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1.0 Introduction:
[bookmark: _GoBack]The main risk to the environment from a vehicles emissions aspect, is the pollutants such as hydrocarbons, oxides of the nitrogen group and carbon monoxide, known as greenhouse gases. This report will investigate how vehicle manufactures are reducing the emissions output of their vehicles, and the legislation that governs these decisions. To understand why, and how these issues are being dealt with, the key social and manufacture requirements for emission control systems on vehicles will be analysed. 
Today’s largest conscious effort to reduce vehicle emissions is being carried out and governed by the G-20 summit. Where European standards are setting the pathway for the automotive industry in terms of control requirements.   (Theicct.org, 2018, p. 1). 
Different methods are being utilised by manufactures to reduce the emissions outputs of their vehicles to meet the target set by the governing body. These methods will be explained and analysed to give an in depth understanding on how they reduce specific exhaust gas emissions, and how they are being adapted to meet the stricter standards set for the latest Euro requirements. The self-monitoring systems adopted by the manufacturers can be looked at for existing technologies, but also in anticipation for future Euro standards to help drastically reduce the pollutants being produced and offset the carbon footprint of the manufactures themselves. 
To meet the requirements for a modern day allowable vehicles emission, tests have to be carried out to ensure the output is within the tolerances. This is achieved through the primarily use of laboratory testing of the engine using a chassis dynamometer, this test comes with inherent downsides which will be discussed later on in this report, offering alternatives and improvements. (Theicct.org, 2018, p. 4).
The goals are to discuss the current ongoing efforts of manufactures to reduce the emissions of their engines to meet Euro standards, what technologies they are utilising to do so, and suggest a method for further increasing the efficiency of which, that can help pre-empt the future stricture standards to help protect the environment.  



2.0 Back Ground literature: 
One of the leading bodies in the search for lower emissions globally is the ICCT quoted as quoted below:
‘’The G-20 countries account for 90 percent of the Global vehicles sales, and 17 out of the 20 members have chosen to follow European regulations pathway for vehicle emissions control. The European pathway consists of six stages of increasingly stringent emission control requirements, starting with Euro 1/ in 1992, and progressing through to Euro 6/ in 2005’’. (Theicct.org, 2018, p. 1 & 2).
The Euro 6 standards is the main standards this report will follow, this is due to it being the latest standards. Leading to a decrease of 96% of some pollutants compared to the 1992 requirements. These most up to date standards have become more stringent from September 2017, making them relevant to the analysis in this report regarding to the legislation the manufactures must comply with. (Anon, 2018, p 1)
The Euro 6 Emissions standards figures are quoted by (Anon, 2018, p 1), are as followed:

Euro 6 emission limits (petrol):
· CO – 1.0 g/km
· HC – 0.10 g/km
· NOx – 0.06 g/km
· PM – 0.005 g/km (direct injection only)
· PM – 6.0x10 ^11/km (direct injection only)
Euro 6 emission limits (diesel):
· CO – 0.50 g/km
· HC+ NOx – 0.17 g/km
NOx – 0.08 g/km
· PM – 0.005 g/km
· PM – 6.0x10 ^11/km
Key:
· CO = Carbon Monoxide
· NOx = Oxides of Nitrogen
· HC = Hydrocarbons
· PM = Particulate matter
2.1 Dyno emissions testing:
The following literature by (dieselnet.com, 2018) gives valuable information on the testing of vehicle emissions: 
‘’Chassis dynamometer test cycles (urban, rural road and motorway) developed under the Artemis project, based on statistical analysis of European real world driving conditions’’.
‘’A combined chassis dynamometer test used for emission testing and certification in Europe. It is composed of four ECE Urban Driving Cycles, simulating city driving, and one Extra Urban Driving Cycle (EUDC), simulating highway driving conditions. The cold-start version of the test, introduced in 2000, is referred to as the New European Driving Cycle (NEDC)’’.



























