Emissions legislation
Emissions data history is fairly recent, since emissions regulations have only been mandatory since 1982, and then were not up-dated until 1992, with the introduction of the ‘Euro’ regulations by the European Union.  The U.S. has a similar ‘Tier’ system based on the European equivalent. 
Below are two tables, Tables 1 and 2, containing the data for both Petrol and Diesel internal combustion engines emissions from 1982 up to the present Euro vi standard.

	Year of Regulation
	CO (g/km)
	HC & NOx (g/km)
	HC (g/km)
	NOx (g/km)

	1982
	20.7
	5.8
	-
	-

	1992 (Euro 1)
	2.72
	0.97
	-
	-

	1996 (Euro 2)
	2.2
	0.5
	-
	-

	2000 (Euro 3)
	2.3
	0.35
	0.2
	0.15

	2005 (Euro 4)
	1.0
	0.18
	0.1
	0.08

	2009 (Euro 5)
	1.0
	0.16
	0.1
	0.06

	2014 (Euro 6)
	1.0
	0.16
	0.1
	0.06


[bookmark: _Toc157078070]Table 1: Petrol Emissions

Data are shown graphically in figure 1 and illustrate the reduction of emissions due to developments in legislation.
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Figure 1: Petrol Emission Regulations Over Time


	Year of Regulation.
	CO (g/km)
	HC & NOx (g/km)
	HC (g/km)
	NOx (g/km)
	Particulate Matter (PM) (g/km)

	1982
	20.7
	5.8
	-
	-
	-

	1992 (Euro 1)
	2.72
	0.97
	-
	-
	0.14

	1996 (Euro 2)
	1.0
	0.7
	-
	0.8
	0.08

	2000 (Euro 3)
	0.64
	0.56
	0.5
	0.5
	0.05

	2005 (Euro 4)
	0.5
	0.3
	0.25
	0.25
	0.025

	2009 (Euro 5)
	0.5
	0.23
	-
	0.18
	0.005

	2014 (Euro 6)
	0.5
	0.17
	-
	0.08
	0.005


[bookmark: _Toc157078071]Table 2: Diesel Emissions
(www.europa.eu.int, 2004)
Data are shown graphically in figure 2.




[bookmark: _Toc215987976]Figure 2: Diesel Emission Regulations Over Time

Both Figure 1 and Figure 2 illustrate the reduction of emissions required since the mandatory regulations were introduced.  Each manufacturer has had to conform to the legislation with every vehicle in their range if the car is to be sold in the E.U. If the car is of a higher emission output then the owner pays a percentage of tax based on the vehicle’s emissions (Haymarket Motoring, 2004).  
If manufacturers outside of the E.U. intend to sell their vehicles in Europe then these also must conform to the remits of the legislation.  In the twenty years since the introduction of the Euro regulations and catalytic converters, tailpipe emissions have been lowered dramatically. (Twigg, 2005) 

Prior to 2003, the main method for measuring tailpipe emissions was to take an instantaneous value, this measurement being performed within 40 seconds of the engine being started.  It is within this period that a vehicle emits the highest volume of unwanted emissions (Blix 2004).  

Since 2003, test cycles have been devised to synthetically generate a typical driving curve, including an urban traffic cycle and a suburban section.  This idea has been developed and legislated on by the E.U. as the ECE/EC test cycle and is currently required by law in the following countries:
	· Austria

	· Belgium

	· Bulgaria

	· Cyprus

	· Czech Republic

	· Denmark

	· Estonia

	· Finland

	· France

	· Germany

	· Greece

	· Hungary

	· Ireland

	· Italy

	· Latvia

	· Lithuania

	· Luxembourg

	· Malta

	· Netherlands

	· Poland

	· Portugal

	· Romania

	· Slovakia

	· Slovenia

	· Spain

	· Sweden

	· United Kingdom



Figures 3 and 4 below show the ECE/EC Euro v test cycle, over which emissions measurements are taken. Figure 3 concerns petrol powered passenger cars and light commercial vehicles, whilst Figure 4 concerns diesel engined equivalents and heavier commercial vehicles. These figures also show how the regulations relate to vehicles of specific weights.  
The petrol cycle is 1220secs (20 minutes) long; it covers a distance of 11 km; averages a speed of 32.5km/h and reaches a top speed of 120km/h. The diesel cycle lasts for 1180secs, and also has an average speed of 32.5km/h and a top speed of 120km/h (Bosch, 2000).  Looking at the first 850 second of the petrol emissions cycle (Figure 3) the chart shows a series of peaks increasing from around 15km/h then 35km/h and finally 50km/h between each peak the vehicle comes back to rest.  This series of peaks is repeated four times.  This part of the drive cycle simulates urban driving, with a ‘start stop’ patter that a driver might experience whilst driving through town, travelling through congestion and traffic management e.g. traffic light systems.  From 850 seconds until the end of the test, the cycle accelerates up to 70km/h maintains this speed for a short period, drops to 50km/h for a short period, and then accelerates up to 120km/h before returning to rest.  This section of the cycle represents a suburban driving pattern, where the driver is now making progress on a more open highway e.g. duel carriageway and experiencing less congestion.  The diesel cycle (Figure 4) mimics the petrol cycle very closely but simulates slightly higher top speeds in the urban driving section of the test.
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[bookmark: _Toc215987977]Figure 3: Petrol Emissions Test Cycle
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[bookmark: _Toc215987978]Figure 4: Diesel Emissions Test Cycle


	Standards
	CO (g/km)
	HC (g/km)
	NOx (g/km)
	HC + NOx (g/km)

	EU Stage i (Euro 1)
	2.72
	-
	-
	0.97

	EU Stage ii (Euro 2)
	2.2
	-
	-
	0.5

	EU Stage iii (Euro 3)
	2.3
	0.2
	0.15
	-

	EU Stage iv (Euro 4)
	1
	0.1
	0.08
	-

	EU Stage v (Euro 5)
	1.0
	0.1
	0.06
	0.16


[bookmark: _Toc157078072]Table 3: Petrol Limits for the ECE/EC Test Cycle


	Standards
	CO (g/km)
	NOx (g/km)
	PM (g/km)
	HC + NOx

	EU Stage i (Euro 1)
	2.8
	-
	0.2
	1.6

	EU Stage ii (Euro 2)
	1
	-
	0.15
	0.9

	EU Stage iii (Euro 3)
	0.7
	0.5
	0.05
	0.5

	EU Stage iv (Euro 4)
	0.5
	0.25
	0.025
	0.25

	EU Stage v (Euro 5)
	0.5
	0.08
	0.005
	0.17


[bookmark: _Toc157078073]Table 4: Diesel Limits for the ECE/EC test cycle (Passenger car and light commercial vehicles less than 2500kg)

Throughout the emissions cycle test the values recorded for any vehicle from a specific category, e.g. diesel passenger car weighing less than 2500kg, must be within the specified range of the regulations, e.g. for current Euro v standards, 0.5 g/km of CO as seen in figure 3 and 4 for petrol and diesel respectively.  As explained earlier these Euro regulations were implemented in 1992 with the EU Stage i (Euro 1) and have been consistently up dated becoming increasingly more stringent up to the current EU Stage v (Euro 5) introduced in 2009.
Figures 1 and 2 illustrate how legislation becomes more stringent with the rapid decrease in permissible levels of emissions, particularly in the first 10 years. Following this, the decrease in permissible levels of emissions continues at a lower rate.  
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