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ABSTRACT A fundamental problem to use B100 biodiesels in engines in the cold regions is 
due to the relatively higher cloud point compared to petroleum diesel. Several methods have 
been implemented in the past to lower the biodiesel cloud point such as use of additives and 
winterization, but none of these have proven successful due to the unique molecular stacking 
present in biodiesel. Therefore, the fuel is often blended to a maximum of 5% for use in diesel 
engines made by North American manufacturers. We hereby propose a novel passive tank 
design which can be implemented in existing diesel trucks to enable these to operate using 
B100 biodiesels in winter by having the biodiesels stay above a set point temperature for 
extended periods. The tank implements a latent energy storage system to capture waste heat 
from the diesel engine and maintain the temperature in the biodiesel tank above the cloud 
point for up to 5 days. Our analysis presents a numerical validation of the concept used in the 
actual scaled tank using the software Ansys Fluent. The result for the sample cases simulated 
indicated that using a latent energy storage system in the tank could increase the period when 
the biodiesel remains above cloud point. 
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INTRODUCTION In 2016, the EPA reported the CO2 concentration in the atmosphere as 
401 ppm, 43% increase from an annual average of 280 ppm in the late 1700s (EPA, 2016). 
We are thus entering an era where anthropogenic CO2 will decisively affect all aspects of life. 
With the rise in world population and energy demand, CO2 concentrations will be rising further 
due to our increased dependence on fossil fuels – surpassing 500 ppm in the next few decades 
may be inevitable. Increasing the share of renewables in the energy sector, increasing the 
efficiency of power producing systems and reducing energy demands are ways in which the 
global renewable energy ratio can be increased with the aim of saving our planet. 

Biodiesels present a potential to reduce the amount of GHG emissions, especially in the 
transportation sector which contributes to 14% of the total GHG emissions as at 2010 (IPPC, 
2014).  Biodiesel is made from the transesterification of oils and fats with the aid of acidic, 
basic or enzymatic catalysts. However, using biodiesel in cold weather leads to crystallization 
which negatively effects its flow properties, leading to plugged engine filters (Odeigah et al., 
2012). The cloud point (CP), pour point (PP) and cold filter plugging point (CFPP) measure 
the temperature at which crystals begin to form in biodiesel, its filterability, and the temperature 
it stops to flow, respectively- these factors, which are useful indicators for predicting biodiesel 
engine operability (Bhuiya et al., 2015). Biodiesels have a wide range of CP, generally 
depending on the feedstock. For example, biodiesel produced from Ricinius communis 
(Castor) has a low CP of -13.4˚C while that made from Jatropha curcas L. (Jatropha) has a 
CP of 4˚C (Bhuiya et al., 2015).  

A high biodiesel CP is not desirable from a diesel engine utilization standpoint; therefore, 
previous research have proposed ways to reduce it including transesterification with a 
branched chain alcohol, winterization, modification of fatty acid profiles, use of chemical 
additives, and blending with petroleum diesel (Dwivedi, 2016). These methods attempt to 
modify the chemical structure of the fatty acid methyl esters by increasing the branching or 
reducing the length of the hydrocarbons. However, these relatively minor improvements in CP 
often presents opposing and undesirable effects on the ignition quality and oxidation stability 
of the fuel (Odeigha et al., 2012). Blending of biodiesel is currently the most utilized method 
to improve the cold flow of biodiesel. Dunn and Bagby (1995) proposed that a 20% and 35% 
by volume biodiesel blend in fuel #2 and fuel #1, respectively, would give the best cold flow 
properties. However, due to potential problems resulting from higher blends of biodiesel, most 
North American engine manufacturers limit the amount of biodiesel in the blend to 5% (B5) for 
warrantee purposes, while warrantee coverage for higher blends of up to 20% is offered by 
select manufacturers under specific conditions (Natural Resources Canada, 2015).  

For higher blends of biodiesel above B20, common fuel additives may not perform as 
expected. To overcome the challenges of the higher cloud point associated with higher blends 
of biodiesel, especially in colder regions like Canada, which routinely experience low 
temperatures of up to -25˚C or lower in winter, electric heaters and heaters using coolants as 
heat transfer fluid have been implemented in vehicles and biodiesel storage tanks. While 
solely relying on an electric biodiesel tank heater solves the problem, it can be energy 
intensive. Also, using a coolant heat transfer heater is not so effective when the engine is not 
in operation and left out in cold winter conditions for several days without an electric heater 
backup. The high thermal losses associated with these applications can be reduced by 
insulating the fuel tank; however, to further extend the period in which the biodiesel 
temperature stays above the CP or CFPP a tank design implementing a phase change 
material (PCM) is proposed. 

