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Abstract. Exhaust emission from vehicles plays a vital role in urban air
pollution and associated health and environmental problems. Despite the
presence of strict emission norms, a considerable number of working
vehicles continue to emit pollutants, sometimes even beyond permissible
limits. The current paper reports the proof-of-concept experimental study on
an advanced ammonia-based post-combustion emission control system
where the exhaust gases are allowed to pass through a closed tank filled with
liquid ammonia before being released into the atmosphere. Emission
parameters were evaluated using standard Pollution Under Control (PUC)
equipment for diesel and petrol cars in a five-day period, both with and
without the device. Based on the experimental results, there was a substantial
drop in emission levels. In case of diesel cars, average reductions of around
71 - 74% in CO, HC, and NOx emissions were observed. For petrol cars, the
CO and HC emissions decreased by 40 - 62% and 64 - 74%, respectively,
depending on the conditions. It was mainly attributed to the adsorption,
neutralization reaction, and ammonia-induced reduction reactions occurring
between gases and liquids. An initial qualitative GC-MS analysis of the
spent ammonia solution was carried out to determine the properties of
adsorbed compounds; however, it is considered an exploratory study. This
study shows that the ammonia-based post-combustion technology can
effectively serve as another emission reduction technique for in-service
vehicles. This short-term and steady-state investigation clearly demonstrates
the potential of this technology as a cost-effective and retrofittable measure
for emission reduction from vehicles, which requires further research.
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1 Introduction

The findings highlighted how on-road remote sensing (RS) technology could easily identify
high-emission cars, specifically high-mileage petrol and LPG cars which did not adhere to
emission standards. The application of RS enforcement saw an improvement in the reduction
of fleet average emissions, the percentage of high emitters, and pollution at roadside and
ambient areas. Issues included rigorous pollutant reductions, single directional measurement
stations, and inadequate experience in identifying diesel vehicles. Improved recommendation
algorithms could improve on the success of the project and broaden its scope [1]. Results
revealed that replacing 30% of diesel HDVs with e-HDV's would decrease the concentration
of NO» and PM; s leading to fewer premature deaths in the Chicago area. However, increased
O; levels might lead to additional mortalities. Significant health and environmental benefits
were observed in areas with high percentages of Blacks and Hispanics/Latinos, meaning that
the use of e-HDVs could address health disparities in historically disenfranchised
communities [2]. Software preventive screening was identified through the Calabria case
study as one way of identifying areas sensitive to vehicle pollution allowing for targeted
sampling for assessing the efficiency of policies. In this study, through the use of the Corinair
method and Copert4 program, it was found out that old cars have been major sources of
pollutants in the area. The study suggested that the implementation of laws such as taxes that
would help in the replacement of these old cars would greatly reduce pollution in these areas
[31.

With regards to the emissions in East, Southeast, and South Asia from the years 1950 to
2015, a complete emission inventory (REASv3) was created which showed that there was an
immense increase in emissions during this period with China being the main source due to
fast economic development. However, China's emissions peaked by 2015 while India
continued with the increase in emissions. On the other hand, Japan, South Korea, and Taiwan
have experienced an increase in emissions followed by a decrease due to air pollution
controls, but the other Asian countries experienced an increase in emissions because of
economic growth [4]. As we all know now, urban ecology plays a very important role in our
life qualities; here we analyze the impact of road networks and vehicle emissions in Ulan-
Ude in the years 2010-2019. However, the study observed some trends in pollutants like
sulphur dioxide, carbon monoxide, and nitrogen oxides. This makes it evident that there is
need to consider vehicle emissions. Several methods were employed in order to determine
the level of pollutants, and suggestions were provided on how best to control vehicular air
pollution, thus helping in improving air quality [5]. The study highlights the growing
importance of awareness about air pollution and its contribution to greenhouse gases
emissions and the greenhouse effect, which negatively impacts ozone layer, soil, water, and
aquatic environments. Despite all efforts made by governments to control car emissions, they
have proven futile. The study calls for the use of sensors on emission outlets of vehicles so
that pollutant levels may be identified and displayed [6].

