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[bookmark: _Toc498712817] Technical Abstract
Emissions have become main concerns globally, it becomes very important to reduce and produce minimum emissions as possible. Apart from indusial activities, the road vehicles have been found to be the main source of emissions around the world. Due to the rising levels of emissions, the humans are becoming more at risk, there have been several deaths and illness caused by the emissions produced in the urban areas. As this has now become an area of concern, as an engineer the author feels that this should be further investigated. From the research from and looking at the NEDC drive cycle, it has found that the NEDC cycle results have not been giving a true reflection of the emissions and fuel consumption of the real world. In order to achieve more accurate results, the leading emissions experts from around the world have been having been asked to develop a test. The WLTP drive cycle, will soon replace the NEDC drive cycle. In order to control emission in the urban zone, a system, known as start/stop has been developed by the automotive industries to resolve this issue, using the NEDC. However, this system has been tested in different countries, and have produced positive and negative results, lead people to question the use of the system. This has led the author to further investigate this issue, and carry out further tests using the researched tested with some amended.            


















[bookmark: _Toc498712818]Non- Technical Abstract 
As the rising of the level of the emissions has become one of the major global issues, it has become very important to resolve the issue. As there were no emissions regulation or standards set, the automotive industries were able to produce vehicles to meet the manufacture standards. Since the vehicle emissions were found to be the major cause of the pollution emissions regulations and standards have been applied. The automotive industries around the world have been given clear guidelines by the emissions standard agencies and governments in order to resolve this matter. This has motivated the author, to look at the area where the majority of the emissions have been produced. This is found to be urban zone driving. During the urban zone driving the vehicles are producing a lot of emissions are and consuming a lot of fuel while idling. In order to reduce the emissions produced and to improve fuel consumption, the automotive industries have introduced a start/stop system. This system turns the engine off during the stationary period, as the vehicle is ready to move off the vehicle restarts. As there are many positive and negative opinions about the system, the author will carry out series of tests in order to determine if the start/stop system is beneficial, and is reducing the emissions. The testing will be carried out using a rolling road, as the car moves on the rolling road, it will produce emissions as it would on the really road.                
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	Figure
	Abbreviated for

