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Introduction
This essay will be discussing the automotive industry where a solution to the failing market where the release of NOx into the atmosphere has been found in terms of an externality of an air pollutant produced through the consumption of driving vehicles in the United Kingdom. A tax has been put in place to try and solve the problem of the externalities on third parties. Along with taxation some additional solutions have been found to place to lower the cost on third parties. 
To give some background on the failing market in the automotive industry of the NOx in the atmosphere, the problem officially started in the mid-1900s because of the second world war along with the new economic growth and population growth come a rapid growth in cities leading to consumers owning personal vehicles (US EPA, 2015). Since the 1970s our cars and fuels are cleaner in 2021 it is estimated to be 99% cleaner now than back then (US EPA, 2015). Even though the pollution from the consumption of cars has been very successful the air quality in built up areas such as cities we can see more needs to be done (US EPA, 2015).
An analysis of the automotive industry and the failure of NOx in the atmosphere and the negative externalities and costs to third parties will be discussed prior to the discussing the solution of tax that was implemented by the UK government. This will be shown through figures and a hypothetical diagram to give a clear understanding of the market failure. The solution of tax will be looked at to show how the industry tried to fix the failing market to take into consideration these externality costs again using figures and a hypothetical economic diagram to show this. The automotive industry will be analysed by command and control where regulations and advertising where used, and to explain the cost of these and compare the positions for and against them. 
The essay concludes that there are many externalities that relate to the consumption of cars, and that there have been many attempts to resolve the externalities such as pollution through taxes, advertisements, and schemes. 


Automotive Industry – Market Failure before the implementation of the solution 
Looking at the automotive industry and the market failure of the release of NOx into the atmosphere it shows that by driving a car it creates air pollution and this then contribute to congestion (Shefer, 1994). This has a huge external cost imposed on individuals who live in cities for their health, and the environment such as climate change (Holzman, 2005). But on the other hand, the negative externalities at cost to the 3rd parties are not considered in this decision of the automotive industries consumption (Helbling, 2020). A negative externality of the consumption of vehicles includes air pollution to third parties, a regulator would internalise this external cost with either a tax or a limitation on car usage (Volokh, 2008).
But the costs of vehicle consumption are not fully covered by these taxes or limitations (Maibach et al., 2007). To look at the air pollution made by cars in more depth we see that many harmful pollutants are made by the consumption such as Nitrogen oxides (NOx), particulate matter, and lowers the atmospheric ozone in an indirect way (TU Dresden, 2012). These air pollutants can cause some serious health issues such as respiratory, heart issues, cancers, and road injuries caused by the smog in the developed cities (Gantert & Bohmann, 2016). There are potentially other external costs from using cars but the most common is health and environment such as respiratory diseases and soil pollution, these such costs end up being paid by society collectively (World Health Organization, 2015).
Harvard University’ Parry et al. (2007) said that the main externality of the consumption of cars involve local and global pollution, congestion, dependency on oil, and traffic accidents. To add to these externalities a study by Delft University (TU Dresden, 2012) shows that the externalities costs include congestion and scarcity costs, air pollution costs, climate change costs, accident costs, noise costs, the costs of energy dependency, the costs for water pollution, costs for soil pollution, and the cost to nature and the landscape. 
A study by Yim and Barrett (2012) pollution experts from MIT in massachusetts saw that the UK’ combustion emissions cause roughly 13,000 premature deaths in the UK every year, and that the emissions from combustion cars estimate to cost the UK roughly £6 to £62 billion a year. Comparing this to a study from Oxford and Bath in 2018 said that the air pollution from diesel cars costs the NHS and society over the £6 billion figure a year in health bills, with diesel emissions being 20 times mor than electric car emissions and at least 5 times mor that petrol cars emissions (Liversedge, 2018).
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Figure 1: Negative externalities of consumption: MSB < MPB
Diagram 1 (Figure 1) above shows the negative externalities of consumption. The negative externalities from the figures can be seen as harmful to society and the environment and the marginal benefit for the consumer is considerably more than the benefits on society. The figure above gives a demonstration of the negative externalities of the consumption of cars, in it we can see that the marginal private benefit (D=MPB) does not reflect the marginal social benefit (MSB) for that reason the marginal social benefit is lower than the marginal private benefit. The vertical difference in the middle of the marginal social benefit (MSB) and the marginal private benefit (D=MPB) labelled as an external cost is where the negative externalities of the consumption of cars come in. the point labelled as Q* amounts to the optimal level for the consumption of cars. Additionally, the marginal social benefit (MSB) where it meets the marginal social costs (S=MPC=MSC) is the equilibrium. On the other hand, due to the negative externalities because of the indicator of Qe we can see that there is an over consumption of goods (too many cars on the roads) and in turn it leads us to the yellow triangle of our welfare loss. 