PCMs absorb or release latent energy during phase change while maintaining a relatively 
constant temperature. In this application, the PCM of interest are those which undergo solid-
liquid transformation. Over the years, they have found many applications in areas like 
industrial heat recovery, building design, air conditioning, healthcare and logistics (Mehlin and 
Cabeza, 2008). For example, Gumus (2008) designed a system using PCM for the preheating 
of internal combustion engines in cold regions to reduce cold-start emissions. Also, Rentas et 
al. (2004) designed a container implementing both vacuum insulated panels and phase 
change materials to store red blood cells (RBC). With this design, it took about 97.4 hours for 
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the temperature of the RBC to fall from 5˚C to 1˚C. This was a 316% increase in the time it 
took for the design without the PCM. In all the applications, the most important selection 
criteria for a PCM is the phase change temperature. Sharma and Sagara (2005) reported a 
list of about 250 PCMs with a very wide phase change temperature range. 

Modern automobile engines convert approximately 30% to 40% of heat from fuel combustion 
into mechanical work, while the heat remaining is discharged to the surroundings through the 
exhaust and radiators (Wojciechowski et al., 2007). Most of this heat wasted to the 
environment can be captured and stored in PCMs for use in keeping the temperature of the 
biodiesel in the tank above CP for extended periods of time when the truck is not operating. 
The concept of waste heat storage in PCMs have been reported by several authors like 
Kauranen et al. (2009) and Gumus (2008), being used for the application of cold-start 
optimization of engines. 

The process of heat loss in tanks is a transient phenomenon and involves various modes of 
heat transfer. Within the fluid contained in the tank, the heat transfer is predominantly by 
conduction and natural convection. Natural convection dominates at the initial stage of cooling, 
but with time the fluids become more viscous and inhibits convection leading to conduction 
dominating the heat loss process. Several authors have reported both experimental and 
numerical analysis of transient heat loss of fluids contained in tanks (Cotter and Charles 
,1992); however, the heat loss process of fuel tanks containing latent energy storage systems 
remains mostly undocumented.  

The objective of this research is to obtain a numerical validation to establish the benefits of 
implementing PCMs to improve the cold flow properties of B100 biodiesels in truck fuel tanks 
during the winter periods.  

Description of the biodiesel tank design The design as shown in Figure 1 consists of a 
tank shell made of aluminum which contains the biodiesel fuel. Various removable aluminum 
alloy tubes filled with RT18HC Rubitherm PCM with properties as shown in Table 1.0 are then 
introduced through the top of the tank. The PCM tubes do not contact the base of the tank to 
prevent additional heat loss by conduction. A biodiesel heater is introduced at the top of the 
tank. This heater is a heat exchanger made from stainless steel tubing. Copper tubing was 
not used because of the compatibility challenges with B100 biodiesel. The aluminum tank shell 
is insulated with a 50 mm thick polyurethane insulation (not shown in the diagram). To make 
the design more compact, future design could consider using vacuum insulated panel which 
would come at an extra cost. 

	

Figure 1: Model of tank design with tubes containing Phase Change Material (PCM) inserted 
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Table 1: Properties of Rubitherm RT18HC PCM 

Property Value 

Liquid phase density (kg/m3) 770 

Solid phase density (kg/m3) 880 

Solidification temperature (˚C) 17 

Melting temperature (˚C) 19 

Specific heat capacity (J/kgK) 2000 

Thermal conductivity (W/mK) 0.2 

Dynamic viscosity (kg/ms) 0.00363 

Latent energy (kJ/kg)  220 

 

The tank design is implemented into an existing truck using a bypass connection to the radiator 
of the engine, as shown in Figure 2. The biodiesel tank contains a temperature sensor which 
provides feedback to a valve to switch on and off. The charging cycle occurs when the engine 
is in normal operation and the average temperature of the biodiesel in the tank is below a 
setpoint temperature, a signal is sent to the valve to open. A portion of the ethylene glycol 
coolant then passes through the biodiesel tank loop to heat up the fuel. In the process of 
heating up the fuel, heat is transferred from the biodiesel to charge up the PCM by storing 
latent energy at a relatively low temperature.  

