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1. Introduction
This report details the investigation into emission standards in Europe along with the control measures in place on modern vehicles in order to achieve the emission levels set out by the European Commission. The report firstly details the background of car emissions in the EU and illustrates the problem at hand. It also briefly discusses the share of emissions between the car industry, manufacturing, transport, agriculture and the energy industry. 
The methodology of the procedures carried out, safe working practices (SWP) and full equipment list are discussed along with any analysis of emission control measure testing carried out.
Analysis is carried out on the history of the Euro Emission standards since 1992 up to the latest installment (2014). A discussion is carried out on what each Euro standard implemented and the decrease in emission levels each installment. Control measures such as, Catalytic Converters; temperature; EVAP; EGR; SAIR; PCV; Air/fuel ratio and alternative fuels are discussed in detail. Their operation, the change in operation with regards to engine speed and load and the positive effects on emission outputs are discussed in great detail.
The development of vehicle testing procedures is analyzed along with the introduction of Ultra-low Emission Zone (ULEZ) and Clean Air Zones (CAZ) in major UK cities. Alternative fuels and electrification are brought to the discussion.
Finally, a survey was created in order to gain a better understanding of the general public on emissions and what control measures are currently being implemented on their vehicles.













2. Background
According to the United States Environmental Protection Agency (EPA) Emissions are defined as the gases and particles which are put into the air or emitted by various sources. (EPA, 2016) Greenhouse gases (GHG) and man-made greenhouse gases are the main cause of the Earth’s mean temperature increase over the last 250 years. The main sources of man-made GHG emissions are a by-product of fuel burning in cars, industry and homes. The main gases emitted from this industry are Carbon Dioxide, Methane and Nitrous Oxides (NO and NO2) which are collectively called NOx. Another major source of man-made GHGs is Agriculture, the main emission from agriculture comes from livestock-enteric fermentation which is the gases released during the digestion of food, the primary output is Methane. (Eurostat, 2019)
As seen in Figure 1, the largest output of GHG emissions in 2017 was Energy Industries (28.2%) followed closely by Fuel Combustion (25.8%) and the transport sector at (24.6%). Each of these categories output a larger share than the other 3 sources of GHG combined. Comparing these figures with figures in 1990, the share of most sources has decreases. However, the transport industry’s emissions have increased from 15.1% to 24.6%, a rise of 9.5%.  (Eurostat, 2019)
[image: Greenhouse Gas Emissions, 1990-2014][image: Share of greenhouse gas emissions by source, 2014]

Figure 1: Share of EU greenhouse gas emission by source, 2017 (Eurostat, 2019)
Figure 2: Greenhouse gas emissions between 1990 and 2017 (Eurostat, 2019)
One reason for this increase in share is due to the increase in road traffic. In the UK road traffic increased by 29% from 1990 to 2018. (Clarke and Ainslie, 2019) The increase in miles driven is due to a number of socioeconomic reasons beyond the scope of this paper. 
The EU have set a target to reduce GHG emissions by 20% by 2020 with a further 40% reduction target by 2030 compared with figures from 1990. Figure 2 displays a graph showing GHG emissions from 1990 to 2017. Overall the EU is meeting their 2020 target (Eurostat, 2019)


3. Methodology
This section details the methodology of the tasks undertaken as well as a list of equipment.
3.1 Workshop Safety and PPE
Testing can be a very dangerous activity if safety procedures aren’t followed correctly. Before any testing can be carried out on the systems need to be checked over to ensure that there are no exposed wires or any faults with the system.
PPE - Steel toe cap boots and overalls are required when entering any workshop on campus. Failure to do so will result in dismissal from the workshop. In addition to this everyone entering the workshops are required to complete a Workshop Induction on Moodle which outline all the general safety risk of the workshop as well as the fire safety routine.
The equipment used to carry out a full systems test included a digital multi-meter, Bosch dedicated digital diagnostic centre and any suitable hand tools.  Data books, wiring diagrams and manuals were also used.
The Bosch dedicated digital diagnostic centre was used to obtain scope patterns which are used to support findings. The Multimeter was used in a similar fashion to obtain voltage readouts.














