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From earthmoving and construction equipment to the 
latest lightweight passenger vehicles, diesel engine 
technology and diesel fuel quality have made huge 
advances since the black smoke-belching days of the 1960s 
and 1970s. Diesel engines, and in particular – their high 
speed, high pressure fuel injection systems – have become 
increasingly sensitive to qualities that were once common 
and un-problematic for most diesel powered engines.  

At the same time, a wide range of industries spanning agriculture, 
the oil and gas sector, mining and transport are under increased 
pressure to enhance their operating efficiency, cut costs and boost 
productivity. In order to do just that, companies of all shapes and 
sizes are investing in the vehicles and equipment that uses the latest 
fuel-efficient diesel technology to deliver these gains – gains that 
are not realised when these state-of-the-art machines perform 
poorly or suffer consistent breakdowns and fuel blockages. 

While fuel quality and fuel storage methods have improved, they 
haven’t kept pace with engine technology and now the industry as 
a whole is experiencing the consequences, which has focussed the 
spotlight on another part of the fuel industry – diesel filtration. 

This White Paper takes a closer look at the filtration process, 
particularly the process of final filtration, the process of filtering diesel 
at the final exit point before it enters the fuel tank of a vehicle or 
machine. Bulk Fuel Australia together with filtration partner HYDAC 
have conducted a series of tests during 2016 that examine how 
final filters, fitted to diesel delivery tankers, perform in the field. We 
look at how these results compare with current industry standards 
and determine the benefits final filtered diesel can deliver.

Executive Summary
Service with Excellence
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Bulk Fuel Australia is 

continuing to provide 

higher levels of diesel fuel 

cleanliness by introducing 

Final Filters across our fleet 

and bulk fuel storage tanks.

Introduction
 
The issues of diesel cleanliness and fuel 
contamination are not new, but with 
ever-stricter fuel emissions standards 
and the rapid pace of change in 
turbo diesel engine technology, 
the quality of the fuel feeding these 
engines has become an increasingly 
important factor in ensuring equipment 
performs as efficiently as it’s supposed 
to. The questions and issues we’ll 
address in this White Paper include:

• What’s the new problem 
with diesel fuel?

• What are the different 
methods of filtration?

• What does the data tell us?

First, we’re going to get an overview 
of how big the problem of ‘dirty 
diesel’ and fuel cleanliness really is. 
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Diesel cleanliness 
and other issues 
affecting diesel 
engine efficiency
Diesel fuel has come a long way from the ‘dirty diesel’ of the 
past. And while sulphur content has dramatically reduced, it’s 
the particles and contaminants, including water, that are causing 
problems for today’s ultra-efficient, fuel injection engines. 
And we’re not only talking about passenger vehicles. 

Specialist off-road diesel-powered equipment such as mining dump 
trucks, excavators, large-scale agricultural equipment, ships and 
other forms of transport are all effected by fuel quality issues and 
due to the volumes of fuel used, the risk of contamination increases.  
As these industries increasingly turn to the latest high-tier engines, 
they are quickly realising the importance of clean, dry diesel fuel.

Common fuel supply contaminants 
• In terms of diesel fuel, even small droplets of water caused 

by condensation and humidity can cause problems in 
diesel engines. Fuel injectors don’t react well to water and 
water will not compress in the same way as fuel into the 
engine’s cylinder. Water has no energy, so the more water, 
the less fuel which results in a loss of engine power.

• Micro-organisms in storage tanks, whether they are on the 
back of a truck, under the ground or at a bulk fuel refinery 
provide the perfect breeding ground for a range of bacteria 
and fungi that feed on the hydrocarbons found in diesel fuel. 
Even when these micro-organisms die, they contaminate the 
fuel. Warm temperatures accelerate the growth of micro-
organism colonies and when colonies multiply excessively 
they can cause acid formation, corrosion and block filters. 
Unchecked, micro-organisms can render diesel unusable.
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• While high temperatures exacerbate microbial activity 
in fuel tanks, cold temperatures can cause wax 
crystallisation, which can lead to filter plugging.

• The debris found in diesel is composed of degraded elements of the 
fuel itself. Diesel is a fossil fuel, composed of organic elements that 
over time will degrade and form small solids and particulates. Fuel 
exposed to the high pressure and temperature of the fuel injection 
system is also at increased risk of forming particulate matter. Any 
dust or small particles of dirt that enter the fuel tank via the pump or 
an ill-fitting fuel cap also contributes to debris build-up in the fuel.  

