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DISCLAIMER 

 

All reasonable precautions have been taken by the author to verify the information contained in this 

publication. However, the content should be used without warranty of any kind, either expressed or 

implied. The responsibility for the interpretation and usage of the content lies with the reader and the 

user. In no event shall the author be liable for damages arising from its use resulting in any direct, 

incidental, or consequential damages resulting from the use of this publication as all recommendations 

are made without guarantee. 

 

Methods, approaches and methodologies described are based on several years of practical experience 

gained through multiple practical tests performed and case studies undertaken in several environments 

and industries and should be assessed by the reader/user accordingly.  

 

Various credible sources have been used (to support the data obtained through practical experience) in this 

publication, and all the sources are provided at the end of the paragraph where it is referred to. This 

publication provides general information related to diesel fuel consumption test protocols and variables 

influencing diesel fuel consumption and does not guarantee that the information is complete. 

 

Although all care is taken to ensure that the information is correct at the time of publication, regulations and 

research findings change over time and the reader/user should ensure the information is up to date and 

relevant. 

 

INTRODUCTION 

 

Although this publication includes practical test protocols based on and includes sound scientific 

research findings, principles, best practices and references, it is not intended to be a scientific 

dissertation, academic publication or thesis, but rather a simple practical guide. 

 

The information included in the proposed test protocols is based on data, information and intelligence 

gathered, lessons learned, insights as well as experience gained through multiple practical tests and case 

studies performed on diesel fuel treated with a PEP (Performance Enhancing Product). 
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These tests and case studies were performed in the oil and gas industry (drilling), school bus industry 

(ISD/transportation), long distance hauling industry (trucking), pipeline and roadworks industry 

(construction), marine industry (shipping), and power generation industry (commercial and 

manufacturing). Data and information were also collected from customers using diesel fuel treated with 

a PEP over a period of seven years, exceeding 43 million miles/1.5 million hours of runtime. 

 

Additional information and references used in this publication come from several reputable websites, 

relevant portals, publications, scientific research findings, reliable sources, industry related publications, 

and scientific lab and practical test results. Links to these websites, portals and published documents, 

where more information can be found, are included throughout the publication. 

 

Diesel Fuel Performance Enhancing Products (PEPs) 

 

A quality diesel fuel PEP, also known as an additive, performance enhancer, oxygenator and more, has 

the ability to address multiple aspects in diesel fuel such as a reduction in consumption, improvement in 

all round efficiency and performance, quality and stability, resulting in operational, economic, 

environmental and financial benefits with no side effects on the engine, any components or the 

environment. 

 

PEPS are thus chemicals which are added to diesel fuel. There are several different strains, blends and 

mixes and each delivers a range of unique benefits. For instance, some additives are intended for several 

practical purposes and are capable of making the vehicle, equipment or engine operate more efficiently, 

while also giving it a little extra power. More about the various categories and types of PEPs later in this 

publication. The benefits experienced are immensely diverse, but most bulk diesel users utilize these 

products to increase the overall efficiency, improve performance and save on operational cost. In 

return, this will  

 

help to maximize vehicle, equipment and engine fuel economy and efficiency – making diesel work 

longer, cleaner and more efficiently. 

 

 



 

10 | P a g e  
 

 

More information can be found at: 

https://www.octcet.com/octcet35-diesel-fuel-additive.html 

https://www.octcet.com/case-studies.html 

 

The proposed test protocols in this publication are intended to assist vehicles (fleet), equipment and 

engines owners, that is bulk diesel users, to perform their own practical tests to determine diesel fuel 

consumption in their respective industries, environments and fleets.  

 

In essence, the cost to perform a test by an acclaimed, respected, credible and accredited EPA 

Laboratory or Research Institute such as: 

- Texas A&M Transportation Institute (TTI),  

- University of Houston’s Texas Center for Clean Engines, Emissions and Fuels,  

- South West Research Institute (SWRI),  

- Intertek,  

- ESDC CAD Railways,  

- West Virginia University (WVU) Center for Alternative Fuels, Engines, and Emissions (CAFEE),  

and others are not always within reach of small and medium enterprises or start-up businesses.  

 

In several third world or developing countries, not all bulk diesel users have access to these facilities. 

ISDs, Counties, Districts and State-Owned Enterprises also have budget constraints, limited funds, and 

often need to establish more accurate diesel fuel consumption data and information for their vehicles, 

equipment and engines in their day to day operations and activities. 

 

More information can be found at: 

https://tti.tamu.edu/ 

txcef.egr.uh.edu/ 

https://www.swri.org/fuel-analysis 

https://www.intertek.com/ 

http://www.cadrail.ca/ 

https://www.cafee.wvu.edu/ 

 

http://txcef.egr.uh.edu/
http://www.cadrail.ca/
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Various potential customers in the bulk diesel user industry - environments and industries where the 

consumption of diesel fuel is in excess of 1,000 gallons per day – need to have access to practical diesel 

fuel consumption test protocols and practical guidelines - methods, procedures and processes that 

utilize industry accepted guidelines and recommended best practices, data and activity monitoring, 

collection and statistical analysis to determine the change in diesel fuel consumption – how economical 

and efficient their operations are.  

 

The procedures and proposed test protocols in this publication will be of valuable assistance when 

practical tests are planned and performed under controlled conditions, parameters, and supported by 

oversight, control, accurate data collection and careful analysis. 

 

They are offered as a lower cost and more affordable alternative to a laboratory dynamometer, oval on-

track or on-road test. Although this is a practical alternative it can never replace scientific lab testing. 

However, if protocols, procedures, recommendations, guidelines and steps are followed accurately as 

contained in this publication, owners, operators and managers will be able to perform these tests 

inhouse – by their own staff assisted by the representatives of the PEP manufacturer/blender. 

 

It is very challenging to control variables and factors influencing diesel fuel consumption and to 

duplicate conditions and situations accurately in a practical test versus a standard dynamometer lab 

test.  Those who utilize these proposed test protocols are cautioned that tests may result in lower 

resolution (or precision) data due to a lack of control over all aspects and variables of the test 

environment. 

 

More than one test under the same or similar conditions using the same vehicle, equipment, or engine is 

recommended to ensure sufficient data, intelligence and information are available to compare results, 

provide proper and accurate insight. The results from more than one test will provide a broader 

perspective and averages and tendencies will be observable. It will further serve as an indicator to the  

 

user of the diesel fuel treated with the PEP, under actual operating conditions and activities, how 

beneficial, effective and economical the treated diesel fuel is –  
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meaning is it a viable option, will the gross savings achieved cover the cost of the treatment of the diesel 

fuel resulting in a net gain/net profit. 

 

PURPOSE, OBJECTIVE AND AIM 

 

Purpose 

 

The purpose of this publication is thus to assist and enable users, owners, operators and fleet managers 

in the bulk diesel user industry, to compare fuel consumption, that is miles per gallon or gallons per 

hour, from untreated diesel fuel versus miles per gallon or gallons per hour from diesel fuel treated with 

a PEP in identical or the same vehicles, equipment and engines. 

 

The test protocols included will provide templates, procedures, guidelines, methodology and 

recommendations on how to perform and evaluate the effectiveness of a PEP that purportedly reduce 

diesel fuel consumption and increase fuel efficiency and economy. 

 

Objective 

 

The objective is thus to provide practical diesel fuel consumption tests protocols for fleet, engine and 

equipment owners, operators and managers in accordance in various industries and environments 

supported by practical and recommended EPA, SAE, PAVE and other guidelines - reliable, tried and 

tested protocols to assist them to perform these practical tests in-house without the assistance of a lab 

scientist or technician.  

 

Aim 

 

The aim is also to provide additional information about diesel engines, diesel fuel and aspects related to 

the bulk diesel user industry so that those users, owners, operators and fleet managers, who are not 

engineers, scientists or employ experts in related fields, will have a better understanding of and insight 

into the diesel fuel industry - aspects such as mechanical, environmental, chemical, and maintenance 

issues, factors, and other variables including the human element, have on diesel fuel consumption.  
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OUTCOMES 

 

Results and outcomes achieved as well as data, information and intelligence gathered will mostly be 

used internally to: 

- Track, record and monitor diesel fuel consumption per vehicle, engine and equipment to accurately 

calculate current and future consumption and related expenses. 

- Determine individual unit, engine, equipment and vehicle as well as collective consumption and 

performance. 

- Identify variables and factors influencing consumption, economy and efficiency, such as operational, 

mechanical, chemical, environmental, human behavior, etc. These variables and influencing factors 

are discussed in detail later in the publication. 

 

Although this test protocol only covers diesel fuel consumption, the owner, operator or manager can, at 

the same time, if willing to invest additional funding and resources, also test and observe various other 

aspects simultaneously: 

- Maintenance levels. 

- Effects on SCR systems (regeneration cycles) and PM filters. 

- Influence and integrity of the oil. 

- Consumption of DEF (Diesel Exhaust Fluid). 

- Idling and power/performance. 

- Black smoke (emissions).  

- Driver behavior. 

- ASTMD975 compliance. 

 

REDUCTION IN EMISSIONS AND DIESEL FUEL CONSUMPTION 

 

A reduction in diesel fuel consumption, meaning increased efficiency and economy, also implies a 

reduction in toxic emissions such as Total Hydrocarbons (THC), Nitrogen Oxides (NOx), Carbon Monoxide 

(CO) and black smoke. There is a direct correlation between the reduction in emissions and the 

reduction in diesel fuel consumption. 
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Introducing lower speed limits on motorways can cut both fuel consumption and pollutant emissions. 

Based on a simulation, reducing motorway speed limits from 120 to 110 km/h could deliver fuel savings 

for current technology passenger cars of 12–18 %, assuming smooth driving and 100 % compliance with 

speed limits. However, relaxing these assumptions to a more realistic setting implies a saving of just 2– 

3 %. Significant fuel savings can be achieved by encouraging drivers to maintain a consistent speed and 

restrict their speed (eco-driving), including through effective enforcement of speed limits. 

 

Reducing the speed limit can also significantly reduce emissions of other pollutants, particularly reducing 

NOx and particulate matter (PM) output from diesel vehicles. The safety gains from slower driving are 

also indisputable. Stricter speed limits could have an immediate effect on diesel fuel consumption and 

emissions.  

 

Scientific evidence and knowledge sharing could help make lower speed limits more politically 

acceptable by clarifying the environmental consequences, as well as the impacts on safety and mobility. 

 

More information can be found at: 

https://www.researchgate.net/publication/232896984_Heavy_Duty_Truck_Fuel_Consumption_Predi

ction_Based_on_Driving_Cycle_Properties 

https://occup-med.biomedcentral.com/articles/10.1186/1745-6673-9-6 

https://www.jstor.org/stable/26272106?seq=1#page_scan_tab_contents 

https://www.theicct.org/sites/default/files/publications/WVU_Final_Report_ICCT.pdf 

https://www.eea.europa.eu/themes/transport/speed-limits 

https://www.ford.ie/owner/resources-and-support/fuel-economy 

 

SAE, TMC AND PAVE RECOMMENDED PRACTICES 

 

The SAE International, initially established as the Society of Automotive Engineers (SAE), is a U.S.-based, 

globally active professional association and standards developing organization for engineering 

professionals in various industries. Principal emphasis is placed on transport industries such as 

automotive, aerospace, and commercial vehicles.  

 

https://en.wikipedia.org/wiki/Professional_association
https://en.wikipedia.org/wiki/Standards_organization
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Transport
https://en.wikipedia.org/wiki/Automotive_industry
https://en.wikipedia.org/wiki/Aerospace
https://en.wikipedia.org/wiki/Commercial_vehicle
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There are several recommended test protocol practices prescribed by the SAE that must be taken into 

consideration when an alternative non-lab protocol is developed and compiled: 

- SAE J1321 Joint TMC (Technology & Maintenance Council)/SAE Fuel Consumption Test Procedure 

Type II (1986 revision). 

- SAE J1321 SAE Fuel Consumption Test Procedure Type II (2012 revision). 

- Interim test method for verifying fuel-saving components for SmartWay™; it includes modifications 

to SAE J1321. 

- SAE J1376 Fuel Economy Measurement Test (Engineering Type) for Trucks and Buses. 

- SAE J1526 Joint TMC/SAE Fuel Consumption In-Service Test Procedure Type III. 

 

TMC (Technology and Maintenance Council) Recommended Practices: 

- RP1102 In-service Fuel Consumption Test Procedure Type II. 

- RP1103 In-service Fuel Consumption Test Procedure Type III. 

- RP1109 Type IV Fuel Economy Test Procedure. 

 

SAE Recommended Practice J1321 specifically addresses the needs and operating conditions of long-

haul truck fleets. SAE J1376 is the appropriate procedure for testing and evaluating diesel fuel 

consumption during operating cycles representative of a bus, pickup and/or delivery truck, and refuse, 

garbage and waste removal operations. To compare one vehicle to another, the use of SAE J1526 is the 

preferred method. 

 

The Technology and Maintenance Council (TMC) is a diverse group of industry professionals who work 

together to improve truck equipment and technology. The TMC develops industry-recognized 

recommended practices that are used by fleet managers to efficiently specify and maintain vehicles. The 

TMC’s industry best practices also provide guidance to manufacturers in the design of their equipment. 

They began in 1956 when a small but select group of maintenance directors sat down with 

representatives from the truck manufacturing community to discuss recurring equipment maintenance 

problems.  Since then, the TMC has grown into an organization of more than 2,300 members with 

representatives from virtually every sector of the industry: fleet owner, operators, manufacturers, 

suppliers, service providers, educators, press, association representatives and technicians. 
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The PAVE Research Institute at Auburn University is the Program for Advanced Vehicle Evaluation and 

Testing. They perform Type II, Type III, and Type IV SAE/TMC fuel economy studies. They also have 

protocols to perform SAE J1321 (TMC RP-1102) Type II Fuel Consumption Tests. 

 

More information can be found at: 

https://www.sae.org/standards/content/j1321_201202/ 

https://www.swri.org/heavy-duty-truck-fuel-economy-testing-evaluations 

https://www.eng.auburn.edu/research/centers/ncat/files/paveflyer.pdf 

http://www.pavetrack.com/PAVE/DSX%20Oil%20Additive%20Type%20II%20Fuel%20Economy%20Te

st%20Report.pdf 

www.pavetrack.com/PAVE/Closed%20Crankcase%20Retrofit%20Type%20II%20Fuel%20Economy%20

Test%20Report.pdf 

http://www.pavetrack.com/PAVE/Evans%20NPG%20+%20Type%20II%20Fuel%20Economy%20Test%

20Report.pdf 

 

Some of the recommendations, requirements and guidelines contained in the above practices were 

applied in several practical tests and case studies that lead to the compilation of the protocols contained 

in this publication. 

 

FUEL CONSUMPTION, ECONOMY AND EFFICIENCY 

 

These proposed test protocols will enable the vehicle, equipment and engine owner to measure and 

determine fuel consumption in a practical environment. It is also necessary to define the terms diesel 

fuel consumption, economy, and efficiency as these terms are widely used, but very often 

interchangeably and incorrectly, which can generate confusion and incorrect interpretations. 

 

Fuel consumption  

 

Diesel fuel consumption is the amount or volume of diesel fuel used per unit traveled (distance) or units 

ran (time). Fuel consumption is thus the amount of diesel fuel used per unit distance; for example, 

gallons per 100 miles (Gal/100 miles) or diesel used per unit time; for example, gallons per hour. In this  

https://www.eng.auburn.edu/research/centers/ncat/files/paveflyer.pdf
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case, the lower the value, the less gallons used, the more economical a vehicle, engine or equipment is 

(meaning the less fuel it needs to travel a certain or the same distance). 

 

On-road diesel fuel consumption is measured in either: 

- (i) how many miles travelled per gallon (mpg) or 

- (ii) how many gallons used per 100 miles.  

The higher number of miles in (i) and the lower the gallons in (ii) the higher the efficiency. 

  

Non-road usage diesel fuel consumption is measured in either: 

- (i) gallons per hour or  

- (ii) yards per gallon.  

The lower the gallons used per hour in (i) and the more yards travelled per gallon in (ii) the higher the 

efficiency. 

 

Diesel fuel usage can also be measured in gallons used to generate 1 (one) unit of power per hour or 

unit runtime. The lower the gallons used the higher the efficiency. 

 

More information can be found at: 

https://www.nap.edu/read/12924/chapter/4 

https://www.casece.com/northamerica/en-us/resources/articles/the-art-of-equipment-fuel-

efficiency 

 

The National Academics of Sciences, Engineering and Medicine states that consumption is also the 

appropriate metric for determining the yearly diesel fuel savings if one goes from a vehicle with a given 

fuel consumption to one with a lower fuel consumption. 

 

Because fuel economy and fuel consumption are reciprocal, each of the two metrics can be computed in 

a straight-forward manner if the other is known. In mathematical terms, if diesel fuel economy is X and  

fuel consumption is Y, their relationship is expressed by XY = 1. This relationship is not linear, as 

illustrated in Figure A below in which fuel consumption is shown in units of gallons per 100 miles, and 

fuel economy is shown in units of miles per gallon.  
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Also shown in Figure A is the decreasing influence on fuel savings that accompanies increasing the fuel 

economy of high-mpg vehicles. Each bar represents an increase of fuel economy by 100% or the 

corresponding decrease in fuel consumption by 50%. The data on the graph show the resulting decrease 

in fuel consumption per 100 miles and the total fuel saved in driving 10,000 miles.  

