CONFRONTING THE DIESEL DILEMMA:
THE FUTURE OF HEAVY DUTY
ENGINE OIL

Mining companies are demanding more from their trucks and

n	Reduced

fuel consumption. One of the few ways to

heavy equipment than ever before. They want engines with more

reduce carbon emissions in diesel engines is to reduce fuel

power, but they also want them to require less maintenance and

consumption. However, this conflicts with the industry’s

last longer. At the same time, they want them to use less fuel and

demands for more power and longer maintenance.

produce fewer emissions.
The U.S. Environmental Protection Agency and the National
Highway Transportation Safety Commission are implementing
new rules in 2017 for diesel-powered commercial transport
vehicles that will require greater fuel efficiency and lower carbon
emissions. While these standards initially will apply only to
on-highway vehicles, off-highway regulations typically follow
on-highway ones by a few years.

The other three result from technological change:
n	Extended

service intervals. Customers and OEMs want

to extend the time between oil changes. A decade ago,
a top-quality oil might last 250 hours between changes.
Today customers are consistently achieving 500 hour oil
drains and many are looking to find ways to extend this
even further.
n	Extended

equipment life. This works in tandem with

extended service intervals. Customers are concerned with

These technological and regulatory changes will require a new

the total cost of ownership, and they want a lubricant that

category of diesel engine oil tailored to the specifications of

will help their engines last longer.

new engine designs. Mining companies and engine original

n	Increased

power output. In the mining industry, companies

equipment manufacturers (OEMs) will expect engine oil to

want to move more materials in each truck, and doing that

last longer while reducing wear and extending engine life.

requires more power. Haul trucks, for example, are moving

Regulators expect better fuel efficiency and fewer emissions.

to 400-ton capacity from 200 tons.

“This is very much a situation where we want to have our cake
and eat it too,” says Joe Galdes, a global product application
specialist for Shell. “Trying to do that is going to create

CHANGING ENVIRONMENTAL REGULATIONS
Changes in engine design and fuel and oil formulation have
reduced emissions of nitrous oxide (NOx) and particulates

challenges that we don’t have to deal with today.”

significantly in the past 15 years. One truck in the 1990s

To understand the implications of this dilemma, we first must

For the off-highway market, tighter emissions standards led to

examine the trends behind it.

improvements in engine technology, including injection timing

FIVE FACTORS FOR CHANGE
Two of these trends result from regulatory or legislative
policy changes:
n	Reduced

emissions. So far, the technology has focused

on constraining nitrous oxide and particulate matter,

produced the same amount of emissions as 60 trucks today.

retardation in 2000, combustion optimization and advanced fuel
systems in 2006, and more recently, particulate filters and closed
crankcase ventilation. As a result, NOx emissions declined 62
percent and particulates dropped by 93 percent between 2000
and 2015.

but regulations increasingly will focus on reducing

“We really can’t go much lower than that,” says Greg Paluska,

carbon emissions as well.

who leads Shell Lubricants’ team of LubeExperts, dedicated
personnel for mining machinery. “So the next iteration — which
we’re already seeing in the on-highway space — is how do we
reduce total emissions? We’ve reduced the NOx, we’ve reduced
the particulate matter. The next one is carbon.”

Initially, technology already used to reduce fuel consumption in

EVOLVING ENGINE TECHNOLOGY

on-highway vehicles will be used more widely for off-highway

While regulations are calling for greater fuel economy and lower

equipment. This includes Selective Catalytic Reduction (SCR),

emissions, the mining industry is focused on greater power. New

NOx sensors, enhanced fuel injectors and exhaust gas

engines range from 678 to 5,000 horsepower, which changes

recirculation (EGR).

engine speed and affects how lubricants protect against wear,

In the future, these technologies will be combined to reduce

sludge and corrosion and maintain piston cleanliness.

carbon emissions as well as NOx and particulates. For example,

Several developments in engine technology will affect oil

EGR reintroduces a small stream of exhaust gas into the engine

performance, including:

intake steam to boost efficiency. By itself, however, EGR

n	Higher

engine outputs through turbocharging, which also

increases soot, a primary source of particulates. Adding a diesel

will increase the thermal stress on turbocharger components

particulates filter, which has been used in on-highway trucks for

and engine oil.

some time, will trap the soot and particulates.
Another option for achieving similar results is using SCR and
engine tuning technology. In this case, the engine is tuned —
adjusting the timing, combustion and operating temperatures —
to reduce particulates, then urea is added to the exhaust stream
to allow the NOx to be captured, a process referred to as SCR.

