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Abstract

"Right now, we are facing a man-made disaster of global scale. Our greatest threat in thousands of years. Climate change.”  
In this current climate, the planet is facing global warming issues like never before. Over the past century, the largescale industrialisation of almost all nations, in addition to mass transport, power production solutions, farming/agriculture as well as many other sectors, has caused mass greenhouse gas production, primarily consisting of Carbon Dioxide (CO₂), Methane (CH₄) and Nitrous Oxide (N₂O). 
According the Environmental Protection Agency (EPA), around 14% of global emissions (as of 2010) is contributed by transportation solutions. Over the past decade, this figure has increased dramatically, with figures from 2010 estimated to be around 24%; a dramatic increase in just 6 years. 
An article posted on the World Resources Institute website states: “They're also expected to grow at a faster rate than that from any other sector, posing a major challenge to efforts to reduce emissions in line with the Paris Agreement and other global goals.” 
This is a fair assumption to make, as the global population is increasing at an ever-faster rate, with a total of over 7.8 billion as of the start of 2020. From this, vehicle ownership has also spiked, with these figures rapidly increasing in developing countries, such as China, where car ownership has risen more than any other country in recent years. 
Vehicle production rates are also on the rise annually, with over 72 million passenger vehicles manufactured globally in 2016, compared to the 2010 figure of just over 58 million. These statistics highlight just how important it has become for automobile manufacturers to minimise emissions from passenger vehicles, therefore; as personal transportation will always remain a necessity for people, it is absolutely vital that automobile manufacturers and governmental bodies relating to environmental protection must work together to develop effective solutions to the global emissions crisis. 
Over recent decades, the push for improvements in automotive emissions outputs have resulted in the development of various emissions systems in an attempt to minimise the pollutants emitted from passenger and light duty vehicles.  
The purpose of this report is to give an insight into these emissions devices and systems, covering their use on internal combustion engines, operational principles, function, effects on the emissions output and fault diagnosis. 
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Introduction
Emissions Produced by Passenger Vehicles 
Over the past 3 decades, emissions have been at the forefront of legislation regarding passenger vehicles, with manufacturers developing emissions devices and systems to minimise the air pollutants emitted from petrol and diesel vehicles. 
Common air pollutants produced by a petrol/diesel internal combustion engine:
Hydrocarbons (HC): Unburnt/partially burnt fuel. Health effects can include links to asthma, cancer, as well as both lung and liver disease, in addition to leading to smog production in high density, highly polluted areas such as city centres.
Carbon Monoxide (CO): A low density, colourless, odourless, flammable gas that occurs through incomplete combustion. Overexposure can quickly lead to carbon monoxide poisoning, possibly even being fatal. 
Nitrogen Oxides (NOx): Produced during high temperature, high pressure conditions, when nitrogen reacts with oxygen. This can create a difficult trade-off, as higher operating temperatures means greater efficiency, therefore a balance must be achieved to adhere to emissions standards. 
Particulate Matter: Solid particles that can be seen as soot, or sometimes non-visible particles that fall within the smaller size range (fine particles). More commonly produced by diesel engines, hence the necessity for a DPF (diesel particulate filter), however it has also become more prevalent in modern direct injection petrol engines, which also now require PPF (petrol particulate filters) to remain in-line with the latest emissions legislation. Health effects include respiratory diseases and cancer.
Brief Overview of Emissions Standards around the Globe
UK & Europe
European emissions standards were first introduced back in 1992, governing the maximum exhaust emissions outputs of new vehicles sold within the EEA (European Economic area) and European Union. The ‘Euro’ standards have been implemented in different phases, with increasingly stringent goals for each phase, with the latest and current being 6, introduced in 2014. 
United States 
In the USA, the EPA (environmental Protection Agency) has governed emissions standards in all states, adhering to the CAA (Clean Air Act). On the other hand, California regularly adopts its own regulations, which tend to be more stringent than regular federal laws used in all other states.
China
Much like Europe, the Chinese have emissions standards introduced in periodic phases, regulated by the Ministry of Environmental Protection. The current standards, known as ‘China’ 5, were introduced at the start of 2017, with the switchover to ‘6’ expected around mid 2020, with a further revision known as ‘6b’ planned for 2023.