4. Analysis
4.1 Euro Standards
The first EU wide standard for emission control was released in 1992 and was known as Euro 1. Since then 5 more standards have been released with each one superseding the last. The current Euro standard is Euro 6 introduced in 2014. The regulations define acceptable limits for exhaust emissions of new vehicles sold in the EU and EEA. (RAC, 2020)
The main exhaust gases it regulates are:
Nitrogen oxides (NOx) – NOx is formed when a fuel is burnt at a high temperature (above 1300 degrees Celsius). The Oxygen present in a combustion chamber oxidizes with the nitrogen being released by the fuel to create NOx. (Clean-carbonenergy, 2020) As the air/fuel ratio approaches 14.7:1 the high combustion chamber temperatures (2500 degrees Celsius) cause the nitrogen and carbon to compete for oxygen which inhibits the combustion process and forms NOx. (McCartney, K, 2010) NOx reacts with water vapour and the atmosphere to create troposphere ozone otherwise known as smog which is detrimental to organic life. (Clean Air Technology Center, 1999)
Carbon dioxide (CO2) – CO2 is a major contributing factor to climate change and a leading factor for the greenhouse effect which in turn increases the mean global temperature (Carbon Stock Study Editor, 2018)
Carbon monoxide (CO) – CO is produced when fuels containing Carbon are burnt in low oxygen environments. The main source of CO in the atmosphere comes from cars not fitted with a catalytic converter. If CO is inhaled in high concentrations it can be fatal (National Research Council, 2002)
Hydrocarbons (HC) – HC’s escape from the exhaust as unburnt fuel from the combustion process. (RAC, 2019)
Particulate matter (PM) – PM is mainly produced by Diesel Engines. The cards emit airborne particles in a black soot and metal. These are harmful to all organic life. (RAC, 2019)
4.2 Euro 1 to Euro 6
Euro 1 – Euro 1 (1992) introduced the compulsory fitment of Catalytic Converters to all new vehicles. Catalytic converters required the switch to unleaded fuel as the lead in the fuel would react and breakdown the precious metals inside the cat. Only CO and HC and PM were measured and regulated. (RAC, 2020)
Euro 2 – Euro 2 (1996) reduced the limits for CO, HC and NOx. A major change was also introducing separate limits for petrol and diesel cars. (European Commission, 1994)
Euro 3 – Euro 3 (2001) introduced a split in HC and NOx limits in both petrol and diesel cars which were measured together in Euro 2. The NOx limit in diesels was also amended as well as the removal of the warm-up phase from the test procedure. (European Commission, 1994)
Euro 4 – Euro 4 (2005) introduced a significant drop for PM and NOx in diesel engines. Some new diesel cars came fitted with a Diesel Particulate Filter (DPF) however, it was not mandatory at this time. (RAC, 2020)
Euro 5 – Euro 5 (2009) introduced the mandatory fitment of DPFs on all new diesel cars. As well as lowering the emission limits for all emissions in both petrol and diesel. (European Commission, 2007)
Euro 6 – Euro 6 (2014) is the latest European standard which reduced the maximum permitted amount of emissions once more with a focus on the reduction of NOx in diesel vehicles as the World Health Organization class Diesel PM as carcinogenic. (Bazian, 2012) Various control methods were implemented such as Exhaust Gas Recirculation and Selective Catalytic Reduction to reduce emissions. (Williams, and Minjares, 2016)

	

Stage
	

Date
	CO
	HC

	HC + NOx
	NOx

	PM

	PN


	
	
	(g/km)
	(#/km)

	Euro 1
	1992
	2.72
	-
	0.97
	-
	-
	-

	Euro 2
	1996
	2.2
	-
	0.5
	-
	-
	-

	Euro 3
	2000
	2.3
	0.20
	-
	0.15
	-
	-

	Euro 4
	2005
	1.0
	0.10
	-
	0.08
	-
	-

	Euro 5
	2009
	1.0
	0.10
	-
	0.06
	0.005
	-

	Euro 6
	2014
	1.0
	0.10
	-
	0.06
	0.005
	6.0×1011


Table 1: EU emission standards for passenger cars from Euro 1 to Euro 6. (Petrol) (DieselNet, 2019)







	

Stage
	

Date
	CO
	HC

	HC + NOx
	NOx

	PM

	PN


	
	
	(g/km)
	(#/km)

	Euro 1
	1992
	2.72
	-
	0.97
	-
	0.14
	-

	Euro 2
	1996
	1.0
	-
	0.7
	-
	0.08
	-

	Euro 3
	2000
	0.64
	-
	0.56
	0.50
	0.05
	-

	Euro 4
	2005
	0.50
	-
	0.30
	0.25
	0.025
	-

	Euro 5
	2009
	0.50
	-
	0.23
	0.18
	0.005
	6.0×1011

	Euro 6
	2014
	0.50
	-
	0.17
	0.08
	0.005
	6.0×1011


Table 2: EU emission standards for passenger cars from Euro 1 to Euro 6. (Diesel) (DieselNet, 2019)















