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Abstract. Diesel is a key oil-refined fuel, irreplaceable for daily life and major systems. It powers
cross-country freight trucks, factory machines, farm tractors and irrigation pumps, and emergency
generators in disasters or off-grid areas—tied to nearly all our work, from large industries to daily
infrastructure. But the Volkswagen nitrogen oxide scandal made people aware of the harm caused
by excessive nitrogen oxides. It not only affected the environment and health but also eroded public’s
trust, contributing to the rejection of consumers to use diesel vehicles. This essay discusses the
feasibility of Selective Catalytic Reduction (SCR), an advanced technology to reduce diesel-related
nitrogen oxides, and compare it with other technologies such as Selective Non-Catalytic Reduction
(SNCR) and Exhaust Gas Recirculation (EGR) to underscore the advantages and viability of SCR.
It also explains SCR’s working principle and uses specific examples to illustrate that it is an effective
and efficient solution for nitrogen oxide emissions, so that the considerable amount of nitrogen oxide
can be solved, and the public can accept diesel vehicles.

Keywords: Volkswagen nitrogen oxide scandal, selective catalytic reduction, nitrogen oxide
emissions.

1. Introduction

Diesel has been crucial for over a century, powering global transportation. Many field such as
industry, farming, and infrastructure are using it, due to its torque, efficiency, and durability. In the
U.S., 76% of 15 million commercial trucks are using diesel, far exceeding the usage rate of gasoline
(23%) [1]. However, diesel emits nitrogen oxides, causing smog and acid rain, which harm health
and the environment. The Volkswagen scandal highlighted the pollution problem and eroded public’s
trust. Selective Catalytic Reduction (SCR) technology, designed to convert harmful nitrogen oxides
into harmless nitrogen and water vapor, has emerged as a solution. Yet, its feasibility is questioned
in efficiency, cost-effectiveness, compatibility, and long-term sustainability. This essay evaluates
SCR's viability as a sustainable solution to handle the problem of excessive emissions of nitrogen
oxide.

2. The practicability of Selective Catalytic Reduction

2.1. The Comparison Among Selective Catalytic Reduction (SCR), Selective Non-Catalytic
Reduction(SNCR), and Exhaust Gas Recirculation (EGR)

2.1.1. Briefly introduction of Selective Non-Catalytic Reduction (SNCR)

Selective Non-Catalytic Reduction (SNCR) is a post-combustion technology used to reduce
nitrogen oxide (NOx) emissions from combustion sources like power plants and industrial boilers.
The process involves injecting a nitrogen-based reagent such as ammonia (NHs) or urea (CO(NH-)
2), into the flue gas at a high temperature zone, typically between 850<C and 1100<C. Without a
catalyst, the reagent selectively reacts with the NOx gases, converting them into harmless nitrogen
(N2) and water vapor (H20) [2].

2.1.2. Briefly introduction of exhaust gas recirculation (EGR)

Exhaust Gas Recirculation (EGR) is a technique used in internal combustion engines to reduce the
formation of NOx, which are a major pollutant. The working principle of this process is to recirculate
a controlled portion of the engine exhaust gas back into the intake. This exhaust gas is largely inert,
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which means it does not participate in the combustion reaction. By diluting the air-fuel mixture with
these inert gases, the EGR system lowers the peak combustion temperature inside the cylinders. Since
NOx forms primarily at very high temperatures, this reduction in peak temperature significantly
suppresses NOx emissions [3].

2.1.3. The working principle of selective catalytic reduction (SCR)

In SCR systems shown in Fig. 1, the main job is pretty straightforward: turn the nitrogen oxides
in diesel exhaust into water vapor and nitrogen gas—both of which are totally harmless. And to make
that chemical reaction happens, you need a catalytic converter; it’s the key part that gets the whole
process going. To enable this transformation, a reducing agent must be steadily added to the exhaust
stream, a task handled by a dedicated metering module. Once the reducing agent comes into the
flowing exhaust, it undergoes rapid chemical transformation. Within a fraction of a second, it reacts
to form ammonia. When nitrogen oxides in the exhaust pass through the SCR catalytic converter, this
ammonia acts on the nitrogen oxides, promoting the conversion of nitrogen oxide into the non-toxic
byproducts of water vapor and nitrogen.

Selective catalytic reduction is a method to reduce the amount of the nitrogen oxide that is in the
exhaust gases. Before exhaust gas reaches the SCR catalytic converter—at a point described as
“upstream” in the system—a urea-water solution is injected into the moving exhaust stream. As the
selective catalytic reduction process unfolds, this injection leads to the production of nitrogen and
water, the non-toxic end products of the reaction [4].
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Figure 1. SCR Schematic [5]

2.1.4. Fuel consumption of SCR

In the combustion process inside the cylinder, except the relationship between the production of
nitrogen oxide and particulates, there is one between fuel consumption and nitrogen oxides. Generally
speaking, when combustion temperatures are high, there are two benefits: fuel is used more
economically, and particulate levels stay low. And here’s where the SCR catalytic converter helps:
since it takes care of removing nitrogen oxides from exhaust gases later on, the engineers who design
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these systems can tweak the combustion process to get really low fuel use. The best part is that they
can do that without going over the legal limits for emissions.