	

Figure 2: Implementation of tank design into existing truck engines 

The discharge cycle occurs when the engine is not in operation and parked in extremely cold 
ambient conditions obtainable in winter. During this phase, sensible heat stored in the 
biodiesel and PCM is gradually lost through the insulation to the environment. The temperature 
of the PCM drops until it attains the phase change temperature where it begins to release 
latent heat at a relatively slow rate due to its low thermal conductivity. The discharge of heat 
from the PCM during the phase change process compensates for the heat lost from the 
biodiesel and extends the time during which the biodiesel temperature remains above cloud 
point. 

Description of numerical model To investigate the validity of the concept, a the proposed 
system is simulated using Ansys Fluent. Two cases are presented herein. In the first case, 
shown in Figure 3a, there is a tube of PCM inserted into the cylindrical insulated biodiesel 
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tank, while in the second case, shown in Figure 3b, the tank contains only the biodiesel 
sample. The increased biodiesel tank height due to the presence of the PCM tube in the 
second case is accounted for to ensure the volume of the biodiesel is constant at 4.06 m3 in 
both test scenarios.  

For the both cases, the different zones indicated in Figure 3 are setup in Ansys Fluent with 
the energy equation and solidification and melting model activated for the tank with PCM. To 
further simplify the simulation and save sufficient computing time, the cylindrical tank was 
simulated in 2D using a symmetry plane at the center of the tank. Previous works by Cotter 
and Charles (1993) have shown this assumption to be accurate when compared to 
experimental results. Other assumptions made in this model are as follows: 

1. The cloud point of the B100 biodiesel used for the simulation is 5˚C, which is a typical 
value for biodiesel from feedstock like Jatropha. 

2. Viscosity and specific heat capacity changes with temperature for both biodiesel, air 
and PCM are assumed to be insignificant, therefore, constant values were used. 

3. Due to the relatively low temperature of the biodiesel in the tank, radiation heat transfer 
is considered negligible and heat loss from the tank is only by conduction and natural 
convection. 

4. The ambient temperature around the tank is assumed to constant at value of -25˚C. 
This is considered a reasonable average winter temperature in cold regions like 
Winnipeg, Canada. 

5. The bottom of the tank is also assumed to be maintained at a constant temperature of 
-25˚C which is typical of tank placed on a flat surface in the ambient in winter. 

6. Heat transfer coefficient from the tank to the air is 12 W/m2K which is a conservative 
case compared to that used in literature. For example, values of 10, 11 and 9.5 have 
been used by different authors as reported by Cotter and Charles (1993) in accordance 
with common practical situations.  

 

	

(a)                                                                                         (b) 

Figure 3: 3D geometry representation of the cases used for the numerical modelling (a) tank 
without PCM, and (b) tank with PCM inserted 

 

The Boussinesq model was used to simulate the natural convection in the air and biodiesel 
zones by specifying their coefficient of thermal expansion. The coefficient of thermal 
expansion of air was calculated based on that of ideal gases at specified temperature while 
the value used for B100 biodiesel was obtained based on the correlation from the work of 
Santos et al. (2012). Other properties of the biodiesel used for the simulation are shown in 
Table 2. Figure 4 shows the meshing and dimensions used for both cases. The mesh sizes 
used near the wall interfaces with the fluids are smaller to resolve the boundary layer and give 
a more accurate numerical solution. The volume of the biodiesel in both cases is 4.06 m3 while 



6	
	

the volume of PCM in the second case is 0.86 m3 resulting in a biodiesel-PCM volume ratio of 
4.72. 

Table	2:	Properties	of	B100	biodiesel	used	for	the	simulation	

Property Value 

Density (kg/m3) 884.319 

Specific heat capacity (J/kgK) 2000 

Thermal conductivity (W/mK) 0.149 

Dynamic viscosity (kg/ms) 0.005216 

Thermal expansion coefficient (K-1) 0.000839 

 

					 	

   (a)                                                                          (b) 

Figure 4: 2D meshing of both cases simulated showing smaller sized nodes (inflation layers) 
near the wall to resolve the boundary layer: (a) tank without PCM, and (b) tank with PCM 

 

SIMULATION RESULTS The transient average temperature results from the simulation is 
presented in Figure 5. All zones in the numerical simulation were initialized to 20˚C (293.15 
K). In an actual scenario, the biodiesel heater heats the fuel up to about 40˚C and the 
discharge begins around this temperature. Since the process of sensible heat loss from fluids 
is well established, and to save significant simulation time, the simulation is started at 20˚C 
where the phase change process is about to begin.  