 

The dramatic decrease in the impact of increasing miles per gallon by 100% for a high-mpg vehicle is 

most visible in the case of increasing the miles per gallon rating from 40 mpg to 80 mpg, where the total 

fuel saved in driving 10,000 miles is only 125 gallons, compared to 500 gallons for a change from 10 mpg 

to 20 mpg. Likewise, it is instructive to compare the same absolute value of fuel economy changes—for 

example, 10-20 mpg and 40-50 mpg. The 40-50 mpg fuel saved in driving 10,000 miles would be 50 

gallons, as compared to the 500 gallons in going from 10-20 mpg. 

 

Figure A also illustrates the relationship between the percentage of fuel consumption decrease and that 

of fuel economy increase. Figures A and B below illustrate that the amount of fuel saved by converting 

to a more economical vehicle depends on where one is on the curve. Because of the nonlinear 

relationship as indicated in the Figure A, consumers can have difficulty using fuel economy as a measure 

of fuel efficiency in judging the benefits of replacing the most inefficient vehicles.  

 

Three experiments were conducted to test whether bulk diesel users’ reason in a linear but incorrect 

manner about fuel economy. These experimental studies demonstrated a systemic misunderstanding of 

fuel economy as a measure of fuel efficiency.  

 

Using linear reasoning about fuel economy leads people to undervalue small improvements (1-4 mpg) in 

lower-fuel-economy (15-30 mpg range) vehicles where there are large decreases in fuel consumption 

this range, as shown in Figure A, further discusses the potential benefits of utilizing a metric based on 

fuel consumption as a means to aid consumers in calculating fuel and cost savings resulting from 

improved vehicle fuel efficiency. 
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FIGURE A: Relationship between fuel consumption (FC) and fuel economy (FE) illustrating the decreasing 

reward of improving fuel economy (miles per gallon [mpg]) for high-mile-per-gallon vehicles. The width 

of each rectangle represents a 50% decrease in FC or a 100% increase in FE. The number within the 

rectangle is the decrease in FC per 100 miles, and the number to the right of the rectangle is the total 

fuel saved over 10,000 miles by the corresponding 50% decrease in FC. 

 

 

FIGURE B: Percent decrease in fuel consumption (FC) as a function of percent increase in fuel economy 

(FE), illustrating the decreasing benefit of improving the fuel economy of vehicles with an already high 

fuel economy. 



 

20 | P a g e  
 

 

Fuel economy 

 

Fuel economy is the distance traveled or units ran per unit volume of diesel fuel used. On-road or off-

road fuel economy is the distance travelled per unit volume of diesel fuel used; for example, miles per 

gallon (mpg), where 1 mpg (imperial) = 0.354006 km/L. In this case, the higher the value, meaning the 

higher the miles per gallon, the more economical a vehicle is (the more distance it can travel with a 

certain volume/unit of diesel fuel). 

 

Fuel economy is thus a measure of how far a vehicle will travel with a gallon of fuel. Is expressed in miles 

per gallon. This is a popular measure used for a long time by consumers in the United States. It is used 

also by vehicle manufacturers and regulators, mostly to communicate with the public. As a metric, fuel 

economy measures distance traveled per unit of fuel. 

 

Fuel efficiency 

 

Diesel fuel efficiency is a form of thermal efficiency, meaning the ratio from effort to result of a process 

that converts chemical potential energy contained in a carrier (fuel) into kinetic energy or that is action 

and motion (work). Fuel efficiency includes both fuel consumption and fuel economy and is a form of 

thermal efficiency.  

 

Fleet efficiency describes the average efficiency of a population of vehicles. Fuel efficiency is dependent 

on many parameters of a vehicle, including its engine parameters, aerodynamic drag, weight, AC usage, 

fuel and rolling resistance. Fuel efficiency of vehicles can also be improved by careful maintenance and 

driving habits.  

 

Energy consumption 

 

Energy consumption (reciprocal efficiency) is expressed in terms of fuel consumption:  

- Volume of diesel fuel (or total energy) consumed per unit distance per vehicle; e.g. L/100 miles or 

MJ/100 miles. 

 

https://en.wikipedia.org/wiki/Thermal_efficiency
https://en.wikipedia.org/wiki/Chemical_energy
https://en.wikipedia.org/wiki/Potential_energy
https://en.wikipedia.org/wiki/Fuel
https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Engine
https://en.wikipedia.org/wiki/Drag_(physics)
https://en.wikipedia.org/wiki/Rolling_resistance
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- Volume of diesel fuel (or total energy) consumed per unit distance per passenger; e.g., Gallons/ 

(100 passenger mile). 

- Volume of diesel fuel (or total energy) consumed per unit distance per unit mass of cargo 

transported; e.g., Gal/100 pounds/mile or MJ/t/mile. 

 

Fuel energy 

 

How fuel combusts affects how much energy is produced. The higher the Cetane level/number and the 

oxygen content in the diesel, the quicker and more complete the combustion. Energy efficiency is 

expressed in terms of fuel economy:  

- Distance per vehicle per unit fuel volume; e.g., miles per gallon. 

- Distance per vehicle per unit fuel mass; e.g., miles/pounds.  

- Distance per vehicle per unit energy; e.g., miles per gallon equivalent (mpg-e). 

 

TESTING ENVIRONMENTS AND PROTOCOLS 

 

On-Road testing 

 

This implies the testing of a vehicle’s operating capability, meaning diesel fuel usage or consumption in 

actual road and working conditions. This is a test of the actual vehicle/s in use in a real appropriate 

context, actual environment and conditions. 

 

City protocol 

 

A City protocol replicates an urban rush-hour driving experience in which the vehicle is started with the 

engine cold and is driven in stop-and-go traffic with frequent idling. The vehicle is driven for a specific 

number of miles and makes a pre-determined number of stops over a course or route within a number 

of predetermined minutes, with an average and top speed. This is typical of a school bus, garbage/waste 

removal truck and/or general delivery vehicle/truck. Several other factors that influence fuel 

consumption are also measured, monitored and tracked. This will be discussed I more detail later in the 

publication.  

https://en.wikipedia.org/wiki/Cargo
https://en.wikipedia.org/wiki/Miles_per_gallon_equivalent


 

22 | P a g e  
 

 

Highway protocol 

 

A Highway protocol, on the other hand, emulates rural and interstate freeway driving with a warmed-up 

engine, making no stops (both of which ensure maximum fuel economy). The vehicle is driven for a 

predetermined number of miles over a specific period of time with an average and top speed. This is 

typical of tour buses, freight haulers and longer distance delivery vehicles. Several other factors that 

influence fuel consumption are also measured, monitored and tracked. This will be discussed I more 

detail later in the publication.  

 

Off-Road testing  

 

Construction protocol 

 

A construction protocol replicates an engine’s/equipment’s operating capability, meaning diesel fuel 

usage/consumption in actual off-road operational/working conditions. This testing normally takes place 

in industries such as pipeline and road construction. Vehicles who travel distances can be measured in 

the same way as on-road vehicles, however, the general vehicle, equipment and engine in use in this 

environment and industry is generally tracked and monitored by how many hours the 

engine/equipment runs or yards (distances) covered. The vehicle is in use for a predetermined number 

of hours over a distance with an average and top speed. This is typical of graders, bulldozers, pipe layers, 

excavators, bores, crawlers, trenchers, scrapers and more. Several other factors, that influence fuel 

consumption, efficiency, and economy are also measured, monitored and tracked. This will be discussed 

I more detail later in the publication.  

 

Drilling/Power generation protocol 

 

The “drilling/power generation” protocol is developed to emulate oil and gas drilling as well as power 

generation activities. The engine/equipment is in use for a predetermined number of hours over a 

period with average, high and low loads. This is typical of generators and gensets. Several other factors, 

that influence fuel consumption, efficiency, and economy are also measured, monitored and tracked. 

This will be discussed I more detail later in the publication.  
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Non-Road testing 

 

Marine protocol 

 

This implies the testing of an engine’s operating capability, meaning diesel fuel usage/consumption 

under actual non-road conditions. This is a test of the actual engine in use in a real appropriate context, 

actual environment and conditions. A non-road engine is based on the principle of mobility/portability, 

and includes engines installed on self-propelled equipment and vessels or on equipment that is 

propelled while performing its function such as generators (gensets) generating power for the vessel. 

Testing normally takes place in industries such as the marine and shipping industry. Vessels who travel 

distances can be measured in either nautical miles or hours ran/logged.  

 

The marine protocol emulates actual vessel activities and power used on board. The vessel is in use for a 

predetermined number of hours over a distance with an average and top speed. The generator/engine 

is tested under normal working conditions with a minimum and maximum load and predetermined 

number of hours to be run. Several other factors, that influence fuel consumption, efficiency, and 

economy are also measured, monitored and tracked. This will be discussed I more detail later in the 

publication.  

 

ESSENTIAL CHEMICAL REQUIREMENTS 

 

Diesel fuel quality 

 

Diesel fuel is one of the largest components of the average diesel fleet, engine and equipment owners’ 

and operators’ operating budget – on average it ranges between 30 - 40%, according to a 2016 report 

from the American Transportation Research Institute. This percentage varies in accordance with the 

fluctuation in the oil price which has a direct impact on the diesel price. 

 

More information can be found at: 

atri-online.org/wp-content/uploads/2016/10/ATRI-Operational-Costs-of-Trucking-2016-09-2016.pdf 
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As fleet managers, engine and equipment owners and operators continue to face pressure to increase 

overall efficiency, it’s important to know that the quality of the diesel fuel has a major impact on 

efficiency. Quality diesel fuel PEPs can further have a positive influence on fuel consumption. 

 

The use of high-performance quality diesel fuel together with proper maintenance will increase 

efficiency, reliability and overall engine/equipment durability.  It will further reduce the stress on the 

engine’s components, by reducing heat, friction and wear while also reducing other maintenance issues 

such as: 

- Preventing premature fuel filter failure or long-term clogging, by helping to stabilize the fuel and by 

carrying insoluble impurities through the filter; 

- Reducing fuel system repairs due to a reduction in corrosion in tanks, lines, pumps and injectors;  

- Removing internal injector deposit and carbon build-up, which should help reduce fuel injector 

failures; and 

- Reduce and eliminate the clogging of SCR’s PM filters and avoid overheating and failure. 

 

Affects and impact of poor-quality diesel fuel 

 

Diesel fuel quality, especially the variation in the Cetane number/level as well as the Sulphur content, 

has not kept up with engine technology. Poor diesel fuel quality and the use of contaminated fuel will  

result in wear, friction, engine failure and decreased performance.  

 

Contamination 

 

Tight tolerances of today’s diesel fuel injection systems and high-pressure fuel pumps are susceptible to 

impurities, low quality and contaminated fuel. Poor-quality diesel fuels will wear out injectors and 

pumps prematurely and reduce overall equipment reliability. Impurities and contaminants can include 

environmental particulate, asphaltenes from unstable fuel, water, fungus and bacteria. 

 

The most significant quality issue in the field is contamination, mainly from dirt and water. Much of the 

source of dirt and water originates from onsite diesel fuel storage tanks, conveyance to equipment fuel 

tanks, and equipment fuel tanks themselves. Injector life is reduced by about half with a water content  
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of only 0.05% (500 ppm). Water content at or above 0.05% will cause damage to the fuel injection 

system. Moisture will also adversely affect the lubricating properties of diesel fuel by displacing the fuel.  

 

Moisture 

 

Moisture also reduces diesel fuel combustibility and becomes heated in the combustion chamber. Water 

turns into steam and damages injector tips. Continuous water contamination will corrode fuel systems 

as well as promote bacterial growth, which results in plugged fuel filtration systems. Excessive moisture 

at low ambient temperatures can plug fuel systems due to ice formation, especially when wax formation 

grows around the ice crystals. 

 

Stability 

 

Fuel stability is an ongoing concern, especially with recirculate diesel fuel systems. Unstable fuels also 

form insoluble gums and asphaltenes. Not only will these plug and clog filters and injectors, but they can  

also affect the combustion efficiency of the engine, resulting in a loss of power. Poor combustion also 

increases toxic emissions.  

 

Improper diesel fuel droplet size due to damaged injectors combined with asphaltene particulates 

requires higher temperatures and compression to combust fully. This is not always attainable during the 

normal combustion cycle. Diesel fuel that is degraded or poor-quality can also become acidic, which will 

cause corrosion in the engine and fuel system components.  

 

Physical properties 

 

Poor physical properties of diesel fuel can also affect the reliability and service life of engines. Diesel fuel 

is also intended to cool and lubricate fuel injection systems. Poor lubricity will result in increased and 

excessive wear and will result in premature failure of injectors and fuel pumps. Poor lubricity can be the 

result of using too light of a distillate cut or inherent poor lubricating properties of the manufactured 

fuel. Severe processing used to reduce sulfur and aromatics in today’s diesel fuels reduce the amount of  
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surface protecting agents in the diesel fuel, which reduces lubricity. Good quality PEPs are required to 

maintain lubricity properties and performance.  

 

Cetane 

 

Heavier diesel fuel cuts can create combustion chamber deposits which will reduce the life of cylinder 

rings and liners. A low Cetane number/level will result in engine damage over time. If the Cetane 

number/level of the diesel fuel is low, engine knock and starting trouble can result from delayed 

ignition. Diesel knock during idling, poor warm up and white smoking after startup will result from a too 

low Cetane number/level. 

 

When filter elements and injectors are routinely replaced at premature time periods for service life this 

is an indication of poor-quality diesel fuel that should be investigated. Though diesel fuel usually is not 

tested with the same frequency as in-service lubricants, it is advisable to have it inspected when engine 

reliability issues arise that may be the result of poor diesel fuel quality or when product integrity is 

suspected. Standard ASTM D975 testing (American Society of Testing and Materials) can determine if  

the proper physical properties such as density, distillation range, Cetane index, viscosity, flashpoint, acid 

number and more. The sampling and testing of diesel fuel on an ongoing basis not only provide a 

resource for trouble-shooting, it can also serve as a periodic inspection of storage tank cleanliness and 

integrity.  

 

More information can be found at: 

https://www.truckinginfo.com/305854/the-importance-of-diesel-quality-for-your-business 

 

Impact of diesel fuel properties  

 

The diesel engines manufactured after 2010, especially Tier 3 and Tier 4 engines, powering several diesel 

vehicles and equipment today, are efficient and reliable sources of mechanical power. But their 

longevity and performance are affected by many factors especially fuel quality. There are two grades of  
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on-road diesel fuel in the USA as defined by the American Society for Testing and Materials (ASTM) D 

975: 

- 1-D (No.1) - For on and off-road use in vehicles. It is a lighter grade fuel blended for low-

temperature operating conditions. (Lower cloud point - see description lower down).  

- 2-D (No.2) - For on and off-road use in vehicles, industrial engines, off-road machines and 

equipment operating in normal temperature conditions. This fuel has higher heat content and will 

provide better fuel economy than 1-D fuel.  

 

Note that not all diesel fuels are “created equal” and may not be appropriate for use in any engine or 

application. Diesel fuel properties affect performance. The ASTMD D975 standards and specifications  

also supported by the Association of Equipment Manufacturers (AEM), provide the required minimums 

and maximums, ranges and limitations for diesel fuel properties. 

 

ASTM D975 tests are performed to ensure diesel fuel used in equipment complies with International 

Diesel Fuel Property and Emissions Standards, as well as Original Equipment Manufacturers' 

Specifications (OEM) and the Association of Equipment Manufacturers (AEM). The most common 

properties tested are: Pour Point, Cloud Point, Flash Point, Volatility, Cetane Number and Index, Sulfur 

Content, Viscosity, Density, Water and Sediment Content, Ash Content, Carbon Residue, Corrosivity,  

Long-Term Storage Stability, Lubricity, Distillation, Boiling Point, High Frequency Reciprocating Wear Rig 

(HFRR), and Conductivity. 

 

More information can be found at: 

https://www.astm.org/Standards/D975.htm 

https://www.chevron.com/-/media/chevron/operations/documents/diesel-fuel-tech-review.pdf 

https://www.aem.org/AEM/media/docs/Safety/Fuel-Quality-CLEAN.pdf 

https://www.aem.org/news/october-2016/fuel-quality-critical-for-new-tier-4-engines/ 

 

The ASTM D975 specifications and requirements for diesel fuel relates to all the aspects of the fuel. 

Herewith the most important aspects and characteristics that influences diesel fuel quality: 

 

 

https://www.chevron.com/-/media/chevron/operations/documents/diesel-fuel-tech-review.pdf
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API gravity 

 

The ratio of the density of fuel to the density of water. The lower the API gravity, the heavier the fuel 

and the harder it is to burn. Conversely, the higher the API gravity, the lighter the fuel and the poorer 

the efficiency.  

 

Cloud point 

 

The temperature at which hydrocarbons in the fuel cannot be dissolved and form wax crystals. This 

crystallization causes the fuel to cloud or haze. The crystals could clog filters and fuel lines.  

 

Pour point 

 

The temperature at which diesel fuel begins to solidify or gel. The pour point is normally lower than the 

cloud point.  

 

Cetane index or rating 

 

The quality of diesel fuel ignition; how easily it ignites. In 1993 the EPA mandated a minimum 40 cetane  

index rating based on distillation temperatures and density. A minimum rating of 45 is best for 

performance. A higher number means shorter time between spray and burn. Refiners use additives to 

meet the minimum index, and supplementary PEPs can be added to attain the suggested rating of 45.  

