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1
Vehicle pollution is such a prominent problem in the world today and is such a key factor to manufactures in both road and racing vehicles. There are three main types of pollution these include air, noise and soil /water contamination, there are many different legislations across the world in an attempt to reduce the amount of pollution around the world (Heisler, 1989). Legislation on a vehicles pollution has changed dramatically throughout the years with it becoming stricter and stricter on each update for example throughout the Euro standards with each gas has been reduced in the amount manufactures are allowed to pollute (Reif, 2014). Although Euro standards are becoming incredibly strict this is not the same as other legislations throughout the world (Enviroment Canada, 2013) with the US being not as strict but can depend on different states to what is then enforced, with the rising market of vehicles in China legislations need evaluating with the air pollution there creating serious problems within major cities with only Beijing being at an equivalent standard of Euro IV (Automotive World , 2008). Throughout this assignment multiple different features will be looked at that are common on road vehicles these include catalytic convertors, EVAP systems, EGR, SAIR, OCV and air fuel ratio adjustments, each of these systems will be looked at how they work why they were brought into production and what the future holds for each. 

2 
Euro standards were brought in in 1992 with the aim of improving air quality throughout Europe, with the main gasses of Nitrogen Oxide, Carbon Monoxide, Hydrocarbons and Particulate matter needing reduction. This was done by giving a set of regulations that every new car had to meet before it could be sold with there being different standards for petrol and diesel vehicles (Reif, 2014) . Whilst there were certain regulations amongst different countries before 1992, Euro 1 was the first to be across all of Europe as pollution was seen as a bigger problem. In Euro 1 Catalytic Convertors became compulsory as the exhaust gasses seemed to be one of the biggest pollutants, Euro 1 also effective standardised fuel injection on new vehicles because it was seen as the easiest way to meet Euro 1. During Euro 1 the only gasses that were tested were the number of Hydrocarbons and Nitrogen Oxide whilst Particulate matter was tested in diesel engines, this meant that During Euro 1 petrol vehicles could pollute 2.72g/Km of CO and 0.97g/km of HC=NOX whilst diesel vehicles were able to pollute 0.14g/km of PM (RAC, 2017). Euro 2 was released on 1st January 1996 with no significant changes being brought in with just a reduction of all gasses being brought in and making it stricter (RAC, 2017).  Euro 3 was realised on January 2001 with the change of Hydrocarbons and Nitrogen Oxide being split into separate categories meaning that they would be tested with each having a separate value that needed meeting whilst the regulations were becoming stricter the warm up phase was then removed from the test meaning they were achievable figures because a vehicle will pollute more during warmup (RAC, 2017). Euro 4 was released on 1st January 2005 with no significant changes being brought in with just a reduction of all gasses being brought in and making it stricter. Euro 5 was released on 1st January 2011 and came with the introduction of Particulate filters being standard on all diesel vehicles which are claimed to capture 99% of all particulate matter, whilst all other pollutants were cut again (RAC, 2017). Euro 6 is the current standard that vehicles now have to meet and was brought in on the 1st September 2015, with one of the main focuses being on the amount of NOX gasses that were being produced in diesel vehicles, whilst again all other gasses were reduced further (RAC, 2017). 
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Figure 1 shows a table of the difference between Euro 1 and Euro 6 emission standards for petrol vehicles, it shows just how much the pollutants have been lowered from 1992 to 2014 with manufactures now only being able to pollute 37% the amount of Carbon dioxide they were able to in 1992. Whilst figure 2 shows the emissions of diesel vehicles with Particulate matter being the biggest cut with now only being able to pollute 3%of the amount in 1992.  The impact on the environment is still Unknown with there being an estimated 163 million vehicles in Europe in 1990 compared to 254 million in 2015 (Statista, 2015) this shows that if the standards were never brought in the damage to the environment would be far greater.
3
Evaporative or EVAP systems were brought in to help trap and hold gasoline vapours that are created throughout a vehicle, before 1970 there was a serious problem because the gasoline fumes were being vented straight into the atmosphere which was creating pollution as gasoline fumes contain up to 150 different harmful chemicals such as Benzene, Toluene and Lead (George, 2012). EVAP systems are made up of various different components all designed with trapping the gasses in mind, filler caps are designed with a pressure vacuum valve to ensure that the system is locked to prevent any gasses escaping whilst also protecting the tanks from changing to its environment as both expansion and contraction can occur (George, 2012).  An alternative method to using this is to add an expansion reservoir this will work by allowing the fuel to expand whilst still collecting the vapours that have been created. A charcoal canister is a vital component of an Evap system, this is because the gasses will be stored into this canister where the gasses will be dealt with, active charcoal is very good at absorbing the storing the gases until they can safely be put back into the cycle.  The system works by evaporative gasses in the fuel tank being transferred through a hose to the charcoal canister being stored until they can be safely put back into the combustion cycle and burned with the air fuel charge as shown in figure 1  (George, 2012). A valve is used to draw the vapours back into the engine, whilst fresh air is also drawn through the vents and will be combined with the vapours to allow for a better combustion. Although early systems were mechanical all modern systems will use the engines ECU to control when the valves are turned on and off. 
Figure 3
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3.1
There are 3 different systems that will be looked at a Motronic, Ford and Eco-tech and are to the standards of Euro 2,3 and 5. The Motronic system will work without motion and will pulse the charcoal canister from ignition whereas the Ford and Eco- tech will require motion in the vehicle before the charcoal canisters start to pulse, this will mean that the Ford and Eco-Tech system will require a signal from the vehicle speed sensor. All three of the systems will work in the same way for motoring of Evap to ensure that they are functional, this will be done on all three of the systems by checking the ground on the solenoid to ensure that it is activated, whist this then ensures that the system has been engaged. Each of the systems does not have sensors to ensure that the gasses have been put back into combustion this is why on EURO 6 this is a requirement and it ensures that the Evap systems are not only working that they are efficient. This will mean that for any of the systems to become EURO 6 standard they will need to place flow sensors after the valve and another in the intake and this will show the efficiency of the EVAP system with a minimum flow requirement, this will show content of exhaust gasses and will allow a signal to be sent to the ECU that will then activate a warning light if the exhaust gasses are not being put back into ignition. 