4.2 Catalytic Converter
The main function of a Catalytic Converter (Cat) is to converter harmful emissions such as HC, NOx and CO into less harmful emissions such as O2, H2O and CO2. There are 2 types of Catalytic Converters which in turn feature 2 different types. (Mukherjee, 2016)
Two-Way Catalytic Converter – This type of Cat can only convert HCs and CO outputs. It converts the emissions to Carbon Dioxide and Water. It does this by oxidizing both compounds in order to convert them. This is also known as an Oxidation type Catalytic Converter. Platinum is the widest used catalyst for this application. (Mukherjee, 2016)
Three-Way Catalytic Converter – This type of Cat works in the same way to a Two-Way Cat with the added elimination of NOx via a reduction catalyst. Platinum and Rhodium are commonly used as a decrease catalyst (Mukherjee, 2016)
Monolithic Converter – Monolithic Cats consist of a ceramic material in a honeycomb pattern to increase its surface are. (Mukherjee, 2016)
Dual Bed Converter – Dual Bed Cats are the most proficient Cats as they combine both a Two-Way Cat and a Three-Way Cat in a single unit. Air is then vented into the chamber to aid in the conversion of emissions. (Mukherjee, 2016)
An efficient Cat can lower NOx emissions by up to 99.3% (McCartney, 2010) However, there are other sources that debate this stating that it can convert 90% of emissions. (Motor Vehicle Emission Controls: Technologies, n.d) An argument can be made on which source is correct however one source (McCartney, 2010) is of much better quality as it is a published paper. 
4.2.1 Catalytic Converter Testing
There are several ways to test the efficiency of a Cat. However, for the scope of this paper only 2 are discussed.
OBDII Monitoring
As stated previously a properly operating Catalytic Converter uses an oxidization to convert emissions. This process changes the oxygen level in the exhaust pre and post Cat. Modern cars are fitted with 2 O2 sensors pre and post Cat. The ECU of the car will initiate a pattern of fuel control measures in order to monitor the oxygen sensor output. The post cat and pre cat sensors are compared to see whether the output is within the range specified. (McCartney, 2010)
The OBDII Monitoring is automatically applied whenever the car is running and meets certain criteria. The specifics and drive cycles are determined by the manufacture and can be found in most service manuals. (McCartney, 2010)



Temperature and 4-Gas Test
By Utilizing a 4 or 5 gas analyzer and an infrared temperature sensor a flow chart can be followed in order to determine the efficiency of a Cat. (McCartney, 2010)
[image: ]
Figure 3: Diagnostic Flowchart of a faulty Catalytic Converter (McCartney, 2010) 
In order for a 3 way catalytic converter to work efficiently a correct air/fuel mixture is required as well as the correct level of oxygen in the exhaust. Oxidization and Reduction cannot occur at the same time. Reduction efficiency is at its highest when oxygen content is very low (Enrichment) and Oxidation is at its highest efficiency when the oxygen content is high (Lean Burn) (McCartney, 2010)
[image: ]
Figure 4: Graph displaying the effect of exhaust oxygen on NOx vs Co & HC reduction (McCartney, 2010)
There is no fuel mixture that allows for CO, HC and NOx to be Catalyzed at the same time at maximum efficiency. In order to achieve the correct catalyzation the air fuel ratio must be switched from lean to rich constantly. This is done partly via the O2 sensor. (McCartney, 2010)
NOx emissions are at the highest between 14.7:1 and 16.5:1 Air fuel ratio whereas HC and CO emissions increase when the 14.7:1 Air fuel ratio isn’t met. (McCartney, 2010)
4.3 Exhaust Gas Recirculation (EGR)
EGR is one of the most effective NOx reduction systems in use today. EGR systems can reduced NOx output by up to 2000ppm. (McCartney, 2010)
EGR works by diverting a small portion of exhaust gas back into the combustion chamber in order to lower its temperature. As NOx can only form in extremely high temperatures >1300 degrees Celsius the lowering of combustion chamber temperature can prevent NOx forming such that the Catalytic Converter doesn’t have to remove it. However, Exhaust Gas is no longer combustible once it is reintroduced which in turn changes the air fuel ratio. (Samarins, 2019)
EGR is only active when the engine reaches operating temperature. This is for 2 reasons, NOx doesn’t from until extremely high temperatures which will not be reached in the combustion until the warmup phase has ended. Secondly, Enrichment occurs during the warm-up phase which lowers the air/fuel ration in the chamber. NOx will struggle to form in an area with very low oxygen. (Jääskeläinen, 2015)
There are many different types of EGR. However, the main two types are Electronically Controlled EGR and Vacuum Regulated EGR.
Vacuum Regulated EGR are deployed via a solenoid and vacuum line. Once the engine is up to operating temperature, the solenoid switched which allows the vacuum line to pull a vacuum which open a diaphragm inside the EGR unit allowing for exhaust gas to flow into the combustion chamber. (Carley, 2019)
Linear Electronic Valves are the newest type of EGR Valves. Theses valves use a small step up motor to open and close the EGR valve. The main advantage of this is the ability to control the amount of flow of exhaust gas giving greater control and finer adjustments to air/fuel ratios.
The amount of EGR flow is dependent on 3 criteria:
· Intake manifold vacuum
· Exhaust pressure
· Restrictions in the EGR (McCartney, 2010)
Carbon build up is one of the main of the main reasons that EGR valves fail. (Carley, 2019) A vacuum regulated EGR cannot adjust to changes in carbon build up. This is detrimental to the combustion process as the only control measure is the monitoring of the solenoid opening. There is no guarantee that any exhaust gas has entered into the combustion chamber. (McCartney, 2010)
To Combat this, many different control measures can be implemented to ensure that EGR has deployed successfully.
Temperature Sensors – Temperature sensors placed before and after the combustion chamber can determine if EGR has been deployed. (Jääskeläinen, 2016) These systems can increase EGR valve opening to compensate for restrictions int the EGR passages. Systems that utilize Position Sensors have no way to compensate for restrictions. (McCartney, 2010)
Pressure Sensors – A pressure sensor placed before the EGR valve and after can determine a drop in pressure to ensure EGR has deployed successfully. (Jääskeläinen, 2016)
Flow Sensors – An EGR flow sensor can take EGR valve position and pressure as inputs to determine if EGR has deployed successfully (Jääskeläinen, 2016)
Position Sensors – Position sensors are used to determine if the EGR valve has moved. This gives a good indication that the valve has opened but not if the gas has entered the chamber. (Jääskeläinen, 2016)





