 

Density 

 

Internationally density is measured in kg/l = 0.832. In the USA it is measured in lb./gal = 6.943. Diesel 

fuel density is always measured at 15 °C/59 °F. It is important that the density of the diesel fuel complies  

with the international ASTM D975 specifications. The higher the density of the diesel fuel the higher 

energy content, giving higher power output, which will result in improved fuel economy. Since diesel  

fuels expand at higher temperatures and contract at lower temperatures, density is measured at 

ambient conditions but converted to density at 15 °C/59 °F to adhere to international trading practices. 
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The density of a batch of diesel fuel should be measured and reported on the Certificate of Analysis for 

quality control purposes. Knowledge of the original density of a batch of diesel fuel is extremely useful  

to vehicle, engine and equipment owners, operators and managers. If the density of the diesel fuel 

delivered by the supplier or distributor is significantly different from the specifications, it will indicate 

possible contamination and is cause for further quality investigation. It is advised that lower density 

diesel fuel either be used with extreme caution, or not used at all.  

 

OEMs included diesel fuel sampling as a requirement in their Engine/Equipment warranties and/or their 

Operation and Maintenance manuals. They advise that diesel fuel be tested regularly to take proper 

corrective action if the fuel is below standard and/or contaminated. Failing to do so may void the 

warranty. Please review the links below regarding the OEMs position on the quality of the diesel fuel. 

 

More information can be found at: 

https://www.octcet.com/compliance.html 

https://www.octcet.com/assets/octcet35-treated-diesel-astm-d975-compliance-2018.pdf 

https://www.octcet.com/assets/esdc-cad-railways-astm-d975-compliance-confirmation.pdf 

https://caterpillar.scene7.com/is/content/Caterpillar/C10513050 

https://www.newflyer.com/site-content/uploads/2017/09/cumminsBaseWarranty.pdf 

 https://kohlerpower.com/en/engines/warranty 

https://www.gmc.com/owners/warranty-details 

www.deutzamericas.com/legal/pdfs/Deutz%20Limited%20Warranty_Reviewed%20April%202014.pdf 

https://www.jegs.com/customerservice/GM_Warranty.pdf 

 

Certificate of analysis 

 

The American Society of Testing and Materials (ASTM) has established various specifications used to  

characterize diesel fuel (ASTM D975) and provide a framework for definition and reference. This aspect 

is discussed under diesel fuel quality. 

 

However, these are the minimum requirements necessary to assure reasonable operation under typical 

conditions. When operational, application, location and ambient specific characteristics are being  

https://caterpillar.scene7.com/is/content/Caterpillar/C10513050
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considered, additional properties are identified and must be specifically measured and evaluated by 

appropriate testing and analysis. The properties of the diesel fuel tested will be reflected on a Certificate 

of Analysis.  

 

A Certificate of Analysis is an authenticated document issued by an appropriate authority, regulatory or 

quality assurance entity, a testing facility or lab verifying the adherence to specifications and standards  

of production, regulation and requirements. The Certificate usually includes the actual test results 

performed on the product batch in this case the actual diesel fuel sample provided for testing and/or 

the diesel fuel treated with the PEP.  

 

A Certificate of Analysis is thus a quality assurance document that confirms that a regulated product 

meets its product specification. In accordance with ASTM D975 standards and requirements, when a 

standard test is performed on diesel fuel properties, the following is measured in the diesel fuel (with 

the protocol number at the end): 

- Flash Point D93 

- Water and Sediment D2709 or D1796 

- Distillation Temperature D86 

- Kinematic Viscosity at 40°C D445 

- Ash D482 

- Sulfur D5453 or D2622 

- Copper strip corrosion D130 

- Cetane number D613 

- Cetane index D976 

- Aromaticity D1319 

- Cloud point D2500 

- Low-Temperature Flow Test D4539 

- Cold Filter Plugin Point D6371 

- Ramsbottom carbon residue on 10 % distillation residue D524 

- Lubricity, HFRR @ 60°C D6079 or D7688 

- Conductivity D2624 or D4308. 

 

http://www.investorwords.com/3995/quality_assurance.html
http://www.investorwords.com/1714/entity.html
http://www.investorwords.com/11153/specification.html
http://www.investorwords.com/802/certificate.html
http://www.investorwords.com/9996/include.html
http://www.investorwords.com/8761/actual.html
http://www.investorwords.com/4953/test.html
http://www.investorwords.com/7202/result.html
https://www.sigmaaldrich.com/united-kingdom/technical-services/specifications.html
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More information can be found at: 

https://www.octcet.com/compliance.html 

https://www.octcet.com/assets/octcet35-treated-diesel-astm-d975-compliance-2018.pdf 

 

Other considerations 

 

Diesel fuel quality depends on proper storage. Stored diesel fuel forms corrosives and varnishes as it  

breaks down. Each load of diesel fuel has specific conditions that can affect its compatibility with fuel 

already in storage. Condensation forms in storage containers and tanks as temperatures change; this 

can be corrected with PEPs. Fuel/water separators should be installed on vehicles and serviced regularly 

where water contamination is possible.  

 

Nothing prevents diesel fuel-related problems better than a good preventive maintenance program. 

Quality filters go along with quality fuel. However, do not rely on filters to clean up a below-grade fuel 

system. Diesel fuel tanks, pumps and hoses should all be constantly monitored and inspected. Diesel 

fuel pumped into vehicles should be filtered at the island.  

 

The importance of the quality of the diesel fuel is thus crucial and needs to be determined before any 

practical testing is commenced as it will have an impact on the effectiveness of the PEP as well. 

 

Testing of the diesel fuel 

 

Although diesel fuel distributors and suppliers should provide a Certificate of Analysis with every diesel 

fuel batch delivered, it is recommended that, in order to ensure the ongoing quality and integrity, fuel 

sample tests to be done independently on a regular basis. 

 

Diesel fuel quality and chemistry continuously degrades by transportation, storage, oxidation, and by 

water and microbial contamination. Even when fuel is still clear and bright, microscopic fuel components  

can collect and quickly form into larger contaminating masses. Fuel analysis can point to solutions for  

filter plugging, loss of power or poor injector performance, and testing bulk fuel storage tanks can verify 

compliance with required supplier specifications. 
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When diesel fuel is stored and all volumes in inventory is not used within one month or less, especially 

in hot, humid and/or wet conditions, it is necessary to have fuel testing done frequently to verify the 

quality and condition.  It is in the best interest to stay on top of the stored diesel fuel condition by 

ongoing testing.  

 

Contamination of fuel by water and dirt entering the fuel as a result of careless fuel handing may cause 

poor diesel engine performance. Extreme care must be exercised. Fuel-tank caps, dispensing nozzles and 

hoses should be kept clean to eliminate potential sources of contamination. Regularly removing water 

from storage tanks, vehicle fuel tanks, and filter bowls is important. Dry storage systems will reduce fuel 

emulsion problems, injection system corrosion and microbial growth. 

 

Appreciable amounts of water and sediment in a fuel oil tend to cause fouling of the fuel-handling 

facilities and to give trouble in the fuel system of a burner or engine. An accumulation of sediment in 

storage tanks and on filter screens can obstruct the flow of oil from the tank to the combustor. Water in 

middle distillate fuels can cause corrosion of tanks and equipment, and if detergent is present, the water 

can cause emulsions or a hazy appearance. Water is necessary to support microbiological growth at fuel 

water-interfaces in fuel systems. 

 

Sampling device and containers 

 

Always make sure the sampling device and containers are clean and free of contamination.  The kind of 

container does matter. Glass can be used but it requires more specialized packaging if the sample is 

mailed to a lab.  A clean plastic container made with fluorinated plastic is also acceptable.  The plastic  

needs to be fluorinated to prevent softening and reactivity. Do not overfill the container meaning do not 

fill the container with more than 80% full of the diesel fuel sample. This will allow for the expansion of  

the sample inside because of the agitation as a result of movement and the potential exposure to heat 

in transit.   
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Volume  

 

The exact volume required depends on the specific test that needs to be conducted. One quart should 

be enough to allow the laboratory or testing facility to do proper testing. Always take two samples from 

the same batch of diesel fuel as a backup in case something happens to the first sample in transit.  

 

Sampling 

 

When diesel fuel is stored in a storage tank for a substantial period, it is recommended to take one 

sample each from the top, middle and bottom of the tank. The composite results will provide a good 

representation of the diesel fuel condition in the tank. The diesel fuel at the top could most probably 

differ from the fuel at the bottom of the tank.  

 

If diesel fuel is delivered frequently and on a regular basis, it is recommended to take a sample directly 

from the fuel delivery truck/tanker. This would provide the most accurate sample representative of 

what was retrieved from the terminal itself and what is to be delivered.  

 

Shipping  

 

When sending or shipping the sample off for testing, ensure the container has a tightly-sealed cap or lid.  

Put the bottle or container, which contains the sample, inside a plastic bag, or even double bag it. Seal  

the bag/s properly, and package it in a corrugated sturdy shipping box or a recommended shipping 

container suitable for Hazmat and petroleum fuel samples. 

 

VARIABLES THAT INFUENCE DIESEL FUEL CONSUMPTION 

 

The need for a reduction in consumption 

 

A reduction in diesel fuel consumption means a reduction in toxic emissions, an increase in overall 

efficiency, a reduction in operational costs, a reduction on the environmental impact leading to a  

 



 

34 | P a g e  
 

 

cleaner and healthier environment, especially in an era where consumption is increasing globally year on 

year.  

 

Diesel exhaust emissions have been classified as an IARC Group 1 carcinogen. It causes lung cancer and 

is associated with an increased risk for bladder cancer. Lung cancer is the major cancer thought to be 

linked to diesel exhaust emissions. Several studies of workers exposed to diesel exhaust emissions have 

shown small but significant increases in risk of lung cancer. Workers with the heaviest and most  

prolonged exposures, such as railroad workers, heavy equipment operators, miners, and truck drivers, 

have been found to have higher lung cancer death rates than unexposed workers. Based on the number 

of people exposed at work, diesel exhaust emissions may pose a substantial health risk. 

 

The International Agency for Research on Cancer (IARC) is part of the World Health Organization (WHO). 

Its major goal is to identify causes of cancer. The IARC classifies diesel exhaust emissions as 

“carcinogenic to humans,” based on sufficient evidence that it is linked to an increased risk of lung 

cancer. The IARC also notes that there is “some evidence of a positive association” between diesel 

exhaust emissions and bladder cancer. 

 

The National Toxicology Program (NTP) is formed from parts of several different US Government 

Agencies, including the National Institutes of Health (NIH), the Centers for Disease Control and 

Prevention (CDC), and the Food and Drug Administration (FDA). The NTP has classified exposure to 

diesel exhaust particulates as “reasonably anticipated to be a human carcinogen,” based on limited  

evidence from studies in humans (mainly linking it to lung cancer) and supporting evidence from lab 

studies. 

 

The US Environmental Protection Agency (EPA) maintains the Integrated Risk Information System (IRIS), 

an electronic database that contains information on human health effects from exposure to various 

substances in the environment. The EPA classifies diesel exhaust emissions as “likely to be carcinogenic 

to humans.” 

 

 

 

https://en.wikipedia.org/wiki/Diesel_exhaust
https://en.wikipedia.org/wiki/List_of_IARC_Group_1_carcinogens
https://en.wikipedia.org/wiki/Lung_cancer
https://en.wikipedia.org/wiki/Bladder_cancer
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The National Institute for Occupational Safety and Health (NIOSH) is part of the CDC that studies 

exposures in the workplace. NIOSH has determined that diesel exhaust emissions are a “potential 

occupational carcinogen.” 

 

It is therefore alarming when the following statistics are reviewed: 

- Since 1970, the world's use of fuel (oil) has more than doubled.  

- Almost 100 million barrels a day are being produced all around the world. Oil is a nonrenewable 

resource, and conservative estimates show that within the next 20 years, that the production will be  

a third of what it is today. That is why it is important that consumption is reduced, cleaner fuel and 

alternate fuel substances are developed. 

- The United States alone uses up about 25% of the oil every day, which is about 21 million barrels per 

day and China is next at 9%. 

- Unless efficiency is not increased, more renewable energy resources are found, this level of 

consumption cannot be sustained. 

- Over the past 60 years, carbon emissions have gone from 1,000 million metric tons of carbon to over 

7,000 million metric tons of carbon per year. 

 

The more diesel fuel consumption is reduced, the better for the world and its inhabitants. Diesel engine, 

equipment and vehicle owners must therefore be encouraged to reduce diesel fuel consumption as 

increased efficiency will benefit anyone.  

 

Quality PEPs based on sound chemistry, especially those that are free of acetones and organo-metallics 

(metal-free), have and still are contributing to reduced diesel fuel consumption. 

 

More information can be found at: 

https://www.cancer.org/cancer/cancer-causes/diesel-exhaust-and-cancer.html 

https://www.octcet.com/case-studies.html 

 

Earlier in this publication it was mentioned that factors, fundamentals and variables influence and 

impact fuel consumption, economy and efficiency. All of them must be observed, recorded, monitored 

and tracked as accurately as possible when a baseline is established unless historical data, that is  
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accurate records of diesel fuel consumption over a period of six months to a year is available for all 

engines, equipment and vehicles. 

 

These factors, fundamentals and variables must, as far as practically possible, be duplicated and/or 

controlled in practical tests when diesel fuel is treated with the PEP. As mentioned earlier, this is very 

challenging and critical and if not, the results will not be credible, accurate, and a true reflection of the  

effect and ability of the product/chemical tested. The fleet owner, operator or manager will not be able 

to make an intelligent and informed decision in this regard. 

 

Chemical – Diesel fuel grade and quality 

 

Diesel fuel has far more uses than regular gasoline because its components contain more energy per 

gallon. Experts rate diesel fuel more favorably than gasoline because the vapors rarely explode or ignite 

during usage. As of 2007, the Environmental Protection Agency (EPA) has mandated that all highway 

diesel fuels sold in the United States must meet specifications before the general public has access to it. 

Doing this is thought to help reduce the emissions that come from diesel powered vehicles. 

 

Diesel is commercially available in many grades, but the differences between each grade do not affect 

the uses of the fuel. The grades have their own benefits and disadvantages and must give up certain 

characteristics in order to gain different features. For example, #1 grade diesel fuel has lower energy 

components then it’s counterpart, no. 2 grade diesel fuel. No. 2 will also form into a gel in cold weather  

environments. There are thus significant differences between no. 1 and no. 2 varieties, as well as 

winterized and AG diesel. 

 

No. 1 diesel fuel 

 

No. 1 grade products have less energy components and are more expensive than #2 grade products. 

However, it rarely has problems in cold weather conditions, which is completely the opposite of #2 

grade. This is because paraffin (a type of wax) has been removed from the chemical mix. The absence of 

this chemical allows it to remain in liquid form during the winter months. 
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No. 2 diesel fuel 

 

No.2 grade diesel fuel is the most readily available at most gas stations. This chemical compound holds 

the highest amount of energy components and lubricant properties in one mixture and offers the best  

fuel performance available on the market today. Most scientists agree that no. 2 grade diesel fuel will 

protect injection pumps, seals, and other important engine parts. 

 

Typically, #2 is less expensive than #1 because it doesn’t require the same depth of refinement to 

produce. The downside to no. 2 diesel is its tendency to transform into a thickened gel when the 

temperature drops. This often leads to hard starts and other complications during winter. 

 

Winterized diesel fuel 

 

Winterized diesel fuel is a combination of no. 1 and no. 2 fuels that, when blended together, holds a 

higher concentration of no. 1 grade diesel fuel. These fuels are used during the months when it becomes 

too cold to use no. 2 grade. 

 

The combination of both grades of fuel should contain enough energy components and lubricant 

properties to reduce the chance of the chemical mix gelling in colder temperatures. Typically, the fuel  

economy drops slightly during the winter months because the demand for it is less than at other times 

of the year. 

 

Using no. 1 grade Diesel fuel in the winter should never cause any immediate concerns. However, 

prolonged use in engines that are specifically-designed for no. 2 grade may reduce engine life span over 

a long period of time. No. 1 and no. 2 grade fuels can be mixed at the same time. This means owners, 

operators and managers don’t have to worry if #1 grade is only available during the winter months. 

 

AG diesel 

 

AG diesel, also known as ‘Red Diesel’, Off-Road or Non-Road diesel, is made for off-road vehicles and  

 



 

38 | P a g e  
 

 

other equipment that isn’t operable on public roads. For that reason, AG grade fuel isn’t subject to taxes 

like other fuels that are used in highway vehicles. The cost of ‘Red diesel’ fuel is significantly lower than 

other types available. 

 

Off-road diesel is dyed red so that it can be distinguishable from other types of fuel. This is because it is 

illegal for use on public roads. Usually, officers will test the fuel for illegal use by dipping a metal gauge 

into the tank to gain a sample. This will help to determine if an unlawful act has occurred. The penalty 

for such an act is several thousands of dollars for each offense. From a chemical perspective, this type or 

grade of diesel clear has not clear advantage over other types available except for the price. 

 

Diesel fuel quality and performance 

 

Almost everybody in the diesel industry have heard about clean verses dirty diesel, but what does it 

actually mean? Clean diesel refers to a catch-all term that references changes in engine design, such as 

ultra-low sulfur fuel and common rail diesel. The result is engines which are about 99% cleaner than 

their counterparts from 10 to 20 years ago. 

 

So, if clean diesel is good, what is dirty diesel? This term refers to diesel that has built up sludge, slime, 

grime, and is likely not fit for use, which means it shouldn’t be used in any vehicle, equipment or engine. 

Fuel that has been sitting in storage tanks for long periods of time without proper testing or treatment 

starts to go bad, meaning the quality is not up to standard ASTMD 975 specifications.  

