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Introduction
This report is going to be looking at Emissions, such as NOx, CO (Carbon Monoxide), CO2 (Carbon Dioxide, HC (Hydro Carbons), produced by engines and what counteractive measures are fitted to them to reduce these emissions, such as Catalytic Converters, Exhaust Gas recirculation, Evaporative Emissions, Secondary Air System and also Fuel to Air ratio monitoring. It will also look at and analyse waveforms produced by signals from the ECU to these systems to see when they are operated and how they are operated. All of these are fitted to try and reduce emissions produced by an engine to levels that are set by EURO legislation.
This report will also investigate EURO legislation and when it was formed, why and how this is affecting the motor vehicle industry in designing their engines and any emission equipment they must install to meet such legislation. As well as what has been improved on current systems now into EURO 7 as there is more push to for the engine control unit to be monitoring the systems that are in function today to make sure they are being activated and their efficiency. 

Background Research
The first time that the EU made a legislation against exhaust emissions was introduced was in 1970. However, the first EURO standard, called Euro 1 was introduce in 1992 with the aim of improving air quality. It applied to new cars both petrol and diesel given EU type approval from July 1992 and all new cars that were first registered from January 1993. The first Euro standard saw the change to unleaded petrol and the fitment of catalytic converters to engines as compulsory to reach the required CO, Hydrocarbon and NOx, as these were the only emissions that were measured in the first standard. 
These are the measurements that were required as stated by the RAC website:
Euro 1 emissions standards (petrol)
CO: 2.72g/km
HC + NOx: 0.97g/km
The legislation has further changed since then over the years, reducing the amount of emissions allowed, as to push the motor industry to further reduce emissions. As manufacturers would not improved their emissions to be more environmentally friendly if they were not pushed by the government. The government has had a need to reduce emissions due to climate change and environmental organizations such as Greenpeace who have been campaigning for the UK government to stop putting new diesel cars on the road (Greenpace Website, Air Pollution).
The current Euro standard, euro 6 was introduced on the 1st of September 2014. The focus of this legislation was on diesel vehicles and their NOx emissions as a direct result of studies connecting these emissions with respiratory problems. 
The measurements for emissions on euro 6 standard are as follows, stated by the RAC:
Euro 6 emissions standards (petrol)
CO: 1.0g/km
THC: 0.10g/km
NMHC: 0.068g/km
NOx: 0.06g/km
PM: 0.005g/km (direct injection only)
PN [#/km]: 6.0x10 ^11/km (direct injection only)
With the push on the motor industry to reduce emissions, this has seen average CO2 emissions of a new vehicle in 2016 drop to 120.1g/km vs 181g/km in 2000 (SNMT, Facts and Figures). 
Now in September 2017, there is a second stage of Euro 6 standard being released, with all newly approved cars having to be emission tested in a variety of on road conditions to prove that the reductions in emissions are being delivered outside of the lab where they are currently only being tested. 
Since 2000, the amount of Nox emissions being reduced by 84% due to emission technology such as EGR systems and three-way Catalytic Converters (SNMT, UK Car Emission Testing)
Methodology
Since the Euro legislation came out in 1992, car makers have had to start adding emission controlling technologies to their vehicles powertrains to meet the requirements. This first started with the addition of a catalytic converter. With the need to reduce Carbon Monoxide emissions pushed onto them by the government, the introduction of catalytic converters also meant that car makers had to move away from using leaded petrol with the anti-knock agent “Tetraethyl Lead” as the lead found in the exhaust fumes would disable the catalytic converters ability to create the chemical reaction by producing a coating over the precious metals found in it. 
The chemical equation for a catalytic converter is as following as stated by Chemistry LibreTexts:
 Reduction of nitrogen oxides into elemental nitrogen and oxygen: 
NOx → Nx + Ox
Oxidation of carbon monoxide to carbon dioxide: 
CO + O2 → CO2
Oxidation of hydrocarbons into carbon dioxide and water: 
CxH4x+ 2xO2 → xCO2 + 2xH2O
Then due to the catalytic converters being a mandatory requirement on an engine to meet legislation, more precise fuel control was required to keep the exhaust hot enough to maintain the ideal temperature for the catalytic converter. If an engine was running rich, the exhaust gasses would be making the temperatures much cooler than the optimum and emissions such as hydrocarbons and carbon monoxide would rise as the efficiency decreases, and if an engine was running lean, the NOx emissions would start to rise. The most efficient temperature for both emissions is at 14.7 air/fuel ratio also known as stoichiometric (See Figure 1), for this to be achieved the introduction of lambda sensors and fuel injection was implemented onto vehicles.  
The introduction of fuel injection and lambda sensors meant that catalytic converters were being held in their correct temperatures whilst driving, this also allowed for better fuel economy. This also further extended to a second lambda sensor being implemented into the exhaust, this second sensor was located after the cat with the primary role of measuring oxygen in the exhaust gasses to compare the efficiency of the converter. This is the first time that the vehicle would be monitoring the efficiency of its emissions technology. 
[image: ]Fig 1
Euro legislation also meant the industry had to start worrying about emissions being produced out of fuel vapours, this saw inventions such as Charcoal canisters and PCV valves. Usually before manufactures worried about these emissions they were just being vented to the atmosphere, however with researches into the air quality, this saw the introduction of evaporative emission control. Fuel vapours that were being vented to atmosphere, are now vented to a charcoal canister and the vapours from the crankcase containing combustion products are sent around into the inlet manifold to be burnt off.  
Further since the industry is continuing to spend more and more money on developing emission controlling technology, currently at the time of writing this paper we are on Euro 6 Legislation, however soon EURO 7 legislation is going to be released. This will see further reductions in emissions and possibly requiring the car to start monitoring the deployment of emission technology to see if the emission system is performing to its required standard. 