4.4 Secondary Air Injection (SAIR)
The Primary Benefit of SAI is to pump air into the vehicles exhaust system during the warm-up phase. This helps burn off any unburnt fuel along with reducing other emissions. This also helps warm up the catalytic converter quicker as catalytic converters don’t become effective until ~300 degrees Celsius. Around 80% of a vehicle’s drive cycle emissions occur during the warm-up phase. Once the car has warmed up sufficiently SAI can be disabled. (Hella, 2019)
Dual Bed Catalytic Converters have 2 sperate chambers, with the back half featuring the oxidization bed and the front featuring the reduction bed. Air can be injected in between the outer and inner chamber to allow for greater oxidization to occur in the back half of the Cat. This allows for the engine to run slightly richer to allow for the greater NOx reduction in the reduction part of the Cat as well as greater CO and HC reduction in the rear. Secondary Air Injection allows for CO, HC and NOx levels to be reduced at the same time with greater efficiency. (McCartney, 2010)
A richer air/fuel ratio still leaves a slight bit of oxygen in the exhaust which does reduce the efficiency in which NOx can be reduced. As the NOx is reduced and split up into Oxygen molecules and Nitrogen molecules, the Oxygen is then used to oxidize more of the HC and CO emissions that passed through the first bed. If this oxygen was to continue to build up, NOx reduction would be limited. (McCartney, 2010)
In the case that a car is not fitted with SAI, Cerium is used in order to reduce the oxygen levels in the Cat. Cerium is an element that attracts Oxygen. During periods were Oxygen levels are high, Cerium will absorb the Oxygen to allow for greater NOx reduction. Once the Oxygen level in the Cat reduces, the Cerium will release the stored Oxygen to allow for greater HC and CO oxidization. (McCartney, 2010)
The Oxygen levels throughout the exhaust system are measured using O2 sensors in a closed loop. Once the ECU has used various other inputs to determine the air/fuel ratio, the O2 sensor is then used to fine tune the ratio after the fact. This can cause slight variations in the Oxygen levels in the exhaust. (McCartney, 2010)
[image: ]
Figure 5: Graph displaying the effect of Cerium on NOx vs Co & HC reduction (McCartney, 2010)


