD/BD blend causes the variation in fuel properties, most properties of the tested RD/BD 

blends meet the Canadian General Fuel Standard specifications except for cloud point and density.  

However, none of the five tested RD/BD blends meets the cloud point specification for type 15 (winter) 

marine diesel, suggesting that cold temperature performance is a challenge for the applications of the tested 

RD, BD, and their blends. All tested RD/BD blends meet the Canadian General Fuel Standard density 

specification for type 11 (summer) marine diesel, but the density does not meet the standard specification 

for type 15 marine diesel when BD volume percentage is lower than 20% in a RD/BD blend. There is a 

possibility that the RD and BD tested are not “winter” (i.e. type 15) diesel, since they were obtained from 

Province of British Columbia.  



  

  PAGE 3  

1. Introduction 

In order to reduce greenhouse gas (GHG) emissions, the Canadian Coast Guard (CCG) is developing its 

own strategies to decarbonize its fleet.  One of the strategies is to introduce low-carbon fuels into its in-

service fleet. The CCG is increasingly introducing renewable diesel (RD), also known as hydrogenated 

vegetable oil (HVO), and biodiesel (BD), also known as fatty-acid-methyl-easters (FAME), and their blends 

to its small and large vessel fleet. During this process, immediate questions that need to be addressed are 

what the optimal RD/BD blend ought to be and how these low-carbon fuels will affect the combustion and 

emissions performance of the engines powering the vessels. 

National Research Council (NRC) has the capability and experience in characterizing properties of various 

low/zero-carbon fuels and evaluating the combustion and emissions performance of heavy-duty diesel 

engines that are widely used in marine vessels.  

In this project, the NRC works with the CCG to characterize and optimize the properties of the planned 

RD/BD and their blends with conventional marine ultra-low-sulfur diesel (ULSD) at different ratios, and 

evaluate the combustion and emissions performance of the RD/BD/ULSD blends when applied to heavy-

duty diesel engines.  

The objective is to experimentally test, analyze and optimize the performances of RD/BD/ULSD blends for 

applications in marine vessels. The performances to be tested and analyzed include lubricity, cloud point, 

and other critical properties, as well as engine combustion and emissions performance when using 

RD/BD/ULSD blends. In addition, the effects of two fuel additives produced by SulNOx Group and Katal 

Energy, respectively, on the ULSD performance will also be evaluated. CCG provided or arranged delivery 

of all fuels and additives. 

The project is divided into three tasks: 

(1) Evaluation of combustion and emissions performance of a ULSD, a RD/BD/ULSD blend at the CCG 
selected ratio of 50/20/30, an ULSD/SulNOx additive blend, and an ULSD/Katal additive blend at 
the blending ratios suggested by SulNOx group and Katal Energy, respectively. The outcome of 
this task has been published in the NRC’s Publications Archive1.  

(2) Characterization of RD/BD mixtures at various blending ratios; 

(3) Combustion and emissions performance test of three new RD/BD/ULSD blends. 

This report summarizes the results of Task 2. 

2. Fuel properties of five RD/BD blends 

The basic fuel properties of five RD/BD blends were characterized and analyzed following the test methods 

required by Canadian General Standards Board (CGSB)2. The ratio (volume based) of BD in these blends 

varied from 5% to 60%. The result of the analysis is listed in table 1, in which each blend is represented as 

RXX/BXX, where the number after R is the volume percentage of renewable diesel, and that after B is the 

volume percentage of biodiesel in the blend. The limits allowed by Canadian General Standard for each 

property are also listed in Table 1. 

 

1 https://doi.org/10.4224/40003268. 
2 Canadian General Standard Board, Naval distillate fuel, CAN/CGSB-3.11-2022. 
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Table. 1 Fuel properties of five RD/BD blends with the ratio of BD varying from 5 to 60% (volume based). 

Fuel property R95/B05 R80/B20 R70/B30 R60/B40 R40/B60 Limits* Test 
method 

Flash point 
(oC) 

79.0 81.0 84.0 86.0 95.0 >60 ASTM D93 

Kinematic 
viscosity at 
40°C (mm2/s) 

3.3253 3.3820 3.4446 3.5603 3.6916 1.7-4.3 ASTM D445 

Distillation, 
90% 
recovered (oC) 

309.7 324.5 331.5 335.8 339.6 <357 ASTM D86 

Water and 
sediment, % 
by volume 

<0.025 <0.025 <0.025 <0.025 <0.025 <0.02 ASTM 
D1796 

Copper strip 
corrosion, 3 h 
at a minimum 
test 
temperature 
of 50°C 

1a 1a 1a 1a 1a -No. 1 ASTM D130 

Cetane 
number (CN) 

