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[bookmark: _Hlk498359026][bookmark: _Toc498686120]1. Technical Abstract

Climate change has rapidly become a very important issue which needs to be addressed quickly and effectively to prevent environmental issues and disasters. Transportation is a major greenhouse gas contributor to the global warming, contributing at nearly 26% (Dft.gov.uk, 2017). The hazardous emissions formed inside of a combustion chamber of internal combustion engines are an effect of burning energy sources such as fuel and diesel, together with particle matter discharge they have been a real piece of the air’s contamination sources, especially in urban zones. Emissions from the aftermath of burning fuel have been the reason for extreme severe medical problems and illnesses in human beings. Poor air quality affects the respiratory system causing illnesses such as asthma or bronchitis. 
The problem which this report will be trying to solve is reducing the Nitrogen Oxide (NOx) emissions. NOx is formed by two gasses, NO (Nitric Oxide) and NO2 (Nitrogen Dioxide). NOx pollutant harms the respiratory system in humans causing dangerous inflammations, it is beneficial to investigate this problem and engineer a solution to decrease such harmful air pollutant.
An attempt to solve the problem of formed NOx gasses within a combustion of a vehicle will be introducing H2O into the induction system to lower the combustion temperature. Without decreasing engine performance injection of water in controlled amount into the combustion chamber has shown effective improvements of reducing emissions such as; CO, PM and NOx. To obtain accurate results a petrol engine will be tested, two testing methods will be used, firstly analytical calculations will be used to predict the results. Secondly, a control measured live simulation will be used to successfully resolve the issue of NOx. To make the live testing more accurate the simulation will be carried out according to the newest drive cycle WLTP.
If the test is successful according to literature review of other academics the reduction of NOx by using water injection should be around 15%. If this improvement is made this could be an important step to reducing NOx emissions and would contribute to slowing down the effects of global warming as well as improving air quality. 
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[bookmark: _Toc498686122]2. Non-Technical Abstract

Car emissions have been a big contributor to the problems of global warming resulting in contaminating of the air which we breathe in, this has been a major problem within cities. Emissions which are created by motor vehicle engines are formed because of burning energy sources, the two most commonly known are fuel and diesel. Because of burning the fuels emissions have been a big reason for extreme medical problems and illnesses in humans. On a global scale 38,000 people die early because of vehicle emissions every year.
This investigation will try and solve the issue of a very harmful pollutant, nitrogen oxide. This harmful gas has a big negative effect on the breathing system and causes serious conditions such as asthma. It is very valuable to the improve air quality resulting in better health and to protect the environment from global warming consequences. 
To aid with a solution of reducing nitrogen oxide a water injection system will be used. This system has been tested before by other academics and has showed good benefits in achieving good results in lowering harmful emissions and improving engine power. To get accurate results a petrol car will be tested, two different methods will be used, first one will be to use mathematical calculations to predict the outcome. Secondly, a live testing experiment will be carried out to hopefully prove the effectiveness of water injection, the testing will be carried out in a workshop and will be done according to the newest drive cycle which new cars must go through and pass before they can be sold to customers. 
If the results from this investigation are as predicted this method will be successful at lowering the levels of the harmful gas and will contribute to improving the quality of air and to stopping global warming problems from expanding.  
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Oxides of nitrogen (NOx) emissions have been one of the main concerns in the development of internal combustion engines over the last couple of decades (Dft.gov.uk, 2017). 
This paper analyses the studies about NOx emission reduction in a petrol Volkswagen Lupo, using a water injection system or otherwise known as anti-detonant injection (ADI). Automotive manufacturers have spent many years researching various ways to improve NOx emissions and have started experimenting with water injection (Axelsson, 2009), the results were predicted, and showed an improvement in reducing this harmful substance. NOx emissions are formed when the fuel is being burned at very high temperatures. More specifically the gas formation increases dramatically when combustion temperatures exceed over 1370°c. Conveying, that higher the combustion temperature the larger the formation of NOx (The Formation of NOx, 2017). Figure 2 of the appendices proves this. Water injection is very effective at lowering the combustion temperatures which decreases the formation of NOx. Tsao and Wang as well as other professionals when carrying out this experiment observed a 30% decrease in NOx emissions (Tsao and Wang, 1984). Water injection system is not only used in the automotive industry, it is also used in aerospace and gas turbines and it also has positive benefits of reducing NOx. 
