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Executive Summary

This report will look at the possibility of implementing a Green Motorway East of Cardiff in South Wales, a ten mile stretch of road both Eastbound and Westbound will be converted into a new ultra-modern Wireless road with capability to charge all sizes of vehicle at the same time.
A SWOT analysis was created to discuss the main Strengths, Weakness, Opportunities and Threats of this project and then the major Benefits discussed to provide better understand of how this can help both at a local and national level.  Barriers will be identified and overcome where possible with discussions about the technology and the level of support required to implement the project.
The key Stakeholders have been identified whilst looking at what each of them individually can bring to the innovation to help create a successful and well layed out business opportunity.  With Electric Vehicles being so important for the future of the transport industry provisions have been made to discuss the sustainability of the project and how it would fit into a more circular economy helping to future proof against the ‘Fourth Industrial Revolution’






















Introduction
This report will look to create a sustainable business solution to an ongoing problem with the use of Electric Vehicles in the UK, currently they are selling at an ever-increasing rate and by 2030 to sale of new Petrol and Diesel vehicles will be banned.  The concept proposed in this report is to create a ‘Green Motorway’ on a section of the M4 in South Wales.
We will discuss the proposal and how it might be beneficial to both the local area and the UK as a wider network, what funding is currently in place with the UK Government and what affect this can have on the wireless roads.  We will discuss the Circular Economy and how this innovation would be future proofed to into such a radical new way of living, a SWOT analysis will be created and discussed to details the Strengths, Weaknesses, Opportunities and Threats to the innovation as well as actively discussing the main Benefits and Barriers to such a project.  We will also look at who the key Stakeholders for this initiative will be and what we would require them to bring to the investment to make this innovation a success.

Research and Analysis

Background
Ownership of electric vehicles has been on the rise in recent years with a ban on new petrol and diesel cars coming into effect in the UK after 2030 (RAC, n.d.) the Electric Vehicle (EV) is currently the only viable replacement.  According to (RAC, n.d.) there are currently 548,000 fully electric vehicles registered in the UK with almost half of those being registered in 2022.  In 2016 there were over 2.5 million petrol and diesel cars registered in the UK, in 2021 that number dropped to just under 1 million (RAC, n.d.).

Current Provisions
The biggest issue with the rise of the EV is the ability to charge them, currently the range of an EV can vary between 100 and 200 miles (Powell, 2023), this can be the cause of what is known as ‘Range Anxiety’, loosely described as the fear that you will run out of charge before you reach your destination (National Grid, 2022), this is not to be confused with ‘Charge Anxiety’ which is the fear of not being able to gain access to or locate a suitable charge point for your vehicle.  According to (Powell, 2023) these anxieties are the biggest barriers to people wanting to own an EV, currently this is a growing problem for the UK government with 2030 fast approaching the infrastructure for EV’s needs to be in place.  Currently there are large scale project in place to try and rectify this issues with £950 million being invested in the rapid charge fund (Gov.UK, 2021), this is a new fund aimed at service stations on motorways and major A-roads to help build towards building the UK’s infrastructure.  There is also a £450 million investment in more local charging solutions through the Local Electric Vehicle Infrastructure Fund (LEVI) (Gov.UK, 2022).  LEVI is a pilot scheme based across 9 local authorities in England, the idea is that through the fund an additional 1,000 charging points will be made available across the area.

Innovation
The ability to charge things wirelessly is not a new concept, it was conceived in the late 19th century by Nikola Tesla (Mearian, 2018) the idea is to transmit electricity using a magnetic field, however due to this concept not having an application it remained unused for over 100 years.  However, with technology catching up with the concept over the past 10-15 years wireless charging technology has become a more widespread technology.  Forwarding on to 2021 and this technology has now been supersized and with the invent of wireless roads.  The current concept has been trialled in Sweden (Radu, 2021), the innovation works by placing copper coils under the road surface, this allows compatible cars to wirelessly charge whilst driving.  
The technology invented by an Israeli company is still in the development stage, currently there is a 1.65km (1.02 mile) test road that has been installed on a public road in Gotland, Sweden (Radu, 2021) is it being tested using long-haul trucks to make sure that the charging capability is not diminished but weather conditions or other external factors.
This concept would change the way people use EV’s, they would become more accessible to the wider market, they would eliminate Range Anxiety and created a more sustainable road network (Innovation News Network, 2021).

Location
This technology is relatively easy to install with a one-mile section able to be installed in just one night (Innovation News Network, 2021), the top layer of asphalt is removed, the copper coils installed and then the asphalt is replaced, according to (Radu, 2021) the product is built to be modular meaning it can be installed in sections.
[image: _94896316_m4map]The proposal would be to create a wireless charging network on the M4 between Cardiff and Newport, currently over 100,000 cars use this stretch of road daily (CBI.org, n.d.) with the removal of the Prince of Wales Bridge Tolls, its helped to increase traffic in and out of Wales through this area (CBI.org, n.d.).  
With the proposal of a Newport relief road being turned down by the Welsh Government this innovation should help to reduce emissions in this area and make it a “Green Motorway” that can be delivered all over the UK (Countryfile, 2018).  As shown in the image above (Countryfile, 2018) the M4 currently runs through Newport and is subject to much congestion and high levels of emissions.  It was suggested by (Scrivener, 2022) that due to these roads being supplementary and not eradicating the need for plug in charging that these would be best suited to areas with higher congestion to make them feasible.

