[bookmark: _Ref77886730][bookmark: _Toc86281976][bookmark: _Toc103347849]Table 1: Regulatory framework for commercial vehicles and passenger cars
	Designation
	Orientation
	Category
	EPI-Type
	Regulated objective

	Fuel Quality Directive
	Fuel Producer/
Distributor
	NM
	Technology Mandates
	Reducing GHG intensity of fuels

	Euro Norm
	Vehicle Producer
	NM
	Performance/
Technology Standard
	Limit harmful non-CO2 emissions

	Directive on mobile air conditioning systems
	Vehicle Producer
	NM
	Performance Standard
	Refrigerant of light vehicles

	CO2 fleet limits
	Vehicle Producer
	NM
	Performance Standard
	Limit harmful CO2 emissions for new PC

	Car energy labeling
	Vehicle Producer/Seller
	NM
	Labeling
	PC: Visualization of energy class

	EV purchase incentive
	Consumer
	M
	Subsidy
	EV Incentive for PC and CV

	Vehicle ownership tax
	Consumer
	M
	Tax
	Vehicle-related tax

	Energy tax
	Consumer
	M
	Tax
	Fuel consumption 

	CO2 tax (NEHS)
	Consumer
	M
	Tax
	Fuel consumption 

	Low emission zones
	Consumer
	NM
	Performance Standard
	Emissions limits for cities (primarily NOx)

	Truck toll
	Consumer
	M
	Tax
	Toll for trucks <7.5t per km

	M: market-based, NM: non-market-based, PC: passenger car, CV: commercial vehicles, EV: Electric Vehicles
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	Score
	Key
	Effectiveness (Goals)
	Efficiency

	High
	●
	Mostly achieved
	Mostly efficient

	Intermediate
	●
	Partly achieved
	Partly efficient

	Low
	●
	Hardly/not achieved
	Mostly inefficient
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	Performance
	Score
	Ref.

	Target Achievement

	(1)
	Reduction of NOx, Pb, SOx, PM and PAH emissions from transport vehicles significant
	●
	[15, 45]

	(2)
	GHG reduction goal: 3.7 % (61.7 % of goal) respectively 2.1 % (35 % of goal) incl. ILUC
Upper limits for bioethanol (10 %) and FAME (7 %)
Lack of harmonization of biofuel mandates
Implementation of multiple counting of alternative fuels to promote certain fuels
	●
●
●
●
	[15, 22]

	(3)
	Combination with other measures (e.g., LEZ, Euro-Norms)
Historical data shows significant air pollutant reduction 
	●
●
	[66, 70]

	(4)
	No reduction of total CO2 emissions due to higher demand (see SM 11)
Reduction of specific fuel GHG emissions by 3.7 %
Reduction of harmful emissions (see target (1))
	●
●
●
	[15, 68]

	(5)
	Proper function of engines ensured
	●
	[15]

	(6)
	Overall quality is guaranteed according to CEN standards EN228 and EN590
Petrol: majority placed on the market in the EU is compliant with Annex I specifications (almost 100 %)
Diesel: the majority is in accordance with Annex II
The introduction of Euro IV was only possible after the regulation came into force
	●
	[45]

	(7)
	A single market was mostly ensured by defining minimum standards for the quality of fuels and the technical compatibility of these of these fuels with internal combustion engines and after-treatment equipment.
But bioethanol regulations were uneven across EU
	●


●
	[15, 45]

	Cost-Efficiency

	Desulphurization: 2001-2011 cumulative benefits of 197 Mil. € per refinery
	●
	[15, 22]

	Estimated avoided damage cost: 695 Mil. € for a reduction in SOx, and 8,611 Mil. € (damage cost functions) for a reduction in NOx for EU28 over the period 2009-2013
	●
	[15, 22]

	Member States: Monitoring and reporting costs 173,000-650,000 € per year - comparatively low administrative overhead
	●
	[15]

	Fuel suppliers: €202 million cumulative costs per refinery over 2001-2011 (51 % corresponds to investment costs and 49 % to operational costs)
	●
	[15]

	

	
	

	Many petrol vapor emission derogations
	●
	[32]

	The significant benefits of the FQD outweigh all these costs
	●
	[15]

	Engine and emissions reduction performance benefits due to improved fuel specifications compatible with advanced engine standards

	●
	[15]