This study demonstrates how fast motor cars have become in urban India, thereby
aggravating air pollution and greenhouse gases. Transportation is responsible for 90% of the
total emissions, posing severe health risks such as respiratory issues, dermal irritation,
congenital malformations, and even cancer. From this study, it is evident that there is need
for environmental cleanliness and more research on how to deal with the growing problem
of air pollution in India [7]. The study looks at air pollution in Coimbatore, India, focusing
on the contribution of vehicular emissions, particularly from motorcycles, towards air
pollution. Nitric oxide and particulate matter emerge as the main pollutants while CO and
particles have higher concentrations in cars carrying two passengers than one passenger.
There is need for efforts to improve air quality since air pollution poses a huge risk to the
health of city dwellers [8]. The study investigates the effects of China's National Vehicular
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Emissions Standard VI (CHINA-VI) on the air quality of prefecture-level cities, showing that
there have been considerable improvements made. After CHINA-VI was implemented, pilot
cities saw remarkable improvements in their air quality indexes and pollutant levels (PM s,
PM o, and O3). The results illustrate the differences in effectiveness; specifically, cities with
lower amounts of green funds and environmental consciousness were shown to experience
larger emissions reductions, while smart cities saw even greater advancements [9].

According to the research conducted, the potential for carbon reduction in relation to the
electrification of ride-hailing vehicle fleets depends considerably on the emission features of
a power grid for each respective city. As shown in the case of Chengdu and Xi'an, the amount
of emission reductions per day translates to the disappearance of 133,000 and 63,000 rides
made by gas-powered vehicles per day, respectively. The study specifies the exact thresholds
of grid electricity emission factors (156.25 g/kWh in Chengdu and 131.09 g/kWh in Xi'an)
required for effective emission reduction from all rides made through ride-hailing services
[10]. The study demonstrates that there could be a significant reduction in the level of CO;
emissions due to the expansion of the services, as the reduction in emissions from the vehicles
exceeds the amount of emissions from additional cars used for sharing. According to the
study, the life-cycle CO, emissions decline dramatically with the rise in the use of car-sharing
programs. Also, using electric vehicles for sharing further reduces CO, emissions. The
proposed model provides an accurate approach to estimate the current levels of emissions
and forecast the future impacts of such services [11]. As per the study, it is predicted that
vehicle ownership would grow fourfold by 2035 in Guangdong Province; ownership of
internal combustion engine vehicles would peak at around 2030, while electric car ownership
would exceed 40% in the improved scenario. As a consequence of the shift to electric cars
and higher efficiency and lower mileage, petrol and diesel consumption will experience
significant reduction. The carbon emissions are expected to hit their maximum point before
2030, with the optimal outcome leading to a 21.2% cut in carbon emissions from this peak
level. It is imperative to promote electric cars, improve transport efficiency, and develop
technology to achieve peak goals of carbon emissions [12].

The study reveals that the emissions of cars in Europe's urban areas follow a heavy-tailed
distribution pattern, wherein a small number of "gross polluters," or highly emitting cars, and
"grossly polluted roads," or highly emitting roads, are present. It shows that policies targeting
large polluters can help reduce emissions far more effectively than setting limits for all kinds
of cars. In addition, it uses GPS traces and microscopic models to demonstrate how digital
data can help assess emissions better and enable more targeted reductions [13]. Recent studies
have shown that vehicle emission cuts in recent years have greatly improved public health
conditions by reducing the number of PM» s mortality cases in the U.S. from 27,700 in 2008
to 19,800 in 2017. Without improvements, there would have been more deaths, rising to
48,200. Several variables contributed to the reduction in deaths, including lower base PM> s
concentrations, increased mileage traveled, and changes in the vehicle fleet composition [14].
Climate impacts were relatively minor, contributing only 3-19% of total benefits. The study
highlights the importance of local policies focusing on reducing the adverse impact of
emissions from passenger cars in cities, with additional national policies on NOy due to its
widespread implications. Stricter regulations will be necessary to address the health risks
associated with large vehicles and older populations [15].