The reasoning behind choosing the topic of reducing NOx exhaust emissions by using water injection is due to the more stringent emission regulations which leaves manufacturers facing tougher decisions to overcome these problems. The industry was first introduced with emissions regulations in 1992 called Euro 1. New emission regulations are introduced roughly every four to five years, with the most current and most stringent being Euro 6. Figure 1 of the appendices highlights the Euro 6 emission limits. Euro 6 and its main objective was to impose further restrictions on the NOx emissions of the four stoke cycle engine, in comparison to Euro 5, Euro 6 reduces NOx emissions by a significant amount for diesel vehicles. Figure 1.1 of the appendices shows the trend of how NOx emissions standards have become more stringent over time, the image does not show Euro 6 limits, and the limit for NOx in Euro 6 standard is 0.06 g/km.
Successfully reducing NOx emission from vehicles would show great benefits of improving the society’s quality of life and health problems. When there is a reaction between NOx particles they form smog and acid rain as well as negatively contributing to forming the central ozone layer. At high levels NOx gas has a vast impact on the respiratory system and effects the breathing capabilities of humans. During a long exposure to NOx can have negative effects such as; decreasing lung function, increase the risk of respiratory conditions and increases allergy response (Icopal-noxite.co.uk, 2017). Considering the recent car manufacture scandal on emissions it was estimated that 1,200 people in Europe will die early, results show that each person will lose about a decade of their life because of emissions formed between 2008-2015 (Office, 2017).  





The NOx limits remained the same for petrol engines between Euro 5 and 6, however they still pose a very big threat. Results from a test carried out by Channel 4 in April 2017 showed that NOx emissions caused 11,000 deaths in 2016, those results are from diesel and petrol engines combined (Energy Matters, 2017). From those frightening statistics, it is clear that the problem of NOx emissions in the automotive industry needs to very carefully looked at and a solution to the problem needs to be presented as soon as possible. This report will help with a solution to this problem. Below are the objectives of the project; 
[bookmark: _Toc498686127]6.1 The First Aim of This Investigation: 
· How effective is the application water injection during the combustion process in reducing combustion temperatures resulting in lowered levels NOx in a petrol vehicle? 

This aim consists of proving how beneficial water injection is on a petrol vehicle to lower combustion temperatures which will lower the formation of NOx. 

[bookmark: _Toc498686128]6.2 The Second Aim of This Investigation: 
· Using analytical calculations as well as control measured live testing simulation within a workshop to validate the overall findings.  

This aim will be met by a physical collection of data using a live testing which will consist of using a dynamometer to replicate driving on a road, this will allow for more accuracy of vehicle emission collection, as well as using a water injection system to lower combustion temperatures resulting in decreased formation of NOx. NOx levels will be analysed by using a professionally calibrated five-gas analyser from Bosch and will be done by replicating a WLTP drive cycle to make the investigation more appropriate. Also, to aid meeting this aim theoretical and analytical knowledge consisting of predicting the results by using theoretical knowledge and mathematical equations methods to predict the outcome.
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As mentioned under section five of this report the main focus will be investigating the possible solution to reducing NOx emissions, however there are numerous different harmful emissions formed during a four-stroke cycle engine. Exhaust emissions are gases which cannot be reused and therefore can also be referred to as waste products which are created as a by-product of combustion. The main emissions from a petrol vehicle are; carbon monoxide (CO), Hydro Carbon (HC), Oxides of Nitrogen (NOx) and particulate matter (PM) which is only formed in vehicles with direct injection (Soruşbay, 2017). 
Currently the automotive industry is being governed by Euro 6 emission standards, the limits can be seen in figure 1 of the appendices, these standards were set in September 2014 and took effect on all new cars made from September 2015. European emission standards are set to improve the air quality which as a result will improve human health by decreasing the levels of human poising. Euro 6 standards reduce some pollutants by 96% comparing to Euro 1 standards set in 1992 (AA, 2017). Euro 6’s standards main objectives was to impose further restrictions on the harmful NOx emissions, this restriction was especially for diesel engines. This however doesn’t mean NOx from petrol engines isn’t harmful, it still is. This can be clearly seen in figure 3 of the appendices, petrol engine cause only slightly less amounts of NOx in comparison to diesel engines. 