4
A catalytic convertor is used in an exhaust system to control the exhaust gasses that are created during combustion, catalytic convertors are made up of intake funnel, outflow funnel and a monolith (Reif, 2014). The monolith is the key component in the catalytic convertor and will deal with gasses by having lots of very fine panels that contain active catalytic coating being made up of platinum, Rhodium and Palladium to cause a reaction with the gasses including carbon monoxide and then creating carbon dioxide which is less harmful.   The arrangement of these panels will allow for it to have increased surface area and are set out into a honeycomb shape meaning the gasses are absorbed more efficiently because it then allows for more catalytic’s to be active. (Reif, 2014).

SAI is also used in catalytic convertors and will work by pumping air into the exhaust system to help convert HC and CO into H2O and CO2. The systems solenoids will be controlled by the ECU, during the engine warm up it will pump cold air into the exhaust manifold to help counteract the inefficiency of the CAT during warm up by changing the makeup of the gasses going into the CAT. Once the warm up phase is over the air will then be directly put into the CAT and to help with the chemical reaction inside of the CAT. 

4.1
In all three systems that were tested a single Lambda was used to measure the exhaust gasses, this will allow a signal to be sent to the ECU of what is being polluted meaning that if the Catalytic convertor is not functioning at all it will allow a warning light to be activated but there is no way of knowing how effective the catalytic convertor is (Erjavec, 2010), it has no way telling the difference between the gasses that enter the Cat and those that leave. In newer systems two lambda sensors are used, this will have one before the Cat and one after meaning that the gasses coming into the Cat are measured as well as the ones being released into the atmosphere, this will allow the ECU to know the efficiency of the Cat meaning if it is not working as it should be a warning light can be turned on to alert the user of the malfunction (Reif, 2014).

The warm up phase of a CAT is vital to the performance, this is because when the CAT is warming it is considerably less effective. Whilst at 2600C the CAT is seen to be around 50% effective meaning that until it reaches operating temperature of between 4800C and 8700C the CAT will be allowing excessive harmful gasses to be released into the environment (Vogel, 2012). This warm up phases is required because the chemical reaction between the platinum, Rhodium and Palladium will require heat to react with the CO, HC and NOX (Reif, 2014). Speeding up this process is something manufactures are looking to do in a number of different ways in 1995 Alpina introduced their E KAT which used heating coil to warm up the CAT quicker which was later adopted by BMW this did in fact show some reduction in emissions during the warm up phase (Stone, 1999). 

5
EGR is a system that lowers the amount of NOx that is being produced by a vehicle during combustion, it will work by putting exhaust gasses back into the intake and is used in both petrol and diesel engines. In a typical engine between 5% and 15% of exhaust gasses can be put back into the intake (Reif, 2014). An EGR valve will be located in the exhaust manifold and will control the amount of gasses that are then put back into the opening of the intake (Hiller, 2006). There are two different types of EGR valves these include positive pressure valve, which will work by having a smaller valve inside the main valve that will ensure that the main valve is closed by bleeding off any pressure (Hiller, 2006).Negative back pressure valves will work by being opened by the engine vacuum and then the exhaust system will give negative pulses which will close the valve at the same time that the exhaust valve closes (Hiller, 2006). 