Analysis
Testing on emissions devices has been performed on 2 similar engines, conducted to understand the basic operation of systems such as SAIR and EGR (GM Ecotec utilising Simtec 56/56.1 management and Ford Zetec utilising EEC 4 management.) 
Emissions Control Systems 
Catalytic Converter & Lambda (Oxygen) Sensor 
Towards the end of the 1980’s, catalytic converters became prevalent in a wide range of passenger vehicles. The basic function of this device is to reduce the toxic emissions output from the exhaust by introducing a ‘catalyst’ that oxidises hydrocarbons (HC) and carbon monoxide (CO). This is known as a 2-way catalyst. On modern systems, 3 way catalysts are now a requirement, with the additional function of reducing nitrogen oxides (NOx). 
Figure 1: 3-way catalyst, showing the honeycomb construction, which contains the precious metals Platinum, Rhodium and Palladium. These precious metals enable oxidation of the gases to convert Hydrocarbons (HC) and Carbon Monoxide (CO) into Carbon Dioxide (CO₂) and Water (H₂O), as well as reducing Nitrogen Oxides (NOx) into Nitrogen (N₂).  

With regards to catalytic converter operation, it is vital that the unit is at the correct operating temperature for the catalyst to do its job. During the warm up phase, the catalyst can take a while to reach peak operating temperature at around 800-900°C, however oxidation can start to occur at temperatures around the 200-300°C range. Because of this factor, many manufacturers place their catalysts as close to the engine as possible, to try and minimise the time that it takes to heat up, primarily for emissions purposes during the warm up phase. On many modern naturally aspirated petrol engines, the catalyst forms part of the exhaust manifold, in an effective attempt to minimise this. 
P – Code 	Fault
P0420	Catalyst System Efficiency Below Threshold Bank 1
P0421	Warm Up Catalyst Efficiency Below Threshold Bank 1
P0422	Main Catalyst Efficiency Below Threshold Bank 1
P0423	Heated Catalyst Efficiency Below Threshold Bank 1
P0424	Heated Catalyst Temperature Below Threshold Bank 1
P0425	Catalyst Temperature Sensor Bank 1
P0426	Catalyst Temperature Sensor Range/Performance Bank 1
P0427	Catalyst Temperature Sensor Low Input Bank 1
P0428	Catalyst Temperature Sensor High Input Bank 1
P0429	Catalyst Heater Control Circuit Bank 1

Table 1: Catalyst OBD fault codes (similar codes identify Bank 2 faults ranging from P0430 – P0439).
Lambda (Oxygen) Sensor - The function of a Lambda sensor is to measure the oxygen content within the exhaust gas, which in turn feeds this data to the engine management system (ECU) to determine the optimum fuelling required. 
Early engine management systems utilised just a single pre-cat lambda to measure the oxygen content, however after legislation was put into place to monitor the operation of emissions devices fitted to passenger vehicles, both pre and post catalyst oxygen sensors were mandated. The purpose of a post-cat lambda sensor is to add an element of self-diagnosis, allowing OBD compatibility. Failure or damage to the catalytic converter (detected by the post-cat lambda) would illuminate the engine management light, alerting the driver to a fault, which is then stored in the ECU as a fault code. On an OBD-2 system; P0420 code “Catalyst System Efficiency Below Threshold (Bank 1),” identifies a catalyst fault. 
Evaporative System (EVAP)
The function of an EVAP system is to prevent fuel vapour from venting straight to atmosphere – an emissions form that is often overlooked when compared to exhaust emissions. Fuel vapours contain hydrocarbons (HC), therefore it is critical that this is monitored. 
The EVAP system consists of a number of primary components to function. The first being a separator located within the tank breather, ensuring any fuel in liquid form does not get drawn into the tank vent line. The tank vent line is routed through the vehicle, to the charcoal canister. As the name implies, this canister is filled with activated charcoal that absorbs the fuel vapours. The charcoal canister is fitted with a purge valve, which allows the stored fuel vapours to be drawn out of the canister via a vacuum line to the vehicles inlet manifold. Control of the purge valve is performed via the ECU, opening under certain engine running conditions. 
Figure 2: Typical Layout of an EVAP system fitted on a modern passenger vehicle.