To help with the credibility and effectiveness of this investigation the vehicle will be tested according to the new WLTP drive cycle, this has come into effect September 2017 at which the automotive manufactures must obtain approval by however it will become mandatory by September 2018. This test includes an on-road testing scenario (RDE) as well however for resource limitation reason only a laboratory testing will be carried out. The new WLTP testing is longer lasting 30 minutes, includes faster speeds and more dynamic driving methods compared to the NEDC,  therefore these new testing procedures can replicate modern driving simulation by enhancing the accuracy and realism (SMMT, 2017). 
The WLTP drive cycle has been designed to include four different speeds; low, medium, high and extra high. Figure 4 of the appendices shows the WLTP drive cycle procedures compared to the old NEDC cycle. The test uses three vehicle testing categories, this is determined by the power to weight ratio of the vehicle tested, for this test the category used will be class 2, as the power to mass ratio is between 22 to 34 (Transportpolicy.net, 2017). Figure 5 shows the benefits of the new WLTP drive cycle. The reason why the automotive industry was faced with a change in drive cycles is because the NEDC has become very outdated, it first came into effect in 1970 and only in 1992 it was extended beyond urban traffic testing. This test cycle cannot simulate and accurately show exactly what happens under real driving conditions. For example, many CO2 reduction technologies often perform much better on the dynamometer than on the road, such as the start/stop system. The industry is continuously advancing their technologies meaning the drive cycles must also be updated, this will also mean the new drive cycle will be globally valid and therefore results can be compared on a worldwide scale (Mercedes-Benz.com, 2017). 
Another cause for the introduction of the new drive cycle was the recent emission scandal of the biggest car manufacture in the world. Who installed a defeat device software into thousands of their cars, these detected how the car was being tested and then adjusted its performance accordingly to improve results. These vehicles showed different performances on the dynamometer and on the road. Because of these illegal changes, the engines produced up to 40 times more than the legal limit of NOx emissions therefore a change was necessary (House of Commons, Transport Committee, 2017).
Through carrying out a literature review around the hazardous pollutants created from a four-strike cycle Nitrogen Oxide (NOx) has become a major problem over the last decade (Cybulski, 2005). The reason why NOx has become a prominent problem is because of its effects on human health. For effect of NOx on human health please refer to line nine of the third paragraph of section 5. Automotive manufactures are using methods to provide the power of a large engine to engineer a smaller and more efficient engine with lower emissions but in reality, they cause more NOx, and contribute greatly to the problem of forming this harmful pollutant. Some of the technologies used are downsizing and increasing engine compression ratios. However, these technologies do not have a good effect on NOx emissions, although downsizing engines usually means installing a turbocharger which according to Timothy V Johnson in his SAE paper states that turbochargers are a high value solution for a lower amount of NOx (Johnson, 2015), there are other aspects of the engine will unlike the turbocharger increase the levels of formed NOx. 
On the other hand, the era of downsizing engines will come to a halt soon as recent tests show that as the engine sizes go down the level of emissions formed increases. According to Diess from Volkswagen, the downsized engines will perform much worse during the new RDE and WLTP drive cycle testing due to the engine downsizing. According to the test carried out by Reuters last autumn the petrol engine will not be able to pass the new drive cycles due the realistic driving style. The new downsized engines are typically three cylinder engines with a turbocharger conveying they will reach very high temperatures when tested as they work twice as hard to produce similar power to a normal engine. According to their test results downsized engines exceeded NOx limits by up to 15 times at worst, also significantly loosing fuel efficiency as the test progressed as well as forming large amounts of CO2 (Reuters, 2017). The results from test like the one mentioned above show that downsizing engines is not a great idea like it was predicted to be, and therefore manufactures are stopping this process as it is not supplying the desired emission and performance results. Similarly, to downsizing, high compression ratio engines result in an increased amount of NOx, when the compression ratio was increased from 14psi to 18psi, NOx emissions increased by a significant 36% (EL Kassaby and Nemit Allah, 2013) showing that higher compression ratio engines contribute to the problem of forming NOx and this needs to be stopped. 