	Practical Feasibility

	FQD is considered coherent with the rest of the environmental legislation
Issues regarding biofuels, provisions within the FQD itself and in relation to the RED
The flexibility provided in Article 4 is used only to a very limited extent 
FQD is still considered relevant overall, and no article is classified as not relevant
Restrictions that the FQD places on gasoline and diesel fuels remain relevant to ensure the health and environmental benefits of the FQD and to promote a single market for fuels within its scope
Member States agree that the internal market could not be achieved without the Directive and that the Directive, therefore, has EU added value
Reduce barriers due to fuel specifications harmonization
The strong intra-EU market for fuel suppliers and vehicle manufacturers created
	●
●
●
●
●

●

●
●
	[15]
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	Emissions standard
	Issued
	Description

	Euro 1
	1993
	Catalytic converter and electronic fuel injection mandatory for new registrations

	Euro 2
	1997
	Limitations for petrol and diesel engines

	Euro 3
	2001
	Obligation for On-Board Diagnostics (OBD) as an emissions diagnostics system for petrol engines (2004 for diesel)

	Euro 4
	2006
	Adjustment of pollutant limits pave the way for diffusion of a particulate filter

	Euro 5
	2008
	Limits tighten, the particulate filter becomes mandatory

	Euro 6
	2014
	Stricter homologation and test procedures (WLTP & RDE), particulate filter for petrol cars and SCR for diesel cars

	Euro 7
	2025
	Not issued yet (Legislative Proposal in 2022) – Ammonia, methane (CNG fuels), and further regulations 

	WLTP: World Harmonized Light Vehicle Test Procedure, RDE: Real Driving Emissions, CNG: Compressed Natural Gas
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	Engine Type
	Vehicle Class
	Euro 1 (Baseline)
	Euro 1 to Euro 2
	Euro 2 to Euro 3
	Euro 3 to Euro 4
	Euro 4 to Euro 5
	Euro 5 to Euro 6
	No Control to Euro 6

	Gasoline
	4 cylinders
Vd = 1.5 L
	142
	63
	122
	25
	10
	-
	362

	Gasoline
	4 cylinders
Vd = 2.5 L
	232
	3
	137
	15
	30
	-
	417

	Diesel
	4 cylinders
Vd = 1.5 L
	56
	84
	337
	145
	306
	471
	1399

	Diesel
	4 cylinders
Vd = 2.5 L
	56
	89
	419
	164
	508
	626
	1862

	Vd: Vehicle (engine) displacement



Table 6: Performance and score of Euro norms
	Performance
	Score
	Ref.

	Target Achievement

	(1)
	Significant reduction of CO, NOx, SOx, CnHm, PM, and PN (see SM2)
Several studies show a connection between early statistical deaths and harmful vehicle emissions
Significantly fewer air pollution-related diseases in hospitals were found before the introduction of LEZ in 2012 due to better emissions standards
Supported new low-emission technologies market entry, which leads to a reduction of emissions
	●
●
●
●
	[68]
[13]

[57]



	(2)
	EU-wide standard categories for newly registered vehicles (cars, LDV and HDV), independent of their gross vehicle weight
Standards are revised and renewed due to the availability of technologies with lower emissions
The base unit for cars and LDV is kilometers, while it is ton-kilometers for HDV 
	●
●
●
	[30]

	(3)
	Indirect reduction of CO2, because decreasing consumption was crucial for harmful emissions mitigation (downsizing, turbocharger)
CO₂ value according to WLTP decisive for vehicle taxation
	●

●
	[40]

	(4)
	Testing standards for Europe (new European driving cycle - NEDC) and since 2017 worldwide harmonized light vehicles test procedure (WLTP) for cars
Vehicles are optimized for the test cycle, not representing real driving emissions
The introduction of WLTP and testing real-driving emissions (in-service testing) made a conformity factor necessary
	●

●

●
	[18]

[21]

[21]

	Cost-Efficiency

	Estimated avoided damage cost: 8,611 Mil. € (damage cost functions) for a reduction in NOx for EU28 over the period 2009-2013
	●
	[15, 22]

	A cost increase of mandatory reduction technologies of 1 % for gasoline and 5 - 6 % for diesel LDV ( regarding average car price of 30,000 $ in 2012)
	●
	[41]

	Practical Feasibility

	Cold start emissions were not considered until 2021
Real-world emissions are not represented in driving cycles – in-service emissions since Euro VI
The onset of effect: Euro IV took seven years (2014 – 2021) to reach a fleet share of 40 % (see SM 7)
	●
●
●
	[18]
[21]
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	Timeframe
	CO2 reduction goals

	2025-2029
	15 % compared to 2021 [7]

	from 2030
	55 % for cars, and 50 % for vans [27]

	from 2035
	100 % for cars, and 100 % for vans. [27]
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	Performance
	Score
	Ref.

