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Introduction
The purpose of this assignment is to investigate and analyse different vehicles emission control systems and widely the affect that emissions are having on legislation and the environment. Some papers have expressed that by 2035 internal combustion engines (ICE) will no longer be sold and that it will be illegal for motor vehicle manufacturers to produce vehicles with an ICE engine that runs on fossil fuels with the inclusion of hybrid vehicles also. “If it's got an engine that runs on fossil fuels, it's out”. As Expressed by Chris Tsui, (February 4th, 2020).

Research 
An internal combustion engine (ICE) is a thermal efficiency engine in which combustion of a fuel occurs with an oxidiser (usually air) inside a combustion chamber. Internal combustion engines are divided into two groups, continuous combustion engines and intermittent combustion engines. The continuous combustion engine is characterised by a steady flow of fuel and oxidiser into the engine. The intermittent combustion engine is characterised by periodic ignition of air and fuel and is commonly referred to as the reciprocating engine. Discreet volumes of air and fuel are processed in a cyclic manner. Petrol and diesel engines are an example of this group. 
The emission control systems of internal combustion engines have changed over time for the benefit of the user and environment in the hopes of a greener cycle which is less polluting to the consumer, environment and highly populated areas. It is also contributing to factors which are of great concern such as global warming and vegetation. For motor vehicles the most critical forms are pollution are Air pollution, noise and soil and water contamination. 
The earliest concerns for Motor Vehicle exhaust emissions were raised in 1915. Concerns about motor vehicles as a source of air pollution was expressed periodically, Air pollution and cars were first linked in the early 1950s by a California researcher who determined that pollutants from traffic was to blame for the smoggy skies. At the time the cars were emitting 13 grams per mile hydrocarbons (HC), 3.6 grams per mile nitrous oxide (NOx) and 87 grams per mile carbon monoxide (CO). Since then, the U.S. Environmental Protection Agency (EPA) has set standards to bring down levels of these pollutants, and the auto industry has responded by developing new emission control technologies. 
“National concern was first evidenced in the 1960s when California established the first new car emission standards. The scientific basis of this effort is the pioneering atmospheric chemistry research of A.J. Haägen-Smit, who showed that photochemical reactions among hydrocarbons (HC) and nitrogen oxides (NO x) produce the many secondary pollutants that reduce visibility and cause eye and nose irritation in the Los Angeles area”. As stated by Watson AY, (1988)
The main pollutants emitted from a motor vehicle are Carbon dioxide (CO2), Carbon monoxide (CO), Oxides of nitrogen (NOx), Hydrocarbons and Sulphur dioxide (SO2).
Carbon dioxide is the end product of a burnt carbon fuel such as (wood, coal, biomass, oil and petroleum derivatives, etc,). Can be recovered by plants during photosynthesis. Carbon dioxide has known effects of increased concentrations and the greenhouse effect. 
Carbon monoxide is known as a silent killer because its colourless, odourless and highly toxic. It is produced as a result of excessively rich combustions e.g. steel works. It can easily dissipate via a reaction with other atmospheric elements. 
Oxides of nitrogen or more commonly referred as NOx is a result of high combustion temperatures within an internal combustion engine. NOx has a direct and indirect effects on human health. It can cause a number of systems such as breathing problems, headaches, chronically reduced lung function, eye irritation, loss of appetite, corroded teeth and it can also damage the environment. 
A hydrocarbon is an organic chemical compound exclusively of hydrogen and carbon atoms. Hydrocarbon occur naturally and form the basis of crude oil, natural gas, coal and other energy sources. Typically, from an internal combustion engine Unburnt hydrocarbons (UHCs) are the hydrocarbons produced after combustion has taken place. In internal combustion engines some of the air/fuel mixture hides from the flame in crevices e.g. by the piston ring grooves. They come in a variety of compositions from alkanes, alkenes and aromatics of these types’ benzene is the most critical as its highly toxic and carcinogenic. Catalytic converters are crucial in the reduction of benzene emissions. 
Sulphur dioxide (SO2) is a gas which 99% is often produced from human resources such as industrial activity that processes materials that contain sulphur, e.g. the generation of electricity from coal, oil or gas that contains sulphur. Sulphur dioxide is a major factor in acid rain and in automotive applications it is present in diesel emissions. In recent years low sulphur diesel has been produces to tackle the problem, how ether it has poor lubrication and the injector system sometimes suffer as a result. 
There is some other form of pollutants which vehicles produce such as Halogenated & metallic compounds, essentially hydrochloric, hydrobromic and hydrofluoric acids as a result of ant-knock additives in fuel. The hydrolysis of the volatile salts in the atmosphere which creates the acids and tend to be absorbed by atmospheric dust. One of the biggest pollutants used to be Lead as an anti-knock additive, but because it is highly toxic and has been linked to some health issues and it is now banned. Precious metals from the catalytic converter such as platinum and palladium can also be a pollutant due to failing or deteriorating catalytic converters. Other metals which can be a pollutant is cadmium and zinc found in lubricant additives. 
Also note that the production of pretty much every vehicle and components has an environmental impact and is polluting in some way or another. 