4.5 Positive Crank Ventilation (PCV)
The Crankcase of an engine can accumulate a mixture of gases and oil mist know as blowby. This can leak from various sources with the main one being the combustion chamber. At high pressures blowby leaks past the piston rings and into the crank case. (Jääskeläinen, 2012)
[bookmark: _Hlk35024590]Around 20% of a vehicles HC emission are produced via blowby emissions. This number is increased with the age and mileage of a vehicle due to the deterioration of the piston rings (Carley, 2019)
The main component of a PCV system is the PCV valve. It contains a spring loaded valve with a sliding pintle encased. Due to the shape of the pintle it can increase or decrease the amount of air injected into the crankcase depending on its position. The valve is usually located near the intake valley. This position allows for the valve to pull in vapours without pulling up any oil.  (Carley, 2019)
[bookmark: _Hlk35024625]The operation of the PCV system has a side effect on the air fuel ratio of the vehicle. As air and blowby gasses are injected into the intake manifold the ECU needs to compensate for this additional air by adjusting the fuel injectors. (Carley, 2019)
4.5.1 Changes with Engine Speed and Load
The PCV valve is calibrated on a vehicle to vehicle basis. When the engine of a vehicle is off. The Valve is fully closed in order to prevent any residual vapours releasing to atmosphere (REF) During the warmup phase the valve opens partially to allow for a medium amount of vapours in order to allow the engine to idle smoothly. While cruising the valve opens to the mid-range position which due to its shape allows for more airflow into the crankcase. During snap acceleration the intake vacuum drops which allows the valve to open to its maximum positi0n to allow for maximum airflow. If the blowby pressure increases faster than the air can be injected the air is then passed through a filter before being injected once more. (Carley, 2019)
One Safety feature of a the PCV valve is due to its design any backpressure arising from the engine means that the valve will shut which prevents any flames from travelling through the valve and igniting any unburnt fuel vapours. (Carley, 2019)
4.5.2 PCV Problems and Control Systems
An accumulation of oil and fuel can cause a PCV valve to clog up and therefore not work as intended. The loss of airflow through the valve can cause the air/fuel ratio of the vehicle to run richer and therefore decrease fuel efficiency and increase emissions. If the pintle inside the PCV valve breaks or sticks opened this can also increases emissions as unmetered air will be entering the combustion chamber again, leading to a richer air/fuel ratio. (Carley, 2019)
Control Systems can be implemented in order to reduce these risks. Modern vehicles can detect any changes to the air/fuel ratio and compensate via a few methods (one being short term and long term fuel trim (STFT and LTFT)) Any changes larger than ~10/15ml either side of 14.7:1 air/fuel ratio will cause a DTC or MIL to illuminate. (Carley, 2019)
4.6 EVAP Systems
The Evaporative Emission Control System or EVAP is present on vehicles in order to prevent the gasoline vapours present from the fuel tank and fuel system from venting to atmosphere. (Carley, 2019)
Petrol is a complex mixture of many Volatile Organic Compounds (VOC’s) which can evaporate extremely easily and quickly especially during warmer conditions. One of the major VOC seen in petrol is Benzene which can form ozone if vented to atmosphere. This can lead to respiratory illness’ as well as contributing to global warming. (European Commission, 2019)
In order to prevent any vapours leaving the gas tank a vent hose needs to be connected to a filtration system as the tank cannot be sealed as pressure build up would occur which could lead to the tank exploding. The vapours leaving the petrol tank happen 24 hours a day as long as there is fuel in the tank. If these gases aren’t controlled it can account for ~20% of all emissions from the vehicle. (Carley, 2019)
The EVAP system contains 4 major components.
· Fuel Tank – Modern fuel tanks include an expansion gap at the top to allow for fuel to expand during warmer weather without stressing the EVAP system. 
· Fuel Cap – Older vehicles have vented filler caps when venting to atmosphere was legal. However, newer vehicles have sealed filler caps. 
· Liquid Vapour Separator – The Liquid – Vapour separator is a device which prevents liquid petrol from flowing down the EVAP house to the EVAP cannister which can overload it and prevent it from being able to store any gas vapours. 
· EVAP Canister – The EVAP canister contains a small amount of charcoal. The charcoal acts as a sponge which absorbs any fuel vapours that are vented to it from the fuel tank. Once the engine is warm the PCM opens up a purge valve which sends the fuel vapour into the intake manifold in order to be burnt. (Carley, 2019)
EVAP canisters are fairly fault free and last the life of the vehicle. However, the purge valve controller or solenoid can break meaning that the fuel vapours cannot be used. (Carley, 2019)






4.6.1 EVAP Control Systems
On newer vehicles (post 1996) the OBD2 system monitors the fuel system for any leaks that occur. The EVAP monitor does this by verifying that there is air flow from the EVAP cannister to the engine. (Carley, 2019) One flaw with this type of monitoring is that although there might be airflow between the EVAP cannister and the engine there are no checks to determine if it is pure air (sourcing from a split hose etc.) or if it is fuel vapours. This is not a fool-proof way of checking the operation of the system. One improvement would be a similar control system to the EGR system in the way of a gas analyzer on either side of the EVAP cannister.
Petrol is vented to atmosphere during the fill up stage at fueling stations. There have been 2 directives addressing this issue released via the European Commission. Directive 1994/63/EC made it mandatory for all fueling stations to have a roof with a reflective coating in order to reflect any vapours back down to ground level. Directive 2009/126/EC added measure to recover and VOC’s released during refilling. Since the directives have been issued around a 50% reduction in VOC’s emitted to atmosphere has been achieved. (European Commission, 2019)

















4.7 Euro 6
Euro 6 was first commissioned by the European Commission in 204 stating that all cars produced after September 2015 must comply by it. As stated previously in the paper the emissions levels for petrol and diesel was lowered once more from Euro 5. In 2019 a revision was made to encapsulate criteria for Ultra-low Emission Zones (ULEZ) and Clean Air Zones (CAZ). (Buyacar, 2019)
One of the first cities to implement a ULEZ was London in April 2019. Most diesel cars entering the zone will be subjected to a £12.50 daily charge. This is monitored by cameras (previously used for the congestion charge) Petrol cars manufactured before 2006 (Euro 4) are to be charged also. In 2021 the zone is to be expanded even further to capture the Greater London area. (Buyacar, 2019)
[image: ]By implementing this zone NOx emissions have been predicted to drop 25% in year 1 and 40% in year 2. (Buyacar, 2019)