Today’s diesel engines and their fuel injection systems are 
built using high precision, highly sensitive components. As 
the diesel engine’s fuel efficiency has increased, its operating 
tolerances have decreased, making it more susceptible to 
all of the contaminants listed above. The end result is: 

• Blocked fuel filters
• Clogged intake valves
• Reduced air flow
• Premature wear and tear on engine components
• Reduced power and performance

All of which result in equipment downtime, unscheduled 
maintenance and the additional costs associated with repairs and 
replacements. In industries such as mining, construction, agriculture 
and transport, this can have a dramatic impact on equipment 
ROI and productivity. We have now reached a point where the 
standard on-board diesel engine fuel filter is not enough. 
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Steps to take to improve  
diesel cleanliness
Leading the field is fuel filtration at the fuel source

The industry is looking closely at ways owners and 
operators can address the issue directly and cost-
effectively. Leading the field is fuel filtration – at 
the fuel source, before it enters the fuel tank. There 
are a range of methods of filtering diesel and the 
mining industry in particular invested in installing 
additional particulate and coalescing filtration units 
(to remove water) on haul trucks and excavators with 
mixed success. Issues that effected the performance 
of additional on-board filtration units included: 

• Incorrectly sized filter systems for particulate.
• Filtering units installed only on the dispensing side.

For any filtration system to work it needs to be 
installed on both the dispensing side and the off-
loading side of bulk storage tanks which for many 
plant and fleet owners, started to erode the cost-
savings they gained due to fuel efficiency.

Bulk Fuel Australia (BFA) wanted to look at the issue 
of fuel cleanliness from a fuel supplier perspective 
and following discussions with leading international 
filtration specialists HYDAC, conducted a series 
of tests over six months on a Final Filtered diesel 
process that involved a single-pass HYDAC diesel 
filter fitted to one of BFA’s operational fuel fleet. 
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A key factor in the decision to partner with German company HYDAC for this trial was their 
extensive experience across a wide variety of filtration methods. HYDAC’s Optimicron diesel filter 
not only has excellent contamination retention capacity but also maintains fuel pressure, which is a 
significant consideration for any bulk fuel supplier that provides rapid on-site refuelling services. 

The test results from HYDAC Diesel fuel particulate testing demonstrate the filters are removing 
fine particulates from the fuel and the fuel delivered from the nozzle is significantly cleaner. BFA is 
now fitting HYDAC Diesel filters to our fleet of trucks as well as our own tank fleet in the field.
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Test Results 
Final Filtered Diesel HYDAC Fuel Cleanliness Testing

Diesel Fuel Cleanliness   
Test #1 

Diesel Fuel Cleanliness   
Test #2

8 June 2016 
HYDAC, Banyo, QLD, Australia

26 November 2016 
HYDAC, Banyo, QLD, Australia
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Findings of our 6 
month diesel fuel 

cleanliness testing



The diesel first fuel cleanliness test was conducted 
by HYDAC at HYDAC’s Queensland location in Banyo, 
Brisbane, Australia on 8 June 2016 on BFA’s Unit 91. 

Using the HYDAC FCU1000 inline particle counter, diesel samples 
were taken from installed sample points on the fuel line, before and 
after the installed filter. The fuel taken prior to filter installation then 
bypassed the filter unit and was recirculated in the truck’s fuel tank. 

The results from this first test via sample bottles showed drops 
of two ISO classes after filtration. The findings of the Diesel 
Fuel Cleanliness Test #1 are on the following pages.

Diesel Fuel Cleanliness Test #1
8 June 2016 

Diesel Fuel Cleanliness AS4406
25

20
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10
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0

Industry 
Requirement

Fuel Supplier 
ex Terminal

BFA truck prior 
to filter

Final Filtered Diesel

 ISO 4 22 20 19 17

 ISO 6 21 18 18 16

 ISO 14 18 15 15 14
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-2 
ISO classes after filtration

>14 micron 
Final Filtered Diesel up  

to 160 particles

FCU 1000 
inline particle counter

Test Result                                         ISO 4406 Code Particle Count

Industry Requirement   22 Up to 40,000 particles > 4 micron

21 Up to 10,000 particles > 6 micron

18 Up to 2,500 particles > 14 micron

Fuel Supplier ex Terminal 20 Up to 10,000 particles > 4 micron

18 Up to 2,500 particles > 6 micron

15 Up to 320 particles > 14 micron

BFA Truck – prior to Filter 19 Up to 5,000 particles > 4 micron

18 Up to 2,500 particles > 6 micron

15 Up to 320 particles > 14 micron

Final Filtered Diesel 17 Up to 1,300 particles > 4 micron

16 Up to 640 particles > 6 micron

14 Up to 160 particles > 14 micron

ISO 4406 Definition of Particles
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HYDAC FCU1000 

The outlet hose was fed 
into the drain bucket. 

Diesel Fuel Cleanliness Test #2
26 November 2016

Following successful implementation of 
the HYDAC filters on several BFA diesel 
delivery vehicles, Diesel Fuel Cleanliness 
Test #2 was carried out using the HYDAC 
FCU1000 series particle counter. 

Again using BFA’s bulk fuel delivery 
vehicle Unit 91 as the control vehicle, 
Unit 91 was delivered to the HYDAC 
Queensland site in Banyo.

HYDAC conducted a second round of 
tests at HYDAC Brisbane on 26 November 
2016. The tests were conducted by HYDAC 

Brisbane using the HYDAC FCU1000 inline particle counter with 
diesel fuel samples taken from installed sample points on the fuel line 
before and after installed the Final Filtered Diesel filter was installed. 
This test involved taking live ON LINE fuel samples before and after 
filtration. The diesel fuel taken prior to the filter installation bypassed 
the filter and was later recirculated into the tank barrel of the truck. 