	NEDC
	New European Drive Cycle

	WLTC
	Worldwide Harmonized Light Vehicles Test Cycle

	MPG
	Miles Per Gallon

	CO2
	Carbon Dioxide 

	PM
	Particulate Matter

	CO 
	Carbon Monoxide

	NOx
	Nitrogen Oxides

	HC
	Hydrocarbon

	O2
	Oxygen

	EGR
	Exhaust Gas Recirculation 

	m/s
	Metre per second

	m/s/s
	Metre per second per second

	N
	Newton

	Kg
	Kilogram 

	RDE
	real driving emissions

	DOC 
	Diesel oxidation catalyst

	DPF
	Diesel particulate filter

	SCR
	Selective catalytic reduction

	LNT
	Lean NOx Trap

	Mph
	Miles per hour

	Kmph
	Kilometre per hour
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[bookmark: _Toc498712823] 1.0 Introduction
The purpose of this report is to discuss the major global issue of road vehicle emissions to satisfy the euro standard and to the satisfaction of reducing global effects on car emissions. Petroleum engines were first introduced in 1879 and diesel engines were introduced 1930. Both engines were manufactured by Carl Benz. The turbochargers were introduced in 1980 to increase 40% of the power in the diesel engines. The turbocharger, enhanced engine efficiency, it provided more MPG than petroleum and reduced the CO2 emissions (Kollewe, 2017) (BorgWarner Turbo Systems, 2017). As the global emission issues rising against vehicles, Diesel engines were used as an alternative to petroleum engines. This was hugely prompted by the governments around the world (Mail Online, 2016). In the European emission standard regulation No 443/2009, states that the vehicles should only produce up to 130 grams per kilometre. The value decreased between 2012 2015, the Euro 6 standard was applied. The next target for the automotive industries are to manufacture vehicles which can produce the up to 95 grams per kilometre. (Reducing CO2 Emissions from Passenger Cars - Climate Action - European Commission, 2017). The diesel engines were also then promoted by the automotive industries as the future vehicle, with greater fuel economy and longer life service (Halderman and Linder, 2006). In 2001, the research shows the diesel engine was producing more emissions than the petroleum (Vidal, 2013). There are five gases produced which are proven to be harmful to the environment and humans. In 2008, the first legally binding climate change act was established by the government. From the baseline results gathered in 1990, the government have announced to reduce greenhouse emissions by 80% minimum, by 2050. From the start of the emission regulation law, the parts per million per kilogram (PM/kg), have decreased in both diesel and petroleum engine (2010 To 2015 Government Policy: Greenhouse Gas Emissions - GOV.UK, 2017). This report will explain the overall emission issues around the world. In this report also, one area will be looked at, the urban areas and how the emission produced in this particular areas has a major effect on the environment, human health and vegetation. Fuel consumption is the major factor in causing the urban emissions. From global researches it can be clearly seen the effects the urban emissions have on overall emissions. In the last ten year, the government and the automotive industries have developed and applied methods to improve and enhance the emissions produced in urban area and emissions in general. Downsizing the engine, turning off a cylinder, installing the turbo, improving EGR and adding the feature of start/stop, are some of the methods used in order to improve the situation. As the urban zone is the major area globally, where more fuel is consumed and more emissions are produced, it is very important to base the project on whilst reviewing the start/stop feature to determine if the feature has improved the emissions or it has increased the emissions. In chapter 5, there will be an explanation on what methods the author will adapt in order to conduct the tests to achieve the results. The results and analysis section will provide similar start/stop tests conducted to allegedly find the same outcome.  
This project had led the author to determine the specify aims these aims are:
[bookmark: _Toc498712824] 1.1 Aims
· Investigate the fuel consumption and emissions produced during the urban cycle to evaluate a more efficient way of to improve the vehicle’s emission standard by adapting the vehicle to stop/start  
This is a specific aim, as this will provide the background information on the issue and values which the author would need to use in the later stage of the project.
· To construct series of tests to making a Euro 3 standard car based in 2001, thought analytical calculations, Excel spreadsheets and though physical live simulation incorporating stop/start within the workshop area to determine the functionality of vehicle within the urban cycle   
This is a specific aim, as this provide actual evidence, to prove or to disprove, if the use of start/stop feature improves the fuel consumption and emissions.    
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[bookmark: _Toc498712826]2.0 Literature Review
The main reason for the author to carry out this project is that the author believes that the emission standards of an older car may not be credible enough anymore to stay on the road. However that there system available for the government and the car manufacturer to apply on the vehicles in order to make them credible enough to meet the current emission standards, such as EGR, DOC, SCR, and LNT. Different manufacturers have the options to use a different combination of the devices, such as EGR+DOC+DPF, EGR+SCR+LNT, EGR+DOC+LNT+DPF and EGR+DOC+SCR+DPF which is currently is being used in the vehicles From latter part of 2017, the RDE regulation will be will be applied, which mean the automotive manufactures would have to use EGR+DOC+LNT+SCR+DPF. It is now become possible to make some changes to the remaining vehicles on the road in order to enhance the emissions and to meet the euro standards (Vehicle emission testing programme, 2016). The major reason to carry out this particular project will be explained in the section below, explaining how the urban zone driving has the effects on emissions and fuel consumption. If the effect were to be reduced, it would also improve medical and environmental issues. 
[bookmark: _Toc498712827]2.1 Emissions