76.9 75.8 72.9 72.4 65.3 >40 ASTM D613 

Sulfur content 
(mg/kg) 

<3.2 <3.2 <3.2 <3.2 <3.2 <15 ASTM 
D7039 

Low 
temperature 
flow 
properties: 
cloud point 
(oC) 

-10.5 -8.1 -7.7 -6.9 -5.0 -6 (type 11), 
-18 (type 15) 

ASTM D613 

Lubricity wear 
scar diameter, 
μm)  

155.5 131.0 114.5 100.0 100.5 <520μm ASTM 
D6079 

Density at 15 
oC (kg/m3) 

800.1 813.8 822.8 831.7 849.2 800-880 
(type 11), 
815-880 
(type 15) 

ASTM 
D4052 

Lower heating 
value (MJ/kg) 

43.354 42.256 41.544 40.898 39.692  ASTM 
D4809 

C (Mass %) 84.71 83.25 82.08 81.75 79.94  GL-103 

H (Mass %) 14.98 14.67 14.37 14.17 13.54  GL-103 

O (Mass %) 0.60 2.61 3.88 4.94 7.08  SNCUT - 
Oxygen 

*CAN/CGSB-3.11-2022, Naval distillate fuel. 
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In table 1, the fuel properties that do not meet the specifications of the Canadian General Standard for 

marine diesels are highlighted by red color, and those meet the standard specifications for type 11 marine 

diesel but don’t meet the specifications for type 15 marine diesel are highlighted by yellow color. Those that 

are not highlighted meet the specifications of the Canadian General fuel Standard for marine diesel. 

It is noted that most properties of the five tested RD/BD blends meet the standard specifications, except 

1) For cloud point 
✓ The cloud point of the R40/B60 blend does not meet the standard specifications of both 

type 11 and type 15 marine diesels; 

✓ The cloud points of the blends R95/B05, R80/B20, R70/B30 and R60/B40 meet the 

standard cloud point specification for type 11 marine diesel, but don’t meet the cloud point 

specification for type 15 marine diesel; 

2) Density 

✓ The densities of all tested RD/BD blends meet the standard specification for type 11 diesel; 

✓ However, the densities of the R95/B05 and R80/B20 meet the standard specification for 

type 11 marine diesel, but don’t meet the standard specification for type 15 marine diesel. 

It should be pointed out that the RD and BD tested in this project were obtained from Province of British 

Columbia. It is possible that they are not “winter” (i.e. type 15) diesel. This might be one of the reasons that 

most properties of the five tested RD/BD blends meet the standard specifications for type 11 marine diesel 

(except the cloud point of R40/B60), but the cloud point and density of some blends do not meet the 

standard specifications for type 15 marine diesel. 

In order to further understand how the change in the ratio of RD to BD affects the fuel properties, the 

variations of main fuel properties as a function of BD volume percentage in RD/BD blends are plotted in the 

figures 1-8 below. For the sake of comparison, the properties of pure RD (percentage of BD equals zero) 

and pure BD (percentage of BD equals 100%) obtained in the task 1 of the project are also plotted in the 

figures below. 

In the following figures 1-8, the horizontal green line is the standard specifications for both types 11 and 15 

marine diesels if the standards are the same for the two. When the specifications for the two marine diesels 

are different, the specification for the type 11 diesel is represented by the green horizontal line, and that for 

the type 15 diesel is represented by the blue horizontal line. 

The variations of lubricity performance (wear scar diameter at 60oC) and cloud point are shown in figures 

1 and 2, respectively. It is noted that with increasing BD volume percentage in a RD/BD blend, the wear 

scar diameter decreases (lubricity performance improves), but the cloud point rises. This is the well-known 

trade-off between RD and BD. 
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Fig. 1 Variation of lubricity performance. 

The increase in BD content nonlinearly decreases the wear scar diameter, as shown in Fig. 1, suggesting 

that the mixing of BD with RD significantly improves the lubricity performance. Although the wear scar 

diameter of the pure RD is slightly larger than the standard specification, a small amount of BD mixing helps 

reduce the wear scar diameter to smaller than the standard specification. This is consistent with the findings 

in literature3. 

  

Fig. 2 Variation of cloud point. 