Figure 6: Map of London’s’ ULEZ and proposed 2021 Expansion (Buyacar, 2019)
4.7.1 Euro 6 Testing
[bookmark: _Hlk35025359]Euro 6 also introduced a new form of testing called Real-world Driving Emissions Tests (RDE1). Theses have been put in place in order to ensure all cars manufactured meet the Euro standard at the time. Previously the test procedure was called the New European Driving Cycle (NEDC) which dates back to the 1980’s with the last revision happening in 1997. These tests were performed in a laboratory setting under strict driving conditions and not on real roads under normal driving conditions. Because of this, car owners have historically not been able to achieve the fuel economy figures stated by the manufacturer. Consumer Confidence in fuel economy has dropped since the ‘dieselgate’ scandal of 2015. (RAC, 2018)
In 2015 it came to fruition that Volkswagen (VW) had installed emissions software on over 11 million vehicles since 2008 in order to sense the parameters of an emissions drive cycle test. The device looked at certain parameters such as: steering angle, throttle and speed sensors in order to determine if the car was being driven normally or if it had been placed on a rolling road. During testing the cars would fully comply with Euro 5 and Euro 6 legislation by altering the fuel pressure, injector timing and EGR. Whilst on the road the cars were emitting up to 40x the amount of NOx permitted. VW have since been fined millions of dollars and have had to recall all affected models with costs in the billions. (Atiyeh, 2019)
Since 2017 the NEDC has been replaced by the Worldwide Harmonised Light Vehicle Test Procedure (WLTP) and the Real Driving Emissions test (RDE1). The WLTP is still conducted under laboratory conditions however it is more reflective of real-world conditions. (RAC, 2018)
The RDE1 test consists of a 90-120 minute drive of at least 29.92 miles. Of this at least 5 minutes of motorway driving is needed at speeds of at least 63.12 mph. Different driving conditions are also needed such as inclines and declines and additional payload. A Portable Emissions Measurement System (PEMS) is attached to the vehicle analyzes all tailpipe emissions. (RAC, 2018) 
As there are many factors that can affect the results of the RDE1 such as equipment, temperature and altitude a conformity factor to allow for a margin of error. The current conformity factor is x1.5. (RAC, 2018)



















4.7 Euro 7
Euro 7 is expected to be implemented in 2020 with a CO2 emission target of 95g per km a reduction of 35g per km from Euro 6. In 2014 the fleet average of all OEMs was 123.4 so a further reduction of 27% is needed for Euro 7. Many OEMs are already meeting this target such as PSA, Renault-Nissan and Toyota. Whereas some OEMs such as BMW and Daimler will need to produce more Ultra-Low Emission Vehicles (ULEVs) or downsize the currently ICE to meet the Euro 7 standards. A limit value curve using the vehicles mass will be used to calculate the emissions with a deadline of 2021 being set for all manufacturers to be compliant with the limit value curve. (Frost and Sullivan, 2016)
Manufacturers that do not comply with Euro 7 will have to pay a fine of €95 per gram of CO2 exceedance. Many German OEMs are expected to have to pay over €2 billion in fines due to production roadmaps taking them past 2020. (Frost and Sullivan, 2016)
[image: ]
Figure 7: Graph Showing OEM CO2 emissions vs Kerb Weights from 2014 – 2021(Frost and Sullivan, 2016)
The Euro 7 legislation along with the introduction of ULEZs and CAZs are expected to reduce the market share of Diesel vehicles. The increasing cost of Particulate Matter technologies will also have an effect as the price of a brand new Diesel powered car will increase. The additional cost of a Diesel powertrain is likely to increase between €400 and €900 over a petrol engine. (Frost and Sullivan, 2016)
Many manufactures are proactive in there lowering of emissions. Many OEM’s have already implemented Variable Valve Timing (VVT); Gasoline Direct Injection (GDI) and downsizing which has already saved between 20 and 25% in fuel over an engine without those parameters. Added measures such as start-stop and lean burn strategies are helping OEMs meet the 2020 emission targets. However, the added cost of downsizing adds between €1700 - €2000 over the standard engine. (Frost and Sullivan, 2016)
Electrification Most of the OEMs in the world are already investing into powertrain electrification as a way to reduce emissions from their vehicles. OEMs such as BMW and Renault Nissan rely on having Vehicles in their fleet in order to help them reach their Euro7 targets. Other OEMs resort to Hybrid vehicles in order to achieve the same goal. Studies show that a fully electric vehicle can reduce Co2 Emissions from 120g per km to 8g per km by 2021. By 2020 its expected that over 600,000 e Vehicles are to be sold. The lack of charging ports is the main restriction of eVehicle sales. Again, cost is another downside to Hybridization with the added cost of between €1,800 to €4,400 per unit. (Frost and Sullivan, 2016)





















5. Survey
In order to enhance my understanding of the public perception on vehicle emissions a short questionnaire was created. The questionnaire consisted of 5 questions and was handed to a small group (21). The people chosen all worked at a local convenience store. This was chosen as it had a range of ages (19 – 60) and a range of backgrounds (ex-bank managers, students etc.) The questionnaire was not handed to anyone currently studying on the same program as the results would not be completely unbiased as a lot of colleagues already have prior knowledge.
The Survey was as follows.
	Q1: Have you hear of any of the emissions emitted from most vehicles? (Please Circle)


	Carbon Dioxide	
	Carbon Monoxide
	NOx	
	Hydrocarbons (Unburnt Fuel)

	Q2: Do you know what effects these have on the environment?