Throughout the paper, the authors repeatedly emphasize the need to reduce car emissions
because of their significant impact on health and the environment. Among the recommended
strategies include the use of electric cars, improving fuel economy, and passing laws targeting
highly polluting vehicles, particularly in highly urbanized areas. Additionally, research
highlights the importance of using advanced technological tools such as remote sensing to
identify major sources of pollution and improve emission monitoring. There is a gap in the
literature regarding the incorporation of innovative technologies that do not rely on internal
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combustion engines but work on the exhaust fumes after their emission. One feasible solution
could involve using liquid ammonia kept inside an airtight container, which is connected to
the exhaust system. While passing through this container, ammonia can effectively combine
with the pollutants and thus mitigate any harmful substances before they enter into the
environment. It may work particularly well in cutting down CO, HC, NOy, and PM, pollutants
that are challenging to eliminate by existing emission reduction devices. In this way, the
present study gives an important point of reference for developing environmentally friendly
and effective exhaust emission reduction strategies for cars and industries; therefore, ensuring
sustainable development in the concerned fields. Additionally, exhaust gases combine with
the liquid ammonia and the mixture is called waste since at some point, the liquid ammonia
stops working and must be replaced (like engine oil). The waste can then be converted to
high-value products, renewable material, and biodegradable chemicals. Further research is
needed for improving the devices' effectiveness and their practical applications in the real
world. It will help reach the goal of having cleaner air around the globe.

2 Materials and methods

2.1 Description of the ammonia-based emission control device

The experimental setup consists of a closed metallic tank (4) that has been designed to hold
a fixed amount of liquid ammonia. The tailpipe exhaust emission (1) is connected to a pipe
with holes (2) that is placed inside the ammonia-filled chamber. The exhaust gases pass
through the holes (5) and enter the liquid ammonia (6). This allows for a gas-to-liquid phase
contact before exiting the system via an exhaust pipe (3).

Fig. 1. Experimental Set-up [16], Reproduced with permission from [Vijendra Bhimrao Fulzele,
Shrikant Arunrao Thote, Sachin Marotrao Hiradeve, Dr. Hemant Arunrao Sawarkar], [Novel method
of pollution control], [The Patent Office, Government of India, Patent No. 544191], [2024].

It operates as an external device after combustion and does not interfere with the operation
of the engine or its fuel injection system. Figure 1 depicts the schematic representation of the
experiment. Figure 1 shows the schematic representation of the ammonia post-combustion
emission reduction apparatus indicating the enclosed ammonia tank, porous exhaust inlet,
and the exhaust outlet of treated gases. The enclosed nature of the device minimizes ammonia
leakage chances.
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2.2 Experimental procedure

The experimental evaluation was conducted on five diesel automobiles and five gasoline
automobiles operating at a steady state/idling stage. The emission evaluation was executed
using a certified PUC analyzer that truly reflects the actual method of testing employed by
regulations. Emissions were recorded for each automobile during two stages, namely without
the use of the ammonia system and after the incorporation of the ammonia system. Tests were
carried out every day for five days to ensure uniformity. The main pollutants measured were
CO, HC, and NOy for diesel automobiles and CO and HC for gasoline automobiles.

2.3 Safety and handling considerations

Owing to the risky nature of liquid ammonia, special precautions had to be followed in
carrying out this experiment. Ammonia was stored in a sealed tank that could withstand back
pressure as well as thermal changes. Only a limited quantity of ammonia was used, and no
manipulations occurred during the experimentation process. Ammonia release into the
environment was not considered in this experiment, nor was any ammonia smell detected
during the experiment. However, ammonia slip analysis and safety considerations remain
essential areas of study for the future.

2.4 Preliminary GC-MS analysis of spent ammonia solution

After conducting the emission test, the ammonia solution was collected for initial chemical
analysis. The ammonia solution was partly evaporated using a water bath and dried in air.
The residue obtained from the evaporation process was dissolved in ethanol and analyzed
through GC-MS. This experiment was qualitative and aimed at identifying possible organic
compounds that may have been absorbed or formed during the reaction process.

3 Results

3.1 Statistical treatment of data

Daily measurements for each of the pollutants recorded over five successive days were used
to determine the mean and standard deviation values (mean = SD). This statistical procedure
provides an estimate of repeatability and short-term variability under steady-state operation.
Percent reduction was calculated based on the difference between average emissions without
and with the device.