3.0 Industries technologies and efforts: 
A vehicle that has been put into manufacture needs to comply with the latest legislations on Emissions. Euro 6 standards govern todays Emissions Regulations. This means that the cars components need to be monitored for functionality with regards to Emission reduction systems to ensure they help reduce the oxides of nitrogen, Hydrocarbons and Carbon Monoxide being emitted, amongst other gases. 
3.1 Catalytic Converter system:
One such Emission reduction system used by manufactures on all diesel and petrol models, is that of an exhaust after treatment system called a catalytic component. This component contains a ceramic honey combe material, with an aluminium wash coat, that the exhaust gases must pass through. These catalyst materials include Rhodium, Palladium, and Platinum and combat the HC and CO in the exhaust. Three-way cats are used by the manufactures to comply with the Euro 6, to convert Nitro oxides, Hydrocarbons and Carbon monoxide into carbon Dioxide and Water. (Suggs et al., 2014)
The system requires two sensors to monitor the catalytic converters efficiency to comply with Euro 6 standards. A pre-catalytic converter lambda was first implemented in the 1970s, used to control fuel trim on the vehicle. This is achieved through the monitoring of oxygen in the exhaust flow, from this the ECU can read the signal. The ECU then can lean or enrichen the mixture depending on the oxygen content, thus sending a self-generated voltage signal. If the oxygen content is seen to be high for the tolerances stored in the ECU, it will enrichen the mixture, and likewise if the oxygen is too low. The secondary Lambda sensor uses the first lambda sensor as a reference, and then looks at the oxygen content. There will be a stored tolerance for the voltage expected to be seen when the catalytic converter is operating efficiently. If the voltage is seen to be out of tolerance for a set period of time the ECU will register a fault code. 



3.2 EVAP System:
An EVAP system is utilised by the industry uses to reduce emissions of venting hydrocarbons to the atmosphere as Reddy, S (2012, p 1) quotes:
‘A vehicle's EVAP emission control system is designed to meet the emission limits or standards enforced by the state, country or international area where the vehicle is intended to operate. Also, vehicle EVAP emissions are measured using the test procedure prescribed by the local environmental agency. Therefore, there are several EVAP emission standards and test procedures in use throughout the world’. 
The EVAP System prevents fuel vapour being vented to atmosphere by catching the vapour in a charcoal canister. This occurs when the pressure increases to a set increment within the fuel tank. The fuel tank and cap retain a vacuum. Once the canister has absorbed the fuel vapours, it stores it until the engine reaches operating temperature, and opens the purge valve to introduce the vapour into the vehicles engine.
For the EVAP system to contribute towards the Euro 6 standards, the system is required to be self-monitoring. This is achieved using a pressure sensor each side of the valve, so the ECU can monitor its functionality. Also, the system carries out a self-check for any leaks in the system using a pressure or vacuum test. If the ECU detects no flow when the valve is operated, it detects a leak and initiates a fault code and MIL light. 
For an accurate self-test to occur as stated by (Nyvip.org, 2018, p 1):
‘The fuel tank must be ¼ to ¾ full, because a near empty or full tank can affect the self-diagnostic tests accuracy. The temperature must also be between 95 degrees and 30 degrees’.
This article provides grounding for the information included above on the efforts needed to comply with Euro 6. 












3.3 EGR System:
The EGR valve is utilised by car manufacturers to help reduce the amount of NOx gases formed when a vehicle is undergoing a combustion process. Information found in a recognised journal article that looks into the operation of EGR on a vehicles engine states: 
‘EGR is one of the most viable and effective techniques that can achieve low engine-out NOx emissions and control engine combustion process.’ (Mao et al., 2015,p 1).
Nox gases form during the combustion process due to the bonding of free N2 and O2 atoms. Manufactures use the catalytic converter for the control of the NOx gases below 1370 degrees Celsius, meaning the EGR is implemented to decrease the NOx gases over this temperature, and was selected as the most viable option over enrichment of the mixture or lower compression methods. 
The operation of the EGR valve and its functionality inherently allows the manufactures to control the amount of NOx their vehicle is emitting. This is achieved through the dilution of the charge within the combustion chamber, using the introduction of exhaust gases. The introduction of these gases also helps decrease the temperature in the combustion chamber when the valve is open and helps reburn the gases. This in turns allows for slower burn of charge, decreasing the temperature in the chamber and pressure. The EGR valve on modern vehicles is operated and monitored by the ECU to conform to the Emissions regulations of Euro 6. The ECU controls the opening and closing of the EGR valve, by determining the operation of 3 control solenoids. These solenoids control the surface area of the valve, creating a more accurate control of the exhaust gas flow. Therefor decreasing the amount of NOx created and being emitted by the vehicle. To comply with the emissions standards the system has to be self-checking and self-diagnosing. This is carried out by the systems two sensors, the linear potentiometer for monitoring if the valve is operating properly, known as (EVP). The back-pressure senor (PFE), protects the inlet side of the system from back pressure that could be damaging. (egrsensors.com.au, 2018).  
For the latest Euro standards leading into Euro 7, the system would also have to know that the EGR valve is allowing gases to flow through the system. To comply with these regulations, a pressure sensor each side of the valve could help the ECU determine whether the system is functioning how it should be, by monitoring if the pressure has changed when the valve opens. Just like the existing sensors on the system, if these are out of tolerance the ECU flags a pre-set fault code and illuminated the MIL light to let the drive know there is an emission related issue. 