 

Symptoms of dirty or contaminated diesel 

 

How would managers, operators and owners know their diesel fuel is dirty? They can detect this if they 

begin to see varnish or sludge in their fuel system or engine. Dirty diesel often results in clogged filters 

and deposits in fuel injectors. Eventually, these build up into reduced vehicle performance. Dirty diesel 

will affect the whole fleet, all engines and equipment. 
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Causes of dirty or contaminated diesel 

 

The first problem is time. The shelf life of diesel is about 6 - 12 months, but in certain conditions (like 

extreme weather), it can be much shorter. Also, the longer the diesel fuel is stored, the more likely it will 

be contaminated by microorganisms. 

 

Weather can cause water to leak into the diesel fuel, which can result in multiple problems. For 

example, warm moisture that comes into contact with cold diesel or a cold tank could cause 

condensation and water leakage. Weather can also cause swings in heat and humidity which affects 

diesel fuel energy content. Also, warmer temperatures naturally increase the degradation of diesel. 

Microorganisms such as fungi and bacteria in water are a big problem. They can feed off the 

hydrocarbons in the diesel. As they die, their bodies become additional contaminants in the diesel fuel. 

 

Other contaminants  

 

Other contaminants that decrease diesel fuel efficiency include lead, sulfur, and certain additives. Lead 

is a commonly known pollutant that is toxic to humans and can cause permanent damage to catalytic 

converters. 

 

Sulfur occurs naturally in diesel fuel, but some refining processes can remove too much. If too much 

sulfur is left, it can damage converters and clog filters and traps. The only way to deal with this problem 

is with special treatments to remove the sulfur, but these processes can also damage or have an adverse 

effect on the engine. 

 

Finally, some diesel fuel additives, because of their chemical composition, contain metal. They are not 

organo-metallic free (metal free) and can cause ash to build-up in engines and result in clogging. It is 

important that the chemical composition of PEP is reviewed to preserve the integrity of the diesel fuel 

and to not compromise on complying with the ASTM D975 specifications and requirements, and of 

course specifications contained in OEM warranties as discussed earlier. 
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From the above it is clear that the diesel fuel grade and quality have an impact on overall performance 

and efficiency and a reduction in emissions of diesel engines are influenced by the fuel characteristics 

and fuel quality.  

 

More information can be found at: 

http://www.kendrickoil.com/ 

 

Mechanical – Type of Engine 

 

This protocol is developed for internal combustion engines that is diesel compression-ignition. Diesel 

engines, named after inventor Rudolf Diesel, rely on compression heating of the air/fuel mixture to 

achieve ignition.  

 

The amount of diesel fuel consumed depends on the engine and the efficiency with which the output of 

the engine is transmitted to the wheels. This fuel energy is used to overcome rolling resistance primarily 

due to flexing of the tires, aerodynamic drag as the vehicle motion is resisted by air, and inertia and 

forces that resist vehicle acceleration, as well as engine and drive line losses.  

 

More information can be found at: 

cset.mnsu.edu/engagethermo/components_diesel.html 

www.ijirae.com/volumes/Vol2/iss6/20.JNAE10123.pdf 

 

Diesel engine manufacturers face ongoing challenges to meet the standards of stringent emissions of 

smoke, unburned hydrocarbon, carbon monoxide and oxides of nitrogen coupled with increasing the  

performance of the engine. Over the years, engineers and designers have tried a number of different 

techniques to improve the combustion and reduce the pollution levels with considerable success rates. 

The imperatives for achieving the good thermodynamic performance in internal combustion engines 

are: 

- Minimal energy consumption in the preparation of the diesel fuel.  

- A fuel of high mass specific energy that occupies minimal volume.  

- A sufficiently high energy inhalation rate, with flows of fuel and oxygen that facilitate reaction.  
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- An operation cycle of the highest possible thermodynamic cycle efficiency. 

 

To address these challenges diesel engine and equipment manufacturers are constantly improving on 

Common-rail direct fuel injection, a direct fuel injection system for diesel engines. It features a high-

pressure (over 100 bar or 10 MPa or 1,500 psi) fuel rail feeding solenoid valves, as opposed to a low- 

pressure fuel pump feeding unit injectors (or pump nozzles). Third-generation common-rail diesels now 

feature piezoelectric injectors for increased precision, with fuel pressures up to 2,500 bar (250 MPa; 

36,000 psi).  

 

High pressure injection delivers power and diesel fuel consumption benefits over earlier lower pressure 

fuel injection, by injecting fuel as a larger number of smaller droplets, giving a much higher ratio of 

surface area to volume. This provides improved vaporization from the surface of the fuel droplets, and 

so more efficient combining of atmospheric oxygen with vaporized fuel delivering more complete and 

cleaner combustion.  

 

Diesel fuel injection, in an internal-combustion engine, is the introduction of diesel fuel into the 

cylinders by means of a pump rather than by the suction created by the movement of the pistons. Diesel 

engines do not use spark plugs to ignite the fuel that is sprayed, or injected, directly into the cylinders, 

instead relying on the heat created by compressing air in the cylinders to ignite the diesel fuel.  

 

In engines with spark ignition, fuel-injection pumps are often used instead of conventional carburetors. 

Diesel fuel injection into a chamber upstream from the cylinders distributes the diesel fuel more evenly  

to the individual cylinders than does a carburetor system; more power can be developed and 

undesirable emissions are reduced.  

 

Additional aspects are critical to ensure proper diesel fuel injection system performance including: 

- Fuel atomization—ensuring that fuel atomizes into very small fuel particles is a primary design 

objective for diesel fuel injection systems. Small droplets ensure that all the fuel has a chance to 

vaporize and participate in the combustion process. Any remaining liquid droplets burn very poorly 

or are exhausted out of the engine. While modern diesel fuel injection systems are able to produce 

fuel atomization characteristics far exceeding what is needed to ensure complete fuel evaporation  

https://en.wikipedia.org/wiki/Fuel_injection
https://en.wikipedia.org/wiki/Diesel_engine
https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Bar_(unit)
https://en.wikipedia.org/wiki/Pascal_(unit)
https://en.wikipedia.org/wiki/Pounds_per_square_inch
https://en.wikipedia.org/wiki/Solenoid_valve
https://en.wikipedia.org/wiki/Fuel_pump
https://en.wikipedia.org/wiki/Unit_Injector
https://en.wikipedia.org/wiki/Piezoelectric
https://www.britannica.com/technology/internal-combustion-engine
https://www.britannica.com/technology/diesel-engine
https://www.britannica.com/technology/diesel-engine
https://www.britannica.com/technology/carburetor
https://www.britannica.com/science/power-physics
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during most of the injection process, some injection system designs may have poor atomization 

during some brief but critical periods of the injection phase. The end of the injection process is one 

such critical period. 

 

- Bulk mixing—While diesel fuel atomization and complete evaporation of fuel is critical, ensuring that 

the evaporated fuel has sufficient oxygen during the combustion process is equally as important to 

ensure high combustion efficiency and optimum engine performance. The oxygen is provided by the 

intake air trapped in the cylinder and a sufficient amount must be entrained into the fuel jet to 

completely mixed with the available fuel during the injection process and ensure complete 

combustion. 

 

- Air utilization—Effective utilization of the air in the combustion chamber is closely tied to bulk 

mixing and can be accomplished through a combination of diesel fuel penetration into the dense air 

that is compressed in the cylinder and dividing the total injected fuel into a number of jets. A  

sufficient number of jets should be provided to entrain as much of available air as possible while 

avoiding jet overlap and the production of fuel rich zones that are oxygen deficient. 

 

For any combustion process there is a balance sought between losing energy from using too much air  

and wasting energy from running too richly. The best combustion efficiency occurs at the optimum air- 

to-fuel (AFR) ratio and controlling this provides the highest efficiency.  

 

More information can be found at: 

https://sagemetering.com/combustion-efficiency/air-fuel-ratio-effect-on-combustion-efficiency/ 

https://www.britannica.com/technology/fuel-injection 

https://www.sciencedirect.com/science/article/pii/S2215098615001445 

 https://www.dieselnet.com/tech/diesel_fi.php 

 

Tier 1-3 Standards - The first federal standards (Tier 1) for new non-road (and/or off-road) diesel engines 

were adopted in 1994 for engines over 37 kW (50 hp), to be phased-in from 1996 to 2000. In 1996, a 

Statement of Principles (SOP) pertaining to non-road diesel engines was signed between EPA,  

 

https://www.dieselnet.com/tech/diesel_combustion_spray.php
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California ARB and engine makers (including Caterpillar, Cummins, Deere, Detroit Diesel, Deutz, Isuzu, 

Komatsu, Kubota, Mitsubishi, Navistar, New Holland, Wis-Con, and Yanmar).  

 

In 1998 the EPA signed the final rule reflecting the provisions of the SOP. This regulation introduced Tier 

1 standards for equipment under 37 kW (50 hp) and increasingly more stringent Tier 2 and Tier 3 

standards for all equipment with phase-in schedules from 2000 to 2008. The Tier 1-3 standards are met 

through advanced engine design, with no or only limited use of exhaust gas aftertreatment (oxidation 

catalysts). Tier 3 standards for NOx + HC are similar in stringency to the 2004 standards for highway 

engines, however Tier 3 standards for PM were never adopted. 

 

Tier 4 Standards - In 2004, the EPA signed the final rule introducing Tier 4 emission standards, which are 

phased-in over the period of 2008-2015. The Tier 4 standards require that emissions of PM and NOx be 

further reduced by about 90%. Such emission reductions can be achieved through the use of control 

technologies—including advanced exhaust gas aftertreatment—similar to those required by the 2007-

2010 standards for highway engines. 

 

Towards 2010 and beyond OEMs have made significant improvements in ability to optimize the 

oxygen/air fuel intake ratio and the latest Tier 3 and 4 generation diesel engines are much more fuel 

efficient, meaning it reduces toxic emissions significantly than in the previous decade. A 'Stoichiometric' 

AFR (Air Fuel Intake Ratio) has the correct amount of air and fuel to produce a chemically complete 

combustion event.  

 

Taking all of the above into consideration, it is obvious that Tier 4 diesel engines have become much 

more Fuel efficient. In practical tests in fleets, engines and equipment results will be indicative. Older  

diesel engines are substantially less efficient and will benefit more and show much better savings results 

when diesel fuel treated with PEPs is used. The effectiveness and success of diesel PEPs are thus 

influenced and determined by the type of engine, year manufactured, model, type, size, series, Tier, etc.  

 

 

 

 

https://www.dieselnet.com/standards/us/hd.php#y2004
https://www.dieselnet.com/standards/us/hd.php#y2004
https://www.dieselnet.com/standards/us/hd.php#y2007
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Mechanical – Cold start 

 

When starting from cold, the diesel engine's combustion efficiency is reduced because the cold engine 

block draws heat out of the cylinder in the compression stroke. The result is that diesel fuel is not  

combusted fully, resulting in blue/white smoke and lower power outputs until the engine has warmed 

through. 

 

Mechanical – Engine oil 

 

The quality of engine oil can also affect diesel fuel economy. If the wrong motor oil viscosity grade in 

terms of being thicker than recommended is used at certain temperatures or is of an inferior quality, the 

engine pistons and other moving parts move less freely. This adds a load onto the engine and hence a 

greater demand for fuel energy. It can have a negative impact as much as 12% on miles per gallon.  

 

So, the thicker the viscosity of engine oil, the harder the engine has to work to push the oil throughout 

the engine components. The vehicle pulls on the diesel fuel supply to help power the engine and keep it  

running. The harder the engine has to work to move oil through the different parts, the more diesel fuel 

the vehicle uses. So, the thinner the engine oil, the better the fuel efficiency is. However, many 

specifically prefer high viscosity oil to provide the fullest protection to the engine.  

 

Newer vehicles are being manufactured with engines that can work well with thinner viscosity oils. Many 

oil manufacturers are creating what is called zero weight engine oil. One can recognize a zero-weight 

engine oil by looking at the numbers on the bottle. One example of a zero-weight oil would be a bottle 

labelled 0W-20. The last number signifies the viscosity of the oil when the engine is warmed. Unlike the  

popular 10W-40 or 15W-40, one can see that a zero-weight engine oil is very thin. The new design of 

engine oil allows it to move quickly through the engine components without as much drain on the diesel 

fuel system, unlike the thicker oils. Studies done on thinner oils show that the engine components are 

lubricated as well as those using a thicker oil. 
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Mechanical – Diesel fuel tank cap 

 

Make sure the gas cap is on tight. Fuel are lost due to evaporation because the cap was not on tight. A 

broken or missing gas cap or cap that is not fit tight can reduce fuel efficiency by 1 - 2%. 

 

Mechanical – Carbon build-up 

 

Carbon build-up on the valves and the exhaust is very common for older diesel engines no matter how 

well they are maintained. Carbon build-up is a result of diesel fuel quality and heat, a byproduct of 

combustion. Issues related to carbon build-up on the valves include: 

- Clogged valves thus allowing less fuel/air to get inside the cylinder thus reducing power and 

efficiency. 

- The above point can cause an uneven power stroke causing engine knock. 

- Since diesel fuel is not properly burned it will increase the emissions and might fail pollution tests. 

- The EGR or Exhaust Gas Recirculation will send the bad exhaust emissions into the engine increasing 

the carbon build up further. 

 

However, carbon buildup is not something which affects only one parameter of an engine, it can affect 

the air/fuel intake as well. The carbon contributes to abnormal combustion in several ways, and the 

most dramatic effect in a modern diesel fuel injected engine is the "sponge effect". As the diesel fuel 

mixture in the cylinder is compressed, the carbon tends to absorb both oxygen and fuel. Once the 

ignition spark fires, the flame front normally spreads through the chamber, consuming the diesel fuel 

and air, however, the carbon tends to extinguish the flame front and stifle combustion.  

 

This combined with the fuel and air that was absorbed, results in poor diesel fuel efficiency. As the 

chamber decompresses during the exhaust portion of the stroke, the unburned diesel fuel and air is  

released, resulting in both excessive fuel and air (containing oxygen) entering the exhaust system. The 

O2 sensor detects the excessive oxygen and the vehicle computer (ECM, ECU, PCM) compensates for 

this by enriching the mixture.  

 

 

http://planetgreen.discovery.com/gas-mileage/
http://www.waystoimprovegasmileage.com/
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In general: 

- Carbon build-up (CBU) impairs the ability of the valves to properly seat, resulting in lack of 

compression, which leads to loss of engine torque. 

- If the vehicle is equipped with AIR (secondary-air pump), CBU in secondary air tracts prevents the 

emissions-control from functioning properly during cold starts. If bad enough, this can lead to the 

clogging up of catalytic converters. 

- Exhaust tracts can get clogged over time from CBU, resulting in cold spots in the combustion 

chamber. 

 

More information can be found at: 

https://www.bellperformance.com/blog/bid/110840/engine-deposits-cutting-your-fuel-mileage 

 

Mechanical – Maintenance 

 

Failure to do proper and ongoing maintenance will degrade diesel fuel economy.  Poor maintenance 

includes elements of delayed servicing and poor servicing which leads to overstretching of the service 

interval. Proper maintenance can extend the life of the engine, it will also impact diesel fuel efficiency.  

 

Fixing an engine that is noticeably out of tune or has failed an emissions test can improve its diesel fuel 

consumption by an average of 4%, though results may vary. Fixing a serious maintenance problem, such 

as a faulty oxygen sensor, can improve mileage by as much as up to 40%. 

 

Mechanical – Oxygen sensors and air filters 

 

Having bad oxygen sensors and dirty and clogged air filters will reduce mpg by up to 20%. The oxygen 

sensors help keep the proper mixture of air and the diesel fuel and having this off balance will result in 

inefficiency.  

 

The air filters can get clogged and simply need to be unclogged to fix the problem. Air filters need to be 

cleaned so that the diesel engine can work at its peak performance. Dirty air filters will cause the engine 

to work much harder than it has to and always results in poor diesel fuel economy. Follow the  

https://www.carsdirect.com/car-repair/how-to-tell-if-you-have-a-faulty-oxygen-sensor
https://www.carsdirect.com/car-repair/air-filters/
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manufacturer's recommendation for periodically changing out the air filter. A clean air filter allows the 

engine to perform more efficiently and improves diesel fuel efficiency.  

 

Mechanical – Fuel injectors 

 

Having bad diesel fuel injectors that do not function properly will have a negative impact on diesel fuel 

efficiency.  This is because the fuel injectors are responsible for injecting diesel fuel into the engine. If 

there is a leak of some sort, then less diesel fuel will make it to the engine, and then in turn make it run 

less efficiently. 

 

Mechanical – Tires 

 

Check the air pressure of the tires of the vehicle frequently - repeat this once a month, as under-inflated 

tires increase the level of fuel consumption. Fit dual saver tires as they will have lower rolling resistance. 

At a steady speed, most of the energy a vehicle is using is going to counteract friction. The tires are 

where that happens, and how much power it takes is dictated by a property called rolling resistance.  

 

Tires that are not inflated properly will wear out more quickly and will also lead to more fuel 

consumption. Essentially, the softer the tire is, the more effort it will take to push it across a surface. 

The question the is why don't our cars have solid, hard tires, if that would be better for miles per gallon? 

Harder tires are more efficient, but they provide less braking force, especially in rain and snow (because  

there's less friction) and they don't absorb shock as well. As a result, personal vehicles are engineered to 

balance all these factors—safety, efficiency, ride quality, durability—for everyday use. 