3.2 Diesel vehicle emission characteristics

The diesel vehicle exhibited baseline emissions of CO, HC, and NOy close to the prescribed
regulatory limits. Upon installation of the ammonia-based device, a consistent reduction was
observed across all five test days (Table 1(a)).
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Table 1 (a). Measured parameter value with and without device for Diesel Vehicle

Day Parameter PUC Without With
reference limit device device
1 CO 5.0 4.5 1.30
HC 1.3 1.1 0.34
NO«x 9.2 8.6 2.58
2 CO 5.0 4.6 1.28
HC 1.3 1.3 0.33
NOx 9.2 8.4 2.53
3 CO 5.0 4.6 1.28
HC 1.3 1.3 0.31
NO«x 9.2 8.6 2.55
4 CO 5.0 4.4 1.27
HC 1.3 1.2 0.33
NOx 9.2 8.7 2.54
5 CO 5.0 4.3 1.26
HC 1.3 1.2 0.32
NOx 9.2 8.4 2.55

Note: Limiting values correspond to PUC reference limits under idling conditions and not
BS VI type approval dynamometer limits.

3.2.1 Carbon monoxide (CO)

The baseline carbon monoxide emissions averaged 4.48 + 0.11 (without device), but the
treated emissions diminished to 1.28 £ 0.02, reflecting an average reduction of almost 71%.
3.2.2 Hydrocarbons (HC)

Baseline HC emissions averaged 1.22 = 0.08, which decreased to 0.33 £ 0.01 with the device,
indicating an average reduction of 73.9%.

3.2.3 Nitrogen oxides (NOy)

Baseline NOx emissions averaged 8.54 & 0.12, whereas treated emissions diminished to 2.55
+ 0.02, reflecting an average reduction of roughly 70%. The minimal standard deviation
values signify strong consistency in the observed emission reductions throughout the testing
period shown in Table 1 (b) and Figure 2.



EPJ Web of Conferences 376, 04003 (2026) https://doi.org/10.1051/epjcont/202637604003
ICRAMEN 2026

10

8.54

4.48

co HC NOX

M Without Device M With Device

Fig. 2. Diesel exhaust emission levels and percentage reduction

Table 1 (b). Statistical summary of diesel exhaust emission levels and percentage reduction (mean +

SD,n=15)
Parameter Without device With device Reduction
(Mean £ SD) (Mean £ SD) (%)
CO 448 +0.13 1.28 £0.02 71.4
HC 1.22+£0.08 0.33 +£0.01 72.9
NOx 8.54+0.13 2.55+0.02 70.1

3.3 Petrol vehicle emission characteristics
Five petrol vehicles (V-1 to V-5) were evaluated under identical steady-state conditions.

Average emission values were calculated across five days for each vehicle Table 2 (a).

Table 2 (a). Daily exhaust emission levels for petrol vehicles (V 1 to V 5) with and without ammonia
based device under steady state conditions (PUC idling test)

Day Vehicle Parameter PUC reference limit | Without device | With device
V-1 CO (%) 0.5 1.18 0.42
HC (ppm) 750 3290 832
Va2 CO (%) 0.5 0.28 0.1036
HC (ppm) 750 187.41 65.86
1 V3 CO (%) 0.5 0.69 0.26
HC (ppm) 750 747.36 209.26
Vo4 CO (%) 0.5 0.05 0.02
HC (ppm) 750 40 144
V-5 CO (%) 0.5 0.61 0.22
HC (ppm) 750 502 175.7
Vo1 CO (%) 0.5 1.19 0.41
HC (ppm) 750 3288 840
Vo CO (%) 0.5 0.27 0.11
2 HC (ppm) 750 187.35 64
V3 CO (%) 0.5 0.67 0.23
HC (ppm) 750 747 208.6
V-4 CO (%) 0.5 0.05 0.02
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HC (ppm) 750 43 14
Vo5 CO (%) 0.5 0.68 0.21
HC (ppm) 750 512 174
V-1 CO (%) 0.5 1.14 0.40
HC (ppm) 750 3278 843
Vo CO (%) 0.5 0.25 0.12
HC (ppm) 750 187 68
3 V3 CO (%) 0.5 0.65 0.27
HC (ppm) 750 743 208
v CO (%) 0.5 0.04 0.02
HC (ppm) 750 50 18
V.5 CO (%) 0.5 0.63 0.20
HC (ppm) 750 510 168
Vo1 CO (%) 0.5 1.13 0.40
HC (ppm) 750 3260 851
Vo2 CO (%) 0.5 0.30 0.11
HC (ppm) 750 190 70
4 V3 CO (%) 0.5 0.71 0.30
HC (ppm) 750 801 212
Vo4 CO (%) 0.5 0.04 0.03
HC (ppm) 750 87 23
Vo5 CO (%) 0.5 0.63 0.30
HC (ppm) 750 515 178
Vo1 CO (%) 0.5 1.19 0.70
HC (ppm) 750 3250 886
Vo2 CO (%) 0.5 0.50 0.19
HC (ppm) 750 238 89
5 Vo3 CO (%) 0.5 0.79 0.50
HC (ppm) 750 859 287
V-4 CO (%) 0.5 0.08 0.04
HC (ppm) 750 97 45
Vo5 CO (%) 0.5 0.62 0.25
HC (ppm) 750 598 197
B 1.7
1
0.8 0.7 E
0.6 47
04 0.32 0.31 -
) =
V-1 V-2 V-3 V-4 V-5