Possible symptoms of a faulty EVAP system can include: 
Rough running 
Erratic idle 
Fuel odour within the vehicle (indicating a leak)
EVAP systems are an important emissions device on a vehicle, as it is produced not just when the vehicle is running. Varying atmospheric temperature conditions can result in fuel tank pressure changes, and also affect the production of fuel vapours.
Diagnosing a specific fault within an EVAP system can be a lengthy and involved process, as OBD-2 fault codes may point the technician in the direction of the issue, however for example; finding leaks in the system may have to be tackled by the elimination process, looking through the system to confirm the condition of the vent and purge lines, or even possibly resorting to a smoke test. 



P – Code 	Fault
P0440	Evaporative Emission Control System Fault
P0441	Evaporative Emission Control System Incorrect Purge Flow
P0442	EVAP Emission Control System Leak Detected (small leak)
P0443	EVAP Emission Control System Purge Control Valve Circuit
P0444	EVAP Purge Control Valve Circuit Open
P0445	EVAP Purge Control Valve Circuit Shorted
P0446	Evaporative Emission Control System Vent Control Circuit
P0447	EVAP Emission Control System Vent Control Circuit Open
P0448	EVAP Emission Control System Vent Control Circuit Shorted
P0449	EVAP Emission Control System Vent Valve/Solenoid Circuit
P0450	Evaporative Emission Control System Pressure Sensor
P0451	EVAP Emission Control System Pressure Sensor
P0452	EVAP Emission Control System Pressure Sensor Low Input
P0453	EVAP Emission Control System Pressure Sensor High input
P0454	EVAP Emission Control System Pressure Sensor Intermittent
P0455	EVAP Emission Control System Leak Detected (gross leak)
P0456	EVAP Emission Control System Leak Detected (small leak)
P0457	EVAP Emission Control System Leak Detected (fuel cap)

Table 2: EVAP system OBD fault codes (ranging between P0440 – P0457).
As shown in Table 2, common EVAP system faults tend to be in the forms of leakages or general electrical faults. 
















Exhaust Gas Recirculation (EGR)
The need to reduce NOx as much as possible is something that almost all manufacturers have been challenged to achieve in new vehicles due to recent emissions legislation that has placed tight restrictions on NOx outputs.. As previously mentioned, NOx is produced during high temperature, high pressure conditions. 
Exhaust gas recirculation functions as a method of reducing combustion temperatures, therefore reducing the chance of NOx being produced. It achieves this by directing exhaust gases into the intake, introducing an inert gas into the combustion chamber, diluting the oxygen and displacing the combustible fuel/air charge, thus in turn reduces combustion temperatures. 
“The combustion process in motor vehicle engines is characterised by a basic conflict between high efficiency and the corresponding low CO₂ emissions on the one hand, and increasing NOx emissions with improved efficiency on the other hand.” - 
Figure 3: Relationship between CO₂ and NOx outputs with regards to combustion temperatures. 
EGR operation tends to occur during partial throttle conditions, i.e. when the vehicle is cruising. During these conditions, the engine will be running slightly lean, with AFR (air/fuel ratios) typically higher than the stoichiometric figure of 14.7:1. This is when combustion chamber temperatures can increase resulting in higher NOx levels, hence the need for EGR to be open.
System Faults
Common EGR system faults can consist of restrictions in flow, or in more extreme circumstances, complete blockages due to excessive carbon build-up. This is a regular occurrence on diesel vehicles because of the higher soot content within the exhaust gases. 

Figure 4: An example of excessive carbon build-up within an EGR system. Restrictions in EGR flow would bring up an engine management light, delivering the P0401 fault code: ‘Exhaust Gas Recirculation Flow Insufficient Detected.’