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The proposed methodology which will be used in this investigation will be firstly carrying out mathematical calculations to determine the necessary results to make the live simulation safe and accurate. Secondly, a live simulation will be carried out within a workshop environment to investigate if and how effective is introducing H2O within a combustion chamber to decrease the formation of NOx. Below is some discussion on the methods and validation processes used in this investigation. 
Mathematical calculations are a major part of this investigation. Using analytical methods allows for an accurate prediction of the any results but is also very important to make the tests accurate (Chihara and Hesterberg, 2011). Undertaking this method also provides answers on how to carry out the live testing safely and accurately. For example, it is vital to know precisely how much water this engine can take before any unwanted situations occur such as misfire or hydro-lock which could potentially cause unchangeable damages to the vehicle. Some of the calculations which will be carried out for this project are; engine and gearbox efficiencies, mass of fuel usage per second, maximum water flow at different testing speeds and powers, aerodynamic and rolling resistance forces, engine work done calculations, engine revolution at four different testing speeds and calculations which will allow for an accurate gear selection for the test as the WLTP drive cycle does not specify this. These calculations will mean the test will be done in a controlled manner and will make the simulation more realistic. To allow for a clear analysis of the results they will be formatted into an excel spreadsheet, this will also allow for creation of graphs and charts to aid for better validation of the results. Microsoft Excel is one of the best software’s for storing and presenting data in a clear fashion, it allows for data formatting without effect other results (Lenotti, 2017).
Furthermore, a live testing simulation approach will be carried out to test the vehicle over different loads and speeds according to the new WLTP drive cycle, at the same time water will be applied to determine what effect it has on the overall performance of the vehicle but more importantly on reducing NOx. The government has set the WLTP drive cycle in four stages, low speed, medium speed, high speed and extra high speed, 51.4kph, 74.7kph, 85.2kph and 123.1kph respectively. Each speed has different time periods they are; 9.81 minutes, 7.21 minutes, 7.58 minutes and 5.38 minutes respectively (SMMT, 2017). Carrying out the test using the WLTP procedure give the experiment a true meaning and makes the test much more realistic and easier to analyse and compare with other global results. From the analytical work, the amounts of water which will be applied for the above testing speeds are; 37.62ml, 76.48ml, 101.35ml and 248.41 respectively, total amount of distilled water required for the test will be 464.22ml. The water will be applied into the induction system using a trigger atomiser which sprays at the rate of 1.25ml per one full spray, using this system will replicate a water injector to simulate the realistic operation. The test will be carried out multiple times on different days to provide more accuracy and exclude anomalies from the data, this is a good practice which allows for much more trustworthy data (Andersson, 1999).
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From carrying out research around how effective is water injection on reducing NOx emissions it was clear that this approach will be effective on successfully meeting the set objectives. A student at University of Huddersfield, B.C Tefsa carried out a very similar investigation to the one in this project. They investigated the effect of water injection on performance and emissions characteristics seeing positive effects. The results of the mentioned test can be seen in figure 8 of the appendices. It proves that as the water is introduced, the levels on NOx decreases to small amounts of roughly 300ppm. Although, this test was carried out at slightly lower engine RPM’s the results are still accurate and show the effectiveness of water injection. 
Considering the above results one of the purposes of this investigation will be to determine if those sets of results are correct. This will also give the ability of comparing and analysing those results to the ones in this investigation. Their results will also be used to validate these results. This will be important as it will mean the data obtained is clean, correct and useful (McCulloch, 2017).
The main research approach in the project will be to use secondary data like above. Figure 13 of the appendices shows different types of secondary data. Using secondary data means fewer resources are required, it provides comparative data such as the data collected above and it is easily accessible therefore using it is time efficient (UWTSD Slides, 2017). Full evaluation of using secondary data will be carried out in the coming paper. 
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Therefore, considering the above statements and statistics the purpose of this investigation will be to investigate possible means of reducing NOx as it has become a serious problem, which needs solutions to improve the formation of this gas to improve air quality and living standards. The government is also looking at different means of reducing NOx therefore it would be very suitable to do the same. Figure 6 in the appendices shows the NOx emission within the UK in kilo-tonnes by different sources. This image conveys that road transport is the largest contributor to NOx emission in the UK, precisely it contributes to 49% of total emissions (Nitrogen Dioxide in the United Kingdom, 2004).