 

So, a driver has some control over rolling resistance by inflating or deflating the tires. The 

manufacturer's recommendation takes performance, efficiency and ride handling into account, so 

keeping the tires within that range will increase miles per gallon. This means to inflate tires to the 

highest pressure recommended by the manufacturer.  

 

The general condition of tires can lead to an increase in fuel consumption. Worn our tires have less grip 

and traction so the tire spins faster so as to move. This takes a toll on fuel economy. Incorrect tire  

https://www.carsdirect.com/car-repair/what-are-signs-you-have-bad-fuel-injector-pumps


 

48 | P a g e  
 

 

pressure is thus a common cause of increased diesel fuel consumption. Periodically checking tires with 

an inexpensive pressure gauge is a good way to identify low tire pressure. 

 

As mentioned, in cold, elevated climates, tire pressure generally will decrease. This can cause trouble in 

the forms of: 

• Lower diesel fuel economy. 

• Reduced steering precision. 

• Uneven tire tread wear. 

• Potential tire failure if the pressure falls beyond 6 psi of the manufacturer’s recommendation. 

 

To avoid these issues, in cold weather, check and adjust the pressure of the vehicle’s tires once the 

destination is reached. Also, check and adjust it again when the descent is finished. According to the U.S. 

Department of Energy, 1.25 billion gallons of fuel - approximately 1% of total consumption - are wasted 

each year on underinflated tires. Tires can lose about 2 pounds per square inch (psi) per month. Each 

tire that is underinflated by 10 psi reduces fuel economy by about 3.3%. Four tires that are  

underinflated by 10 psi, then, would reduce a vehicle's fuel economy by a substantial 10% at an added 

cost of 31 cents per gallon.  

 

More information can be found at: 

https://phys.org/news/2015-07-properties-physics-affect-gas-mileage.html#jCp 

 

Mechanical – Wheel alignment 

 

Misaligned tires also drag instead of roll freely. Improper alignment can reduce diesel fuel efficiency by 

as much as 10% - this means 10% of the price of diesel per gallon. In addition, the tires can wear out 

more quickly. Tires that are out of balance (symptom: vibration in the steering wheel) can cause uneven  

tire wear, which can result in lower miles per gallon. Tires should be balanced and rotated according to 

the vehicle's owner's manual to improve tire performance and diesel fuel economy. 

 

Tires that are out of balance (symptom: vibration in the steering wheel) will also cause uneven tire wear,  

 

http://www.tirerack.com/tires/tiretech/techpage.jsp?techid=1
https://phys.org/news/2015-07-properties-physics-affect-gas-mileage.html#jCp
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which can result in reduced fuel efficiency. Make sure wheels are properly aligned. Looking after tires 

will not only reduce diesel fuel consumption but also extend the life of the tire and improve handling.  

 

Mechanical – Load 

 

This aspect is especially related to diesel gensets/generators and not to be confused with freight/load a 

vehicle has to carry, move around or deliver at a destination.  

 

The fuel consumption of a diesel generator set in operation is generally related to two aspects (i) the 

fuel consumption rate of the unit itself, (ii) the size of the load. When the load is 80%, the diesel fuel 

consumption of the generator is the lowest. If the load of the generator set is 80% of the rated load, a 

liter of oil will generate 3.5 degrees of electricity, and if the load is increased, the diesel fuel 

consumption of the generator unit will increase, and the fuel consumption of the generator unit will be 

in direct proportion to the load. But if the load is lower than 20%, it will affect the generator, not only  

the diesel fuel consumption of the unit will be greatly increased, but also the generator set will be 

damaged. 

 

Therefore, in order to reduce the diesel fuel consumption in general the generator set, the unit can run 

at about 80% of the rated load, but the diesel fuel consumption will increase and even damage the unit 

if the unit runs at a low load for a long time. There is thus a direct relationship between the generator 

diesel fuel consumption and the load. 

 

Aside from diesel generators with inverters, normal generator must maintain a specific speed in order to 

maintain frequency, whether at no load or full load. As you add more load, it requires more energy to 

turn the generator. This would have the effect of slowing down the engine, so to compensate, the 

engine governor opens the throttle more to increase fuel flow in order to maintain speed. Even the  

inverter generators will use more fuel with higher load, but they do moderate the engine speed 

according to load to maximize fuel efficiency. 

 

The auto-throttle/idle functions on a non-inverter generator will reduce the engine speed when no load  

is present. It takes more energy/fuel to spin an unloaded engine at a higher speed than a lower speed;  

https://www.dieselgeneratortech.com/diesel-generators/How-to-Decrease-the-Consumption-of-Diesel-Generator.html
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even with "no load" there is still a load internal to the engine: spinning the flywheel, pushing the piston 

up and down, drawing fuel/air mixture in and pushing exhaust out. The faster the engine turns, the 

greater the internal load is. 

 

All generator sets are designed to provide power in the most efficient manner possible. As such, every 

generator set will have an optimal workload-to-fuel-consumption sweet spot. Because different engines 

consume fuel at different rates, and higher workloads almost always burn fuel most efficiently, diesel 

generator efficiency is usually achieved at the higher end of the load setting the generator was designed  

 

to maintain. A 15kw residential generator, for instance, may have lower fuel consumption operating at 

10kw rather than at 6kw. 

 

One of the most prevalent problems with diesel engines running below their designed load capacity for 

extended periods of time is the phenomenon known as “wet stacking.” Wet stacking occurs when  

unburned fuel is exhausted due to low operating temperatures. When unburned fuel is exhausted from 

the combustion chamber, it starts to build up in the exhaust side of the engine, resulting in fouled 

injectors and a buildup of carbon on the exhaust valves, turbo charger and exhaust. 

 

To avoid wet stacking and other problems resulting from running the generator on a light load, it’s 

important to run your generator within its optimal range as often as possible. There are some commonly 

accepted best practices for achieving diesel generator efficiency. 

 

Running the diesel generator on a light load for extended periods of time will have an impact on the 

health, reliability and longevity of the equipment. It’s likely to lead to unscheduled downtime, higher 

maintenance costs, increased diesel fuel efficiency and an overall shortened service life for the  

generator. Remaining within its optimal load bearing recommendations is key to diesel generator 

efficiency. And, of course, regularly scheduled generator maintenance will help to ensure the long life of 

the equipment. 

 

 

 

https://www.ckpower.com/wet-stacking-avoid/
https://www.ckpower.com/services/generator-service-from-ck-power/
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Mechanical – Idling 

 

Generally idling wastes diesel fuel and gets the driver nowhere. It further produces unnecessary 

greenhouse gases. If a driver is going to stop for more than 30 seconds, except in traffic, it is 

recommended to turn off the engine. In winter, don’t idle a cold engine for more than 30 seconds 

before driving away. Older vehicles, however, may need more idling time when first started. But 

opinions vary from owner to operator to fleet manager, and even drivers. 

 

It has become a custom for pickup truck owners to leave their diesel engines running while they’re 

absent. It most probably originated from seeing unoccupied long-haul trucks with their engines running,  

 

 

and the practice does have some basis in fact. diesel engines do burn very little fuel at idling speed 

because unlike gasoline engines, their throttles do not restrict the amount of air they ingest.  

 

As for truckers, the practice seems to have stemmed from the need to keep diesel fuel from getting too 

cold in winter and gelling. Letting a diesel engine or equipment idle for anything more than a short  

duration is not a good idea because while the engine will use little diesel fuel, what fuel it does burn will 

not combust completely because the operating temperature is too low.  

 

Unlike gasoline engines, diesel need to be under load to reach optimum operating temperature—if 

they’re not, unburned diesel fuel can cause needless pollution and even can dilute the lubricating oil, 

increasing wear and friction. Plus, every time a piston travels up and down a cylinder, the rings and 

cylinder walls wear just a little bit. The best rule is, if stoppage exceed one minute turn off the engine. 

 

As noted above, a diesel engine will not warm to operating temperature until it is under load. Let the 

diesel engine idle long enough to fully circulate the oil—30 seconds is plenty. Don’t immediately put the 

pedal to the metal. A few minutes of idle speed will warm the oil, so it flows better.  

 

The highest wear rates take place at startup, especially if the driver or user is imprudent. Lube oil is 

designed to cling to interior components, but the film is micron-thin. And once a diesel engine is  
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running, it takes a few moments for the cold oil—even modern multi-viscosity oil—to flow freely. That’s 

why commercial diesels have block heaters and pumps that circulate lube oil before the engine starts. If  

the engines have neither, the best option is to allow 30 seconds to a minute before the throttle is 

advanced.   

 

Diesel vehicles are least fuel efficient and most polluting at the start of trips and on short trips. One 

reason for this is that catalytic converters (which reduce air pollution emissions) do not operate properly 

until they have warmed up.  

 

Trips of less than 3 miles generally do not allow the engine to reach its peak operating temperature. So 

rather than shopping at different intervals, plan to do a number of errands in one trip rather than 

several trips and save both time and fuel. 

 

Human – Driver behavior and driving style 

 

Driving style influences diesel fuel consumption. A common cause of bad mileage is the driver’s driving 

habits. An aggressive driver likely accelerates too quickly. This causes more diesel fuel to be used and 

will use up more than is needed. Same goes for revving the engine. It may sound cool, but it uses up 

diesel fuel for going nowhere. 

 

So, the unsteady driving characteristic of many drivers increases diesel fuel consumption. They do not 

gradually increase speed. Diesel fuel efficiency is influenced and optimized when the vehicle is started 

gradually and stopped in a steady manner. Jerks must be avoided. Many drivers end up constantly 

pumping the throttle, which leads to the increased consumption. When a driver drives aggressively and  

do not shift gears quickly to a higher one, it will keep the engine revolutions high thus consuming more 

diesel fuel. Gear up. Get into the habit of shifting up to a higher gear as soon as you can. Higher gears 

are more economical in terms of diesel fuel consumption. Drivers need to learn how to use features 

such as cruise control and over drive to improve diesel fuel efficiency if this is a feature on the vehicle. 

 

The same advice also goes to drivers who suddenly stop while driving. Drive at a good distance from the  
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vehicle in front so one can better anticipate and move with the flow of traffic. This helps avoid 

unnecessary acceleration and repetitive braking that ends up wasting diesel fuel. If traffic stoppages are  

ahead, take the foot off the accelerator and let the engine’s reduction in power slow the vehicle. Don’t 

continue driving at the same speed and applying the brakes at the last minute. Getting back to cruising 

speed while the vehicle is still moving uses far less diesel fuel than stopping and then starting again. 

 

Every time a driver brakes, energy is wasted. Brakes convert mechanical energy of a moving vehicle into 

heat via friction (they heat up). This is where energy is ultimately lost. Then, when the traffic moves 

forward a bit, the driver of course needs to accelerate - and this is where diesel fuel is used to put 

energy into getting the vehicle to move. These drive cycles are prevalent in the school bus, garbage 

removal and delivery industries. 

 

When a vehicle is driven at a constant speed, the only big energy losses come from air resistance. This 

resistance depends on speed and shape of the vehicle, so with moderate speed (like 55 miles per hour)  

 

and modern, and more aerodynamic vehicles one actually loses less energy than from repeated braking 

in traffic. The ideal would be to avoid traffic congestion but is impossible in these environments.  

 

Human – Vehicle windows 

 

Keep windows closed when driving. Driving with windows open will reduce diesel fuel efficiency. It is  

better to keep windows shut and the air conditioning on instead. The more aerodynamic the vehicle 

remains, the better the diesel fuel efficiency. Keeping windows down while driving creates more drag 

and wind resistance. If driving speed is below 35 miles per hour, it is usually okay to keep the windows  

down. However, at higher speeds, the driver should keep the windows up order to reduce drag and 

improve fuel consumption 

 

Human – Speed 

 

Speeding, braking and rapid acceleration waste diesel fuel. Scientists have tested vehicle’s fuel economy 

multiple times at speeds over 50 miles per hour. For each extra 10 miles per hour over, a decrease of  
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12% in miles per gallon is measured. Going from 70 to 80 miles per hour will increase cost by 15%. Some 

vehicles measured increases as high as 25%.  

 

If a driver is driving at a steady velocity, all the power used will overcome friction. That equation 

increases by a power of three when the driver is speeding. So, keeping the vehicle going at 80 mph is  

using eight times the power one would be using at 40 mph. The faster a vehicle moves the more diesel 

fuel is needed to move the vehicle over the same distance. 

 

More information can be found at: 

https://phys.org/news/2015-07-properties-physics-affect-gas-mileage.html#jCp 

 

Industry related activity – Load, weight and cargo 

 

Research indicated that in flat-terrain areas and routes, the results of the study showed that for light 

and medium loads, diesel fuel efficiency decreases considerably as speed increases.  For medium-heavy  

 

and heavy loads (total vehicle weight larger than 65,000 pounds), diesel fuel efficiency tends to increase 

as the vehicle speed increases from 55 miles per hour up to about 58-60 miles per hour.   

 

For speeds higher than 60 miles per hour, diesel fuel efficiency decreases at an almost constant rate 

with increasing speed.   At any given speed, fuel efficiency decreases as vehicle weight increases, 

although the relationship between diesel fuel efficiency and vehicle weight is not linear, especially for 

vehicle weights above 65,000 pounds.    

 

The analysis of the information collected while the vehicles were traveling on mild upslope terrains with 

loads showed that the diesel fuel efficiency of Class-8 trucks decreases abruptly with vehicle weight 

ranging from light loads up to medium-heavy loads.  After that, increases in the vehicle weight only 

decrease diesel fuel efficiency slightly.  

 

Diesel fuel efficiency also decreases significantly with speed, but only for light and medium loads.  For 

medium-heavy and heavy, diesel fuel efficiency is almost constant for speeds ranging from 57 to about  

https://phys.org/news/2015-07-properties-physics-affect-gas-mileage.html#jCp
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66 miles per hour.  For speeds higher than 66 miles per hour, the diesel fuel efficiency decreases with 

speed, but at a lower rate than for light and medium loads.    

 

Statistical analyses that compared the diesel fuel efficiencies obtained when the vehicles were traveling 

at 59 miles per hour versus those achieved when they were traveling at 65 mph or 70 mph indicated 

that the former were on average, higher than the latter. From the above it is evident that a load impact 

diesel fuel efficiency. Overloading will even have a bigger impact on efficiency and increase diesel fuel 

consumption because the load puts an energy toll on the engine. 

 

More information can be found at: 

https://info.ornl.gov/sites/publications/files/Pub33386.pdf 

 

Industry related activity – Stop-and-go/stop-start drive cycles 

 

These drive cycles are prevalent in the school bus, garbage removal and delivery industries. Every time a 

driver brakes, energy is wasted. Brakes convert mechanical energy of a moving vehicle into heat via  

 

friction (they heat up). This is where energy is ultimately lost. Then, when the traffic moves forward a 

bit, the driver of course needs to accelerate - and this is where Diesel fuel is used to put energy into 

getting the vehicle to move. 

 

When a vehicle is driven at a constant speed, the only big energy losses come from air resistance. This 

resistance depends on speed and shape of the vehicle, so with moderate speed (like 55 miles per hour) 

and modern, and more aerodynamic vehicles one actually loses less energy than from repeated braking 

in traffic. The ideal would be to avoid traffic congestion but is impossible in these environments.  

 

Environmental – Temperature 

 

Fleet owners can do several things to control freight efficiency. But one no one can control is weather, 

especially wind and temperature. Both of those elements can impact how much diesel fuel is consumed.  

Cold weather affects any vehicle, engine and equipment such as:  

https://info.ornl.gov/sites/publications/files/Pub33386.pdf
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- Engine and transmission friction increase in cold temperatures due to cold engine oil and other 

drive-line fluids. 

- It takes longer for the diesel engine to reach its most fuel-efficient temperature. This affects shorter 

trips more, since the vehicle spends more of shorter trips at less-than-optimal temperatures. 

- Heated seats, window defrosters, and heater fans use additional power. 

- Warming up the diesel vehicle before you start the trip lowers diesel fuel economy—idling gets 0 

miles per gallon. 

- Colder air is denser, increasing aerodynamic drag on the vehicle, especially at highway speeds. 

- Tire pressure decreases in colder temperatures, increasing rolling resistance. 

- Winter grades of diesel can have slightly less energy per gallon than summer blends. 

- Battery performance decreases in cold weather, making it harder for the alternator to keep the 

battery charged.  

 

In severe cold and winter weather, the miles per gallon can drop even further. 

- Icy or snow-covered roads decrease tires' grip on the road and are wasting energy. 

- Safe driving speeds on slick roads can be much lower than normal, further reducing diesel fuel 

economy, especially at speeds below 30 to 40 miles per hour. 

- Using four-wheel drive uses more diesel fuel. 

 

According to the U.S. Department of Energy, hot weather can actually increase a vehicle’s diesel fuel 

economy because of three main reasons:  

- The engine warms up to an efficient temperature faster;  

- Summer grades of diesel have a bit more energy; and  

- Warm air causes less aerodynamic drag than cold air. So hot weather itself helps fuel economy—it is 

how drivers respond to the hot weather that determines their mpg. Both using the AC and rolling 

down windows reduce fuel economy by fairly significant amounts. 

 

The main contributor to reduced diesel fuel economy is AC use—its effect depends on a number of 

factors like humidity and the intensity of the sun, but under extremely hot conditions AC use can reduce 

a vehicle’s diesel fuel economy by more than 25%.  
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Driving with the air conditioning on adds an extra load to the engine hence it consumes extra diesel fuel  

when operating. However, “if driving at speed of over 80 kmph, use of air-conditioning is better for fuel 

consumption than an open window as the latter creates aerodynamic drag.  