Results
1. Catalytic Converter
To evaluate the efficiency of a catalytic converter, a test would be undertaken on the vehicle very similar to an MOT emissions test. An emission probe would be inserted into the tailpipe of a vehicle and the vehicle would be kept at a fast idle (2500-3000 rpm) for 90 seconds and then at normal idle speed for a reading to be taken. This would be reading the amount of Carbon monoxide and Hydro Carbons in the exhaust. Expected readings should be 0.2% CO and Hydro Carbons at 200 or less Parts Per Million during fast idle tests and CO at 0.3% during Idle tests. 
On the vehicle, the engine control unit has a second lambda sensor to monitor the efficiency of the catalytic converter. This sensor is found after the cat and reads the oxygen content in the exhaust, it compares this with the oxygen content being read from the first lambda sensor. It cross references this and if the control unit sees very little or no change in the oxygen content then it will throw up an error code showing reduced efficiency of the catalytic converter. 
2. Evaporative Emissions
Before the introduction of any emission legislation, vapours and fumes from the fuel tank were vented to atmosphere. However, these vapours contain hydrocarbons which are not healthy for the environment, so evaporative emission systems were introduced. These systems work by venting the fuel vapours into a canister that is filled with charcoal granules. The fuel gets stuck to these granules and are kept in place until the purge valve is activated via the ECU. With the purge valve activated, vacuum from the inlet manifold draws fresh air through the charcoal cannister, dragging the fuel captured in the canister with it. This mixture then makes its way into the intake manifold and is burnt off by the engine. 
3. EGR
EGR (Exhaust Gas Recirculation) works by recirculating gasses from the exhaust back into the inlet manifold of the engine. This effectively cools the inside of the combustion chamber as these exhaust gasses are at a lower temperature than inside of the cylinder during its compression stroke. The need for EGR comes as NOx emission formation increases dramatically at temperatures over 1370 C and the catalytic converter simply cannot cope above these temperatures. With EGR active, about 6-10% of exhaust gases are added to the intake.  The burnt exhaust gasses that enter the combustion chamber do not take part in the combustion process, this causes a lower heat release, peak cylinder temperature and reduces the formation of NOx.  EGR also allows a modern engine to run greater ignition advance as the lower pressures and temperatures mean there are less chances of detonation. 
4. SAIR
Secondary Air Injection is used to pump fresh air and more importantly oxygen into the exhaust to help aid in the oxidation of Hydrocarbons and Carbon Monoxide. When the engine is cold and has just been started, the air is pumped into stainless steel nozzles on the exhaust manifold close to the exhaust valves, then once the engine is warm, a bypass solenoid changes the route of the air injection straight into the exhausts catalytic converter. 