The most common faults that occur with the system are with the valve operation itself, with situations where the valve can be stuck open or closed. 
Valve Closed:  No flow of exhaust gases into the intake when required, meaning higher combustion temperatures, increasing the chances of NOx emissions and detonation (in petrol engine vehicles). 
Valve Open: Constant flow of exhaust gases into the intake, which can cause running issues due to the excessive quantity of inert gas being re-circulated back into the combustion chamber. 
P-Code	Fault
P0401	Exhaust Gas Recirculation Flow Insufficient Detected
P0402	Gas Recirculation Flow Excessive Detected
P0403	Exhaust Gas Recirculation Control Circuit
P0404	Exhaust Gas Recirculation Control Circuit Range/Performance
P0405	Gas Recirculation Sensor 'A' Circuit Low
P0406	Exhaust Gas Recirculation Sensor 'A' Circuit High
P0407	Exhaust Gas Recirculation Sensor 'B' Circuit Low
P0408	Exhaust Gas Recirculation Sensor 'B' Circuit High
P0409	Exhaust Gas Recirculation Sensor 'B' Circuit Low

Table 3: EGR system OBD fault codes (ranging from P0401 – P0409).





















Secondary Air Injection (SAIR)
The greatest production of emissions from an internal combustion engine will always be during the warm-up phase. The need for enrichment to raise engine temperatures as quickly as possible; results in a significant rise in exhaust gas emissions. (During the warm-up phase, the ECU, and thus lambda, will operate under open-loop control, until operating temperature has been reached, and then closed-loop control is engaged).
Open loop: The control system takes input under consideration and doesn’t react on the feedback to obtain the output; also known as non-feedback control. 
Closed loop: System records the output instead of input and alters the operating parameters according to the need. It generates preferred condition of the output as opposed to the original one. 
A large part of the rise in emissions is due to the temperatures of the catalyst. As previously covered, peak operating temperature for the catalytic converter is around 800-900°C, with oxidation of the raw exhaust gases occurring around the 200-300°C range. 
 “With spark-ignition engines, the greatest pollution occurs on cold starting. Secondary-air systems have been successfully employed to reduce such cold starting emissions.” 
Secondary Air Injection systems were introduced to allow for secondary combustion of any partially burnt or un-burnt exhaust gases to occur within the exhaust system. With the air injection outlet placed upstream of the catalytic converter, the combustion helps to heat up the catalyst, working to reach operating temperature faster. 
Figure 5: Basic schematic of secondary air injection system
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P-Code	Fault
P0410	Secondary Air Injection System Malfunction 
P0411	Secondary Air Injection System Incorrect Flow Detected
P0412	Secondary Air Injection System Switching Valve A Circuit Malfunction
P0413	Secondary Air Injection System Switching Valve A Circuit Open
P0414	Secondary Air Injection System Switching Valve A Circuit Shorted
P0415	Secondary Air Injection System Switching Valve B Circuit Malfunction
P0416	Secondary Air Injection System Switching Valve B Circuit Open 
P0417	Secondary Air Injection System Switching Valve B Circuit Shorted
P0418	Secondary Air Injection System Relay "A" Circuit Malfunction 
P0419	Secondary Air Injection System Relay "B" Circuit Malfunction

Table 4: SAIR system OBD fault codes (ranging from P0410 - P0419). 

Positive Crankcase Ventilation (PCV)
Over the lifetime of an engine, moving mechanical components wear. Despite constant lubrication, this mechanical wear cannot be avoided. Piston rings suffer with mechanical wear, eventually leading to cause ‘blow-by,’ whereby some of the combustible fuel/air charge mixture can escape from the combustion chamber past the worn rings (during the compression stroke). This can cause the crankcase to become pressurised, which can cause issues such as blowing out oil seals and damaging end seals, causing major engine oil leaks. 
Early methods of getting around this resulted in simply vented the gases directly to atmosphere to avoid pressurising the crankcase; however because of this, fuel vapour, and therefore raw hydrocarbons (HC) are emitted, causing an inherent pollution issue. 
Figure 6: PCV valve operation - 