There are five main gases, which are emitting from the exhaust, NOx, HC, CO, O2 and CO2. The first-ever emission gases issue was reported in Los Angeles, America in 1947. This was seen as the problem was occurring in another part of the world, especially in condensed urban cities, it became global issues. This lead to researchers to be carried out in Japan, America and European counties (Autolife.umd.umich.edu, 2010). According to research, due to emissions, the global temperature has risen by 0.74 degrees Caelus in the last 100 years. From the calculation this should have taken 1000 years by this much. The untitled nations have strongly recommended the automotive manufactures to research and come up this the solution in order to reduce the issue (Ding, Z., Duan, X., Ge, Q. & Zhang, Z. 2009) 
[bookmark: _Toc498712828]2.1.1 Medical review on emissions
Air pollution is one of the major public health concern, globally. It is hugely affecting the cities and growing urban areas with a population of 10 million or more (Molina & Molina, 2004). Air pollution has caused implications for human lives, such as reducing the life expectancy of the people, premature death and has caused a different disease. According to a technical paper, in major cities of the world, it has not made a big health impact as it has in the developing countries, as they do not have the right healthcare and technology to aid the people. The data from mid-1990’s shows that the ambient concentrations of the pollutants were a lot higher than the Health Organisation (WTO) had claimed (Katherine & Tatyana, 2000).  According to some medical papers, the new vehicles have been equipped with modern technology to help reduce the emissions, the older vehicles have been the majorly found responsible (Chow et al, 2004). According to another technical paper, urban areas have poor air quality which is leading toward, natural disasters to occur around the world. (C., Heal, M.R., Vieno, M., MacKenzie, I.A., Armstrong, B.G., Butland, B.K., Milojevic, A., Chalabi, Z., Atkinson, R.W., Stevenson, D.S., Doherty, R.M. & Wilkinson, P, 2017). From the EU regulation, a system has been developed to support local authorities to manage air quality known as AirGIS, the system was first used in Denmark (SAE, 1999). The medical research carried on emissions in London, have proven that there are other areas of human bodies affects. The emissions produced from vehicles, have increased the chances of humans to have lung cancer, respiratory and cardiovascular systems, this was confirmed in 2013. In 2015, COMEAP studies showed, that children were affected the most as their bodies are still developing (UK Parliament, 2015). However, as the developed countries are trying to resolve the issue, there is no support from the developing countries, as they are still currently producing the same level of pollution as they have in previous years. Acid rain is formed when the sulphur dioxide and nitrogen oxide combine along with water in the atmosphere. The acid rain then causes serious damage to the plants, especially vegetation. The acid rain causes the vegetation to change its physical shape and stops the vegetation mid-growth. As the level of emissions increases, more acid rain is formed, causing more damage to the crops and farmlands (Air-quality.org.uk, 2017).  
[bookmark: _Toc498712829]2.1.2 Fuel consumption
In the year 1972 the imported vehicle bands had 13% of the shares in the American market, the number increased to 15.8% in 1975. However, on October the 17th, 1973 there was oil crises (Treece.J, 2017). Vehicles built during that time were achieving below 15 MPG, which can be seen in the figure below. From 1975 to 1987 there was a major demand for improving fuel consumption. The manufacture diverted their attention to the efficiency of the vehicle then the raw power.  This was done by making the vehicles lighter, make the engines smaller. From the figure it can be clearly seen the improvement in the vehicles as the MPG increased (Pewtrusts.org, 2011). From the figure it can also be seen there is a drop in the average MPG, in the year 1980, this was due to the fuel crises coming to end and the drop in oil prices, at same time there was a rise in the demand of the more muscular and powerful vehicles (Williams-Derry, 2017). Also in 1980 the rise of greenhouse gases became a political issue, the government pumped a lot of money to identify the causes. The major cause was found to be road vehicle pollution (History.aip.org, 2017). From the manufacturer started manufacturing vehicles that are more efficient. The biggest target for the car manufactures is to achieve 54.5 MPG or above by 2025 (Pewtrusts.org, 2011). 
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[bookmark: _Toc498712869]Figure 1: Average estimated fuel economy by model year (Pewtrusts.org, 2011)
[bookmark: _Toc498712830]2.1.3 Calculating fuel consumption though NEDC drive cycle
 The vehicles fuel consumption is determined from the NEDC test carried out in the laboratory. NEDC drive cycle was established in 1997. Under the regulation 692/2008, it is stated that the vehicles, which were on sale from January the 1st 2001, were regulated to take the test. The test has been divided into two parts, urban drive cycle and the extra-urban cycle. However, the extra-urban cycle test is carried out straight after the urban cycle test, as shown in the figure below. As well as the fuel consumption, the test also compares the exhaust emissions to the Euro standard the vehicle was built for. Before the car can be tested it, it must be driven for at least 1800 miles. The Urban cycle test is carried out at the controlled temperature, between 20 to 30 degrees Celsius. The vehicle is placed on the rolling road. The urban test is designed to simulate the urban driving, the vehicle will accelerate, decelerated driven at steady speed and will be idling during the test. The maximum speed for the test will be 31 MPH; the average speed will be 12 MPH. The vehicle should also cover the distance of 2.5 miles. The extra-urban test is designed to determine the fuel consumption and the exhaust gases the car produces. The maximum speed for the test will be 75 MPH and the average speed will be 39 MPH. In the extra-urban cycle, the vehicle should then cover 4.3 miles. For the final fuel consumption value, the urban and extra-urban cycle fuel consumption values are added, and an average is calculated (Dft.gov.uk, 2017).     