E Without Device H With Device

Fig. 3. Petrol exhaust emission (CO) levels and percentage reduction
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Fig. 4. Petrol exhaust emission (HC) and percentage reduction

3.3.1 Carbon monoxide (CO)

For all petrol cars, the base-line values of CO emissions were between 0.05 and 1.17, while
treated values were between 0.03 and 0.47. The percent reduction in CO emissions for all

vehicles was found to be in the range of 40 to 62%.

3.3.2 Hydrocarbons (HC)

HC emissions ranged from 63.4 ppm to 3273.2 ppm, depending on the condition of the car.
Application of ammonia reduced HC emissions to 22.9 ppm to 850.4 ppm. On average,
ammonia decreased HC emissions by 63.8% to 74% for all cars and days tested. The greatest
improvement was observed for cars with emissions close to the acceptable limit, as illustrated

in Table 2(b), Figure 3, and Figure 4.

Table 2 (b). Statistical summary of petrol vehicle exhaust emission levels and percentage reduction

(mean + SD, n =5)

Vehicle Parameter ‘Y;[l;gl;t : g\;)l;e (‘ltl/ll::ndivsl;;) Reduction (%)
V-1 CO (%) 1.17 £0.03 0.47 £0.12 59.8
HC (ppm) 3273.2+17.6 850.4 +21.8 74.0
V2 CO (%) 0.32+0.10 0.13+£0.04 59.4
HC (ppm) 197.2 £21.6 71.4+10.2 63.8
V3 CO (%) 0.70 £ 0.06 0.31+0.11 55.7
HC (ppm) 779.5 +53.6 224.4+32.1 71.2
V-4 CO (%) 0.05 +0.02 0.03 £0.01 40.0
HC (ppm) 63.4+26.4 2294127 63.9
V-5 CO (%) 0.63 +£0.03 0.24 +0.04 61.9
HC (ppm) 527.4+39.1 178.6 +11.5 66.1
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3.4 Preliminary GC-MS findings

From the qualitative GC-MS investigation on the wasted ammonia solution, some organic
compounds were found, suggesting that some of the species generated from the exhaust were
absorbed or retained. However, since this research was exploratory in nature, along with
probable contamination issues and lack of quantitative calibration, these findings are only
used for reference purposes and will not be used to determine the reaction pathway (Table
3).

Table 3. Preliminary GC-MS analysis of residues obtained from the spent ammonia solution after
exposure to vehicular exhaust gases

Sr. . Molecular Molecular
No. CAS No. Identified compound formula weight (g/mol)
1 111-46-6 Ethanol, 2,2 -OX}./bls.(Ethylene C4H1003 106
glycol derivative)
2 | 6292746 3,4-Dichlorobenzaldehyde C8H7CI2N3S 247
thiosemicarbazone
3 569848 Heptanediamide, N, N'-di- C21H22N206 398
benzoyloxy
4 112-27-6 Triethylene glycol C6H1404 150
5 619-55-6 Benzamide, 4-methyl C8HINO 135

1,2-Benzenedicarboxylic acid,
6 84-69-5 bis(2-methylpropyl) ester C16H2204 278
(Phthalic acid derivative)

7 84-69-5 Germane, dibutyldichloro C8H18CI2 258

Note: The GC-MS analysis was qualitative, aimed solely at indicating the existence of
organic species absorbed or retained in the ammonia solution following interaction with
exhaust gases. The detected chemicals may derive from unburned fuel constituents,
lubrication additives, plasticizers, or by-products of secondary reactions. The current work
did not encompass quantitative interpretation or mechanistic elucidation.