Solution 1 – Indirect Taxation
In this part it will be discussing the solution for the market failure of pollution in the automotive industry focusing on the consumption of cars. In this instance it looks at the tax that was implemented on fuel to try and reduce the externalities linked to the consumption of cars. The indirect tax was used to correct the market failure in 1999 the tax on fuel accounted for 85% of the final price at the pump (Seely, 2022). By 2030 a less fuel efficient scenario predicted by Seely (2022) is that the fuel duty would drop to 1.12 per cent GDP from 1.4 per cent GDP in 2021, but if a more fuel efficient scenario was to happen where net zero is reached fuel duty could drop to 1.00 per cent GDP. Although in 1989 petrol was 17.72 pence per Liter and diesel was 17.29 pence per Liter, now in 2022 petrol is 52.95 pence per Liter and diesel is also 52.95 pence per Liter, these are the fuel duty rates meaning the tax that is added on to the fuel and we can see since 1989 a considerably large amount has been added (HM Revenue & Customs, 2022).
The indirect tax of fuel taxation on the consumption of cars was originally put in place to reduce the consumption (Grigolon et al., 2015). On the other hand, the use of the indirect tax on the fuel would help to potentially correct some of the other negative externalities caused by using cars, the only limitation of the tax solution is the inelastic demand of the consumption of cars causing it to be a barrier to the fuel tax solution (Grigolon et al., 2015). Inelastic demand is when there is few or no substitutes for the goods or services this meaning they are then considered as a necessity by the consumers, in this instance for those with cars they will need fuel to get around (Arzaghi & Squalli, 2015). Additionally, products in the inelastic demand category tend to be essential to the consumers in this context the fuel is means to get the car to work that make it inelastic (Arzaghi & Squalli, 2015).
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Figure 2: An indirect Excise Tax on demerit goods
Figure 2 above show us that in a hypothetical effect of the indirect tax on cars through the tax on fuel that was put in place by the UK government. The indirect tax makes both the consumer and producer pay for the burden of the indirect tax for the negative externalities such as pollution. But because electric cars are expensive and unrealistic to the middle and lower class with the addition of public transport being unreliable and not accessible enough the demand curve is inelastic leaving the consumer to pay more taxes. The reasoning behind this is that inelastic good or services quantity demand decreases less as the consumer will carry on purchasing fuel and pay the taxes that are on the fuel. 
The new efficient market equilibrium that was achieved by the fuel tax imposed, we can see that the intersection of the marginal social cost (MSC=MPC+tax) and the demand curve (D=MPB). Because of the tax on the fuel, it results in the consumer paying a higher price as seen in the diagram above with P* and Pp label on the diagram showing that the price that the producers receive is now lower. At a higher price to the consumers an allocatively efficient quantity of the goods and services that is being produced and consumed, this theoretically meaning that the negative externality of consumption is now internalised. 

Solution 2 - Command and Control
The second solution for the negative externalities associated with the consumption of cars there was many things that the UK government has tried to implement and have implemented. To start with because of the Road Vehicles Regulations (1986) it was suggested that it is an offence to idle an engine when unnecessary or stationary meaning that consumers need to avoid idling while at traffic lights and drive-through (The RBKC, 2021). Car manufactures took this into account and put an automatic stop start in the cars so that when the consumer is using them the consumer cannot idle in drive-throughs or at traffic lights (Fonseca et al., 2011). The cost of this solution in London by the Mayor of London that from the Air quality fund of £20 million, £5 million will be towards the ‘No idling’ scheme (London GOV, 2016). In addition, ther are 5 main benefits to no idling these are saving fuel, saving money, reducing harmful emissions, to increase the energy security, and to comply with regulations (AFDC, 2017). But on the other hand, the disadvantages to the no idling are idle stops could shorten the life of the battery, not all idle stops where created the same some may go back faster than others, and it doesn’t actually save much on fuel only around 12 litres a year (Park, 2017). 
Following the no idling it is suggested to carpool or to use public transport, the reasoning that was given behind the suggestion of carpooling and using public transport is to help the environment (nidirect, 2015). The cost of this is lower to the consumer than driving their own cars but carpooling is a great alternative to public transport outside of transport times (Wilson, 2019). The benefits that are connected to public transport and carpooling include a reduction in congestion, less stress, reduction in carbon foot print, and cheaper sharing the cost (nidirect, 2015). Conversely the disadvantages of carpooling and public transport are that you do not have much flexibility on schedules and you need to work with those schedules as others and bus times, and a lack of privacy to have your own time on your commute (Regoli, 2016).
Lastly to look at alternative fuel for example a new E10 fuel was brought in place in september 2021 moving from the 95 octane to E10 but leaving the 99 octane for classic cars (Department for Transport, 2021). The purpose of this new petrol fuel is to reduce emissions caused by the consumption of cars hoping to cut transport emissions by 750,000 tonnes which is explained to be the equivalent to taking 350,000 cars off the road (Department for Transport, 2021). The cost of the alternative fuel is apparently costing consumers £170 million more a year to fill up for the new E10 due to the cost-of-living crisis, while it does cost less than E5 (99 octane) but it is apparently less efficient (Barker, 2022). The benefits that were gained from the new fuel are to reduce emissions overall, and better fuel economy (Department for Transport, 2021). Differently the disadvantage of the new alternative fuel is depending on who you talk to according to RAC (2021), as it forces those who cant use the new E10 in their vehicles to pay mor for the E5 blend which is plenty more expensive than the E10 and will quickly mount up. 
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Figure 3: Government Regulations and Advertising
In the figure 3 above it can hypothetically show the effects that the avoiding idling, carpooling, using public transport, and alternative fuel solutions would have in the negative externalities of the consumption of cars. The solutions are put in place to stop the demand curve (D1=MPB) in this hypothetical instance the solutions that will try and stop the demand curve are to stop idling, carpool or use public transport, and alternative fuels. This will be when it overlaps with the desired demand curve (D2=MSB) which would be when the solutions start to eliminate the externalities such as pollution. As the pollution which is caused by cars become less due to the above solutions, the point marked Qe will slowly start to become Q*. Hypothetically in a few years car manufactures who produces electric cars will being to decrease the prices of the electric cars making them more affordable to the general population making the individuals be more open to buying an electric car as their next car in the future.