[image: http://www.vca.gov.uk/vca/images/test-cycle2.gif]
[bookmark: _Toc498712870]Figure 2: NEDC cycle test (Dft.gov.uk, 2017)
However, research shows that the values calculated and the test carried out in the NEDC test are not reflecting the drive in the real world. The values calculated in the test are higher than the values reading in reality. A 60 MPG vehicle is actually achieving around 45 MPG. This has been misrepresented hugely by the NEDC cycle. The laboratory conditions and the power-sapping electrical features are the main reasons for increasing the fuel consumption during the test. The test as also showed less CO2 being produced. The figure below provided the test results gathered from NJEDC test and real drive test.  
[image: ]
[bookmark: _Toc498712871]Figure 3: NEDC values against real drive test values (Content.tfl.gov.uk, 2017)
In order to resolve this issues the European emission standard agency along with other world emission standard agencies have designed a new drive cycle, which is known as WLTC. WLTC will be the first global test standard set fuel consumption and exhaust emissions (Telegraph.co.uk, 2017). The vehicles will be set into class and each class will have a different requirement. However, the WLTC cycle is currently being developed as some vehicles may not be able to replicate the speed and time set for the class, these vehicles will be one which will fall between class 2 and 3 (Dieselnet.com, 2017).
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[bookmark: _Toc498712832]3.1 Urban cycle
Urban cycle testing is carried out in controlled environments, such as the laboratory. At the ambient temperature between 20 to 30 degrees C. The figure below shows, the vehicles are more efficient at extra urban areas than the urban areas. When the vehicle is running at 2 and half thousand rpm at 55 miles per hour, it’s very efficient and less pollution is produced. During this period the catalytic converter is more efficient due to the high temperature. 
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[bookmark: _Toc498712872]Figure 4: Comparing NOx emission produced in in Urban and extra-urban area (Hooftman et al., 2016)
[bookmark: _Toc498712833]3.2 Emission standard in urban zone of the Morden car 
From 1950 to 2014, the rate of traffic has increased by seven times, and it was reported to increases further. In the UK, over 90% of the journeys made by the public was by roads. According to the UK statistics, over 65% of the road traffic is found on the urban roads in 2013. This number rapidly increased to 79% in 2014 compared to the value of 44% in 1949. This reason for the increment was the number of vehicles on the road. From the government data, in the UK a 32% of the population have one or more vehicles, 43% with one vehicle and 24% with no vehicle. The government than stated that the number does not seem that big until it is compared with data collated in 1951. 1% of the population have one or more vehicles, 13% with one vehicle and 86% with no vehicle (Licencebureau.co.uk, 2017). A Modal Approach to Vehicular Emissions and Fuel Consumption Model Development, a technical paper, clearly states emission produced by the vehicle in the urban zone are a great concern due to the proximity activates of the humans. The Hong Kong environmental protection department reported that the CO2, NO and the PM emissions are a lot higher in the urban areas, are gradually increasing. This is caused by both petrol and diesel cars. A test carried out in Hong Kong to analysis the emissions and the fuel consumption of each of the vehicles listed in the figure below. In another figure below are the results for vehicles tested. From the test, it can be clearly seen, that the emissions produced and the fuel consumed in the idling period are a lot higher. The graph also indicates that as the speed increases the vehicles become more efficient (WING-TAT HUNG, HING-YAN, T. and CHUN-SHUN CHEUNG, 2005).    
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[bookmark: _Toc498712873]Figure 5: Data sample (WING-TAT HUNG, HING-YAN, T. and CHUN-SHUN CHEUNG, 2005)
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[bookmark: _Toc498712874]Figure 6: Urban test, analysing emissions and fuel consumption Hong Kong (WING-TAT HUNG, HING-YAN, T. and CHUN-SHUN CHEUNG, 2005)
An investigation from Serbia carried out in 2010 shows also shows the how urban zone driving has the major rolling the increasing emissions levels. 
[image: ]
[bookmark: _Toc498712875]Figure 7: GHGs emissions calculation results- the daily traffic activities and calculated GHG emissions (Stojanovic, D. and Velickovic, M. 2012)
A new article state that major cities are around the world is opting to ban combustion engine vehicles from the cites (Fortune, 2017). This has also been backed by Mini, an automotive car manufacturer. Mini has stated that to reduce the urban emissions, it is important to introduce laws that allow only electric entering cities. Mini has also expressed that nine of their 10 customers drive less than 40 miles a day and an electric vehicle would then be ideal for them (online NewsBank, 2017). In order to take control of the situation the governments around the world have, especially governments, in Europe, have decided on two possible ways to reduce the emission in the urban areas. There was also a place to greatly improve the traffic flow, reduce the congestion caused by traffic and to improve the urban emissions to improve the environment. First the government have decided to charge the vehicles entering the low emission zones. It has not made a huge impact as the governments would have hope for despite, spending a huge amount of money to have tolls and monitoring system to be placed. The second change the governments made, was to introduce the no-entry zones, to stop certain types of vehicles from entering. This however helped to reduce the emissions by not great, as there are still a lot of vehicles in the cities (Tögel, M. & Spicka, L, 2014).         
[bookmark: _Toc498712834]3.3 Improving urban run on a Euro 3 standard vehicle  
[bookmark: _GoBack]There has been strong measurement taken by the automotive industries in order to improve the emissions within the last decade measures have been placed. Downsizing the engines, turning one cylinder off, installing a turbo and improving the EGR were some of the measures taken by the automotive industries. Downsizing engines, was commonly used in the car manufacturer to reduce the CO2, improve fuel consumption and was very efficient, however this lacked power. In order to improve power, the car manufactures added devices, such as installing turbochargers to vehicles and direct injection this was done in order to increase the power and at the same time keeping it efficient (SAE, 2010). However, as the emission standard has changed and has become more challenging, the automotive industries believe that they have come to the limit of the downsizing engines and cannot use those (English. A, 2017). Turning off a cylinder, is another measure taken by the industries, during idling period the vehicle will turn off one of the cylinders. The cylinder then will restart when the engine requires more power. The turbo was installed on vehicles to in order to control the emission emitted from the exhaust. The turbocharger, reuses the waste gases, produced by the engine. The gases then get compressed in the turbo, while more air is added. The gases and the added air travel back into the cylinder via the inlet manifold to be burnt again. This produces lower emission levels and fewer emissions are released into the atmosphere (C, Woodford, 2016). Much like the turbo changer, EGR is device is used to recirculate a portion of the exhaust gases back into the combustion chamber. The EGR device is used to reduce the level of NOx exiting the exhaust (Hypermiler.co.uk, 2017).    
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[bookmark: _Toc498712836]4.0 Start-stop system 
There are two types of start/stop systems, a standard start/stop and eco start-stop system. There are two batteries installed on the start/stop system vehicle.  In order for both systems to function properly, the car must be at the operating temperature, the car is stationary and the clutch paddle is depressed. The system is attached to the ECU, as soon as the vehicle speed is reducing and it reaches 4 mph, the speed signal is sent, it then triggers the engine shutting down the process. When the clutch peddle is pressed, a signal is sent to restart the engine. If the vehicle is not at the operating temperature or, there is not enough charge in the battery, the vehicle start /stop system will not operate. The standard start/stop system, will operate as explained. However the Eco start/stop function, turn the engine off before the vehicle is stationary. At 8mph the vehicle, start the process and turn the engine off (Support.volvocars.com, 2017). The start/stop system is tested using the NEDC drive cycle, as the WLTC is currently being developed (Telegraph.co.uk, 2017). Around, 70% of the new vehicles in the UK, are fitted with the system, in order to reduce the emissions (Coventry, 2015). In the major section of the report, the author will determine, more suitable start/stop system for the tested vehicle. In the figure below, it can be seen clearly, the impact the start-stop system has on the CO2 emissions, the emissions have been reduced.   
[image: ]
[bookmark: _Toc498712876]Figure 8: Start/stop tested using the NEDC cycle (Anon, 2016)
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[bookmark: _Toc498712838]5.1 Methodology 
In this section, the author will explain the methods used in order to achieve the results. An investigation will be carried out using a vehicle (Volkswagen Lupo 1l 2001, Euro standard 3). The vehicle has not be fitted with the start/stop system. However it can still be used to determine if the on-road emissions and fuel consumption can be improved by turning the vehicle off, during the idling period (MERKISZ, J., PIELECHA, I., PIELECHA, J. and BRUDNICKI, K., 2011). At first the author has used analytical methods to determine the power, speed and the load to apply during the dyno test. In order to find the power, speed and load, the author has used the current NEDC cycle data. This interpreting the correct time and procedures of when stop/start should be inoperative and where its advantages would be within the cycle. The second method, will be though physical live testing simulations. Carrying out a drive cycle without stop/start inoperative and then with stop/start to see if the start/stop if this will enhance and improve it’s over emission on the journey of the urban cycle. 
[bookmark: _Toc498712839]5.1.1 Analytical methods 
  In the figure below, is a sample of the analytical calculation to determine the power, speed and load required for the test. Time in seconds, Gear changing and velocity in kilometre per hour will be used from the NEDC cycle test. The velocity in m/s, Acceleration in m/s/s will be calculated initially. Using the test vehicle mass the net force will be calculated. The second section of analytical methods, requires using the information in the table below, in order to calculate the aero force at each second. In order to find the power, full force at the wheels for each second must be calculated, by finding the sum of the net force, rolling force and aero force. To calculate the power for the 180s, all the positive values of the powers should be added. The added power values should then be divided the seconds of positive power (101s). This will then provide the average power in watts. In order to calculate the average speed, at positive power, all the positive power will be added and then divided by the seconds (101s). The process will be repeated to calculate the load required, by using the positive full force at the wheels and then dividing by 101s. As the NEDC test was official and has been used by automotive manufacturers. The author was not present at the time to witness the testing. The data may have been changed to suit the requirement. Figure 10, shows the calculation made by the author, the calculation will be used in the physical testing to determine the results.         
[bookmark: _Toc498712888]Table 1: Researched information by the Author
	Vehicle mass (Kg)
	825