A HYDAC FCU data on line particle counter was connected 
before and after filter and the cleanliness class recorded.

The results of Diesel Fuel Cleanliness Test #2 from 
HYDAC’s report are detailed on the following pages.
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Test Result                                         ISO 4406 Code Particle Count

Industry Requirement   22 Up to 40,000 particles > 4 micron

21 Up to 10,000 particles > 6 micron

18 Up to 2,500 particles > 14 micron

Fuel Supplier ex Terminal 20 Up to 10,000 particles > 4 micron

17 Up to 2,500 particles > 6 micron

13 Up to 80 particles > 14 micron

BFA Truck – prior to Filter 17 Up to 2,500 particles > 4 micron

16 Up to 640 particles > 6 micron

13 Up to 80 particles > 14 micron

Final Filtered Diesel 11 Up to 40 particles > 4 micron

9 Up to 5 particles > 6 micron

7 Up to 1.3 particles > 14 micron 

ISO 4406 Definition of Particles

Diesel Fuel Cleanliness AS4406

25

20

15

10

5

0

Industry Requirement Fuel Supplier 
ex Terminal

BFA truck prior to filter Final Filtered Diesel

 ISO 4 22 20 17 11

 ISO 6 21 17 16 9

 ISO 14 18 13 13 7
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ISO 17/16/13 ISO 11/9/7

Diesel Fuel Cleanliness  
Test #2 Continued
On line particle counting showed that the installed Final Filtered Diesel Filter 
is capable of reducing ISO cleanliness classes from 17/16/13 to after filter of 
11/9/7. This is a drop in ISO cleanliness level of up to 6 classes.

The testing process was concluded in 2016 with 
results consistently showing the Final Filtered diesel 
recording a lower particle count than ISO 4406 
industry standard and in the case of particles larger 
than 14 micron, the number of particles that passed 
through the filter was reduced by over 50 percent. 

The results from the two controlled diesel cleanliness tests 
show excellent capability of the HYDAC Optimicron 
Diesel fuel element in one pass filtration systems.



Conclusion
HYDAC Diesel Fuel Cleanliness Testing

While the issues of fuel cleanliness 
are unlikely to ever be completely 
eliminated due to the organic nature 
of fossil fuels and even their bio-diesel 
cousins, filtration has proved successful in 
significantly reducing the particle count 
(made up of debris, micro-organisms, 
wax, etc.) in diesel to a degree that 
is well below industry standards. 

An additional benefit to fuel users is that 
this method of filtration does not involve 
any additions or modifications to diesel-
powered vehicles or equipment. Following 
the successful test results, BFA and 
HYDAC have formed a formal partnership 
and the installation of HYDAC filters is 
currently being rolled out across the BFA’s 
nationwide fleet of fuel tankers, on-site 
refuelling vehicles and storage tanks.

+50% 
reduction in particles 

ISO 4406  
lower particle count than 

industry standard

HYDAC 
fuel filter partner
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About Final 
Filtered Diesel
Keeping your diesel fuel clean 

As diesel fuel injection technology has improved, the sensitivity of 
its components has increased and overall operating tolerances 
have reduced. And, diesel fuel cleanliness standards have become 
extremely important.

Bulk Fuel Australia is tackling the fuel cleanliness issue by 
introducing Final Filters to our entire fleet of delivery trucks and 
bulk fuel site storage tanks.

Our Final Filters are currently being installed in QLD, NSW, VIC 
and WA. After each filter is installed, each truck will deliver clean 
Final Filtered Diesel from our hose reels to our customer’s fuel tanks 
and equipment.

Reliability and equipment availability are critical for all businesses 
and using our Final Filtered Diesel improves both. 

Our high quality single-pass filter units are capable of removing 
fine particles Our high quality single-pass filter units are capable 
of removing fine particles from the diesel to a cleanliness level that 
is cleaner that the current Fuel Industry standard and can also be 
fitted with water absorbing elements. 

Using a fine micron element, our filters will remove any contaminants 
in the diesel ensuring your vehicles and operating equipment are 
being refuelled with consistently clean Final Filtered Diesel.
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Bulk Fuel Australia 
is an Australian 
family owned 
company focused 
on delivering 
customer service 
with excellence. 

About Bulk Fuel Australia 
Our capabilities include Final Filtered Diesel, on site refuelling, bulk fuel delivery service, fuel 
management systems, fuel tanks, heating oil, fuel cards and lubricants.

To experience the benefits of Final Filtered Diesel for yourself or for more information about the 
results of our fuel testing process, contact Bulk Fuel Australia today on 1300 57 9990 
or visit www.bulkfuel.com.au.

• On-site Refuelling
• Fuel Cards
• Bulk Fuel Delivery
• Lubricants

• Heating Oil
• Fuel Tanks
• Fleet Management
• Final Filtered Diesel
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