 

Also, if it is hotter inside the vehicle than outside, when a trip is started, drive with the windows down 

for a few minutes to help cool the car before starting the air-conditioning. By first driving with the 

windows down, one will save on the amount of diesel fuel that would have been used while the AC is  

on. Using a vehicle’s air conditioner on a hot summer day can increase fuel consumption as much as 10% 

in city driving. If it’s cool enough, use the flow-through ventilation in the vehicle instead of the AC. At 

low speeds, opening the window will also reduce fuel consumption by reducing AC use. At higher 

speeds, however, as mentioned, using the AC may be more efficient than the wind resistance from open 

windows and sunroof.  

 

Environmental – Elevation and altitude 

 

Most of the time, today’s vehicles are equipped to handle these rises, that is changes in elevation, 

without difficulty. But altitude puts a serious strain on an any diesel engine, and it could make small 

issues grow into big problems. 

 

Higher altitude means less power. Reduced oxygen in high altitudes can lead to inefficient, sluggish 

diesel engine and equipment performance because there is less air to feed the internal combustion 

engine. Generally speaking, an engine loses 3% of its rated power for every 1,000 feet of altitude gained. 

This means one could lose as much as 20% of the vehicle’s/equipment’s horsepower if you drive it from 

sea level to an altitude of 6,750 feet or higher or used at this altitude or higher. 

 

The higher the altitude the worse the diesel miles per gallon or gallons per hour. The higher the altitude 

the lower the oxygen content of the air, the lower the altitude (sea level) the higher the oxygen content. 

About 3% of the vehicle’s/equipment’s horsepower is lost for every 1,000 feet in elevation. Miles per 

gallon for vehicles decrease and gallons per hour for generators and equipment increase because air 

density decreases as altitude increases. 

 

http://speedydaddy.com/the-effect-of-altitude-on-a-car-or-truck-engine/
http://speedydaddy.com/the-effect-of-altitude-on-a-car-or-truck-engine/
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Environmental – Wind 

 

Any vehicles will get better miles per gallon with a tail wind and worst mileage when driving into a head 

wind. The faster the "air speed" the more aerodynamic drag the vehicle will encounter. Aerodynamic 

drag is the biggest factor in speed related mileage drops. 

 

Headwinds and crosswinds reduce diesel fuel economy by increasing aerodynamic drag. Drivers heading 

in an east-west direction are almost sure to run into crosswinds and headwinds. In fact, most drivers will 

have to deal with wind of some sort because in the United States at any given time there is a 7-mile per  

hour wind in some direction. It is believed that for every 10 mph of headwind or crosswind miles per 

gallon is reduced by 13%. 

 

Wind usually contributes around a third of increase in diesel fuel consumption in vessels at sea. If a 

vessel maintains it speed amid winds, an increase in fuel consumption of 5-10% can be expected.  

 

Normally the ship loses speed when there is insufficient power to maintain the speed. To ensure there is 

enough power, more diesel fuel is used. The influence of various parameters, such as ship initial speed 

(full ahead and lower engine loads), loading condition, heading angle and weather conditions impact 

diesel fuel consumption and CO2 emissions.  

 

Environmental – Ocean currents 

 

Ocean currents have a well-defined path and momentum formed by the combined effect of Earth's 

rotation, pressure gradient and wind speed. A ship/vessel passing through a current, experiences the 

momentum of that current itself. If the current direction isn't where the ship/vessel is headed, it has to 

consume more diesel fuel to provide the necessary thrust to counter the current's momentum. Or the 

ship/vessel can utilize the current's momentum to gain additional thrust, consuming less diesel fuel, only 

if the current's path leads to where the ship is headed.  
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While some currents may link from one coastal area to another (Gulf stream and Oyashio current), 

thereby facilitating ship/vessel transport, other currents may 'converge' at a certain region, forming 

'convergence zones'.  

 

MEASUREMENTS 

 

The suggested proposed test protocols in this publication were developed for the bulk diesel market and 

users in the USA which do not use the international metric measurement system. The International 

System of Units is the current international standard metric system and is also the system most widely 

used around the world.  

 

If the test protocols are to be used outside of the U.S. the following international conversions, 

calculation, and measuring methods should be used. 

 

DISTANCE MEASUREMENT/UNIT QUANTITY EQUIVALENT 

 Mile 1 1,600 Meters 

Mile 1 1,6 Kilometers 

Kilometer 1 0.62 Miles 

Kilometer 1 1,094 Yards 

Yard 1 91.4 Centimeters  

Meter 1 1.09 Yards 

Meter 1 100 Centimeters 

Inch 1 2.25 Centimeters 

Centimeter 1 0.39 Inches 

Feet 1 30 Centimeters 

VOLUME Gallon 1 3.79 Liters 

 Gallon 1 4 Quarts 

Liter 1 0.26 Gallons 

Liter 1 1.1 Quart 

Quart 1 0.95 Liter 
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Quart 1 0.25 Gallons 

Pint 1 0.13 Gallons 

Pint 1 0.47 Liter 

Fluid ounce (Fl oz) 1 0.03 Liter 

Fl oz 1 0.008 Gallons 

Gallon 1 128 Fl Oz 

Liter 1 33.8 Fl Oz 

Fl oz 100 0.78 Gallons 

Fl oz 100 2.96 Liter 

Gallon 1 128 Fl oz 

Liter 1 33.8 Fl oz 

WEIGHT Pound 1 0.45 Kilogram 

 Pound 1 450 Grams 

Kilogram 1 35.4 Ounces 

Kilogram 1 2.2 Pounds 

 

TREATMENT RATIOS  

 

diesel fuel PEPS have different treatment ratios. The treatment ratio is to be followed carefully in order 

to achieve the desired outcomes. When using PEPs, more is not always better. As more of the chemical 

is blended into the diesel fuel, there is seldom more benefits gained, and at times the performance 

actually deteriorates. It becomes more expensive, less economical and it can result in the chemical  

 

composition of the blended diesel fuel not being compliant with the ASTM D975 specifications and 

requirements for diesel fuel.   

 

In increasing or reducing the percentage (%) of a certain PEP, meaning changing the treatment ratio as 

prescribed/specified, may improve one property of the diesel fuel while at the same time  

degrade another or reduce its effectiveness. When the specified concentrations of PEPs become 

unbalanced, overall diesel fuel quality can also be affected. Diesel fuel PEPs are classified into the 

following:  
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Low temperature operability additives  

 

- Cloud point depressants 

- De-icing additives 

- Flow improvers 

- Pour Point depressant 

- Viscosity Improvers 

- Wax anti-settling additives 

 

Other fuel handling additives  

 

- Antifoam additives 

- Corrosion inhibitors 

- Biocides/Bactericides  

- Drag reducing additives 

- Dehazers 

- Demulsifiers 

- Deodorants and re-odorants 

- Marker dyes 

- Static dissipater additives 

 

Fuel stability additives  

 

- Anti-Antioxidants 

- Stabilizers 

- Metal deactivators 

- Dispersants 

 

Engine protection additives  

 

- Corrosion/Rust inhibitors  
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- Injector cleanliness additives 

- Lubricity, Friction Modifiers/Reducers 

- Anti-Wear (AW) Agents 

- Detergents/deposit removers/cleaners 

- Seal Swell Agents 

 

Combustion additives  

 

- Oxygenators 

- Ignition improvers 

- Smoke suppressants 

- Combustion catalysts 

- Emulsifiers 

 

More information can be found at: 

https://www.machinerylubrication.com/Read/31107/oil-lubricant-additives 

https://www.dieselnet.com/tech/fuel_diesel_additives.php 

 

TREATMENT RATIO PEP UNIT  

IN GALLONS 

DIESEL FUEL IN 

GALLONS 

PARTS PER 

MILLION (PPM)   

PERCENTAGE 

(%) 

1:100 1 100 10,000 1.00 

1:200 1 200 5,000 0.50 

1:400 1 400 2,500 0.25 

1:500 1 500 2,000 0.20 

1:1,000 1 1,000 1,000 0.10 
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THE BASELINE  

 

A baseline consists of: 

- (i) historical data (information) gathered, monitored and collected of a vehicle, engine or 

equipment’s diesel fuel consumption over a substantial period of operational usage or  

- (ii) a new set of data (information) gathered, monitored and collected of a vehicle, engine or 

equipment’s diesel fuel consumption during a practical controlled diesel fuel consumption test 

under the same operational conditions.  

 

The baseline therefore consists on historical or current data (more recent) gathered of the diesel fuel 

usage over a period of time, distance traveled and/or runtime in hours, hours prior to the introduction 

of the diesel treated with PEPs. 

 

Professional management practices and systems will ensure information is captured, measured and 

logged accurately. In some cases, this practice takes place on an hourly basis depending on the 

environment, industry and the level of technology available.  

 

The more variables and ‘swings’ occur in an environment or industry, this means frequent increases and 

decreases in diesel fuel consumption, the longer the collection period, the test period must be. If a  

baseline does not exist, the period to establish one in such an environment will take much longer than a 

day or two or even a week or two. In some instances, it could take as longs as 1 – 3 months/1,500 – 

4,500 hours. If the variables can be controlled and duplicated, this period can be much shorter. Accuracy 

and credibility are of the essence and more important than time constraints.  

 

The minimum data required for a baseline to be accurate and representative of the actual activities of a 

vehicle, engine or equipment comprises detailed information, which is necessary to calculate the 

average weighted diesel fuel economy for at least one historic year. Several owners, operators and 

managers use Intelligent Management Systems to capture the data and information. However, older 

models lack sophistication.  
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When sufficient information, data and intelligence are not available, the challenge is then to establish a 

credible baseline, that is the average diesel fuel consumption over a period, so that it is a true reflection 

of the actual operational activities related to the industry and environment. To control the variables and 

factors that influence diesel fuel consumption as discussed, will be the biggest challenge in ensuring 

credibility, accuracy and representativity. The longer the period, the more data points available, the 

more representative and accurate the baseline will be because activities and conditions (variables) 

constantly vary from time to time.  

 

A baseline can thus exist or be established for a single vehicle, engine or equipment or for the whole 

fleet, all engines and equipment in use. This all depends on the scope of the practical test, the project, 

desired outcomes and objectives.  

 

The baseline serves as a basis for comparison and is used as a reference point that represents the 

average diesel fuel consumption (miles per gallon or gallons per hour) to contrast the performance and 

results of the controlled test/tests performed on the treated diesel fuel in the respective vehicles, 

equipment and/or engines. 

 

A baseline can include the following, but in several cases and instances, not all aspects are/were 

recorded, and relevant information will not be available. When a new baseline is established, the  

opportunity is there to record, measure and log as many of the variables that influence diesel fuel 

consumption. The more information available, the more accurate the comparisons will be.  

 

The following information (or whatever is available) would be required to be representative of a 

baseline for the various industries and to be used as a guideline of what is required in the respective test 

protocols: 
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ON-ROAD BASELINE AND TEST TEMPLATE (OPTION 1) (FOR BUS, TRUCKING AND HAULING) 

MECHANICAL 

 

Manufacturer (OEM)  

Type of vehicle (and usage)    

Engine size  

Cylinder  

Series  

Classification (Tier)  

Model/series  

Year manufactured  

How many in fleet/in use  

Diesel fuel tanks (number and capacity)  

Maintenance record/s (the past year)  

Mechanical failures (the past year)  

Cost ($) to maintain vehicle (the past year)  

Current mileage on odometer  

Average price per gallon (month by month)  

VIM system   

OPERATIONAL Route travelled (the past year - month by month)  

Route description/travel surface (tar/cement/gravel)   

Elevation (height above sea level)  

Stops made (per trip per day – month by month)  

Average idling time (per day – month by month)  

Distance travelled (the past year - month by month)  

Diesel gallons used (the past year - month by month)  

Average mpg (the past year - month by month)  

Number of diesel fuel depots (and location)  

How many diesel tanks (and capacity)  

Location of diesel tanks (above or below ground)  

Diesel drop frequency (the past year - month by month)  

Number of drivers (the past year - month by month)  

DEF consumption (the past year - month by month)  
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Loads/cargo (the past year - month by month)  

Passengers (the past year - month by month)  

Tire pressure (month by month)  

Average diesel price per gallon (month by month)  

CHEMICAL Certificate of Analysis (per fuel drop/per month)  

Diesel fuel sample test (per fuel drop/per month)  

Oil sample test (per maintenance cycle – the past year)  

How many diesel fuel suppliers used (name/s)  

Other PEPs/biocides/bactericides used? (name/s)  

Treatment ratio and frequency of treatment?  

Volumes used (the past year - month by month)  

Price per gallon  

ENVIRONMENT Average temperature (the past year - month by month)  

Average rainfall/snowfall (the past year - month by month)  

Extraordinary events (please describe)  

OFF-ROAD BASELINE AND TEST TEMPLATE (OPTION 2) (FOR SERVICE/PIPELINE & CONSTRUCTION) 

MECHANICAL 

 

Manufacturer (OEM)  

Type of vehicle (and usage)    

Engine size  

Cylinder  

Series  

Classification (Tier)  

Model/series  

Year manufactured  

How many in fleet/in use  

Diesel Fuel tanks (number and capacity)  

Maintenance record/s (the past year)  

Mechanical failures (the past year)  

Cost ($) to maintain vehicle/equipment (the past year)  

Current mileage on odometer/hours logged  

Average price per gallon (month by month)  
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VIM system   

OPERATIONAL Route travelled (the past year - month by month)  

Route description/travel surface (tar/cement/gravel)   

Elevation (height above sea level)  

Stops made (per trip per day – month by month)  

Average idling time (per day – month by month)  

Runtime hours logged (per day – month by month)  

Distance travelled (the past year - month by month)  

Diesel gallons used (the past year - month by month)  

Average mpg (the past year - month by month)  

Average gallons per hour (the past year - month by month)  

Number of diesel fuel depots (and location)  

How many diesel tanks (and capacity)  

Location of diesel tanks (above or below ground)  

Diesel drop frequency (the past year - month by month)  

Number of drivers (the past year - month by month)  

DEF consumption (the past year - month by month)  

Loads/cargo (the past year - month by month)  

Tire pressure (month by month)  

Average diesel price per gallon (month by month)  

CHEMICAL Certificate of Analysis (per fuel drop/per month)  

Diesel fuel sample test (per fuel drop/per month)  

Oil sample test (per maintenance cycle – the past year)  

How many diesel fuel suppliers used (name/s)  

Other PEPs/biocides/bactericides used? (name/s)  

Treatment ratio and frequency of treatment?  

Volumes used (the past year - month by month)  

Price per gallon  

ENVIRONMENT Average temperature (the past year - month by month)  

Average rainfall/snowfall (the past year - month by month)  

Extraordinary events (please describe)  
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OFF-ROAD BASELINE AND TEST TEMPLATE (OPTION 3) (FOR OIL/GAS DRILLING/POWER 

GENERATION) 

MECHANICAL 

 

Manufacturer (OEM)  

Type of genset (and usage)    

Engine size  

Cylinder  

Series  

Classification (Tier)  

Model/series  

Year manufactured  

How many in use  

Diesel Fuel tanks (number and capacity)  

Maintenance record/s (the past year)  

Mechanical failures (the past year)  

Cost ($) to maintain genset/equipment (the past year)  

Current hours logged  

Average price per gallon (month by month)  

VIM system   

OPERATIONAL Elevation (height above sea level)  

Average idling time (per day – month by month)  

Runtime hours logged (per day – month by month)  

Diesel gallons used (the past year - month by month)  

Average gallons per hour (the past year - month by month)  

Number of diesel fuel depots (and location)  

How many diesel tanks (and capacity)  

Location of diesel tanks (above or below ground)  

Diesel drop frequency (the past year - month by month)  

Number of operators (the past year - month by month)  

Loads % average (the past year - month by month)  

Average diesel price per gallon (month by month)  

CHEMICAL Certificate of Analysis (per fuel drop/per month)  
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Diesel fuel sample test (per fuel drop/per month)  

Oil sample test (per maintenance cycle – the past year)  

How many diesel fuel suppliers used (name/s)  

Other PEPs/biocides/bactericides used? (name/s)  

Treatment ratio and frequency of treatment?  

Volumes used (the past year - month by month)  

Price per gallon  

ENVIRONMENT Average temperature (the past year - month by month)  

Average rainfall/snowfall (the past year - month by month)  

Extraordinary events (please describe)  

NON-ROAD BASELINE AND TEST TEMPLATE (OPTION 4) (FOR MARINE VESSELS) 

MECHANICAL 

 

Manufacturer (OEM)  

Type of vehicle (and usage)    

Engine size  

Cylinder  

Series  

Classification (Tier)  

Model/series  

Year manufactured  

How many in fleet/in use  

Diesel Fuel tanks (number and capacity)  

Maintenance record/s (the past year)  

Mechanical failures (the past year)  

Cost ($) to maintain vessel (the past year)  

Current hours/runtime logged   

Average price per gallon (month by month)  

VIM system   

OPERATIONAL Average idling time (per 24-hour day – month by month)  

Runtime hours logged (per day – month by month)  

Diesel gallons used (the past year - month by month)  

Average gallons per hour (the past year - month by month)  
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Number of diesel fuel depots (ports/docks and location)  

How many diesel tanks (and capacity)  

Location of diesel tanks (above or below ground)  

Diesel drop frequency (the past year - month by month)  

Number of helmsman (the past year - month by month)  

Loads % average (the past year - month by month)  

Loads/cargo (the past year - month by month)  

Average diesel price per gallon (month by month)  

CHEMICAL Certificate of Analysis (per fuel drop/per month)  

Diesel fuel sample test (per fuel drop/per month)  

Oil sample test (per maintenance cycle – the past year)  

How many diesel fuel suppliers used (name/s)  

Other PEPs/biocides/bactericides used? (name/s)  

Treatment ratio and frequency of treatment?  