	gravity (N)
	9.81

	Drag Coefficient
	0.3

	Rolling force
	0.015

	Air Density (kg/m3)
	1.2

	Frontal area
	2
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[bookmark: _Toc498712877]Figure 9: Analytical calculation made for the whole drive cycle by the author (Microsoft Excel, 2016)
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[bookmark: _Toc498712878]Figure 10: Analytical calculations made for the urban cycle period (195s) by the author (Microsoft Excel, 2016)
[bookmark: _Toc498712840]5.1.2 Physical live testing simulations
Using the information from created drive cycle, will allow the author to simulate the testing on the dyno (rolling road). Using the Microsoft Excel spreadsheet, the idle time and stopping time for test two along with the five emission gases and the fuel used will be recorded. Before starting the test, it is very important to log the vehicle information on the dyno, such as engine ID, ambient pressure and the date of the test. An external fuel tank (measuring cylinder) will be used along with the 3 bar fuel pump. One litre of fuel will be used for each set of tests. After each set of tests, the volume of fuel used and the emission produced will be noted. This will then determine if it is beneficial to have the start/stop system in vehicles. In the figure below, there is an example of a testing spreadsheet.
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[bookmark: _Toc498712879]Figure 11: Example of physical testing created by the author (Microsoft Excel, 2016)
[bookmark: _Toc498712841]5.2 Results and Analysis
In this section, there are three different test conducted to find the same answer, how much fuel consumed and how much emissions produced. Two tests were carried out in the United States of America, test one was carried out by government bodies, whilst test two was carried out by professional automotive car review agency. The third test was carried out in Canada, based on the traffic in New York. From researching the graphs and charts, it shows a vehicle similar capacity with stop/start is allegedly are achieving.    
[bookmark: _Toc498712842]5.2.1 Test carried out by government 
This is a laboratory test, to determine the fuel used and emissions produced. 
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[bookmark: _Toc498712880]Figure 12: Idling emissions and fuel usage (Afdc.energy.gov, 2017)
The figure above shows, output emissions during the idling period. The figure is low as the catalytic converter was activated.
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[bookmark: _Toc498712881]Figure 13: Idling for more than 10 seconds uses more fuel (Afdc.engey.gov, 2017)
The graph in the figure above shows, the time and the fuel used. According to the graph, the vehicle consumes more fuel during the restarting process, more than the idling. From idling emissions and fuel usage figure, it can be seen that the vehicle also produces more CO2.     
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[bookmark: _Toc498712882]Figure 14: Comparison of emissions from cold start, restart and idling (Afdc.engey.gov, 2017)
The figure above shows, the emissions produced from restarting the vehicle were higher. When compared to the cold start, the emissions were lower. As this calculated and simulated test it does not provide actual evidence of the number provided (Afdc.energy.gov, 2017).  
[bookmark: _Toc498712843]5.2.2 Test carried out by professional automotive car review agency
  This is a road test, this will allow the collected data to be more reliable, as this is not calculated. There was no theoretical calculation carried out prior the test, as this would not have given a true reflection on the fuel consumption (Tc.gc.ca, 2010). The test plan is created for the urban zone.   
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[bookmark: _Toc498712883]Figure 15: Test plan (CARmag.co.za, 2017)
The results below show the fuel benefits of using the start/stop system. The vehicle consumed less fuel during the testing which also then determines that the vehicle has produced fewer emissions.    
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[bookmark: _Toc498712884]Figure 16: The test results (CARmag.co.za, 2017)
The authors testing will be based on this practical testing. According to CARmag this test can be simulated on the rolling road, using the analytical calculations from figure 10. However, the average speed provided by the vehicle certification agency, the average speed should be 19km/h (12mph) (Dft.gov.uk, 2017), the calculated average in figure 10 is 29.49km/h (18 mph). From light-duty vehicles, report, there is clear guidance on the speeds and the tolerance. The maximum speed is 52km/h (32 mph) give plus and minus 2 km/h. As long as the vehicle speed is within 32 km/h (20 mph) the test results are valid (Cycles, Giakoumis and Publishing, 2017).
[bookmark: _Toc498712844]5.2.3 Test carried out in Canada, based on the traffic in New York
This is another road test, this test is carried out in the central urban area, with traffic and high rate of human actives. This test was carried out with and without start/stop system. 
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[bookmark: _Toc498712885]Figure 17: Test graph for fuel consumption (Tc.gc.ca, 2010)
The figure above, clearly shows duration and the speed which the vehicle travels at in the urban zone. The speed which the vehicle travelled at has been monitored with onboard speed monitor. The vehicle was also monitoring fuel consumption as shown in the figure below and the Exhaust emissions produced.
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[bookmark: _Toc498712886]Figure 18: Fuel consumption result figures (Tc, gc.ca, 2010)
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[bookmark: _Toc498712887]Figure 19: Emissions emitted during tests (Tc.gc.ca, 2010)
From the above figure it can be clearly seen, that more emissions were produced during the testing, except CO2, the CO2 levels were lower than the CO2 levels recorded during idling. 