5.1
Having EGR on can give multiple different benefits to performance such as reduced throttle losses because the throttle plate will be open meaning that there will be an increased inlet manifold pressure meaning throttling gases will be reduced (Alger 2010). When EGR is on less thermal energy will be lost during combustion, this is because it will lower peak combustion temperature meaning not as much heat will be lost in the combustion chamber walls meaning more energy is used in the mechanical stroke. 

EGR is turned off under certain conditions such as when the engine is under high loads, this is because it would reduce the peak power output by changing the density of the intake gasses. The other situation that EGR will be turned off at zero load this is because EGR will affect engine idle and will cause it to run rough because it will give unstable combustion due to the change in density of the intake mixture (Hiller, 2006).

6 
PCV is positive crankcase ventilation and it will run the unburnt gasses from the crankcase back into the intake allowing them to be burnt. PCV is used in vehicles to reduce the amount of carbon dioxide and hydrocarbons that the vehicle is creating (Ferrell, 2017) and is needed because the oil rings in a vehicle will not create a complete seal meaning unburnt gasses will escape into the crank case. A PCV valve will control the flow rate during all driving conditions and will be found in the intake manifold or the valve (Ferrell, 2017), when either idling or under cruising conditions it will restrict the air flow whilst stopping the inlet from sucking oil into the air fuel mixture which would create serious problems for the vehicle. The PCV will also allow pressures that are created during backfire are not sent into the crank casing which could cause serious damage to the crank casing (Ferrell, 2017). 

6.1
PCV can make up to 30% of the air that is used during idling so it is vital that PCV is working correctly. It can also create serious issues on the engine if the valve is stuck close due to failure such as increasing the internal engine pressure whilst also creating gaskets and seals to fail which will then cause oil leaks (Ferrell, 2017). It can be tested in various different ways such as a simple inspection of all rubber parts to see if there is any breaks or tears and will then replace any parts that are broke (Erjavec, 2010). The mesh that is beneath the valve is a very common problem that is reported so replacing this will be better for flow. If the valve is removed a simple shake of the valve can indicate if there is a rattle it will reveal if the spring is still in usable order, if there is no rattle it will indicate whether if it is either stuck open or stuck closed. 

7 
Industry has made various different changes to keep up to EURO 6 standard whilst also having to prepare for EURO 7 with what emissions are expected to be reduced. Twin lambda as previously stated has been brought into EURO 6 standards to ensure that the exhaust gasses are being monitored more accurately. 

Modern systems now use EOBD, EOBD is the latest version of OBD and was brought in to make sure that systems across Europe run off the same codes meaning that it is easier to diagnose what is going wrong, these codes are 5 characters and will for example P01xx will stand for fuel and air metering, this means diagnostics will become easier by a singular code being able to be read across all vehicles. This will means that all the systems will be monitored by the sensors sending signals to the EOBD that will detect if there is any systems failing which will alert the user of these problems whilst also engaging Limp home modes which will limit the capabilities of the vehicle in order to keep the vehicle usable for the user. 

The orientation of the panels inside the Cat is another thing that manufactures are looking at as finding the right balance between a quicker warm up phases and total efficiency. The orientation will play a part in the time it takes to warm up to peak temperature, this is because the Platinum and Palladium can be cut in different directions and will then change the chemical behaviour of the crystals in the metals (Vogel, 2012). The University of Vienna found that Palladium works more efficiently than Platinum at low temperatures (Vogel, 2012), which means that manufactures could look into using Palladium to help reduce lower emissions at lower temperatures. 

8
Emissions are a key factor when a manufacture is looking into developing vehicles because not only have they already got to meet the current regulations look ahead into future regulation changes. Vehicle development is over multiple years so the future standards need to be almost guessed because there is nothing official released in the build-up so developers may be wasting money in technology that will not meet EURO 7 standards whilst some manufactures will be over developing and far exceeding the next set of standards meaning the cost of over engineering will go onto the users.  The development in emission systems over the last twenty years has been impressive but well needed with the increase in vehicles on the road across the world, although emission standards are becoming stricter I believe a potential world standard would help to reduce the amount of damage done to the environment with the big polluters of USA and China still having more lenient standards than Europe. 
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