PCV systems involve recycling the blow-by gases back through the intake, to burn off any fuel vapour that may have escaped past the piston rings. The use of a PCV valve can regulate the quantity of crankcase ventilation into the intake by using the vacuum caused by induction to open the diaphragm within the valve, drawing the plunger out of its seat and overcoming the pressure of the spring used to keep the valve shut under low vacuum conditions. 
A faulty ventilation system can cause some serious engine issues, the chief of which being if the system becomes blocked, crankcase pressure can significantly rise. Fail-safe measures should be put in place for systems such as this, to avoid dramatic consequences due to the lack of any ventilation. On some modern engines, this is done by fitting a spring loaded pressure relief valve within the oil cap, therefore when the crankcase pressure becomes too high, the spring pressure will be overcome, and an orifice/passage will open, venting the excess gases to atmosphere. 



Air to Fuel Ratio (AFR)
The ideal fuel ratio for a complete combustion phase is 14.7:1, also known as ‘stoichiometric.’ Values higher than this are known as a ‘lean mixture,’ whereby the oxygen content outweighs the quantity contained in a regular stoichiometric value (AFR: 14.7:1>).  A ‘rich’ mixture is when the fuel quantity is increased (AFR <14.7:1). Significant rises or decreases in AFR values from the stoichiometric value can ultimately lead to a non-combustible mixture, exceeding the flammability range of that particular fuel. 
One big issue faced with regards to automotive emissions output from an engine is the balance of certain pollutants. At higher temperatures i.e. during a lean burn phase, the CO₂ levels are reduced as engine efficiency simultaneously increases. The consequence of this is that NOx production occurs under these higher temperature, high pressure conditions. 
As stated by : “Improving the vehicle fuel economy that basically means decreasing of CO₂ emission, is a real technical challenge when it comes to simultaneous reduction of NOx emissions to meet tight legislative limits. Introduction of advanced fuel combustion strategies leads to an improvement of engine efficiency and decreases CO₂ emission, but at the same time causes an increase of raw NOx emission.” 









Figure 7: These four curves indicate trends which apply to all petrol engines. Under lean burn operation fuel is burnt with an excess of air at ratios of up to 24 part air to 1 part fuel, and it can be seen that nitrogen oxides and carbon oxides emissions are at a minimum, but that hydrocarbon emissions can rise at the start of unstable combustion. When there is excess fuel, the engine power is high but high levels of hydrocarbons and carbon monoxide are emitted. Peak combustion temperatures occur just on the lean side of the stoichiometric composition and result in the highest emissions of nitrogen oxides. 




Complying with Euro 6 Emissions Standards 
Over recent years, emissions standards governed by European parliament have become increasingly restrictive, forcing car manufacturers to implement more emissions devices to modern internal combustion engines. Systems such as EGR, PCV and EVAP are very prevalent on modern passenger vehicles. Bringing a Euro 3/4 petrol engine up to modern standards can mean fitting additional said emissions devices, alongside possible changes to management and control systems.
The increasing stringency of the Euro standards has required the deployment of increasingly effective and sophisticated technologies for emission reduction in both gasoline and diesel vehicles.
Table 5:  Compliance approaches for light-duty Euro 5 and 6 engines – 
	Euro 5	Euro 6
Petrol	• Combustion improvements over Euro 4 	• Faster oxygen sensors 	• Catalyst improvements  - oxygen storage capacity and better coatings	• No changes required for port fuel-injected gasoline engines	 • Improvements to fuel injection timing or addition of a gasoline particle filter for gasoline direct injection (GDI) engines
Diesel	• Combustion improvements over Euro 4 	• Variable fuel injection timing for DPF regeneration	 • Diesel oxidation catalyst (DOC) + diesel particulate filter (DPF)	• Some engines use lean NOx traps	• Increased fuel injection pressure 	• Smaller and medium-size engines (2L) use DOC + DPF + selective catalytic reduction (SCR) • Some manufacturers offer EGR-only NOx control (with no after treatment control), and DOC+DPF on medium and larger cars