Analysis

[image: ] Fig 2
Here is the waveform for PIN 21 on the Ford EEC IV engine management installed on a Zetec engine that was tested, this pin is responsible for the idle control valve. It deploys in a saw tooth pattern and it controls the amount the valve is opened by reducing the amount of voltage and increasing the current. As the engine warms up the voltage will increase, as the engine will not need to be running richer at a higher idle speed. The engine increases its idle speed at warm up to reduce warm up times and allow the catalytic converter to get up to operating temperature quicker, meaning there is less time at which the engine is producing more emissions. An idle control valve also allows for more precise control of idle speeds and is more rigid in its deployment. 
[image: ] Fig 3
This waveform is from probing pin 24 of the same Ford ECU system, this pin is responsible for Camshaft sensor. This is a vital sensor as it helps the ECU see where the engine is in its four-stroke cycle. The largest peak is the first cylinder coming up to TDC on its stroke. Employing a crankshaft and a camshaft sensor allows the ECU to run a more accurate sequential injection meaning a tighter fuel to air ratio can be achieved reducing any extra hydrocarbon emissions. 
[image: ] Fig 4
This is the waveform of the injection system on the Ford management, particularly injector number 3 and 4. This allows for more accurate fuelling over simultaneous as the correct amount of fuel is injected, determined from the Lambda sensor and TPS at the correct timing, determined by the camshaft sensor. This means that hydrocarbon emissions can be reduced due to the engine running at a correct air to fuel ratio, usually 14.7:1. 

[image: ] Fig 5
This is the waveform from pin 42 on a Vauxhall x20xev Ecotec Simtech engine, this pin is responsible for the EGR valve. This system uses a solenoid activated vacuum valve, this means that when the engine wants to activate the valve, it earths the solenoid which then opens a valve allowing vacuum from the engine to pull up the EGR valve allowing exhaust gasses to enter the engine. The problem with this system is that it doesn’t monitor the vacuum source, so whilst the ECU can send the signal to the solenoid. It doesn’t receive any feedback to say that this action has been completed. 
[image: ]
This is the waveform of pin 52 which is the idle valve of the Ecotec engine, this is the same system as found earlier in the report on the Ford engine, however this valve is a rotary valve activated using pulse width modulation rather than increasing current. 


Conclusion
[bookmark: _GoBack]To conclude, the Euro legislation has created a much-needed push on the motor industry to start controlling and reducing the amount of emissions created by engines. It has seen a great increase in spending to research and develop new emission technology in the hope of one day having a completely emission free powertrain that will cause no harm to the environment as that is the principle of these restrictions. 
The Euro legislation is going to soon move to Euro 7 limitations, which manufactures are already starting to predict and research innovative technologies which they are not yet installing to current cars, as this would increase the build and purchase costs for consumers. Another part of Euro 7 that the industry is starting to implement is having the car self-monitor it’s emission technology to ensure that all technologies are functional and to alert the owner when a problem arises.
I personally look forward to seeing how the Euro legislation shapes the industry in controlling their emissions as it is protecting the planet on which I must live on and future generations have to, so keeping it clean and healthy by reducing emissions is good news. 
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