CHANGING FUEL FORMULATIONS
In addition to carbon, particulates and NOx, diesel fuel in many
parts of the world still contains large quantities of sulfur, which
can reduce oil life and produce sulfuric acid as a byproduct.
In the U.S., sulfur content has declined to about 15 parts per
million, but parts of the Middle East and Africa, it remains at
more than 5,000 parts per million, and many other regions fall
somewhere in between.

n	Higher

EGR levels, which may affect oil durability,

increase soot levels in the oil and reduce fuel economy.
n	Improved

combustion efficiency through advanced

fuel injection systems to offset the fuel economy penalty
from EGR.
n	Diesel

particulate filters (DPFs), which capture particulates

from the exhaust stream. Often, this is used to reduce the
soot produced by EGR.
n	Closed

crankcase ventilation, which will become more

common because of recent emission regulations. Rather than
venting the crankcase to an open environment, engine OEMs
are developing a closed ventilation loop that circulates
crankcase gases, which include oil residue and particulates,
back through the crankcase.
n	Downsizing

or creating the same amount of power through

Reduction in Fuel Sulphur and the use of Bio Diesel can have a

a smaller engine. For example, a company that was using

direct impact on reducing exhaust emissions, also the use of fuel

a 15-liter engine to generate 500 horsepower now may try

additives can help improve fuel economy. These approaches all

to get that same output from a 13-liter engine. More output

help reduce overall vehicle emissions, in Indonesia for example

from a smaller engine puts added stress on components

they are working towards the introduction of B20 (20 percent of

and oil.

the fuel is comprised from a renewable source, in this instance
Palm Oil) in off-highway applications.
In the future, fuels such as liquefied natural gas, diesel-electric
hybrids or even fully electric trucks may replace conventional
diesel engines in mining.
These different energy sources will affect lubrication
requirements. At Shell, we believe that mineral-based fuels will
remain the industry standard beyond 2050. While biodiesel
use will continue to grow, it raises concerns about long-term
performance for engine oil, excessive fuel dilution, and
increased oxidation and bearing corrosion.

n	Hybridization,

in which the diesel engine acts as a

generator to power an electric motor that drives the wheels.
This changes the requirements of the engine, and the
stop-and-go nature of most hybrids can create additional
engine oil stress.
Engine and lubricant technology go hand in hand. Diesel engine
oil is formulated using the base oil and detergents to protect the
engine, dispersants and anti-wear agents to protect the engine
and the lubricant itself, and antioxidants, viscosity improvers and
pour-point depressants that allow for lower starting temperatures.
By analyzing the friction of each engine component — pistons,
bearings, valve train — we can predict total engine friction and

the related fuel economy of the engine. For example, under

n	Aeration

stability — how quickly the oil releases air that

certain operating conditions, switching to a 10W-30 oil from

becomes trapped it as foam or bubbles from sudden

a higher-viscosity 15W-40 can increase fuel economy of 1.5

movements, which is especially important for off-highway

percent to 1.9 percent.

engines that often operate at steep angles and on

Lubricants meeting the API CK-4 specification will have
improved oxidation resistance, sheer stability and aeration
control and will work with all diesel engines currently in use.
Products meeting the API FA-4 specification will have all these
improvements but will be blended to a lower-viscosity range
designed to improve fuel economy without compromising engine
life or durability. However, they will have limited compatibility
with some older engines.

A NEW OIL FOR A NEW ERA
As more fuel efficient and powerful engines come to market,
they will require a new generation of high-performing diesel
engine oils. However, to meet the mining sector’s ever-increasing
performance demands, selecting a lubricant based solely on
specification may no longer be suitable.
That’s why Shell has taken a leadership role in working with
customers to develop these new oils and ensure they meet both
the new regulatory requirements and the industry’s needs for
engine output and fuel efficiency.
Almost a decade has passed since the American Petroleum
Institute developed the last diesel engine oil category for North
America, CJ-4. Engines have changed dramatically since then,
with lower fuel consumption and increased power output. For
the first time we will have a split category giving us two new
lubricant specification, API CK-4 and FA-4, which are set for
first licensing on December 1, 2016, eventually will replace
the current CJ-4 oils.
Both categories have significant formulation changes in
three areas:
n	Oxidation

stability — how the engine oil responds

uneven surfaces.
n	Shear

stability – how the oil responds to a loaded

shear force.
CK-4 oils will have improved oxidation resistance, sheer stability
and aeration control and will work with all diesel engines
currently in use. FA-4 oils will have all these improvements as
well as lower-viscosity grades designed for next-generation
diesel engines. However, they will have limited compatibility with
some older engines.
And both will undergo more rigorous testing than CJ-4 oils.
Currently, standards for heavy-duty diesel oil are not designed
for off-highway engines. On-highway engines typically are more
advanced and use less fuel than their off-highway counterparts.
“All the engine oil test standards are built on highway
applications,” Galdes says. “That’s where the oils are tested
and benchmarked.” Most on-highway engines are up to 10 to
12 liters in capacity, while the smallest off-highway engine is 19
liters — and the biggest is 120 liters, 10 times the size of the
on-highway test subjects.
Shell has been instrumental not only in formulating FA-4
prototype oils, but also in developing the testing regimen
to ensure these new heavy-duty diesel oil categories meet
customers’ needs. We have conducted millions of miles of road
testing, demonstrating that they both protect engine durability
and fuel economy.
Mining equipment owners and operators can have confidence
that these new oils will offer the potential for significant fuel
savings while matching the oil life and wear protection of the
leading oils that they have been using for years.

to heat stress.
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