One big change with Euro 5/6 emissions standards, with regards to emissions systems, is the need for constant monitoring of their operation through the on-board diagnostic system. This is performed to ensure that any emissions devices are functioning correctly, as any failures/faults can cause inherent pollution issues. 
One of the main purposes of this monitoring is to inform the driver of any emissions fault by illuminating the engine management light. An on-board diagnostics scanner is employed to identify and display fault codes, delivered through the OBD port.
Faults can be detected by the engine management system / control unit  (ECU) through predicted operating parameters / values programmed into it, whereby signal values delivered from sensors fitted to any of the vehicles emissions devices must be within a certain range/operating window. If these signal values fall short of, or exceed the expected values, then the ECU will detect a fault, and illuminate the engine management light. 
On the systems tested (GM Simtec 56/56.1, Ford EEC 4), monitoring of the emissions systems operation was not required under Euro 3/4, hence both engines use just a single pre-cat lambda sensor to measure the oxygen content of the raw exhaust gases. To bring both of these systems up to Euro 6 standards, post-cat lambda sensors must be mandated for the management system to be provided with information as to whether the catalytic converter is fully operational, by means of measuring the oxygen content of the exhaust gases after the effects of the catalyst on certain pollutants. 
With measurements made on the outputs of the emissions systems, an effective closed loop system can be achieved to assist in bringing the engine up to Euro 6 standards. 
Implications of these Changes
The implications of additional emissions devices/systems can often harm the market potential of many modern vehicles, a challenge that many high volume automakers face. The additional costs of fitting said emissions systems to the latest models can often drive the manufacturing, and consequently; sales values up, greatly affecting the market appeal towards consumers. 
An example of this is the implementation of emissions systems fitted to diesel passenger vehicles in recent years, which from the outset was always predicted to be a lot higher than the equivalent petrol engine due to the need to combat NOx emissions and particulate matter, which is far more prevalent in diesel engines when compared to a port-injected petrol engine. 
As quoted by : “Nitrogen oxides (NOx) and particulate matter (PM) emission control from diesel engines is far more complex and requires the implementation of relatively new technologies involving air management, fuel injection control, after-treatment and system integration. The implementation of new technologies for diesel engine emissions control has a significant impact compared with the cost associated with gasoline engine emissions control.”
Another issue is that these systems are introducing new layers of complexity to the vehicles control systems, adding to a vast array of sub-systems that can often be found on modern vehicles, which in themselves can introduce problems of their own.
Often due to the complex nature of new passenger vehicles, maintenance can become a highly specialised task in specific areas, requiring expensive and often specialist equipment (sometimes specific to that certain manufacturer), which in the long run can further affect not just the re-sale appeal of the car, but also the justification of actually making repairs to keep the vehicle roadworthy and within the confines of future emissions regulations. 
Repair costs can often outweigh the cost of the whole vehicle in some cases, however even in some less extreme circumstances, consumers can find it hard to justify spending vast quantities of money on repairs to keep a car that is a few years old on the road, when sometimes, in the long run; it can be more cost effective to sell or scrap the vehicle and replace it with a newer model (which creates a debate of its own when it comes back to the emissions argument). 




	
Conclusion 
Emissions Testing & Analysis 
In recent years, the automotive industry has come under fire for emissions testing procedures and the ways in which vehicles emissions levels were portrayed. The Volkswagen ‘dieselgate’ scandal manifested much of this criticism from the media and also many governing bodies regarding transport. The incident involved Volkswagen displaying false emissions levels results from testing on many of their models. 
In a brief conclusion; Volkswagen essentially developed a piece of software within the engine management system (ECU) that could detect when the vehicle was undergoing testing due to a number of factors that various input sensors delivered to the ECU that would indicate that the vehicle was indeed on a rolling road (how the emissions standards at the time were measured). When this was detected, the vehicle would run in a low-emissions mode that would deliver far lower levels of harmful pollutants. 
When this was discovered, Volkswagen found themselves at the forefront of one of the biggest automotive scandals in recent history, and cost the company billions, as well as greatly harming their reputation. 
One of the results of all this was that governing bodies regarding emissions and the environment, completely rethought automotive emissions test methods to better replicate real world conditions. 
Emissions from light-duty vehicles: 
Emission limits - regulations on emission limit standards Euro 5 and 6 for light passenger and commercial vehicles have introduced new stricter emission limits
Reducing CO2 –EU laws set binding emission targets for new car and van fleets to help reduce the CO2 emissions of light-duty vehicles.  
Improving testing procedures - as of 1 September 2017, new car models will have to pass new and more reliable emissions tests in real driving conditions ('Real Driving Emissions' – RDE) as well as an improved laboratory test ('World Harmonised Light Vehicle Test Procedure' – WLTP) before they can be driven on European roads.