Automotive Industry post Market Failure 
To look at the automotives market failure of air pollution from the consumption of cars post solutions being implemented we can see that the solutions solved the market failure by looking at the recent figures for 2022 on the car consumption pollution and noting that the solutions that have been put in have made a considerable difference with examples such as London’s congestion charges being a prime example. This is because it shows that the UK government is really trying to help the pollution. The US EPA (2016) shows us that the NOx air quality since 1980 has decreased 67% annual to 2020. The emissions of NOx is also similar with a decrease of 70% in 2020 from 1980 (US EPA, 2016). 


Conclusion
To conclude this essay on the automotive industry where a solution to the failing market of NOx being released into the atmosphere from the consumption of cars causing air pollution costs on third parties where a solution of Taxation, and other guidance has been put in place. The key points that were found in this essay are that there are many negative externalities to the consumption of cars where it releases NOx into the atmosphere but there is also a lot being done about it, but results are just taking time to show as people cannot afford the faster solutions such as electric cars as they are now. From the research done in this essay I have learned that the air pollution caused by cars can cause so many deaths. The benefits to the research done in this essay is that it was an opportunity to learn more about a failing market such as the NOx being released into the atmosphere from the consumption of cars. But the limitations were also that finding good sources and figures were hard as there is not much out there on the topic surprisingly. 
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Figure 14: An indirect excise tax on demerit goods
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(higher taxes being paid), less productivity in the work place
(through ill health), and so on and such forth.

Essential statement: Demerit goods are goods and services
that create negative externalities when they are consumed.
Examples include, cigarettes, drugs and alcohol, sugar and
Junk food, petrol, cars and coal.

The consumer when deciding how much of a good or service to
consume does not necessarily consider what external costs
their consumption may impose on others. Only the marginal
private costs and marginal benefits are considered, and the
level of consumption is determined where the marginal private
cost (MPC) = marginal private benefit (MPB). This is where the
cost to the cons

In a free market, third parties — whom are external to the market
— pay for any negative external costs. Those in society who are
experiencing the negative spillover effects of consumption such
as second-hand smoking (cigarettes) and traffic congestion
(cars), are not involved as consumers or producers yet they are
still being forced to pay a cost.

The additional benefit of consuming one more unit of a good or
service is the marginal private benefit. The additional external
benefit obtained or harm caused by consuming an extra unit of
a good or service is the marginal external benefit. Thus, MSB
= MPB + MEB. Thus, negative externalities of consumption
result in the MSB curve being below and to the left of the MPB
curve (see Figure 11 below).
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. Government regulations

A government can legislate or impose regulations that limit or
prevent types of consumption that impose negative spillover
effects on third parties; e.g., cigarette smoking and the extra
healthcare burden imposed on the taxpayer.

A government can regulate to correct a negative externality of
consumption. For example, regulating that cigarettes can only
be sold to those aged 18 and over, and that cigarettes cannot
be smoked in workplaces, cafes, bars and restaurants will
reduce the demand for cigarettes. The demand curve will
decrease from D1 = MPB until it overlaps with D2 = MSB, the
socially desirable level of demand where the externality has
been eliminated (internalising the externality). As demand
decreases, the important effect is that Qe decreases to Q*; and
(unimportantly) price reduces from Pe to P* as producers lower
their prices to reduce the surplus (excess supply) of the demerit
good. See Figure 12, below.
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Figure 12: Government regulations and advertising

. Advertising
Governments often run advertising campaigns in an attempt to
persuade consumers from purchasing a product. Anti-gambling,
anti-alcohol, and anti-smoking advertisements are examples of
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igure 11: Negative externalities of cigarette consumption: MSB < MPB