[bookmark: _Toc498712845]5.3 Discussion
Certain lecture or test results provided by the car manufacturers and automotive organisations in the past have only been achieved through calculations and simulation. Although some organisation has carried out some practical testing, but have not given a true reflection on the emissions reduced by the start/stop system. Some reports have suggested is only improves fuel consumption and does not really improve the emissions but makes it worst (Taub, 2017).  There is some strong technical paper which proves that the start/stop system has not only improved the fuel consumption but also improved the emissions (Fonseca, N., Casanova, J. and Valdes, M. (2007). It has proven that the NEDC cycle done not proved the true reflection on the fuel consumed and the emission gases produced, it is more theoretical calculated and simulated. This does not provide the full urban cycle which the vehicle goes through during the urban drive (Telegraph.co.uk, 2017). The new testing procedure the WLTC, once it is fully established will provide the full reflection on the fuel consumption and the emissions produced in the urban zone. Although the WTLC testing is very expensive, and car manufacturer may not agree to (Telegraph.co.uk, 2017), it has been found better for the car manufacturers to use to give an accurate reading of fuel consumption and emissions produced in order to not to get fined (Consultancy.uk. 2016). However, all three tests provide different emissions reading with a start/stop on. From a technical paper, known as London exhaust emissions and study and the research carried out in London proves that the start/stop system does improve the emissions and reduce the fuel consumed. It has also approved one of the tests to test emissions. In the test, the NEDC cycle used (Content.tfl.gov.uk, 2017). 
[bookmark: _Toc498712846]5.4 Conclusion             
From the research carried and the evidence collected, it can be seen clearly that there is a major issue for the automotive industries to solve as this is affecting the human health and the environment. From the research, it can be seen clearly, that the urban zone driving has produced a lot of emissions than the extra-urban driving and it has become the point of interest for government and the automotive industries. The emissions standard has become very challenging for the automotive industries, new systems have been introduced to resolve the issue. As the start/stop system has introduced to reduce the emissions in the urban areas. It has become very important to further investigate this matter further. The results found in the results section, shows there are positive and negative results produced during the testing of the start/stop system. However after the author has conducted the test, only then it can be determined if the start/stop system is actually beneficial.
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Looking at Figure 6, it can be seen that the drive cycle does have a significant effect on the vehicle
emissions performance. In order to fit all measures onto a single chart, the values for NO, have been
reduced by a factor of 10, the CO2 by a factor of 1000 and the fuel consumption by a factor of 100.
This means that the values for HC, CO and NO, are, relatively, very small and therefore whilst the
percentage changes may look significant (-72.5 per cent, 39.6 percent and 20 per cent respectively),
in true mass emission terms they are not large.

CO; was found to be 12.6 glkm (8.7 per cent] higher over the TfL Passenger Car cycle than the
NEDC and fuel consumption was seen to also increase by 8.7 per cent. This would appear to be a
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equation. A fuel Hiow meter was connected to the tuel
supply pipe to measure the instantaneous fuel consump-
tion.

Instantaneous concentrations of CO, carbon dioxide
(€0O,), NO,, hydrocarbons (HC), and oxygen (0,) were
measured by a five-gas analyzer. The CO, CO,, and HC
measurements were recorded using the Non-dispersive
Infrared Method, whereas the O, and NO, measurements
were taped using electrochemical transducers. The ex-
haust gas analyzer was calibrated with standard gases be-
fore each of the test runs. Instantaneous smoke intensity
from diesel vehicles was collected by a Hartridge smoke
meter. The analogue smoke signal in DC voltage from the
smoke meter was transmitted to the computer through
the PICO data acquisition system.