Alternative Power Solutions 
For years, many automakers have invested massive quantities of money and resources into programmes developing and building alternative fuel vehicles. In the current climate, with the global emissions debate still ravaging on, many of these vehicles have come to mass market, challenging the traditional internal combustion engine. 
Electric vehicle technology is fast improving, and with the infrastructure for charging networks and stations also rapidly expanding. Along with the ever lowering pricing of electric cars, coupled with many congestion and tax charges exemption, many consumers are beginning to rely on electric vehicles as the future of personal transportation solutions. 
The one big argument with regards to electric vehicles is the well-to-wheel effect, which looks at the total greenhouse gas emissions, energy efficiency and industrial costs to harvest and produce the fuel. In the case of electric vehicles, it all bares down to the method of energy production to charge the vehicle, which in the case of most owners, will be directly from the mains at their own property. In countries such as the UK, a large portion of national energy still comes from coal-fired power stations. 
Steps have been taken towards creating a cleaner nation grid have been taken, however with the presence of fossil-fuels still assisting in power production, the well-to-wheel effect of an electric vehicle is still causing pollution issues of its own, despite the low cost nature of electricity. Another question that arises from this is whether the national grid could cope with the demand of a nationwide infrastructure of electric car charging to sustain millions of these vehicles, and more importantly; whether that energy would remain carbon neutral. 
In addition to this, the total life cycle of the vehicle must be taken into consideration, including manufacturing, operation and end-of-life. Factors such as the environmental impact of the mining for raw materials needed for battery production (such as cobalt and lithium) creates vast carbon footprints during the manufacturing phase when compared to a traditional internal combustion engine vehicle.  Where the electric vehicle is predicted and also proven to make a difference is during its operational life cycle, which in some cases can deliver a smaller carbon footprint over long-term use when compared to both petrol and diesel vehicles. Where the electric vehicle falls short in this cycle yet again, is with the recycling of batteries. Recent figures have suggested that within the EU, as little as 5% of lithium-ion batteries are recycled annually, which can lead to detrimental effects to the environment.
“No single fuel pathway offers a short term route to high volumes of “low carbon” fuel.”
﻿Contributions from a number of technologies/routes will be needed
A wider variety of fuels may be expected on the market
Blends with conventional fuels and niche applications should be considered if they can produce significant GHG reductions at reasonable cost.

The alternative fuels debate will likely ravage on for many years to come, however it is clear that many government authorities and transport councils have taken firm steps towards minimising the carbon footprint of transportation for future generations. 
One question that arises from the pollution debate is whether other industries (aside from transportation) are making significant changes towards minimising their contribution to global warming and environmental damage. 
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1. Objective of the Study

In this study an evaluation of the worldwide existing state of knowledg
about the problem of air pollution caused by road traffic has been pe
formed on a scientific basis. It has been the objective of the study |
analyze the international literature of the last 25 years and to deduc
corresponding conclusions.

These conclusions are of special importance for the automobile industr
vis-a-vis the requirements recently emphasized by the legislation fc
simultaneous reduction of nitric oxide (NO,)- and carbon dioxide (CO,
emissions from motor vehicles and the involved physical conflict.

The combustion process in motor vehicle engines is characterized by
basic conflict between high efficiency and the corresponding low CO.
emissions on the one hand and increasing NO,-emissions with improve
efficiency on the other hand; see Fig. 1.1.

100% ——

100% —~ CO,

Fig. 1.1.:  Basic Conflict between NO,- and CO,-Emission for an Engin
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