Methodology
The methods used to complete this assignment required research around the relevant topics such as emissions, emission control systems and the current legislation for motor vehicles and vehicle manufacturers to produce the current emission targets set. To complete this assignment, it also included some practical testing on different engines with different emission control systems depending if it was Euro 3-4 or 5. 










Analysis

Catalytic Converter
A catalytic converter is an emission control device used to reduce harmful exhaust gases and is considered one of the most important components of a motor vehicle. A catalytic converter uses a catalyst substance to clean up the harmful gases. The construction of the catalytic converter includes a honeycomb shape made out of ceramic and is comprised of around 62 square opens per cm squared. The ceramic is coated with a porous aluminium wash coat to make it rough so that catalytic materials can adhere to it such as rhodium, palladium and platinum. 
[image: ]The catalytic converter is positioned between the manifold and silencer. More modern vehicles position the catalytic converter as close to the engine as possible as it needs the highest possible exhaust temperature to operate efficiently and it also improves the improves the time in which it can operate resulting in less emissions produced from the vehicle. 
As a vehicle technician there are many ways to test the efficiency of a catalytic converter. Some of the most simplistic ways of checking the correct efficiency of a catalytic converter is a visual and aural inspection of the catalytic converter. It can be visually inspected from the outside for any damages or any leaks which may be visible and the exhaust system before it reaches the catalytic converter as if there’s a leak it could impede the operation of the catalytic converter. The exhaust could also be disconnected to its nearest connection to the catalytic converter so that the honeycomb could be inspected for signs of degradation or contamination. The catalytic converter could also be aurally inspected by using a rubber mallet and striking the catalytic converter and listening to see if you can hear any rattles which would imply the catalytic converter has degraded. 
The other approach of testing a catalytic converter as a vehicle technician is by using some of the special tools and test procedures e.g. A vacuum test, back pressure test. These tests will help to confirm the operation and efficiency of a catalytic converter, but before these tests usually the vehicle will experience symptoms such as the engine stalling, the engine loses power, a smell of rotten eggs or a possible rattling noise from the vehicle. In any case an engine management light will be triggered alongside a diagnostic trouble code.
A modern system monitors the function of a catalytic converter with two lambda sensors as opposed to one. A lambda sensor placed before the catalytic converter and one placed after the catalytic converter. The PCM compares the signals from the upstream and downstream oxygen sensors to determine the state of the converter. These “tests” are called readiness monitors. The catalyst efficiency monitor verifies that the catalytic converter is operating at a high enough efficiency rating to keep exhaust emissions within the predetermined values. As stated by Scott Weaver, (2018). 





EVAP
The purpose of an EVAP system (Evaporative Emission Control System) is to trap and hold gasoline vapours such as volatile organic compounds also known as VOCs. Before 1970s gasoline fumes were simply vented into the atmosphere. EVAP emissions from motor vehicles consist of volatile organic compounds (VOCS) or hydrocarbons released from the fuel system, rubber and other plastic components such as tyres, plastic interior and exterior trim etc. Evaporative emission controls were the first type of emission control systems to be added to motor vehicles and is often the least expensive approach to controlling VOC and HC emissions for motor vehicles. 
EVAP components consist of a filler cap with a special design with a valve built in to avoid a vacuum lock in a fuel system. It also protects the vehicles tank from overexpansion in hot days or contraction in the cold days. Another method of extracting the vapours is to have an expansion reservoir tank to allow the fuel tank to expand and the vapours to be collected. Some overflow tanks have a special shape and are fitted with a limiting valve in case of overfill. When filling up a vehicle stop when the pump clicks to avoid soaking the vehicles charcoal canister. 
[image: ]A vapour canister is located in the engine compartments or under the vehicle next to the fuel tank and is filled with charcoal granules, known on the vehicle as the charcoal canister or an active charcoal canister. The active charcoal canister is connected to the tank bleeder via the pressure compensation line and is used to capture and store VOCs under the influence of heat. The timed valve is located in the connecting pipe between the intake pipe and activated charcoal canister. As soon as the lambda control is active, the timed valve is actuated and the line between the suction pipe and activated charcoal canister is released. As a result of the vacuum in the suction pipe, ambient air is sucked in through an opening in the activated charcoal canister. The air that is sucked in flows through the activated charcoal and guides the captured fuel to the engine for mixture formation. Since the system affects the composition of the mixture, it only becomes active once the lambda control is operating. Note that the system is a sealed system and 