Volumes used (the past year - month by month)  

Price per gallon  

ENVIRONMENT Average temperature (the past year - month by month)  

Average rainfall/snowfall (the past year - month by month)  

Extraordinary events/storms (please describe)  

 

PREPARATION FOR A PRACTICAL DIESEL FUEL CONSUMPTION TEST  

 

Planning phase: Site visit 

 

Before any practical test can commence, a site visit, or even multiple visits, will be required. A site  

(location, depot, yard or area) visit needs to take place irrespective of the availability of an existing 

baseline (accurate historical data representing a period of the real life/operational activities as discussed  

above under Baseline) because the actual practical diesel fuel consumption test will take place on and 

from the site. If a baseline does not exist, then it will also be conducted on and from this site. 

 

The purpose of a site visit is thus to: 
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Step 1:  Observe and analyze the location, operating environment and general conditions. 

 

More information can be found at: 

  https://www.octcet.com/assets/octcet-overview-february-2017.pdf 

 

Step 2: Meet with on-site employees, management, drivers, helmsmen, operators, technicians, 

mechanics, engineers, safety officers, hazmat specialists as well as representatives from 

the diesel fuel distributor if required – everyone who will be involved in the all 

processes and phases of the test.   

Establish their availability, level of experience and expertise in order to participate in the 

test. 

Determine all the resources as well the necessary preparation, training and orientation 

required. 

All employees who will participate in the testing, especially those who will handle and 

be exposed to the PEP and the treated diesel fuel, must be in procession of the Safety 

Data Sheet and trained to properly follow all handling instructions.  

 

See Notes on Safety data Sheet below. 

 

More information can be found at: 

www.ilpi.com/msds/ref/pictograms.html 

 

Step 3: Get acquainted with all operational and logistical aspects, flow of traffic, movement, 

human behavior and activities, processes, procedures, requirements, and safety 

standards. 

Identify, verify, evaluate, obtain in-depth information concerning the fleet, engines, 

gensets, equipment, and vessels. Establish their availability and condition. A 

comprehensive vehicle/equipment inspection and road/operational test are to be 

conducted to assess the suitability of the vehicle for testing. It is recommended that two  

persons always be present when any reading or measurement is taken to ensure 

accuracy, avoid oversight or mistakes. 
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See Notes on Site and facilities survey below. 

 

Step 4: Be acquainted with the location of the diesel fuel tank/source as refueling and 

treatment of the diesel with the PEP will take place here. 

Find an alternative source of refueling if the main fuel source is not going to be used in 

the test and the entire fleet/all equipment will not be used. 

An alternative diesel fuel storage source, such as a dedicated or isolated diesel fuel tank 

with a pump, generator, pipes and calibrated flowmeter, will most probably be installed 

on site but elsewhere on location and still easily accessible.   

Refueling procedures, tanks and equipment must comply with safety regulations and 

specifications. Understanding the procedures for delivering fuel into vehicles, mobile 

fuel tanks, and storage tanks is critical. Safety is always the priority. 

 

More information can be found at: 

https://www.octcet.com/assets/dallas-county-schools-case-study.pdf 

https://www.octcet.com/assets/scandrill-inc-case-study.pdf 

containmentsolutions.com/hoover-vault-tanks.html 

containmentsolutions.com/assets/tnk-1509e-vault-tank-fuel-master-inst-inst.pdf 

containmentsolutions.com/assets/tnk-1519b-hoover-vault-tank-installation-

checklist.pdf 

containmentsolutions.com/assets/tnk-1506e-vault-tank-specifications.pdf 

https://www.ramapo.edu/ehs/files/2013/05/5-14.pdf 

 

See Notes on Pre-operational safety checks below. 

See Notes on Operational safety checks below. 

See Notes on Cleaning up below. 

See Notes on Maintenance below. 

See Notes on Potential Hazards below. 

See Notes on diesel fuel storage tanks 

 

Take notes, photos and make drawings if and where required. 
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Ensure a practical test can be executed, controlled and managed from here that will 

result in credible data and intelligence.   

 

It is recommended that vehicles with less than 5,000 miles or runtime less than 100 

hours be excluded from the test as they are not suitable. Suitability is related to the 

“newness” of the vehicle; brand new or nearly new vehicles that may still be running in 

(i.e. their fuel economy and emissions performance may be subject to change even in 

otherwise identical ambient and other conditions) are unlikely to be considered suitable 

until such time as their performance has stabilized. 

 

See Notes on measuring diesel fuel flow with flowmeters below. 

 

More information can be found at: 

crops.missouri.edu/irrigation/dieselconsumption.pdf 

 

Flow meters are especially applicable and more practical in an oil and gas drilling and/or 

power generation environment or industry. 

If dedicated flow meters are not available and the main diesel fuel tank to be used as 

the main fuel source for the test, it must be treated in its entirety. The same procedures 

as explained in Steps 14 – 19 later in this publication must be followed.  

 

Step 5: If an existing baseline is available, analyze and evaluate the detail, data and information 

carefully. 

Approve the integrity and accuracy thereof as no practical test/s must commence unless 

all stakeholders agree. This might take some time and it will most probably not be 

completed during the first initial site visit or on-site. 

 

Step 6: Share insights, experiences, observations, data and information recorded, ensure 

everyone involved are in an agreement and will know how to prepare and be prepared.  

 

Planning phase: Preparation  
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If an accurate and credible baseline is not available, a new one should be established. What must be 

agreed upon by all involved should be the following: 

 

Step 7: Period, timeframe, commencement and completion date - how long the test is going to 

be as it will impact the distance to be traveled/hours to be run/logged. 

 

Step 8: Finalize and agree on the distance to be traveled/hours to be run/logged. 

 

Step 9:  Agree on the vehicles, engines, equipment or vessel/s that will be involved. 

 

Step 10: Calculate the estimate diesel fuel and the PEP gallons required. 

 

Step 11: Determine refueling and treatment dates.   

 

Step 12: Choose the most appropriate test protocol and put a plan in place on how to control, 

observe, monitor and measure the variables. 

 

Step 13: Agree on the template that will be used to capture, record, measure, and observe all 

data, information and variables. 

 

 See Notes on Written records below. 

 

Implementation phase: Establishing the baseline/s 

 

  See Notes on Different requirements for different industries below. 

 

Step 14: Ensure the dedicated diesel fuel tank is clean, free from bacteria, fungus, water and dirt. 

 

Step 15: Clean the tank’s own filter or replace it if it has its own separate filter. 

 

Step 16: Fill the dedicated tank 100% with diesel Fuel before the commencement of the test. 
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  See Notes on refueling below. 

 

 

Step 17: Fuel sampling must be done as prescribed earlier in this publication. A Certificate of 

analysis of the fuel is to be presented by the diesel fuel distributor. 

 

Step 18: All vehicles that will be used in the test must be fitted with new fuel and air filers fitted. 

 

Step 19: All vehicles’ oil to be changed and all other fluid levels to be checked including DEF 

where applicable. DEF tanks must be 100% full. Fluid to be filled up after every trip or 

test run. 

 

Step 20: Tire pressure must be checked and inflated in accordance with specifications. Tires to be  

checked after every trip and, if needed, to be inflated to the same pressure for every 

trip. 

 

Step 21: The vehicles shall be safely and securely loaded to the required test weight. The same 

applies when tests are conducted on school buses carrying passengers. Unless it is 

decided that ‘empty’ buses will be used for both the baseline and testing phases. 

 

Step 22: Odometer readings to be taken before the commencement of every trip as well as when 

vehicles return to the site. Length of the trip/s to be logged. The same applies when any  

equipment is used. If a genset or generator is used, the time (hour/s) must be logged. 

Ensure the genset/generator runs with the same load throughout the period unless is 

was agreed upon to change/revise the load at certain intervals for certain periods. 

When loads are changed the level/s and period/s must be logged accurately.  

 

Step 23: Depending on what was agreed by all involved in terms of refueling, vehicles/equipment 

can either be filled up after each test trip/run or only when the on-board fuel tanks are 

running close to empty. Every time tanks are filled with diesel fuel, the gallon amount 

versus the miles traveled/hours ran must be logged accurately. The refueling of the 
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main or dedicated diesel fuel tank will also depend on the same 

agreement/arrangement. Regarding the refueling process, these steps must be 

 

 

repeated until the baseline period is completed as well as during every phase of the 

testing period. 

 

Step 24: At the end of the baseline period all filters must be replaced. Photos should be taken to 

document their condition. 

 

Step 25: An oil sample test should be taken and send for analysis. 

 

Implementation phase: The practical test/s 

 

Step 26: Clean the diesel fuel tank’s own filter or replace it if it has its own filter. 

 

Step 27: Fill the dedicated tank 100% with diesel Fuel before the commencement of the test. 

 

Step 28: Fuel sampling to be done as prescribed earlier in this publication. Certificate of analysis 

of fuel to be presented by the diesel fuel distributor. 

 

Step 29: If the tank capacity is for example 500 gallon, use the pump and flow meter to pump 

1.25 gallons out of the full tank. This will allow for enough space in the tank to treat the 

tank with the PEP if the treatment ratio is 1:400.  

 

Step 30: Treat the tank with 1.25 gallons of the PEP. Allow a few minutes for blending/mixing if 

needed depending on the manufacturer’s recommendation. 

 

Step 31: All vehicles that were used in the test must be fitted with new fuel and air filers fitted. 
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Step 32: All vehicles’ oil to be changed and all other fluid levels to be checked including DEF 

where applicable. DEF tanks must be 100% full. Fluid to be filled up after every trip or 

test run. 

 

Step 33: Tire pressure must be checked and inflated in accordance with specifications. To be   

 

checked after every trip and if needed, to be inflated to the same pressure for every 

trip. 

 

Step 34: The vehicles shall be safely and securely loaded to the required test weight – exactly the 

same as in the baseline phase.  

 

See Notes on Weather conditions below 

 

Step 35: Odometer readings to be taken before the commencement of every trip as well as when 

vehicles return to the site. Length of the trip/s to be logged. The same applies when any 

equipment is used. If a genset or generator is used, the time (hour/s) must be logged. 

Ensure the genset/generator runs with the same load throughout the period as in the 

baseline – especially when the load was changed/revised at certain intervals for certain 

periods. Changes and periods must be logged accurately.  

 

Step 36: Depending on the what was agreed by all involved in terms of refueling during the 

baseline, vehicles/equipment can either be filled up after each test trip/run or only  

 

when the on-board fuel tanks are running close to empty. Every time tanks are filled 

with treated diesel fuel, the gallon amount versus the miles traveled/hours ran must be 

logged accurately.  

 

Step 37: The refueling of the main or dedicated diesel fuel tank will also depend on the same 

agreement/arrangement. Every time any of the main fuel sources, the main tank or the  

dedicated fuel tank on site, is filled, the diesel fuel must be treated with the PEP. It is 

important that only the diesel fuel that is added be treated as the fuel inside the tank is 
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already treated. The PEP that is added to the main or dedicated tank/s must correlate 

with the gallons of diesel that was added to fill the tank. This means it must be 1 x 400th 

of the volume of the diesel fuel that was added if the treatment ratio is 1:400. This will 

depend on the treatment ratio of the PEP tested. For example, if 100 gallons is used to  

 

 

fill up the tank, only 0.25 gallons of the PEP must be added. If 500 gallons of diesel fuel 

is used to fill up the tank, 1.25 gallons of the PEP must be added.  

 

Step 38: Regarding the refueling process, these steps must be repeated until the test period is 

completed. 

 

Step 39: At the end of the test period all filters must be replaced. Photos should be taken to 

document their condition. 

 

Step 40: An oil sample test should be taken and send for analysis. 

 

Outcomes phase: Calculation, comparison and evaluation 

 

Step 41: All completed templates for both the baseline and test phases for every vehicle and/or 

equipment/genset that participated and/or was used, must be verified by all parties 

involved. If any discrepancies occur or variables could not be controlled, the results 

must be discarded, and a new test should be undertaken. All guidelines, requirements, 

procedures and principles must be followed. 

 

Step 42: The length of every trip, meaning distance traveled and the hours logged for every test 

run must be calculated.  

 

Step 43: The gallons pumped/dispensed for every trip, meaning distance traveled and the hours 

logged for every test run must be calculated.  

 

 See Notes on Fuel economy and fuel efficiency below 
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More information can be found at: 

 https://www.octcet.com/assets/marad-barbara-lois-cummins-generator-fuel-

efficiency-test-case-study.pdf 

 

 

 https://www.octcet.com/assets/trojan-power-ghana-fuel-efficiency-case-study.pdf 

 https://www.octcet.com/assets/marad-pt-53-sea-ark-fuel-efficiency-case-study.pdf 

 

Step 44: The volume of liquid used in both the baselines and test phases must be calculated 

especially DEF where applicable.  

 

See Notes on Engine efficiency below 

 

More information can be found at: 

https://www.octcet.com/assets/dallas-county-schools-case-study.pdf 

https://www.octcet.com/assets/john-deere-tractor-case-study.pdf 

 

Step 45: Test results from the lab regarding the quality and integrity of the diesel fuel and the oil 

must be compared. 

 

 See Notes on Oil integrity and quality below 

 

More information can be found at: 

https://www.octcet.com/assets/drilling-rig-oil-integrity-test.pdf 

https://www.octcet.com/assets/tribology-oil-integrity-test.pdf 

https://www.octcet.com/assets/scandrill-inc-case-study.pdf 

https://www.octcet.com/octcet-35-one-page-overview.html 

 

Step 46: All filters must be removed after the test phase and compared with the filters used 

during the test phase.  

 

https://www.octcet.com/assets/marad-barbara-lois-cummins-generator-fuel-efficiency-test-case-study.pdf
https://www.octcet.com/assets/marad-barbara-lois-cummins-generator-fuel-efficiency-test-case-study.pdf
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See Notes on State of filters below 

 

More information can be found at: 

https://www.octcet.com/assets/reco-roatan-fuel-efficiency-case-study.pdf 

 

 

NOTES  

 

Safety Data Sheet 

 

A safety data sheet (SDS), material safety data sheet (MSDS), or product safety data sheet (PSDS) is a 

document that lists information relating to occupational safety and health for the use of various 

substances and products. SDSs are a widely used system for cataloging information on chemicals, 

chemical compounds, and chemical mixtures.  

 

SDS information may include instructions for the safe use and potential hazards associated with a 

particular material or product, along with spill-handling procedures. SDS formats can vary from source 

to source within a country depending on national requirements.  

 

An SDS for a substance is not primarily intended for use by the general consumer, focusing instead on 

the hazards of working with the material in an occupational setting. There is also a duty to properly label 

substances on the basis of physico-chemical, health or environmental risk. Labels can include hazard 

symbols such as the European Union standard symbols. Meaning and understanding of hazardous 

symbols are very important. 

 

Site and facilities survey 

 

It is important that a comprehensive survey together with an inventory of all vehicles, equipment and 

engines be undertaken on the site or the facility where the test trial is going to be carried out. 

 

A site or facility plan which portrays the equipment location, fuel lines and fuel tanks must be provided. 

It is extremely important to understand how the diesel fuel moves through the facility and is delivered 

https://en.wikipedia.org/wiki/Occupational_safety_and_health
https://en.wikipedia.org/wiki/Chemical
https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Mixture
https://en.wikipedia.org/wiki/Worker_safety_and_health
https://en.wikipedia.org/wiki/Chemical_hazard_label#Chemical_hazard
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on site, so as to plan how the fueling would be carried out. This must be determined and worked out in 

advance in order to ensure the integrity of the diesel fuel supply especially when the treated Diesel fuel 

is introduced. 

 

This means that everybody involved is informed about the procedures and processes in place, supported 

by the adjustments to how the diesel fuel is supplied/administered or pumped to ensure that after the 

baseline period is completed all vehicles, equipment and engines used in the test phase use the treated 

diesel fuel.  

 

Pre-operational safety checks when vehicles and equipment is refueled 

 

- Ensure all guards are fitted, secure and functional. Ensure there is a suitable fire extinguisher within 

5 m of the fueling area.  

- Identify and ensure you know how to operate emergency fuel cut-off switches and valves. Ensure 

the vehicle engine is turned off before refueling.  

- Check there are no lit cigarettes, open flames, mobile phones or electronic handheld devices or 

other sources of spark or static in the vicinity while fueling.  

- Check the fuel tank placard to ensure you are filling with the correct fuel.  

- Examine all fuel hoses, connections and couplings and make sure there are no leaks. Locate and be 

familiar with ON/OFF switches, taps and controls.  

- Ensure fuel nozzle is operational before starting the motor and pump.  

- Faulty equipment must not be used.   

- Report suspect machinery immediately.  

 

Operational safety checks 

 

- Remove the filler cap. Avoid dust getting into the fuel tank.  

- Ensure the area is well ventilated when fueling vehicles or equipment.   

- Once started, note the pressure uptake in the fuel hose.  

- Immediately report any leaks that are observed.  

- Turn off pump if required. Keep the metal fill nozzle in contact with the lip of the tank to eliminate 

any static accumulation.  
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- Adjust the nozzle trigger to suit the particular fuel flow requirements.   

- Always check the fuel flow at regular intervals during normal operation.  

- Never kink the fuel hose to restrict or cut off the flow of fuel.   

 

- Report any fuel spills immediately and begin use of spill response/ recovery kit.  