	Target Achievement

	(1)
	130gCO2/km goal by 2015 was achieved
	●
	[34]

	
	Policies led to a rapid CO2 reduction rate in test cycles
	●
	[43]

	
	Led to implementation of innovations:
	●
	[43]

	
	· high-pressure fuel injection and auxiliary system improvement, hybrids, downsizing, 6-speed dual-clutch transmission and advanced EGR technology
	
	

	
	· "super credits" for eco-innovation help to implement fuel-saving technologies like cylinder deactivation
	
	

	(2)
	A low-volume manufacturer (responsible for fewer than 10,000 passenger cars or fewer than 22,000 vans newly registered per year)
	●
	[29]

	Cost-Efficiency

	A high penalty for exceeding limits (95 €/gCO2 per vehicle on fleet average) ensures compliance
	●
	[29]

	Expected abatement costs between 32.4 and 39.8€/tonCO2 for passenger cars
	●
	[43]

	Practical Feasibility

	Self-commitment of car manufacturers for CO2 reduction failed. Therefore, the CO2 fleet limit was introduced in 2012
	●
	[7]

	Test cycles constitute a significant issue of assessment -> switch from NETC to WLTP in 2017
	●
	[34]

	Has the ability to compare different powertrains, but in 2020 only focusing on operative emissions
	●
	[43]

	· Embedded emissions
· Well-to-wheel emissions and lifecycle approach
· Consideration of possible rebound effects
· Impacts of emissions and other pollutants (Turbocharger and higher gasoline share lead to higher – and smaller – particle matter)
	
	

	Consumer decisions are still decisive – SUV share is rising (38% of newly registered cars in 2019 in EU) – limited effect on consumer choice Figure 2
	●
	[34]

	Onset of effect:
	●
	[7]

	· Five years after implementation, 50 % and after ten years, 85 % of the fleet were within the limit
· Limit set in 2019 for 2030 will significantly form the fleet in 2040
	
	

	It has no effect on transport performance (kilometers driven), while passenger car transport performance is projected to increase by 10% by 2030
	●
	[7]

	Issue of CO2-Pooling: Pure electric car manufacturers can sell their "super credits" to other car companies to lower their fleet emissions, as happened with Tesla, Fiat-Chrysler Automobiles and Honda in 2019. This CO2-pooling cooperation ended in 2021
	●
	[49, 64]
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	Performance
	Score
	Ref.

	Target Achievement

	(1-4)
	SUVs remain more attractive to customers - 38% of newly registered cars in 2019 in the EU 
	●
	[34] 

	
	Customers´ awareness of fuel economy and CO2 emissions has increased steadily to 75% in member states since the directive was implemented
	●
	[24]

	
	Success of mandatory informative policies depends on the selection criteria of customers. The "Trends of car purchase 2021" report describes the main criteria, as shown in Figure 3
	●
	[4, 48]

	
	The eco-friendly qualities play a secondary role for consumers, and other attributes such as price, performance and safety come to the fore
	●
	[4, 26]

	
	The evaluation shows no strong evidence of the supply of more efficient vehicles by manufacturers
	●
	[24]

	
	Experiments show that fuel economy and operating costs were better understood and influenced subjects' behavior when environmental friendliness was coupled with fuel economy
	●
	[26]

	
	No empirical evidence of a strong effect on the supply of more efficient vehicles by manufacturers to receive higher ratings
	●
	[14]

	Cost-Efficiency

	Monitoring and enforcement in the region of €10,000-100,000
	●
	[24]

	Collection of information is a significant cost driver in some countries (the Netherlands and France) 70,000 € - 90,000 € for the industry
	●
	[24]

	Maintenance costs for (voluntary) online databases are in the range of 140,000 € to 240,000 € (Germany and UK)
	●
	[24]

	Printing of guides accounts for a significant share of €30,000-60,000
	●
	[24]

	Printing the labels, estimated at between €0.5 and €1 million for EU28
	●
	[24]

	Benefits from car labeling are hard to link to quantifiable data
	●
	

	Practical Feasibility

	The difference in the application of car stickers and promotional materials between member states is creating confusion for consumers
	●
	[9]

	Using labels such as colored energy labels and adding important information to raise awareness (e.g., operating costs)
	●
	[24]

	Attitude-action gap: In most countries and for most types of products and services, consumers self-report that they want to make environmentally conscious purchases, but only in a minority of cases are these intentions translated into action
	●
	[14, 76]

	Change in social norms: As environmentally-friendly social values become more common, social normative nudges are likely to become more effective
	●
	[14]
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	Performance
	Score
	Ref.