3.4 SAIR System:
A secondary air injection system injects air into the exhaust manifold as seen during testing. Older models used to use a mounted crank pully, whereas more modern systems use an air pump to provide the air pressure. This system is used by manufactures because fuel needs pressurised air to burn, so the injection of pressurised air into the exhaust gas stream helps reduce the HC emissions by burning off up more than 80% of any unburnt fuel entering the exhaust. All systems contain a valve system to protect the air pump from exhaust back pressure. 
The system needs to reach maximum efficiency as quickly as possible for warm up cycle. This is so the system can reach maximum efficiency as quickly as possible, due to the cold start up cycles emitting the most HC emissions. The catalytic converter is mostly operational above 300 degrees Celsius. This means the HC emissions need to be lowered during this phase by another system, this where the SAIR system is utilised by car manufactures to combat these emissions. The SAIR system provides enough oxygen to burn off the excess fuel from the richer mixture during the cold start, thus helping to reduce the over all HC and CO emissions. 
During a warm engine cycle, the system runs on a closed loop system, where the ECU controls the Solenoids under different loadings and fuel cycles. 
The mixture can affect the amount of unburnt HC in the exhaust gases, as stated by (Brownson and Stebar, 1965.p 2-3) below: 
‘’The composition of the exhaust gas-air mixture in the exhaust system is affected by the engine air-fuel ratio and injection air flow rate. The engine air-fuel ratio affects the amount and type of combustibles present in the exhaust mixture, whereas the injection air flow rate generally determines the amount of oxygen available for reaction’’. 
Other factors such as system design on a vehicle can affect the overall outcome of the SAIR as discussed by (Brownson and Stebar, 1965.p 4)
‘‘The effectiveness of air injection in reducing hydrocarbon and CO emissions is influenced by the type of oxidation process, which is, in turn, influenced by the design of the system. In general, hydrocarbon and CO emissions, as well as injection air flow requirements, are lowest with luminous oxidation in the exhaust manifold’’.
When the system is engaged a noticeable decrease in HC emissions and CO can be identified from the tail pipe. There can also be a noted increase in voltage draw from the pump activation. 