The vehicle which will be investigated for this test has been made in 2001 and therefore is in the European 3 emission standards bracket. The limits for Euro 3 can be found under figure 7 of the appendices. The most important changes which the Euro 3 emissions introduced were modifying the way the test was carried out, to eliminate the warm up phase and further reduced carbon monoxide. Euro 3 was the first standards to show the limits for HC and NOx separately, this was done to increase the precision of the measurements (AA, 2017). There is a couple of possible methods which would enhance this vehicle in terms of emissions to allow it to meet higher emissions standards, below is a list of some of them, these are methods used also by car manufacturers; 
· [bookmark: _Toc498686133]10.1 EGR Enhancement 
The EGR system replaces some of the intake air which contains roughly 88% of nitrogen with recycled exhaust gases (AA, 2017). The main advantage of recirculating the exhaust gases is the reduction of combustion temperature as the recirculated gases are not used in the combustion process, they are purely there to reduce peak combustion temperatures (De Araújo Porto, 2006). Higher combustion temperatures show an increase in NOx formation therefore reducing combustion temperatures would effectively control and lower NOx emissions. The EGR valve also increases the intake pressure in the manifold. Higher intake pressure leads to lower charge cycles and therefore doesn’t consume as much fuel (GmbH, 2007). Figure 9 in the appendices shows how effective EGR operation is on reducing NOx, it shows that the bigger the EGR valve opening the lower the formation of NOx, there is a clear correlation. The tested system has an EGR device fitted however the EGR on the system is not as effective as it is only a downstream EGR. This system is limited as it only operates by using information from the throttle position, this means the valve opening is not very precise. To enhance this system a better electric EGR valve should be installed, an EGR valve which uses information from throttle position, exhaust gas temperatures, MAF sensor and engine RPM thus making the whole system much precise and credible (Egrsensors.com.au, 2017).
· [bookmark: _Toc498686134]10.2 Pulsed Air Systems (SAI) Enhancement
The air injection pump provides the exhaust system with air by injecting it into each of the exhaust ports usually on cold starts, this help the catalytic converter to oxidise hydrocarbons (HC) and carbon monoxide (CO) into water (H2O) and carbon dioxide (CO2), the reason for oxidising emissions is to make them less harmful (GmBH, 2007). Figure 10 of the appendices shows the effect of the above system on reducing NOx emissions. 

· [bookmark: _Toc498686135]10.3 Hybrid Assists (IMA) Enhancement
The main purpose of a hybrid assist vehicle is to assist the engine during acceleration therefore offsetting the need for a large gasoline engine which would be less fuel efficient. The vehicle can also use the hybrid assist over the petrol engine is scenarios such as parking, idling, slow movements and when the engine is stopped the hybrid assist helps to get the vehicle moving, hence sometimes there is vehicles with engines starting when the car is already moving, the initial movement has been done by the hybrid assist. The batteries for the hybrid assists are charged up during deceleration, at this stage the motor becomes a generator and stores energy for later use (Owners.honda.com, 2017). This is a very advanced and sophisticated system however it has big benefits, it improves efficiency, better fuel economy and lower emissions. Figure 11 of the appendices shows the advantages of hybrid assist in reducing CO2 emissions, it shows the clear advantage of hybrid assist car over standard petrol vehicles.  
· [bookmark: _Toc498686136]10.4 Selective Catalytic Reduction Enhancement
Since September 2015 all new cars are fitted with either of the two systems which are responsible for neutralising NOx emissions; selective catalyst reduction (SCR), this system uses urea-based additive called AdBlue which converts NOx into harmless nitrogen and water, or a Lean NOx trap which absorbs in NOx and reduces the harmful gas to nitrogen (Smmt.co.uk, 2017). Figure 12 of the appendices shows the operating principles of a catalyst. 
· [bookmark: _Toc498686137]10.5 Water Injection System Enhancement
The technology which will be investigated in this project will be the water injection system. This will be tested under a drive cycle and its primary objective will be to reduce NOx. From the literature review water injection systems have the positive effect of decreasing formed levels of NOx, as the water which will be injected into the cylinder during the combustion process has a negative effort on the combustion, resulting in reducing the combustion temperature and as NOx is dependent on temperature therefore the lower the combustion temperature the lower the amounts of NOx formed (SAE, 2014). 