The connection between fuel usage and nitrogen oxide emissions is straightforward shown in Fig.
2: when combustion occurs at high temperatures, fuel is used more efficiently, but this also leads to
greater nitrogen oxide production. Nevertheless, an SCR system can later remove as much as 90% of
the nitrogen oxides generated during combustion from the exhaust gases [4].
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Figure 2. Comparison of Nitrogen Oxides (NOx) Emissions Between Engines with and Without
Selective Catalytic Reduction (SCR)

While Selective Non-Catalytic Reduction (SNCR) has a lower NOx reduction efficiency (30-70%)
as noted by Tayyeb Javed et al. (2007), SCR is far more effective [2]. Van Caneghem et al. (2016)
confirm that SCR achieves a much higher NOx removal efficiency (~90%) compared to SNCR (~50-
60%) [6]. EGR, like SNCR, has inherent limitations in how much NOX it can reduce without severely
degrading engine performance. Achieving the high NOx reduction rates required by modern
regulations (e.g., Euro VI) with EGR alone is very difficult. This often forces the use of complex and
costly high-pressure loop EGR systems, sometimes even combined with SCR, whereas a well-
designed SCR system can achieve compliance more simply as an after-treatment.

EGR operates by recirculating inert exhaust gas into the combustion chamber, which lowers the
peak combustion temperature to suppress NOx formation. A direct consequence of this is a reduction
in the engine's work output and thermal efficiency. As noted by Abd-Alla (2002), the introduction of
inert exhaust gas "can lead to a reduction in the peak combustion temperature and pressure,” which
often results in "a slight decrease in engine efficiency™ [3]. In contrast, SCR systems do not interfere
with the combustion process, allowing the engine to operate at its maximum efficiency.

Moreover, a significant drawback of EGR is the trade-off between reducing NOx and increasing
particulate matter (PM). The lower combustion temperatures and reduced oxygen concentration from
EGR can lead to incomplete combustion, promoting soot formation. Abd-Alla (2002) specifically
highlights this issue, stating that a trade-off of EGR is "an increase in particulate matter" especially
in diesel engines [3]. SCR systems do not create this trade-off. In fact, by allowing for more complete
combustion, they can help keep PM levels low, though a separate Diesel Particulate Filter (DPF) is
often still required.

2.2. The Reason That The Market For Diesel - Powered Passenger Vehicles Has Not
Rebounded

2.2.1. Negative public perception

The Volkswagen emissions scandal seriously destroyed the reputation of diesel technology. It
made consumers aware of the potential negative impact of nitrogen oxide, although there is “clean
Diesel” technology such as SCR system. Public knowledge of the negative health impacts of diesel
exhaust, such as respiratory diseases, has also hindered consumers from choosing diesel — powered
passenger cars [7].
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2.2.2. High costs associated with emissions complianc

In order to satisfy the increasingly strict emissions regulations, automakers need to invest in SCR
systems along with other complementary technologies like particulate filters. These additional costs
are passed on to consumers, making diesel — powered passenger cars more expensive to purchase.
In price — sensitive market segments, especially in urban areas where annual mileage is relatively
low, consumers calculate that the potential fuel cost savings of diesel vehicles over their lifespan will
not offset the higher purchase price [8].

2.2.3. Competition from Alternative - hybrid & fuel vehicles

Diesel passenger vehicles are fighting with hybrid and electric cars now. Hybrid vehicles consume
less fuel and emit less pollutants compared to traditional diesel vehicles and electric cars. They don’t
have any tailpipe emissions at all. On top of that, governments are pushing people toward these
options— they offer things like subsidies, tax cuts, and even better parking spots for hybrids and
electric vehicles. All of that has made those cars way more popular, and diesel cars have taken a hit
because of it [9].

2.2.4. Diesel fuel image and pricing

Diesel is considered as a "dirty fuel" in the public consciousness. Additionally, the price gap
between petrol and diesel has narrowed in some regions, reducing one of the traditional economic
advantages of diesel vehicles. Inconsistent availability of diesel fuel in some areas also deters
consumers from choosing diesel - powered passenger cars [10].

3. Conclusion

In conclusion, Selective Catalytic Reduction (SCR) proves itself feasible in more ways than one—
it’s not just a “tech on paper” solution, but something that works when it counts. For starters, it cuts
down nitrogen oxide emissions really well, no matter where they’re coming from: industrial plants,
power stations, even vehicles. That’s a huge win because it lets all these operations meet the tough
environmental rules they’re required to follow—no more stress about missing those standards.

Technologically, SCR systems have gotten a lot better over time. The catalysts (the parts that drive
the emission-cutting reaction) are more effective now, and the controls that keep the system running
smoothly have improved too.

Economically, it’s true that SCR isn’t free upfront: there’s the cost to set it up, plus ongoing
expenses to keep it running. But the long-term payoff makes that initial investment worthwhile. For
one, public avoid those costly fines that come with missing emission limits. In some cases, it can even
help boost fuel efficiency, saving more money down the line. And beyond the financial side, the
environmental benefits—like less pollution—help companies and operations hit their sustainability
goals, which matters more and more these days.
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