3.5 PCV (Positive Crank Ventilation) system:
A PCV and SAI system are both designed to reduce both CO and HC emissions. Due to the inherent non-full proof sealing of the piston rings in a vehicles engine, some blow by of unburnt fuel seeps into the crank casing. On older vehicles these vapours would be vented straight to atmosphere. Due to the Stricter Euro standards this can no longer take places, therefore manufactures use a PCV System that control the air flow through the crank casing in all driving conditions. The PCV valves directs these vapours to the intake manifold to be burnt off by the combustion process. (Haynes.com, 2018)
The valve variably opens for different drive cycles. For idle conditions the valve opens slightly to allow some vapour flow to pass. The PCV in an efficient working condition is essential for 30% of the air needed in idle condition. The operation is described (Autorepairhelp, 2018, p 1) as followed:
‘’The intake manifold vacuum is very high. This causes the pintle inside the PCV valve to retract fully against spring tension. The positioning of the pintle provides a small vacuum passage and allows for a low blow by flow to the combustion chamber’’.
During cruise conditions the valve opens in the centre of its travel allowing moderate flow. When there is a heavy load or acceleration the valve opens fully allowing maximum flow, this is due to the most blow by occurring at this cycle stage because of the increase enrichment of the mixture. (Autorepairhelp, 2018, p 1)
The valve on the PCV system also protects the crank casing from damage from an engine back fire, as discussed by (Autorepairhelp, 2018, p 1):
‘’When the engine is off or it backfires, spring tension closes the valve completely preventing the release of blowby into the intake manifold. The valve closes during a backfire to prevent the flame from traveling into the crankcase where it could ignite the enclosed fuel vapours’’. 
Faults on the PCV system can have a detrimental affect on the drivability of the car. The operation of the PCV is in conjunction with the fuelling control of a vehicle, sending feedback to the cars air to fuel ratio balance. A blocked PCV valve can cause the cars fuel consumption to increase, due to the build up of vapours in the engine, meaning the vapours that are contained within the crank casing can enter back into the combustion chamber, adding increased fuel vapour to the pre-measured charge. Another symptom of a faulty PCV system would be an increase in the vehicles consumption of oil. This would be contributed to a blocked breather hose increasing the vacuum within the crank casing, drawing more oil past the piston rings. 
If there is oil present in the intake system, this can be contributed to the PCV system and gives a point of reference for diagnostics. The system can be tested by manually checking the components for blockages, and also visually inspecting the hoses for any damage. One such test for diagnosing an inefficient system, would be to check the CO content of the vehicles emissions. If they are higher than prescribed, then this can be attributed to the increase in fuel vapours being metered into the induction system via the faulty PCV system. 
A basic RPM drop test can be used as a quick check to confirm the PCV is operating efficiently, as demonstrated by the words of (Autorepairhelp, 2018, p 1):

‘’Start the engine and allow it to reach operating temperature. Allow the engine to stabilize at idle. Pinch or block the hose between the PCV valve and vacuum source. Typically, engine RPM should drop around 50 RPM if engine rpm does not change, check the PCV valve and system hoses for blockage. Replace components as necessary and then retest the system’’.
A fault on the PCV system can cause the car to do the following; stalling, surging and idle roughly. If these are present the system should be diagnosed using he previous techniques and repaired. The system is crucial in lowing the emissions of a vehicle and driving with the system not in operation can have detrimental effects not only of the drivability of the vehicle, but socially due to the increase in pollutants emitted. (Autorepairhelp.com, 2018, p 1)




3.6 Air/ Fuel Ratio control systems:
The fuel to air ratio on a vehicle is governed by multiple sensors. When the vehicle is in the cold start up phase, the ECU uses an open loop system to determine how much air intake is present using a MAF and MAP sensor, and how much fuel is being measured. Once the vehicle has reached its operating temperature, the ECU uses the lambda sensor (O2 Sensor 1) to meter the fuel. This is achieved through the measuring of oxygen content in the exhaust gases. If the gases have a low oxygen content the ECU will see the mixture as running rich, if the Lambda sensor sees the oxygen content is high, the ECU will see that the mixture is lean.  This is a continuous process, using the signal from the Lambda sensor which is a self-generating sensor, meaning the voltage out put will vary depending on the oxygen present. Less oxygen means a higher voltage and higher oxygen content means lower voltage. The vehicles ideal stochiometric value is 14.7 parts air to 1 parts fuel. 
 The air to fuel mixture control plays a vital role in fighting emissions. A richer mixture means there is a higher output of CO emissions due to partially burnt fuel, but also an increase in unburnt HC, meaning a higher content of hydrocarbons in the exhaust gases. This is due to the limiting factor of stratification, and there not being a compete burn of the charge due to not enough oxygen and the inherent efficiency issues with a combustion engine. The carbon dioxide emissions are a result of completely burnt fuel atoms. A Leaner mixture produces more oxides of nitrogen a result of higher temperatures and pressure during the combustion process leading to the bonding of the nitrogen with the excess oxygen. This tends to follow a negative correlation with the HC emissions, and can only be tested under load.   