The importance of having an Evaporating Emission Control System (EVAP) is to contain volatile organic compounds and ensure that they are not vented into the atmosphere. If the fuel system is open to the environment it can pollute 24 hours per day without being turned on. These uncontrollable evaporative emissions account for as much as 20% of the pollution produced by the vehicle. 






EGR
EGR stands for exhaust gas recirculation and its and emission control device used to reduce the amount of NOx during combustion. NOx formation dramatically increases for combustion temperatures over 1370 degrees Celsius or 248 degrees Fahrenheit. NOx that’s formed before 1370 degrees Celsius can be controlled by the catalytic converter. There are different ways of controlling the formation of NOx during combustion and some of these are by enriching the air/fuel mixture which lowers peak combustion temperature, but also increases HC and CO which results in lower fuel economy. Lowering the compression ratio will decrease NOx, but low compression will decrease efficiency leading to rising HC and CO. Dilute the mixture by introducing exhaust gas into the intake which will displace some of the air, absorb temperature and does not contribute to the combustion.
[image: ]By introducing exhaust gases into the intake, NOx emissions are cut without a major performance and fuel economy impact. An EGR system adds about 6 to 10% of exhaust gases into the intake. It mixes and takes place in some of the mixture. Exhaust gas is also inert and plays no part in the combustion process. Introduction of this EGR system is that it lowers combustion temperatures and lower combustion temperatures help contribute to less NOx being created in the combustion chamber. Usually the exhaust gas is routed through a pipe to a valve or solenoid which controls how much exhaust gas is to be delivered. The tube/pipe is usually made quite long to allow the exhaust gases cool down to help with cooling down combustion temps. From the EGR valve it will be fed to openings in the intake. 
EGR is not used when the vehicle has just been started and is at idle and cold. If EGR is on during idle or cold it will stumble and likely stall. If EGR is on during hard acceleration, low power (from reduced air/fuel volume) is the result. At part load, lean mixtures for economy create high combustion chamber temperatures and without EGR, these conditions not only create NOx, they also foster pre-ignition and pinking. 
The EGR system is controlled by the ECU and uses one or more solenoids to control vacuum, on for shutting it off at idle and If another two are used one does the on/off the other vents the valve to reduce EGR by allowing atmospheric air in. Later versions use an EGR position sensor, a linear potentiometer on top of the valve and an exhaust back pressure sensor. Digital valves are not vacuum operated, and it used 3 solenoids to control different size orifices allowing for seven different flow rates which helps to give higher accuracy and helps prevent carbon deposits. 







SAI
SAI stands for secondary air injection and it is a pump that provides air to the system to help with catalytic converters oxidise HC and CO into H20 and CO2. Also known as smog or thermactor pump used to be mounted of the crank pulley. Newer models use and electronic pump. Systems also comprises of components such as air manifolds and nozzles, Exhaust check valves, Connecting hoses, Air controlling solenoids on most recent systems. 
The ECU controls the air solenoids when the engine is cold, air is supplied to the exhaust manifold to help oxidise the harmful gases such as HC and CO. When the engine is warm and running in closed loop the ECU controls the solenoids so that air is sent to the catalytic converter directly. Any increase in vacuum over normal idle level, as in rapid deceleration, the ECU diverts the air to the air filter to avoid backfire. 
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Belt driven are now less common and Electric motor driven pumps are now the norm and Are ECU controlled and inject air to the manifolds in cold engine conditions. They Also used to warm up Catalytic Converters quicker on start up. They also have a built-in one-way valve to avoid backfire.