‘The fuel consumption rate and gas emission concen-
trations were related to the speed measurement. However,
there exists a time lag among the fuel meter, gas analyzer,
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Fig. 2. (a) Start-Stop effect on CO2 emissions; (b) Instantaneous development of battery SOC over NEDC and WLTP.
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1192 |Aero Froce (N) 31
1193 Load to apply (N) 153
1194 Load to apply (KN) 0.152669214
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A1191 - fe | Number of negatives in 195 seconds power (w)

A A | B | C D E F G ‘ H |
llg 1180 121.399 0.00 0.000 0 121.39875
1183
1184 Urban cycle (195 seconds)
1185 Theoretical distance (m) 994.03
1187 Total (positve power) power (w) 259605
1188 Number of postive power (w) 101
1190 number of zeros in 195 seconds speeds (m/s) 56
1191 Number of negatives in 195 seconds power (w) 26
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Meters to Kilometers conversion
wwi metric-conversions.org > .. > Length Converter > Meters Conversion v
Kilometers. The kilometre is unit of length in the metric system equivalent to one thousand metres.

Convert m to km (meter to kilometer) with Example - YouTube
hitps:/fwwi.youtube.comwatch?v=nD1RxKbV7nl
Convert | 14 Jan 2016 - Uploaded by How Convert
m to How to convert m to km ? this tutorial will show you how converting meter to
kilometer vith example. easy

27 Convert lengths 1 km = 1000 m 1 m = 100 ¢m 1 ... - Nuffield Foundati...
hitps:/Aww.nuffieldfoundation. org/... [FSMA%20Convert%20lengths%20student pdf v

In this activity you will convert between metric units of length: kilometres, metres, centimetres, and
millmetres. 1 km = 1000 m. 1 m =100 cm. 1 m = 1000 mm.

Convert Meter to Kilometer

hitps:/fwwi.unitconverters. net/length/meter-to-kilometer nim

Instant online length units of meter to kilometer conversion. The meter [m] to kilometer [km]
‘conversion table and conversion steps are also listed.

Convert m to km, km to m - Length / Distance Conversions
hitps:/fwww.checkyourmath.com/convert/iength/m_km.php v

Online calculators to convert meters to kilometers (m to km) and kilometers to meters (km to m) ith
formulas, examples, and tables. Our conversions provide a

Meters to Kilometers (m to km) Conversion - AskNumbers.com
hitps:/fwww asknumbers.com/MetersToKilometersConversion.aspx

Meters to kilometers conversion table shows the most common values for the quick reference.
Altematively, you may use the converter to convert any other
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Figure 1. Americans love thei dive-throughs, but are they more
uel-effcient and environmentalyfrencly than parking and going
into the restaurant?

The bulk ofiding researchto date has focused o the effects of heavy-
and medium-duty diesel vehide dling. Most research has ignored
passenger car iding—even atschools—as asource of emissions and
wasted fuel Whil idling intrafficis necessaryfor afety vehicles an
be tumed off while waiting for passengersorfr feight trains to pss.
Consumerscan choose to park and enter a fast-food restaurant, rather
thanidle ina drive-through line (Figure 1), f each carin the United
Stats e just 6 minutes per day, about 3 billion gallos o uel are
wasted annually, costing drivrs $10 illon or more. And they haven't
gotten anywhere!

The U, Department of Energy Clean Cites Program usesisnational
network of lmost 100 loca coalitions o reduce transportation
dependence on petroleu through the us of ahtemative fuels and
eficiency measures,incuding dling reduction. The program therefore
funded Argonne to measure iding uel use by and emissions from
light-duty vehices and to compare thse tostart-up emissons to
enable data-based decision making.

Testing [continued]

Testing at 21°C ambient conditions on alate-model mid-sized
American car shows that dling for more than 10 seconds uses more

fuel(Figure 3 and emits more C0, (Tabe 1) than engine restartng

Faclity (APRF), using a SemtechD emissions analyzerforemissions and a
direct fuelflow meter for fuel measurement. The vehice was prepared and
1un by using approsimate Federal TestProcedure (FIP) standard ambient
temperature teting crteria The emissions o nteestin thisstudy include
total hydrocarbons (THC),nitrogen ovides (NO,), carbon monaride (C0),
and carbon dioxide (C0) (Tabes 1and 2).

m
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catalyst activation.

nd ding
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TiCing 191
0, (mg) B
() w1
“Totaaver 7.45-mi UDDS cycle
~ Emissions from restating were larger, but at east an order of magitude
Tower than thosefrom strting acold engine.
« The catalyst cooled down slowly, sothatrestarts after times equivalent
toashorttransaction ata bank o restaurant re unikely to allow the
temperatureto drop belowlight-ff and incur arge cold-sart emissios.

Research Limitations

Data presented hereare based on ane vehicle at one temperature,
with a small number o runs. Therefore, athough several conclusions
are suggested by this work, generalzations are unwarranted
without additonal work to confirm the extent to which the results
apply,forthe ollowing reasons

- Hotand cold ambient conditions are likely to affect resuls,
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Figure 1. Americans love their drive-throughs, but are they more
fuel-efficient and environmentally friendly than parking and going
into the restaurant?

The bulk of idling research to date has focused on the effects of heavy-
and medium-duty diesel vehicle idling. Most research has ignored
passenger car idling—even at schools—as a source of emissions and
wasted fuel. While idling in traffic is necessary for safety, vehicles can
be turned off while waiting for passengers or for freight trains to pass.
Consumers can choose to park and enter a fast-food restaurant, rather
than idle in a drive-through line (Figure 1). If each car in the United
States idles just 6 minutes per day, about 3 billion gallons of fuel are
wasted annually, costing drivers $10 billion or more. And they haven't
gotten anywhere!