Justification

The switch from fossil fuels to renewable energy and the UK governments aim to be carbon neutral by 2050 (Gov.UK, 2022) sustainable innovation has to be the backbone of the movement into the ‘Green age’ or the Fourth Industrial Revolution as described by (McGinnis, 2020), this suggests that the next ‘boom’ period in the World’s economy will be linked to a more service based industry rather than a product based.

The Circular Economy
The concept of the Circular Economy is that rather than the throw away culture we currently find ourselves in, the focus switches to a more sustainable system where by maintaining, refurbishing, repurposing, sharing and leasing becomes normality (European Parliament, 2015).
Somebody who has become a huge advocate for the concept of the circular economy is Dame Ellen MacArthur, in 2010 she launched the Ellen MacArthur Foundation in the hope of raising the profile of the circular economy and eventually eliminating waste (Ellen MacArthur Foundation, n.d.).
The circular economy in contrast to the linear economy is designed to create a more sustainable system, currently we rely on a Take, Make, Use and Dispose system (Medium.com, 2019), according to (Ellen MacArthur Foundation, n.d.) the circular economy is based upon four key principals (Medium.com, 2019)
· Waste – the concept is that in the circular economy there should be no waste, so once something is no longer viable in its current cycle, it should enter a new cycle and have a new life an example of this is recycling products to make something new.
· Resilience – By creating new more resilient systems and products waste can be reduced.
· Energy from Renewable Resources – looking for more renewable energy systems such as Solar, wind or tide and no longer relying on fossil fuels.
· Think in Systems – By creating systems to service products or by making products easier to maintain in a more modular system we can preserve the life of an item or create easier updates for older products.

The Green Motorway concept would fit well into a new more sustainable future, by having less fossil fuel vehicles on the roads we would cut our carbon emissions, create a healthier environment and through the use of wireless roads we can cut down on the size of batteries by almost 90% meaning less natural resources are being used which helps to preserve the natural ecosystems of the planet.
Although sales of EV’s are increasing year on year, it is important to understand that currently the majority of vehicles on the road rely heavily on petrol and diesel, by implementing a Green Motorway scheme we can start to take away the fears of the general public in regards to the limitations of EV’s and hopefully create a better more sustainable world to live in.



SWOT Analysis
	Strengths
Increase in Range for EV’s
Removes Range Anxiety
More energy efficient
Makes EV’s more accessible to all 
More Sustainable
“Charge as you go”
Doesn’t affect other road users
Can be installed easily (1 mile per night)
Product is modular so can be added to
	Weaknesses
Disruption to road users for installation
Compatibility issues with current EV’s
Initial Set-Up costs would be high
Would need either central or private funding
Payment system would need to be set-up
Wouldn’t be feasible in rural areas
Battery degradation caused by continual charge
Only a supplementary charging service

	Opportunities
To create “Green Roads/Motorways”
Help to meet Government targets for EV’s
Set up an EV infrastructure like no other
Additional possibilities in the future
· Self-Driving Cars
Create a zero-carbon road network
EV’s can be redesigned to be more efficient
· Smaller batteries due to ongoing charge
· More space in the cabin area
· Lower Manufacturing costs
Addition of other services such as on road WIFI
	Threats
Other innovations could surpass us
Product Maintenance could be difficult
Future changes to EV’s could cause issues
Could create additional congestion



As detailed above there are a number of strengths in favour of this project, as with all new innovations is it also imperative to look towards the possible weaknesses of an idea so as to best understand your short comings.  By understanding the potential weaknesses and threats it gives the project the best opportunity to succeed.