4 Discussion

The collective data for both diesel and petrol cars clearly demonstrate the wide-ranging use
and effectiveness of the ammonia post-combustion emission control system. Significant
emissions were achieved in all the major criteria pollutants, including CO, HC, and NOx,
under steady state conditions of PUC idling. In the case of diesel cars, about 71-74%
reductions were observed in CO, HC, and NOy, while in the case of petrol cars, there was a
significant reduction of about 40-62% in CO emissions and 64-74% in HC emissions. The
analysis indicates that the proposed system works effectively irrespective of the engine type
and exhaust emissions. The significant reduction of NOx emissions in diesel cars is mainly
due to the well-known reducing ability of ammonia. The ammonia reacts with nitrogen oxides
to form nitrogen gas and water; thus, even without a catalyst, partial reduction and absorption

10



EPJ Web of Conferences 376, 04003 (2026) https://doi.org/10.1051/epjconf/202637604003
ICRAMEN 2026

of NOy in the alkaline ammonia solution appear to be the major mechanisms. This mechanism
is similar to the mechanism of selective catalytic reduction (SCR) system, although in the
present case, a much simpler mechanism is working. The reduction in CO and HC emissions
of both diesel and petrol exhaust emissions is governed by the gas-liquid interactions. Due to
ammonia's high water solubility and alkaline nature, it constitutes an effective absorbent and
washer for partially oxidized and incomplete combustion of organic compounds. CO and
hydrocarbons can dissolve in the solvent where they can undergo secondary stabilization or
partial oxidation reactions. The continual higher removal efficiency of HC particularly in
petrol cars emphasizes the higher reactivity of ammonia solvents towards Volatile Organic
Compounds (VOCs).

The other major observation from the petrol automobile results was that cars with higher
initial levels of pollutants showed improved absolute and percentage reduction after the
installation of the equipment. This means that the ammonia scrubber technique works more
effectively during conditions of higher pollutant levels and this is ecological since higher
emitting automobiles are responsible for most urban pollution. Additionally, many of the
petrol automobiles whose emissions levels were above the PUC references prior to treatment
attained regulation after the application of the equipment. The low standard deviation
observed in the diesel automobile emissions and similar trends in all automobiles indicate
high repeatability and stability of the equipment in the short run. Contrary to the conventional
catalytic emissions control technologies, the current ammonia based technique is capable of
achieving emissions reduction without the need for expensive catalysts, specific
temperatures, or sophisticated electronic control systems. The simple design and the ability
to retrofit make the process more suitable for operational vehicles, especially those old and
high mileage that do not meet the current standards. Although catalytic systems are essential
for modern cars, the current method could prove effective as a supplementary technique for
controlling automobile emissions. It should be mentioned that the experiment conducted is
proof of concept test carried out under steady state engine idle conditions over a limited
period of time. The key parameters for consideration in the evaluation of this method are
ammonia slip, long term chemical stability, risk of corrosion, dynamic cycle testability, and
environmental safety.

Additionally, the introduction of appropriate catalysts could improve the selectivity of
the NOx reduction process, matching the performance standards of modern SCR techniques.
Based on the combined results, the ammonia based post combustion treatment proves to be
promising, affordable, and highly applicable approach towards minimizing automotive
emissions.

5 Limitations of the study

Research conducted in steady-state idling conditions and over a short period of time.
Dynamometer testing, variable engine loading, ammonia slip testing, and durability testing
were not included. Gas chromatography-mass spectrometry findings were experimental in
nature and did not establish a definitive pathway for ammonia formation.

6 Conclusion

The study highlights the effectiveness of a closed ammonia post-combustion emission
reduction system in substantially lowering CO, HC, and NOx emissions from diesel and
petrol cars under actual test conditions. It presents an easy and possibly inexpensive way of
reducing vehicle emissions after operation.

11
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However, future studies should focus on identifying proper catalysts, assessing the
stability of operations, determining ammonia slip levels, and studying the scalability to
heavy-duty trucks. Improvements in ammonia post-combustion technology can greatly
improve air quality in cities and reduce auto emissions.
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