- If fuel splashes onto clothing, remove and allow for fuel to evaporate completely outdoors before 

washing.   

- Thoroughly wash clothing before re-use. 

 

Cleaning up  

 

- Avoid spillage on equipment or ground.  If you have a spill, you MUST report to your supervisor or 

the person in charge.  

- Spills are to be contained immediately.   

- Use peat, oil dry or similar product on small spills.  

- Fuel spilled on hands or exposed skin shall be washed with soap and water as soon as possible.  

- Wipe up any spills or drips and allow any damp spots around the motor to evaporate before 

attempting to start the equipment.   

- Lock up any unattended pump to store portable fuel cans in a well-ventilated area away from open 

flame or sparks.   

 

Maintenance 

 

- Remove any rubbish or foreign material from filling area.  

- Clean the entire area at completion of task.  

- Service pump and equipment as required as per manufacturer’s recommendation.  

- Keep the work area clean and tidy.  

 

Potential hazards 

 

- Fire and explosion - No smoking, naked flame or ignition sources.  

- Absorption - Apron, gloves and safety glasses.  
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- Inhalation of fumes - Ventilate area.  

- Splash injuries - Cut off nozzles, PPE. 

 

 

Diesel fuel storage tanks 

 

Hence, it is extremely important for the main storage tanks, fuel lines and fuel tanks (and dedicated fuel 

tanks), as well as place/point of refueling are represented on a well-drawn site or facility map that 

exhibits all these mentioned tanks, lines, equipment and their connectivity. The integrity of the test 

depends on accuracy and control and the following should be completed: 

- Facility Site Survey. 

- Site/Facility Plan. 

- Vehicle, equipment and engine inventory. 

- Process Summary Report. 

 

Measuring diesel fuel flow with flowmeters 

 

Accurate flow meters are a viable means to measure instantaneous diesel fuel flow.  Diesel flow meters 

are portable, easily adapted to multiple diesel engines, allow for replicated intervals of testing without 

filling and emptying tanks, and provide a digital readout of total diesel fuel flow or fuel flow rate.  A 

diesel fuel flow meter is a direct measurement device and is necessarily plumbed directly into the fuel 

delivery line to be effective.  

 

The installation of a diesel fuel flow meter requires the meter to be placed in the fuel line between the 

tank and the engine mounted fuel filter so that the fuel consumed by the engine will flow directly 

through the meter.  This connection is commonly done using temporary rubber fuel hose and applicable 

threaded and barbed fittings.  Diesel fuel flow meters are directional, so it is necessary to orient the 

meter in relation to flow direction.   

 

Diesel fuel flow meters usually have the option to display in a “rate” mode (gallons per hour, etc.) or the 

“totalizer” mode which totals the volume of diesel fuel that has flown through the meter.  In a very 
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smooth flowing, stable system, the rate mode is useful since it displays an immediate value for diesel 

fuel consumption rate.   

 

However, practice has shown that the rate mode is often inadequate in-field due to wide, varying swings 

in the recorded rates.  The preferred method is to use the diesel flow meter in the totalizer mode for a 

determined period of time to absorb the swings in fuel consumption.   

 

Note that many of the engine mounted fuel flow meters will employ a wide range buffering factor to 

provide a steady flow rate.  When performing tests with different RPMs or load settings, it is important 

to allow for the flow meter reading to stabilize prior to taking readings.  

 

Modern diesel engines rely on fuel flow to cool and lubricate the fuel injection pump and, therefore, 

deliver much more diesel fuel to the injection pump than necessary for engine operation.  To maintain 

cool fuel, most on-farm diesel fuel systems “return” the excess fuel to the diesel tank to allow for 

maximized heat dissipation.   

 

The most successful method for managing the return flow when using a diesel fuel flow meter is to 

plumb a return flow loop between the diesel flow meter and the engine so that the diesel fuel flow 

meter will be measuring the actual fuel that is being consumed by the engine.  Experience has shown 

that Diesel fuel temperature will increase and stabilize during the test, presenting no adverse effects to 

the engine or testing procedure.  The return loop flow does create somewhat of a pulse flow effect on 

the flow meter, so it is especially advisable to utilize a totalizer mode for the Diesel flow meter over a 

period  

of five to ten minutes.  It is also helpful to install the meter sufficiently far from the engine to buffer a 

larger portion of the return flow pulse.  

 

The measured fuel consumption rate from a diesel flow meter can be used directly in Eq. 5 to calculate 

the overall efficiency of a diesel pumping plant or can be used in combination with a driveshaft torque 

cell to directly calculate engine efficiency.  
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Written records 

 

Maintain written procedures and record of all test data, information, measurements and variables. 

Written procedures and notes help control the testing process and require testing personnel to take 

responsibility for performing required tasks. Unanticipated occurrences should be reported immediately  

 

after every trip or test run or right after the test for analysis by the manager/team leader in charge of 

the test.  

 

Different requirements for different industries 

 

The next phases, steps, applicable activities and actions are relevant to all on-road and off-road tests as 

described in the requirements above in OPTIONS 1 – 3. The exception will be Option 4 as it is relevant to 

the Marine Industry. Variables and aspects differ and the checklist and requirements for the Baseline 

and Test Phases as it will take place on water. The principles are however the same – check, monitor, 

measure and control all variables as possible. 

 

Refueling 

 

Regarding the administering of the diesel fuel (untreated and treated) it is recommended that the 

‘human handling’ element be reduced although the blending will be a manual process. It must be done 

in close supervision of the test team manager/s as accuracy is integrity.  

 

All diesel fuel tanks must have a locking cap on it and the keys must only be held by the test team 

manager. It is advised that the test team manager observes all activities and actions of the to ensure 

credibility. Refueling must also take place under supervision.  

 

Weather conditions 

 

Ensure before a trip is undertaken or when a test run is to commence, that it takes place during the 

same time of the day where the temperature and the weather conditions are the same or as close as 
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possible during the baseline period. If not, it should be postponed as weather as a key variable, as 

discussed, can impact the performance and outcome. 

 

Fuel economy and fuel efficiency 

 

As discussed earlier in the publication, the less fuel was used for the same distance travelled, or the less  

 

fuel used for the same hours logged/ran the more economical or efficient the treated diesel fuel is. 

 

Engine efficiency 

 

The volumes (of liquid) used will give an indication if the PEP has the ability to extend regeneration 

cycles and reduce toxic emissions. This will further be an indication of improved engine performance 

and increased efficiency – less strain on the EGR valves. 

 

Oil integrity and quality 

 

This will be an indication of the impact the treat diesel fuel had on the engine. Was there a reduction in 

wear and friction in the engine of the vehicle, equipment or genset? Reduced particles of heavy metals 

will be an indication.  

 

State of filters 

 

This will provide an indication of the PEPs ability to clean the fuel line/engine and reduce heat/carbon 

build up, especially the PM filters in the SCRs. 

 

SYNOPSIS  

 

The need for PEPS 

 

It would be convenient for the bulk diesel user if a finished diesel fuel could satisfy all requirements 

without the use of supplemental PEPs. Although this is usually the case, some users require additional  
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PEPS because the low/high temperature conditions in their region are more severe than those for which 

the diesel fuel was designed or because of other special circumstances.  

 

Other users feel that they will benefit from using a diesel fuel with enhanced properties compared to 

using regular diesel as it can bring about additional operational benefits. 

 

A large number of aftermarket PEPs are available to meet these needs. Some are aggressively marketed 

with testimonials and bold performance claims that seem “too good to be true.” As with any purchase, it 

is wise to remember the advice, caveat emptor, “let the buyer beware.” Comprehensive controlled 

practical testing following recommended procedures, methodologies and approaches should provide 

sufficient outcomes and results to make informed decisions. 

 

It may be helpful to regard PEPs as medicine for the diesel fuel. Like medicine, they should be prescribed 

by an expert who has tried to diagnose the problem, as well as the underlying causes. PEPs should be 

used in accordance with the recommendations of the engine manufacturer, in compliant with the 

International ASTMD Standards and Requirements and the instructions of the PEP blender, 

manufacturer and supplier.  

 

Sometimes, in discriminant use of PEPS can do more harm than good because of unexpected 

interactions. Review the chemical composition of the PEP to ensure the product is metal-free (organo- 

 

metallic-free). If not, the PEP must not be considered. Always ensure that when diesel fuel is treated 

with a PEP, the blend/mixture fully complies with the International ASTMD Standards and 

Requirements. If not, the PEP must not be considered.  

 

Scientific versus practical tests 

 

Transient drive cycles and variables are likely to be more easily replicated on a dynamometer than on a 

test track or practical on-road/Off-road/non-road test. However, it has been demonstrated that even 

tests conducted in laboratories have differences in repeatability within a given laboratory and 

differences in reproducibility among laboratories.  
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Testing indicates dynamometer to track differences of about 4% with coupled dynamometer rolls (10% 

with uncoupled rolls). The challenge is that there are only a few chassis dynamometers availability that 

can accommodate tractor-trailer combination trucks.  On the other hand, track or on-road/non-road 

tests directly factor aerodynamic effects which can have a significant impact on fuel consumption. 

 

 

Several other arguments for and against lab and practical tests exist but it is important that the vehicle, 

engine, equipment and/or vessel owner/operator find the most cost-effective way to present accurate, 

credible and usable data and results. 

 

PRACTICAL TEST TENDENCIES AND OBSERVATIONS  

 

Outcomes and results 

 

Comments, observations and measurements are based on the outcomes and results of multiple practical 

tests performed with diesel fuel treated with a PEP (in various industries and environments) in 

accordance with the protocols and guidelines contained this publication. 

 

Cetane number: Diesel fuels treated with PEPs increased the cetane number and Oxygenators 

specifically increased the oxygen content. This further facilitated more complete and quicker 

combustion and limited and reduced carbon build-up in the engine and emissions significantly. 

Oxygenators also demonstrated an ability to deliver oxygen at the moment of combustion to enrich the 

oxygen environment in the combustion chamber.  

 

Optimal combustion: Engines and equipment using diesel fuel treated with PEPs performed at optimal 

combustion ranges and provided peak power and reduced heat rejection on engine components. The 

insertion of oxygen in the fuel when diesel is treated with an Oxygenator, due to its high volume of 

active oxygen content, resulted in a substantial reduction of harmful emissions (and black smoke), more 

complete combustion, and improved overall efficiency. Diesel fuel treated with an Oxygenator widened 

the limits of combustibility and left substantially less unburned fuel to escape through the exhaust 
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tailpipe due to its high oxygen content and ability to reduce the ignition delay time during the 

combustion process.  

 

Thermal efficiency: Oxygenators positively affected the dynamics of spray atomization, droplet 

evaporation and fuel-air mixing in the combustion chamber - resulting in a substantial improvement in  

thermal efficiency and a cleaner burn.  Exhaust tail pipes were visibly cleaner. Fuel efficiency and savings 

were reported accordingly. 

 

Carbon build-up: When there is reduced or no carbon build-up, due to quicker and complete 

combustion, the Diesel Particulate Filter (DPF) extends its regeneration intervals or cycles. This also led 

to greater reliability, improved durability, lower maintenance costs. Complete combustion further 

reduced unburnt particles that are deposited in the engine oil.  This extended oil life and reduced 

maintenance cost.  

 

EGR Valves (in a pick-up truck): When diesel fuel was treated with an Oxygenator and utilized by A GMC 

Duramax 2016 pick-up, a reduction in regeneration cycles or intervals were measured. Normal intervals 

were recorded between on average between every 500 – 600 miles. After 1,650 miles with the treated 

diesel fuel, the intervals were extended to between 2,200 and 2,300 miles. An improvement of more 

than 400%. This implies a reduction in the carbon build-up that contributes to improved functionality of 

the EGR valves.  

 

Start-up and idling (in several engines): Multiple users of diesel fuel treated with a PEP reported an 

easier, start-up, an increase in power and performance, and smoother idling.  

 

Fuel economy (in a pick-up truck): A baseline, using untreated ULSD diesel available at any gas station, 

was established over a distance of 384 miles – the truck followed a specific route and time of day. At an 

average speed of 68 miles per hour, the MPG for this trip was 9.4 miles per gallon as 40.9 gallons of 

diesel were used. 

 

When the treated diesel fuel was used, the truck travelled the same distance, at the same speed, 

followed the same route, at the same time of day. The same person drove the truck when the baseline 
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was established and when the treated diesel fuel was used. The MPG for this trip with the treated diesel 

fuel was 10.9 miles as only 35.2 gallons of diesel was used. This measured a savings of 15.96% over this  

short distance. The longer the treated fuel was used, the better the consumption. It however stabilized 

at a point and continued to show savings as long as the treated diesel fuel was used. 

 

The treated diesel fuel also positively impacted the fuel to air intake ratio, and a significant 

improvement in fuel economy, and improved engine performance was experienced.  

 

Fuel efficiency (in CAT, Cummins, International, Chevrolet and Mercedes engines): An ongoing 

reduction in fuel consumption, meaning and increase in fuel efficiency, was measured as long as the 

treated diesel fuel was used. 

 

More information can be found at: 

https://www.octcet.com/assets/scandrill-inc-case-study.pdf 

https://www.octcet.com/assets/oil-rig-industry-case-study.pdf 

https://www.octcet.com/assets/marine-industry-case-study.pdf 

https://www.octcet.com/assets/isd-school-bus-industry-case-study.pdf 

 

SCR Systems and Particulate Screen Filters (in school buses): Several buses and other vehicles in the 

fleet were fitted with Selective Catalytic Reduction (SCR) systems. Many SCRs fail prematurely due to 

known amounts of contaminants in the untreated diesel fuel. According to fleet owners, managers and 

operators, SCR failures and/or repairs, are caused by an over dosage of urea or DEF fluid that is dosed 

into to the reactor. No failures of any Particulate Screen Filters (from DURAFIT CDTi) were experienced 

because of a more complete and quicker combustion resulting in a reduction in heat and carbon build-

up were experienced with the treated diesel fuel.  

 

More information can be found at: 

https://www.octcet.com/assets/isd-school-bus-industry-case-study.pdf 

 

Diesel Exhaust Fluid (in trucks and tractors: DEF crystalizes in the SCR when the reactor overdoses 

because of poor fuel combustion and high NOx output. A quicker, more complete and cleaner 

combustion diesel fuel means less NOx is introduced into the SCR system. Literally, SCR failures have 
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stopped all together since the treated diesel fuel was utilized, as it facilitates a cleaner burn and 

improved combustion. A substantial reduction in DEF was measured in several tests as EGR valves are 

function optimally. 

 

More information can be found at: 

https://www.octcet.com/assets/dallas-county-schools-case-study.pdf 

https://www.octcet.com/assets/john-deere-tractor-case-study.pdf 

 

Oil quality and integrity in CAT engines (drilling rig): Diesel fuel treated with an Oxygenator clearly 

demonstrated an ability to improve the quality and integrity of and extend oil life significantly.  

The following was measured: 

 

- A reduction in wear metals. This indicated a trend in the reduction in engine wear and friction. 

- This reduction implies a reduction in heat and it will prolong engine life. 

- An increase in multi-source metals such as Magnesium, Phosphorus, Zinc, Molybdenum, 

indicated an ability to remove, hold and suspend dirt, an improvement of the anti-wear which  

works as “buffer zone” between surface areas and parts for increased anti-oxidation capabilities 

– which assists oil thermal and viscosity stability.  

- A reduction in Soot meant improved engine combustion efficiency and oil drain intervals can be 

extended by hours run or distance traveled. 

 

The above results further confirmed a reduction in friction and wear in the engines resulting in improved 

engine reliability. Although percentages and numbers will differ from oil sample to oil sample and 

engine to engine, a clear positive tendency was measured.  

 

More information can be found at: 

https://www.octcet.com/assets/drilling-rig-oil-integrity-test.pdf 

https://www.octcet.com/assets/tribology-oil-integrity-test.pdf 

https://www.octcet.com/assets/scandrill-inc-case-study.pdf 

 

Reduction in black smoke in CAT engine (Power generation): A visible reduction in black smoke was 

observed when diesel treated with a PEP (cleaner and oxygenator) was introduced. The longer the 
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treated fuel was used, the cleaner the engine and fuel line system became and a reduction in black was 

clearly visible.  

 

More information can be found at: 

https://www.octcet.com/assets/reco-roatan-fuel-efficiency-case-study.pdf 

 

 

 

Cleaner filters in various engines: In multiple tests filters were cleaner when diesel treated with a PEP 

(cleaner and oxygenator) was introduced. This means quicker and more complete combustion has taken 

place, fuel systems are cleaner and carbon build-up is reduced. 

 

More information can be found at: 

https://www.octcet.com/assets/reco-roatan-fuel-efficiency-case-study.pdf 

https://www.octcet.com/assets/marad-barbara-lois-cummins-generator-fuel-efficiency-test-case-

study.pdf 

 

Chemical composition: Quality Oxygenators, those who are organo-metallic free (metal-free), are 

completely combustible with no negative side effects over time to the engine, generator or equipment. 

It limits and reduces downtime, time-outs, black-outs and brown-outs.  

 

Engine components of the CAT and Cummins engines (drilling rig): No side effects where experienced. 

 

More information can be found at: 

https://www.octcet.com/assets/dallas-county-schools-case-study.pdf 

https://www.octcet.com/assets/scandrill-inc-case-study.pdf 

https://www.octcet.com/assets/oil-rig-industry-case-study.pdf 

https://www.octcet.com/assets/marine-industry-case-study.pdf 

https://www.octcet.com/assets/isd-school-bus-industry-case-study.pdf 
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