Benefits
The benefits of this project are numerous in that they would make a major impact on many aspects of the life of an EV driver, as described previously Range Anxiety and Charge Anxiety are both recognised term and huge barriers for people when buying an EV.  Through the installation of the new Green Motorway, it would alleviate those fears and create a more relaxed driving experience for all motorists (Innovation News Network, 2021).  Through this increased ability to charge ‘on the go’ the new Green Motorway would be perfect for fleet vehicles, (Innovation News Network, 2021) states that with this technology batteries could be up to 90% smaller than they currently are allowing for bigger capacities and reducing the cost of manufacturing.  During the test run in Sweden they discovered that they could install a battery that was only 210kWh to achieve the same outcome as normal HGV that would require a 700kWh capacity battery (Innovation News Network, 2021).
Other parts of the world are already adopting the concept for wireless road with the USA due to open its first in Michigan in late 2023 (Go Green, 2022) and with Sweden already having a one mile long test road the technology is in the right place to be rolled out on UK roads.
The main shift from fossil fuel vehicles to EV’s is all linked to climate change and the need for a more sustainable world, this concept would change the way people travel, with no need for service station garages these areas could be converted in new greener spaces with additional areas for rest and relaxation rather than large fossil fuel facilities (Innovation News Network, 2021).  
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Description automatically generated]The charge as you go service is currently be tested in Italy with toll road users being given the opportunity to pay a little extra to use the charge function as they pass along the road, as there are currently no toll services on this part of the M4 it would require a service where customers were able to ‘Pay as you go’ either through a monthly subscription or a pay for what you use service on a more ad hoc basis. 
According to (Radu, 2021) the system is modular with a mile of road able to be installed in one night, a small groove is created in the middle of the carriageway and the modular system is inserted and then the road surface is relayed over the top (Radu, 2021), this then creates a standard road surface that can be used by any vehicle and makes these lane perfectly serviceable.  Another major benefit for the Green Motorway is the fact that it can be used by multiple vehicles of different sizes at the same time with no loss in charging function (Innovation News Network, 2021), test have also shown that even in adverse weather conditions such as heavy rain, snow and ice there is no loss in function which means as long as cars are able to drive on them they will continue to work (Radu, 2021).

Barriers
As with any large innovation project there are always barriers that will have an impact, as detailed above in the SWOT analysis these barriers have been considered and also how they can be overcome to create a better service for the consumer.
Road disruption is of course a main concern, with installation taking approximately one night to complete a 1 miles stretch it would take upwards of 20 days to install a 10 miles stretch of road on both the Eastbound and Westbound carriageways, by doing this work during the night it will minimise disruption to traffic and hopefully create a better service once completed.
Compatibility is also an issue as to function correctly on the roads each vehicle has to be able to charge through the service, the product has been developed so that it can be retrofitted into existing EV’s (Innovation News Network, 2021) and so would require some input from car manufacturers, this in turn would help to create jobs in regards to the retrofitting on the cars.  According to (Bradley, 2022) the loss of petrol and diesel car manufacturing in the UK could put almost 22,000 people out of work, with the EV manufacturing industry only accounting for about 10,000 jobs nationwide.  Current cost for the retrofit of wireless kits to vehicles is estimated between $750 and $1000 (Siddiqi, 2022) its suggested that until car manufacturers start fitting wireless capability as standard these roads will be underutilised.
As discussed above this service would only really be viable in urban areas or areas with high volume of traffic, the service itself would also be a supplementary service with longer and more efficient plug in charges needed to help preserve battery life (Innovation News Network, 2021).  It is estimated that battery status should be kept between 30% and 80% for good battery health, current figures show that EV owners are allowing their batteries to drop below 20% before a full charge is completed, by using wireless road owners will be able to maintain a better battery health through constant trickle charging (Innovation News Network, 2021).



Stakeholders

Stakeholder will play an active role in the implantation of this innovation, the current stakeholder identified are
· ElectReon (Company who supply the technology) – the Swedish company who currently own the technology would be one of the main stakeholders, currently they have a number of projects all over the world.
· Private Investment Groups – Ideally the project would be funded by a private investor, this would allow us to choose our own investors, be more flexible and allow a faster turnaround (NIB, n.d.).
· Car Manufacturers – As stated previously it is possible to retrofit EV’s to allow for wireless charging, however due to the cost of this it would be beneficial to have the main car manufacturers onboard with the scheme and be willing to build car that are already compatible.
· Local and National Government – with the need to make changes to the road structure of one of the busiest parts of Welsh motorway it would be imperative to have the backing of both Local and National governments.
· National Businesses and Transport companies – by creating good links with business and transport companies such as National Express the scheme would be on a much stronger footing.
· General Public – To make the scheme a success it would be vital to have the general public onboard, once people have converted their vehicles to be compatible with the road, they would then only need to pay for the amount of charge that they use.

Conclusion 
In conclusion through the implementation of a stretch of new Green Motorway between Cardiff and Newport, it could create a fantastic opportunity for Wales to become a world leader in Eclectic Vehicles and create a sustainable new way of traveling.
The stretch of road would offer the opportunity for Local and National businesses as well as transportation companies and the general public to make electric vehicles much mainstream and help to reduce the current barriers to converting from petrol and diesel.  The terms Range Anxiety and Charge Anxiety would no longer be used in the same sentence as Welsh road travel because cars would become self-sufficient whilst traveling, rest arears could be converted to be much nicer greener areas where people could relax rather than the current system of having garages every few miles along busy routes, also with less noise created by electric vehicles travel would be become a much more enjoyable process.
Future proofing of the system would allow for potential developments in the future such as driverless cars as identified during the SWOT analysis, we have also discussed the main benefits and barriers to this innovation and discussed how barriers can be overcome whilst appreciating that barriers will always be a vital part of any new innovation and through identifying them early it is possible to plan ahead for them.
The key stakeholders have been identified and how their input will help to push the business forward, these include investment in the early stages as well as public and private buy in once the Green Motorway is live and ready to charge its first vehicles.
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