Figure 5a shows that it takes the B100 biodiesel 17.2 hours to drop from its initial temperature 
to the cloud point without the use of the PCM. However, as seen in Figure 5b, when the PCM 
is used in the tank there is a significant increase in time by 438% to 75.3 hours.  As earlier 
mentioned, conduction and natural convection are the modes of heat loss from the biodiesel. 
However, during the early phase of cooling, free convection is the predominant mode of heat 
loss. The increase in viscosity as the temperature drops hampers natural convection currents 
which in turn reduces the conduction heat loss. The numerical simulation assumed a constant 
viscosity, therefore, it should be noted that in actual sense, it should take the B100 biodiesel 
more than 17.2 and 75.3 hours, respectively, to attain its cloud point. In the case where the 
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initial discharge temperature of the biodiesel in the truck is 40˚C, it is estimated that the cooling 
time can be up to 5 days, our design target. 

The graph also shows the temperature of the air zone above the biodiesel is lower than that 
of the biodiesel for the entire simulation. The temperature of the air and of the insulation drops 
rapidly for the first two hours after which the cooling rate becomes fairly constant. In Figure 5b, 
the sharp drop in temperature for biodiesel, air, and insulation was also observed after the 
process of phase change in the PCM was completed at 290.15 K.  

Figure 6 shows the heat loss from the top, side and bottom walls of the tank for both cases 
investigated. The largest heat loss is through the tank side, while the top and the bottom 
approximately have the same heat loss. The higher heat loss from the side is due to the greater 
surface area and higher heat transfer coefficient for vertical cylindrical walls compared to the 
horizontal wall. In both cases, the heat loss drops significantly in the first two hours after which 
it stabilizes for the rest of the simulation. In both cases, the average heat loss after the first 2 
hours and before the cloud point was reached was approximately 5 W.  

 
(a) 

	

(b) 

Figure 5: Transient temperatures for the different zones simulated in both cases: (a) tank 
without PCM, and (b) tank with PCM inserted 
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(a) 

 

(b)	

Figure 6: Heat loss from the top, side and bottom of the tank: (a) tank without PCM, and (b) 
tank with PCM inserted 

 

Figure 7 shows the contour of local temperature distribution in the biodiesel at the onset of 
clouding at 278.15 K. The results show that biodiesel clouding in both cases begin at the base 
of the tank. Temperature stratification can also be observed since there is no agitation of the 
fuel as is typical when trucks are left parked for extended periods in the winter. The maximum 
temperature difference in the biodiesel tank is about 3 K indicating for the case without the 
PCM and 7 K for that with the PCM inserted.   

At the start of the simulation, the PCM was in liquid phase as its temperature was above the 
melting temperature. Figure 8 shows the process of solidification of the PCM contained in the 
tank. A mass fraction of 1 represents a liquid phase while 0 represents a solid phase. The 
solidification process starts from the walls of the PCM tube and proceeds to the centre, as is 
shown in Figures 8a to f. The solidification process is also seen to be faster in the part of the 
PCM submerged in the biodiesel due to the higher rate of heat loss from the wetted area 
compared to the dry air-filled area above the free surface. The results also indicate that the 
solidification of the PCM is completed at 72 hours. 
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(a)                                                              (b) 

Figure 7: Temperature contours at the onset of clouding in the cases simulated: (a) tank 
without PCM, and (b) tank with PCM inserted 

	 	 	
            (a)                                              (b)                                         (c) 

	 	 	
            (d)                                              (e)                                         (f) 

	
Figure 8: Liquid fraction of the PCM at different times between the phase change process 
from liquid to solid: (a) t = 1 hr, (b) t = 25 hrs, (c) t = 50 hrs, (d) t = 63 hrs, (e) t = 70 hrs, and 
(f) t = 72 hrs. 
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CONCLUSION By using a thermal energy storage system, a tank design that increases the 
time before B100 biodiesel attains its cloud point has been proposed and the concept validated 
by CFD. The implementation of this design for trucks to enable them use B100 biodiesels 
during the winter months presents an opportunity to significantly reduce GHG emissions. The 
simulation results indicate that the time the 4.06 m3 B100 biodiesel stays above cloud point is 
extended by 438% by introducing 0.86 m3 of PCM to the tank design. A more accurate 
numerical solution of the cases can be obtained by using a temperature-dependent viscosity 
function for the simulation. Although reasonable assumptions are made to simplify the 
numerical model, an experimental validation of the concept is still required. Current research 
needs to focus on making phase change material with higher energy density, which will make 
the tank designs much more compact or increase the time of the biodiesel above cloud point.  
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