PCV
[image: ]PCV stands for Positive Crank Case Ventilation and is designed to help reduce CO and HC emissions. Due to the non-full proof sealing of piston rings, some blow by of unburned fuel past the rings and onto the crankcase will occur. These vapours need to be vented, but not directly into the atmosphere. Like the EGR system previously mentioned it has been designed similarly to recirculate the gases into the induction system. But unlike the exhaust gases the PCV gases will be burnt in the cylinders. A PCV system operates using the following components, valve, a calibrated orifice or separator, an air filter and connecting hoses. 
A PCV system in good working order is essentially for good idling since in some cases 30% of idle air comes from the PCV system. To check that the system is fully operational you could test the vacuum generated at the valve cover. Place a small card of bank note over the oil cap and it should be held in place by the small vacuum. Use a vacuum tube to measure vacuum at the dipstick.
To diagnose a faulty PCV system first you need to recognise the signs of a failing PCV system such as oil leaks, moisture and sludge build up, engine surges and possible black smoke, increase in internal engine pressure, failure of seals and gaskets. Other symptoms of a failing PCV valve could be because of a stuck PCV valve which will result in the following symptoms such as engine misfires at idle, lean air-fuel mixture, presence of engine oil in a PCV valve or hose, increased oil consumption, hard engine start and rough engine idle. 
By recognising any of the following symptoms above and investigating the symptom further e.g. hard starting. Which is a result of a stuck PCV valve, and which can be rectified by replacing the PCV valve. Should also inspect PCV system components for slime. On some engines, there will be a mesh filter underneath the valve. Some car manufacturers recommend replacing the filter every 30,000 miles or so. Most PCV valves contain a spring-loaded device. Once you remove the valve, shake it with your hand. You'll hear a rattle. If you don't, it is time to replace the valve. Even if the valve rattles, if your engine is experiencing one or more of the bad PCV valve symptoms described above, it's a good idea to replace the valve. In addition, a PCV valve stuck open can trigger the "check engine" light due to increased air flow. And a diagnostic computer may erroneously blame this light on a mass air flow sensor or oxygen sensor instead, making it harder for you to detect the real source of the problem. As stated by Dan Ferrell, (2019). 











Air/Fuel ratio
The effects that air/fuel ratio are having on passenger vehicles and motorcycles are of growing concern. Many vehicle manufacturers are looking to deploy higher compression and more efficient engines that have greater fuel economy and emit less carbon dioxide (CO2). To date, however the use of high compression has been instructed by the low gasoline octane rating. This increases the possibility of engine knock, where the gasoline self-ignites and explodes, reducing vehicle efficiency and performance. In order to rectify this vehicle manufacture companies have called on the US Environmental Protection Agency (EPA) to adopt regulations to increase levels of gasoline octane. While EPA officials have previously expressed support for regulation, it is not clear if an action will be taken by the Trump Administration. In the absence of federal action, states may wish to adopt their own regulations. As stated by Webb, (2017). 
Fuel quality has a direct link to the emissions from vehicles. During the discussion in a task force meeting, it was agreed that if National Capital Territory (NCT) of Delhi can move to BS–VI compliant fuels without any change in current vehicle technology, it would be beneficial to improving the air quality of Delhi. The BS–VI fuel offers significant advantages compared to BS–IV fuel being used today including reduced sulfur (80% reduction) content and reduced polycyclic aromatic hydrocarbon (PAH) (27% reduction) content (Confederation of Indian Industry (CII) and NITI Aayog, 2018


Euro 6
The Euro emissions standards have been in place since 1993 and, since September 2015, it has been mandatory for every newly registered vehicle to meet the Euro 6 vehicle emission standard. Designed to tackle the issue of air pollution, the Euro vehicle emission standards have become slowly more stringent, pushing manufacturers to produce ever more efficient and environmentally friendly cars. They cap the levels of harmful exhaust emissions that a car produces on the road, and these limits are meticulously scrutinized before a new car is released onto the market. The Euro 6 emission standard also sets a legal requirement for a car manufacturer to average CO2 emissions below 130g/km across its entire range – this will be reduced to 98g/km in 2020. But, what’s most obvious about the Euro 6 standard is the focus on restricting diesel NOx emissions. It seems likely that owners of older diesel cars will continue to be targeted by increasingly rigorous penalties. As stated by Simon Ostler (2018). 



Conclusions 
From this assignment I can conclude that the future of the automobile industry and referring to a statement made in my introduction “If it's got an engine that runs on fossil fuels, it's out”. I can conclude that internal combustion engines or ICE will be made into hybrids in the future for the benefit of the environment and a greener more stable future. I can also conclude that from my gathered research and investigation that emissions regulations will only get stricter as the years go by and diesel may be completely exempt/banned as a production vehicle. 
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