Furthermore, water injection does not only benefit the reduction of NOx, it also helps to lower the fuel economy by up to 8% as tested by BMW on the 1 series. Running the engine with water injection means a temperature decrease of about 25°c, cooling also helps to reduce strain on components such as pistons, valves and even cleans the catalytic converter, which potentially results in exceeded the longevity of the components. Due to the lower temperatures manufactures can run the engines with lower compression ratios therefore allowing the ignition timing to be adjusted allowing in increase in boost, vehicles with water injection are able to produce up to 10% more power and torque than standard cars (Newatlas.com, 2017). This shows the other great benefits of water injection alongside the reduction on NOx, however NOx reduction will be the focus of this project. 





[bookmark: _Toc476996724][bookmark: _Toc498686138]11. Conclusion

To conclude this seminar, report the two objectives which are mentioned in the introduction will be guidelines for the further work for this investigation. From the literature review carried out for this paper it is clear that the automotive industry is overcoming the global emission limits set by the governments but vehicle emissions still pose a big threat to the global warming problem. The potential risk in the future if nothing is done to reduce global warming now the surface temperature will increase. An increase in temperature will have far-reaching effects on the planet, it will affect rainfall patterns, amplify coastal erosions, melt icebergs which will lead to further natural disasters such as tsunamis or earthquakes (Earthobservatory.nasa.gov, 2017). 
The automotive industry contributes to the global warming problem by at least 26%. In this report, systems and components were mentioned which are used to reduce the emission levels from cars as well as possible improvement to the existing Euro 3 system. In short term improvements, the government will undertake actions to reduce the global warming factor. According to the verification agency the governments have already started coming away from improving fuel efficiencies of produced vehicles and have started to ensure more people are aware of the much cleaner alternative such as hybrids and electric cars (Dft.gov.uk, 2017). 
The substantial advances in vehicle emissions control technologies are still being made and will continue to be made until the satisfactory limits are be met, this is due to the ever-increasing government legislation on vehicle emissions. It is the standards which are achieved by the vehicles in use which will have the greatest impact on the environmental pollution (Quality of Urban Air Review Group, 2016).
From the extensive research, it is safe to believe that the implementation of water injection a petrol vehicle will successfully meet the set objective of reducing NOx emissions. This is a bold statement however it can be backed up by academics such as B. Tesfa who carried out a very similar investigation to this one and saw positive results. The results of water injection reducing NOx can be seen in figure 8. It is predicted that this investigation will produce similar results to Mr Tesfa’s. 
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· Figure 1: https://www.theaa.com/driving-advice/fuels-environment/euro-emissions-standards
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· Figure 1.1: http://www.hybridcars.com/wp-content/uploads/2014/02/NOx-levels.jpg
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· Figure 2: http://www.alentecinc.com/papers/NOx/The%20formation%20of%20NOx_files/The%20formation%20of%20NOx_files/image001.gif
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· Figure 3: https://www.theengineer.co.uk/fact-check-are-diesel-cars-really-more-polluting-than-petrol-cars/
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· Figure 4: http://www.vauxhall.co.uk/discover-vauxhall/technology/wltp.html
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· Figure 5: http://wltpfacts.eu/wltp-benefits/
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· Figure 6: https://uk-air.defra.gov.uk/assets/documents/reports/aqeg/nd-summary.pdf
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· Figure 7: https://www.theaa.com/driving-advice/fuels-environment/euro-emissions-standards
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· Figure 8: http://www.sciencedirect.com/science/article/pii/S0960148111003727#fig12
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Figure 9: http://article.sciencepublishinggroup.com/journal/164/1641091/image030.gif
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Figure 10: http://ars.els-cdn.com/content/image/1-s2.0-S0016236108004808-gr7.jpg
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· Figure 11: http://www.calcars.org/images/epri-emissions-sm.gif
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· Figure 12: https://saemobilus-sae-org.ezproxy.uwtsd.ac.uk/htmlimage/1000368433/2016-01-0972_fig0002.jpg
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· Figure 13: Project Lesson 5 slides, UWTSD. Saunders et al. (2006)
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