3.7 Euro 6 legislation impacts on a cars emissions system:
The system tested conformed to the later Euro 3 going into Euro 4. The system that was used by Vauxhall was that of the Motronic 1.5 ECU systems. The earlier model used a throttle position switch but was then succeeded by a throttle position sensor. This meant there was an increase in accuracy and more concise fuelling. Which in turn would help it to conform to the stricter Euro 6 standards. On this system the ECU controls both the injection and ignition, sharing the same sensors. This increases the accuracy of the timing, meaning a more efficient burn of the charge can occur, thus reducing the overall hydrocarbon and carbon dioxide emissions of the vehicle. The idle control valve also shares the same sensors, allowing the system to use a variable dwell time, which is independent to the engine speed and operation voltage of the operating system. This means during testing, there was now visible limiting peak to the waveform when the oscilloscope was connected. 
The Motronic system uses the following sensor to monitor ignition and injection; air flow sensor, water temperature sensor, throttle position sensor, crank shaft sensor and a CO sensor. Each of these sensors can monitor the variables needed for a concise fuelling. This means that the mixture can be changed to suit the conditions being seen by the ECU. If the ECU sees the mixture is too lean or too rich, it will alter the fuel trimming accordingly. This is implemented by car manufactures to reduce the overall emissions of NOx, HC and CO to name just a few. (Vauxhall 2.0 litre motronic, uwtsd.ac.uk/moodle, 2018, p 1-4). 
My suggestion would be to Incorporate a camshaft sensor to the Motronic 1.5 system. This would allow the timing to be closely monitored, enabling the manufactures to use a sequential injection. Sequential injection can react quicker than simultaneous injection. This means that it can react quicker to what the driver demands instantly, whereas the other systems would have to complete a whole engine cycle to change the fuel delivery.  A sequential system would reduce the amount of HC emissions seen due to the individual cylinders being injected with fuel precisely before the inlet opens, instead of the cylinders operating as a pair. This allows for greater fuelling control, allowing for a decrease in unburnt HC and CO. (Carsdirect, 2012, p 1). 
In conjunction with these changes a second Lambda would have to be fitted to the system to conform with the Euro 6 standards. This would allow the system to monitor the catalytic converter in the exhaust system, ensuring its operating effectively and reducing the emissions in the exhaust. 
The fuel consumption of a vehicle using sequential injection would be decreased, meaning the valuable depleting natural resource of fossil fuel will be used more efficiently, making manufacturers have a more social responsibility as well as conforming to the political side of the emissions control. Coupled with a sequential coil on plug ignition system, the vehicle could efficiently control the ignition of the charge, increasing the flame front. This would make for a more efficient burn, leaving less unburnt HC and part burnt mixture entering the exhaust system. 



4.0 Conclusion:

For any system to conform with the stricter Euro 6, the system must reduce the NOx output by 55%, and further reduce its overall emissions when compared to the Euro 5 legislation. So, it should be noted that for the vehicles manufacturers to conform to many strict emissions regulations before the vehicle can hit mass market, certain requirements in terms of emission reductions need to be implemented. The systems that have been found to be useful and are being implemented on recent cars are as followed; the 3-way developing into 4-way catalytic converters including NOx traps, DPF filters, Urea injection and the enhanced older systems. For the older systems the legislation requires all to be self-diagnosing and self-checking systems, this means that they must determine between efficient operations and inefficient and alert the driver that the vehicle is above the required emissions for the latest Euro 6. 
In conclusion, the emissions systems on a modern-day vehicle must meet a very stringent environmental and social requirement. This is to reduce the over-all harmful emissions, that their predecessor systems allowed to enter the atmosphere. I believe that the modern automotive systems are going to further this development with ever efficient engines, and increasingly combatant emission reduction systems. This is a duty the industry owes to society, to allow for a cleaner, healthier environment for future generations. Possibly without the independence on the internal combustion engine at all. In reflection of the pending Euro 7 regulations I believe the future for the automotive industry and the motorsport industry alike, is truly destined to delve into the future technology of electrically powered vehicles. Due to the abundant opportunities they present, and the dramatic reduction in emissions offset they offer. I believe with ever advancing technologies it will become a more viable option for manufactures. 
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