	Q3: Have you hear of any of the Emission Control Systems currently in place on most modern vehicles? (Please Circle)

	Diesel Particulate Filter (DPF)
	Exhaust Gas Recirculation (EGR)
	Catalytic Converter
	AdBlue
	EVAP system
	Positive Crank Ventilation (PCV)
	Secondary Air Injection (SAIR)

	Q4: Does the term EURO6 mean anything to you?


	Q5: Do you think that the Economy figures stated by the manufacturers is accurate?


Table 3: Emissions Survey





5.1 Survey Results
Question 1 – 21 out of the 21 people who were surveyed knew that a vehicle emitted CO2 with slightly less knowing that a vehicle emitted CO. However, around 50% of the people surveyed were unaware that NOx was emitted with around <25% of people knowing that unburnt fuel was emitted.

Figure 8: Pie chart showing survey answers to: Have you hear of any of the emissions emitted from most vehicles?
Question 2 – Many of the people surveyed knew that emissions do contribute to global warming but did not know of the other environmental impacts caused and what emissions caused what. 3 people who were surveyed mentioned Smog and soot appearing from Diesel exhaust however did not know the environmental impacts this caused.
Question 3 – The results from question 3 are interesting as nearly everybody had heard of a Catalytic Converter. With around 50% of people knowing of a DPF and slightly less knowing about an EGR. Nearly nobody had heard of AdBlue, EVAP, PCV and SAIR. 
Although not asked as a direct question on the questionnaire only 1 person who was surveyed knew how any of the systems worked or what they did. The most common answer received was along the lines of “Something to do with Emissions”. Although this isn’t incorrect not many people in the general public are aware of what Control Systems are present on their vehicles. This is slightly worrying as many people may see a MIL illuminated on their vehicle and not think anything of it as the car will still be driving like normal. However, if it is an Emission Control System that is faulty, then the car will be polluting constantly. (REF)

Figure 9: Pie chart showing survey answers to:  Have you hear of any of the emissions emitted from most vehicles?

Question 4 – Only 9 out of the 21 people surveyed knew what the term Euro 6 meant. Most of the 6 only recalled seeing it or hearing about it when purchasing their car and many had thought it was related to the tax bracket of their vehicle. When asked what Euro Legislation their current vehicle met nobody could answer.
Question 5 – 17 out of the 21 people surveyed said that they did believe the manufacturers emissions and economy figures, but a few people did mention the VW Scandal which came to fruition in 2015. Most people said they had no reason to believe that the manufacturer could lie about the figures but, conceded that they rarely hit the mpg figures stated via the salesman.









6. Conclusion
To conclude, the levels of global emissions has decreased significantly since 1990 but the car industries share has increased. Work needs to be done in order to lower this share even more than it already is with countless government and EU legislation being published on a yearly basis to ensure that any growth in emissions is stopped. 
The implementation of Euro 7 will once again lower CO2 emissions with some manufacturers already being able to meet the targets. However, it will advance the development of Electric Vehicles massively as more and more manufacturers struggle to meet the more stringent Emission targets. The added cost of most Electric Vehicles and the lack of infrastructure is a leading cause of the slow implementation into wider society. (Frost and Sullivan, 2016)
Engine Control measures have also developed greatly over the last 30 years also with each manufacturer being able to hi teach Euro standard released. However, the implementation of RDE1 has likely had an impact on many manufacturers (VAG) ability to hit the emission targets as easily as it was proven they were lying about the previous 7 years of Emission testing.
As Emission standards get more stringent all manufacturers will need to start looking at alternative ways to reduce their emissions. New control measures will and have already been implemented but it’s looking increasingly likely that alternative fueling such as electrification or hydrogen are the future.
To conclude the survey was not an ideal representation of the general public’s perception as the group size was not big enough. 21 people is not a big enough target group in order to get hard conclusive evidence one way or another. Although steps were taken in order to have a wide range of ages and genders not everybody had owned a car in their life, so their knowledge certainly lacked. However, from the data gathered some conclusions can be made. Everybody who was surveyed knew that cars are a major pollutant even though they did not know what pollutants they were emitting. All of the people surveyed knew that emissions were bad for the environment but only around 80% of them could say in what capacity (greenhouse effect, ozone, smog etc.) which does show that the general public are educated on many of the issues faced. The results from question 3 were slightly worrying with not many people knowing the control systems that are present on most vehicles and the importance of keeping them working. 
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Have you hear of any of the emissions emitted from most vehicles?