	Target Achievement

	(1)
	In 2020, the state income from motor vehicle tax was 9.53 Bil. € in Germany (passenger cars, LDV and HDV)
	●
	[62]

	(2)
	Fuel efficiency and operating cost reduction are not the primary choice objective. Therefore, the effects of CO2-related taxing are not as effective as for commercial vehicles. (see Figure 3)
	●
	[4]

	
	The staggered tax system for passenger cars taxes high-polluting vehicles more heavily than the previous linear system.
Older emission standards and diesel vehicles will face higher taxes as a result of this system
	●
●
	[78]

[78]

	Cost-Efficiency

	Not evaluated due to lack of data and studies
	
	

	Practical Feasibility

	A reason given for levying the tax is the individual use of public infrastructure and the occupation of public space while parking
	●
	[73]

	Calculation based on Euro standard, engine type (diesel, gasoline, Wankel, alternative), displacement, CO2 emissions from test cycles
	●
	[78]

	Average vehicle age increased from 7.7 years in 2005 to 8.2 years, which induced a more extended usage of vehicles and older technology (see SM 15).
	●
	[53]
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	Performance
	Score
	Ref.

	Target Achievement

	(1)
	10 % - 12 % less particulate matter, equivalent to 20 fewer exceedance days
	●
	[67, 75]

	
	Two-thirds of close city measurement stations exceed NOx limits
	●
	[67, 75]

	
	Nearby hospitalization data show a reduction of patients and respiratory diseases
	●
	[57] [56]

	Cost-Efficiency

	Cars are equipped with a sticker indicating emission class. Missing sticker or wrong sticker fine is high: 80 €
	●
	[75]

	Savings in social costs are greater than upgrade costs by factor two
	●
	[3, 38, 50, 56]

	Practical Feasibility

	LEZ help to increase the share of vehicles with stricter emission standards due to access restrictions
	●
	

	Costs for measurement and implementation are relatively high
	●
	[56]
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	Performance
	Score
	Ref.

	Target Achievement

	(1)
	Rail share decreased from 21% (2005) to 19% (2019)
	●
	[69]

	
	Total transport performance increased by 17.4% from 2005 to 2019, road transportation gained 19.3%, rail gained 28,2%
	●
	[69]

	(2)
	The toll charge is calculated with regards to the emission standard, noise standard, gross vehicle weight of trucks – supports new technologies on the road
	●
	[8, 65]

	
	Zero- and low-emissions trucks receive at least a 50 % discount or are free of charge to support implementation in EU countries. In Germany, these trucks are toll-free.
	●
	[65]

	(3)
	Studies show ex-post measured CO2 reductions – if applied in cities – of 33% in Milan
	●
	[12]

	
	Existing studies illustrate that if road tolls are high, they can reduce CO2 emissions by 2-13% and vehicle travel by 4-22%
	●
	[12, 58]

	Cost-Efficiency

	(4)
	Toll revenue: around 7.5 Bil. €
	●
	[5]

	
	Expenditure related to the collection of truck tolls: around 1.1 Bil. € (15 % of total revenue)
	●
	[5]

	
	Expenditure on harmonization measures: around 537 Mil. € (incl. compensation for loss of vehicle tax revenue – 7.6 % of total revenue)
	●
	[5]

	
	Expenditure covered by truck tolls for construction, maintenance and operation of federal trunk roads: around 6.6 Bil. € (79 % of road infrastructure plan)
	●
	[5]

	
	Road Infrastructure plan around 8.4 Bil. €
	●
	[17]

	
	A couple of years of operation grant an economic return on investment
	●
	[12]

	
	A shift of the investment costs for road infrastructure to the users
	●
	

	Practical Feasibility

	Studies show that trucks that prefer free roads pay more overall compared to toll roads. (due to congestion, traffic lights, and others.). Using tolled roads is both more environmentally friendly and cheaper
	●
	[20]

	Road tax reductions for low-carbon trucks help to speed up transitions, reduce vehicle trips and rebound effects, and encourage haulers to switch to low-carbon modes of transportation
	●
	[6]

	Industrial and social acceptance can be gained by tax discounts or returns as well as improvements in infrastructure and alternative mobility
	●
	[12]

	Complex and cost-intensive implementation (tracker necessary for all trucks, tracking devices along the roads)
	●
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