The cloud point of all the tested RD/BD blends do not meet the standard specification for type 15 marine 

diesel, as shown in Fig. 2, suggesting that the cold temperature performance could be challenging for the 

 

3 M. A. Hazrat, M. G. Rasul, M. M. K. Khan, Energy Procedia, Volume 75, August 2015, Pages 111-117. 

Percentage of BD, %

0 10 20 30 40 50 60 70 80 90 100

L
u
b
ri

c
it
y
 p

e
rf

o
rm

a
n
c
e

(w
e
a
r 

s
c
a
r 

d
ia

m
e
te

r 
a
t 
6
0

o
C

, 
m

)

0

100

200

300

400

500

600

Percentage of BD, %

0 10 20 30 40 50 60 70 80 90 100

C
lo

u
d
 p

o
in

t 
(o

C
)

-30

-25

-20

-15

-10

-5

0

Type 11

type 15



  

  PAGE 7  

application of the tested RD, BD, or their blends. As mentioned above, this could be because the tested 

RD and BD in this project are not “winter” diesel. However, when the BD percentage is lower than ~50%, 

the cloud point meets the specification for type 11 marine diesel. 

 

Fig. 3 Variation of flash point. 

Figure 3 shows the variation of flash point as a function of BD volume percentage. It shows that flash point 

increases with increasing BD volume percentage. All tested RD/BD blends meet the standard flash point 

specification for marine diesel. 

 

Fig. 4 Variation of kinematic viscosity. 

Figure 4 displays the variation of kinematic viscosity as a function of BD volume percentage. Increasing BD 

volume percentage increases the kinematic viscosity of a RD/BD blend. All tested RD/BD blends meet the 
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standard specification for viscosity, although the viscosity of the pure BD is close to the upper limit of the 

standard specification. 

 

 

Fig. 5 Variation of distillation temperature of 90% recovery. 

Figure 5 shows the variation of distillation temperature of 90% recovery. It reveals that increasing BD 

percentage in a RD/BD blend increases the distillation temperature. However, all the tested RD/BD blends 

meet the standard distillation temperature specification. 

 

Fig. 6 Variation of cetane number. 

Figure 6 displays the variation of cetane number as a function of BD volume percentage. It shows that 

increasing BD volume percentage decreases cetane number. However, all the tested RD/BD blends meet 
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the standard specification of cetane number for marine diesel, suggesting that all the tested RD/BD blends 

meet the ignition performance requirement. 

 

 

Fig. 7 Variation of density. 

Figure 7 shows the variation of density as a function of BD volume percentage. Except the pure RD 

(percentage of BD equals zero) and the pure BD (percentage of BD equals 100%), all the tested RD/BD 

blends meet the standard density specification for type 11 marine diesel. However, when the BD volume 

percentage is lower than 20%, the density does not meet the standard specification for type 15 marine 

diesel.  

 

Fig. 8 Variation of lower heating value. 
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Although the Canadian General Fuel Standard does not have a specification for the energy density, the 

variation of lower heating value (LHV) as a function of BD volume percentage is plotted in Fig. 8 for 

reference. It is noted that increasing BD volume percentage linearly decreases the lower heating value of 

a RD/BD blend. This suggests that increasing BD volume percentage in a RD/BD blend will result in an 

increase in fuel consumption rate even if the engine efficiency is kept constant. 

 

3. Summary 

The basic fuel properties of five RD/BD blends with BD volume percentage varying from 5 to 60% have 
been tested and analyzed following the methods required by Canadian General Standards Board (CGSB). 
The results reveal that most properties of the tested RD/BD mixtures meet the standard specifications.  
However, some blends do not meet the specifications for cloud point and density.  

None of the five tested RD/BD blends meets the cloud point specification for type 15 marine diesel, 
suggesting that cold temperature performance is still a challenge for the applications of tested RD, BD, and 
their blends. The cloud point of a RD/BD blend meets the standard specification for type 11 marine diesel 
if the BD volume percentage is less than 50%.  

Except the pure RD and pure BD, all the tested RD/BD blends meet the standard density specification for 

type 11 marine diesel. However, the density does not meet the standard specification for type 15 marine 

diesel when BD volume percentage is lower than 20% in a RD/BD blend.  

It should be pointed out that the RD and BD tested in this project were obtained from Province of British 

Columbia. There is a possibility that they are not “winter” (i.e. type 15) diesel. This might be one of the 

reasons that most properties of the tested RD/BD blends meet the standard specifications for type 11 

marine diesel, but the cloud point and density of some blends do not meet the standard specifications for 

type 15 marine diesel. However, it is possible for the tested RD/BD blends to meet the standard 

specifications by adding some additive, ultra-low-sulfur diesel, or arctic diesel. 

 

  

 