CO2	CO	Nox	HC	21	17	10	4	

Have you hear of any of the Emission Control Systems currently in place on most modern vehicles?


DPF	EGR	Catalytic Converter	AdBlue	EVAP	PCV	SAIR	10	6	18	4	2	0	0	
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6. TEMPERATURE & 4-GAS TEST

Completely warm up the engine and exhaust system. Run the following test using a 4 or
5-gas analyzer and an infra-red temperature sensing gun.

yos

yes — Repair engine orexhaust sytem and/or disable the e
iniection systen.

s there a 200
|degree temperature| rgine systems and
gain in the CAT?

The accuracy of infra red temperature sensing varies according to the "emissivity" of the
surface being sensed. Sometimes it is helpful to paint the surfaces with a quick drying
flat black paint before testing. Painting is recommended if the two surfaces have
different surface finishes.
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2-way catalytic converters are oxidation catalysts. They oxidize CO and HC but do not
reduce NOx. 3-way catalysts oxidize and reduce. They oxidize CO & HC and reduce
NOX.

Proper airlfuel mixture control and exhaust oxygen content is required for proper 3-way
catalyst performance. In general, oxidation and reduction cannot both occur at their
highest efficiency at the same time.

Reduction efficiency is not at its highest unless the oxygen content is very low. This
usually doesn't happen unless the air/fuel mixture is at least a lttle bit rich. Oxidation
only reaches its highest efficiency when the oxygen content is fairly high. That happens
when the mixture is at least slightly lean.

NOx reduction efiici tion efi

KEY CONCEPT:

1. A catalyst cannot clean up CO and HC unless there is enough oxygen in the
exhaust.

2. Many catalysts cannot clean up NOx unless the level of oxygen in the exhaust
is very low.

3. There is no fuel mixture that allows CO, HC and NOX to all be catalyzed at
maximum efficiency.

A dual bed catalyst has two separate chambers. Air can be injected in the middle of the
catalyst to increase oxygen content in the back half of the converter. The engine can
then be run slightly rich to improve NOX reduction in the front half of the converter. The
air that s injected allows high efficiency oxidation of CO & HC in the back half of the
converter. This type of converter can allow NOX reduction to occur in the front bed at
maximu efficiency while CO and HC oxidation are occurring in the rear bed at
maximum efficiency. It is the injection of air in front of the rear bed that allows both
oxidation and reduction to occur at maximum efficiency.
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‘Cerium is required for proper catalyst operation (especially without air
injection).
. Cerium cannot do its job if the air/fuel mixture is not properly controlled.
3. Proper oxygen sensor function is required for proper catalyst function.

Newer sensing and control strategies, and new exhaust sensors allow much better
control of A/F mixture and a wider range of mixture ratios. These new systems include:
«  Dual element current managed wide band oxygen sensors (Bosch, Honda, NTK).
« Single element current managed wide band oxygen sensors (Toyota).
« Biased fuel control based control typical zirconium dioxide oxygen sensors.

In lean burn applications a different type of catalyst is used. Increased use of the
thodium/platinum composition in these converters allows increased NOX reduction
under lean bur and high exhaust oxygen conditions.

Gasoline Direct Injection (GDI) engines and Homogeneous Charge Compression
Ignition (HCCI) engines operate under lean bum conditions frequently. Hybrid electric
vehicles often operate their internal combustion engines for shorter periods of time that
would prevent traditional catalytic converters from reaching operational temperatures.

on sficiency C0 & HC oxidation effciency

Exhaust oxygen

KEY CONCEPT:
- Cerium is not required in some newer lean burn catalysts.
. Lean burn catalysts can reduce NOx at much higher oxygen levels.
. Proper oxygen sensor function is still required for maximum catalyst
function.
. Very specialized catalytic converters are required in many new “high-tech”
vehicles.

18

Courtesy Kevin S. McCartney 1993, 1997, 2003, 2010 crashh@prodigy.net  209-873-1155




image6.png
London ULEZ NORTH CIRCULAR

Ultra-low emission zone

«First section launches
April 2019
+ E12.50 dally charge

Affects: 2019 ultra low emission zone

+Most diesel cars registered from 8 Aprl 2019
before September 2015

+ Most diesel vans registered
before September 2016

+ Most petrol cars &vans
registered before 2006

« Pre-2014 lorries & buses

2021 ultra low emission zone
from 25 October 2021

g one e ot ks coches buyacarou




image7.png
€02 emissons (g/kem)

€02 Compliance: OEM €02 Emissions vs Kerb Weights, Europe, 2014 and 2021

@0 @