The U.S. Department of Energy Clean Cities Program uses its national
network of almost 100 local coalitions to reduce transportation
dependence on petroleum through the use of alternative fuels and
efficiency measures, including idling reduction. The program therefore
funded Araonne to measure idlina fuel use bv and emissions from

(S Energy & Feasibiity X { & Idie Start Stop EN X { [J Gite This For Me:He X e -

Qx| @
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X

and brick temperatures and oil and coolant temperatures. We collected
data in one of Argonne’s test cells at the Advanced Powertrain Research
Facility (APRF), using a SemtechD emissions analyzer for emissions and a
direct fuel flow meter for fuel measurement. The vehicle was prepared and
run by using approximate Federal Test Procedure (FTP) standard ambient
temperature testing criteria. The emissions of interest in this study include
total hydrocarbons (THC), nitrogen oxides (NO,), carbon monoxide (C0),
and carbon dioxide (C0,) (Tables 7 and 2).

Table 1. Idling Emissions and Fuel Use per Second
‘THC(mg) {O(mg)  |C0,(g)
97. 0266 0.588

- (Criteria pollutant emissions were low for idling following
catalyst activation.

NO, (mg)

Table 2. Comparison of Emissions from Cold Start, Restart, and Idling

Emission Tier 2-Bin 5% | Cold Start | Restart

THC(mg) 878 191 “: 80 43

N0, (mg) 552 28 6 03 38
0 (mg) 31,290 2970 1253 32 24

“Total over 7.45-mi UDDS cycle

- Emissions from restarting were larger, but at least an order of magnitude
lower than those from starting a cold engine.
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WE decided to creafe our own severe city-drive cycle and fried fo replicate the exact drive (including stops, vehicle speed
‘and distance covered) with the stop/start system aciive and disabled. Although not completely scientific, in theory this
‘experiment should have shown the benefis of the fechnology.

THE TEST ROUTE

Total Distance (km) s
Number of one-minute stops 10
Number of five-minute sfops 4
Total fime stationary (minutes) 30
Total fime fo complete fest route (minutes) 47
Maximum speed during test route (km/h) 40
Average speed during fest route (km/h} 8

The test car was a Mercedes-Benz B180 CDI AT (see road fest on page 70) with all ancillaries (example, air-con)
switched off for the entire fest. During the run with stop/start acfive, the system failed fo switch off the engine after 11
stops, which meant that the engine was off for a fofal of only 12 minutes and nof the 30 minutes originally planned. This
can possibly be affributed fo @ low state of charge of the battery due o limited engine run-fime befween the stop/start
procedures.

THE RESULTS

Fuel consumpfion without stop/start (L/100 km) 13

Fuel consumpfion with stop/start (L/100 km) 03
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swiiched of for the enire fest. During the run with stop/starf aciive, the sysiem failed fo swilch off the engine afer 11
stops, which meant that the engine was off for a fofal of only 12 minutes and nof the 30 minutes originally planned. This
can possibly be affributed fo @ low state of charge of the battery due o limited engine run-fime befween the stop/start
procedures.

THE RESULTS

Fuel consumpfion without stop/start (L/100 km) 13
Fuel consumpfion with stop/start (L/100 km) 03
Total fuel savings per 100 km (L) 10
Money saved per 100 km with diesel @ R11,49/L (R} RI11,49
Total fuel saved during & km fest cycle (L) 0,08

Money saved during the 6 km fest cycle vith diesel @

RIT49/L R) Ro69

A modern 1,8-lie diesel engine such as the one in the B-Class will use an esfimated 0,6 L/h during idle when the
engine is at operational temperature (with ancillaries switched off). Therefore, an ideal stop/sfart system should have
saved 0,3 lifres of fuel during the 30 minutes of stafionary fime (an esfimated saving of R3,45 at our diesel price).
Unfortunately, this figure could not be realised in real-world testing because the system allowed the engine fo switch off
for only 12 minutes and therefore decreased the saving fo 69 cents
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FUEL CONSUMPTION TESTS EMISSIONS 1
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+ Intypical stop-and-go city traffic, idle start-stop offers an 11.5% savings IDLE START-
compared to a conventional vehicle. « Ide starkss
Fuel Consumption in Stop-and-Go City Traffic (L/100 km) Ssitr\:le\?:ri_ol
Stop-and-Go Savings with Idle g -
City Consumption Start-Stop of auxiliary
Without idle start-stop 10.26 + Below-7°C
1.5%
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eTV's test results will be used to inform changes to fuel consumption test procedures and vehicle rai
start-stop technologies.
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EMISSIONS TESTS -
. + Despite fuel savings and reductions in GHG emissions, anti-idling systems
may actually increase other regulated emissions such as non-methane
- hydrocarbons (NMHC). However, even with the idle start-stop ON, all

emissions were still well below regulated limits .

. Exhaust Emissions Compared to Canadian Standard
— Idle Start-Stop | Idle Start-Stop | Standard -
— Off (g/mi) On (g/mi) Bin 5 (g/mi)
— co 0.63 0.64 3.40
S NMHC 0.028 0.057 0.075
- HCHO 0.001 0.002 012
8 630 NO, 0.01 0.01 0.05

co, 218.00 207.00 -
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