
Over-the-highway trucking has
become such a large industry
that it’s easy to forget just how
much modern civilization relies
on off-highway diesel engines.
They are essential to reducing
human misery and increasing
prosperity on a global scale.

Nonroad Diesel Engine Makers
Face Tough New Emissions
Standards

onroad diesel engines are
employed in literally thousands of
applications.The smallest engines
may be just a few horsepower (hp).
At the other extreme, for mining
equipment, locomotives, ships and
power plants, diesel engines of 6000

hp, i.e., about 4.5 megawatts (MW) are not unusual.
Even larger 10,000 hp (7.5 MW) engines are available
from some manufacturers.A power plant with ten or
twenty of these engines could generate enough elec-
tricity for a midsize city.

Nonroad diesel engines are used in farming,con-
struction and industrial applications.Large engines are
used to drive the farm equipment that cultivates and
harvests crops; and the construction equipment that
clears the land for buildings and roads.Smaller
engines are used in countless other applications.
Worldwide engine production of nonroad diesel
engines used for farming,construction and industrial is
about 10.3 million units per year and there are about
90 million units in operation.Production of engines
750 hp and greater is about 13,500 units per year in
North America; and worldwide production including
North America is 20,000 units per year [Ref.1].

Unfortunately,although the larger nonroad diesel
engines account for only a small fraction of all mobile
engines, they produce a disproportionately large por-
tion of the total emissions from mobile sources,
including over-the-highway heavy-duty (HD) trucks,
cars and light trucks.The EPA estimates that nonroad
diesel engines currently account for about 44 percent
of diesel PM emissions and about 12 percent of NOx
emissions from mobile sources nationwide and in
some urban areas the percentage is greater [Ref.2].

Not surprisingly, environmentalists have gained
support for tough new emissions standards for non-
road diesel engines, similar to those already set for
over-the-highway diesel engines. Regulatory agencies
around the world are enforcing stringent rules aimed
at reducing the sulphur content of nonroad, locomo-
tive, and marine (NRLM) diesel fuel and encouraging

OEMs to build clean nonroad diesel engines.
The companies most likely to succeed in this regu-

latory climate will be those who can meet these new
emissions standards at competitive prices.

Setting the Standard
A new proposal from the U.S. Environmental

Protection Agency (EPA) describes Tier 4 emissions
standards for nonroad diesel engines [Ref. 3].These
new nonroad diesel engines standards are similar to
the EPA’s HD2007 standards [Ref. 4] and in harmony
with the nonroad diesel standards of the European
Union (EU) and other parts of the world [Ref. 5].

Today’s nonroad engines already produce 70 per-
cent less NOx emissions and 90 percent less PM emis-
sions compared to engines built prior to 1987, thanks
to engine makers striving to meet Tier 1,2 and 3 emis-
sions standards [Ref.6].The Tier 4 standards aim to
reduce emissions another 80 to 90 percent.Table 1
compares Tier 3 and Tier 4 nonroad emissions stan-
dards for select midsize diesel engines.

These new emissions standards are just the latest
in a series of events aimed at motivating diesel
engine makers into building cleaner diesel engines.
They come as no surprise to diesel engine makers;
yet they provide exact targets that need to be met, so
engine makers can plan accordingly.

Heterogenous Combustion
Although the targets are clearly set, it is not clear

which technologies are best suited for meeting the
standards.The technologies under evaluation typical-
ly require engine systems that operate at higher tem-
peratures compared to past designs. Significant
research and development is already underway by
engine makers to meet the HD2007 emissions stan-
dards.According to the EPA’s latest remarks on feasi-
bility, in-cylinder NOx control is being achieved
through a number of heterogenous combustion tech-
nologies [Ref. 7]. New technologies such as fuel
injection timing retard, fuel injection rate control,
charge-air cooling, exhaust gas recirculation and
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cooled EGR have proven effective in control-
ling engine-out NOx to levels consistent with
the proposed standards. In addition, NOx
adsorbers probably also will be needed to
meet the emissions standards.

HEX Design Trends
Most of the heterogeneous combustion tech-

nologies call for an increase in the operating
temperatures and cooling performance of heat
exchangers (HEXs), including liquid-to-air
types (radiators) and air-to-air types (charge
air coolers).

As previously described [Ref. 8], CuproBraze
heat exchangers are well suited for operation
at higher temperatures than the alternatives.
Aluminum radiators and CACs especially are
temperature challenged above 200 °C.The
same considerations apply to nonroad diesel
engines. Since a low velocity places a premi-
um on the airflow through the heat exchang-
ers, there is a need to provide even better cool-
ing performance for an off-highway engine
than for a HD on-highway engine.

Conventional,soldered copper-brass heat
exchangers already are preferred over alu-
minum for nonroad applications,because they
can withstand harsh environments and operat-
ing conditions better than their aluminum coun-
terparts.Farm and construction equipment espe-
cially must tolerate large amounts of dirt and
debris,vibrations and regular cleaning. In these
applications,durability is more important than
weight.Brass tubes resist cyclic stress and corro-
sion better than their aluminum counterparts.

Serpentine Fins
Conventional radiators for nonroad diesel

engines commonly are made from plates of
copper rather than serpentine copper fins.The
plates provide an extremely rugged structure
but they are more time-consuming to assem-
ble. For the same reasons, louvered fins are
rarely used in nonroad applications.

The CuproBraze process can provide the
same result using serpentine fins of a relatively
heavy gage thickness.Assembly and produc-
tion of heat exchangers is simpler using ser-
pentine fins rather than plates.The CuproBraze
process provides a durable bond between the
tubes and the fins and reduces assembly time.

Ready Today
Already, the CuproBraze process has proven

itself in the high volume production of HD
radiators and copper-brass charge air coolers.
The flexible manufacturing process is ideal for
nonroad diesel engine makers.

Prototypes can be fabricated for testing and
evaluation and high volume production can be
ramped up on time for the scheduled imple-
mentation of the new emissions standards.

While diesel engines makers face many
challenges in the years ahead, in meeting both
the highway and nonroad diesel emission stan-
dards, they also have a whole new technology
for heat-exchanger design and production.This
new technology will help them achieve greater
cooling performance in the same footprint,
avoiding the drastic redesign of their families
of engines and equipment.
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PM NOx HC NOx + HC

[g/kW-hr] [g/kW-hr] [g/kW-hr] [g/kW-hr]

Tier 3 (2006-2008) 0.20 - - 4.0

Tier 4 (2011-2014) 0.02 0.40 0.19 - 

% Reduction 90% drop - - 84% drop

Table 1 — Highlights of Nonroad Diesel Emissions Standards for Select Engines*


