[image: ]



University of Wales Trinity Saint David
School of Engineering

Sustainability:
Vehicle to Grid Technology

Tom Schultze
1802180

Motorcycle Engineering Level 6
08/11/21

ACHA6012


Contents
1.	Introduction	2
2.	Why Vehicle to grid?	2
2.1 Load Balancing	2
2.1.1 Support to renewable resources	2
2.1.2 Reduce operating costs and generate revenue	2
2.1.3 Mobility	3
2.2	Downsides to V2G	3
2.3	Current Electric Grid	3
3	PESTLE analysis	4
3.1 Politics	4
3.2	Economics	5
3.3	Social	5
3.4 Technological	6
3.4	Legislation	7
3.5	Environment	8
4	Domestic Motorcycle Industry	8
5	Conclusion	9
References	10



1. [bookmark: _Toc88134916]Introduction
Electric vehicles such as plug in hybrid (PHEV) or fully electric cars (PEV) are becoming more and more of a viable solution as the main means of transportation for the general public. PEVs bring many positives considering the environment as they have no harmful emissions during their use. Vehicle to grid charging is another positive example.
Vehicle to grid charging, also referred to as V2G is a new idea that has formulated in the sustainability movement. It entails that electric vehicles plugged into the electric grid can be charged normally from the grid but can also be used as storage for the electricity grid. This must be well implemented though to make it feasible. There are a lot of aspects that need to be considered for vehicle to grid charging to work. A fitting analysis tool to use would be a PESTLE analysis which will be used in this report to determine feasibility of implementation of V2G technology.
PESTLE is an acronym that stands for Politics, Economics, Social, Legislation, and Environment. All these factors need to be looked at together to see if V2G can be successfully implemented in current society. 
2. [bookmark: _Toc88134917]Why Vehicle to grid?
Vehicle to grid charging can be used to increase the electric grids efficiency, reliability and stability. Habib et al. (2015) state that V2G helps with load balancing, support to renewable resources, reduce operating costs and generate revenue.
[bookmark: _Toc88134918]2.1 Load Balancing
The vehicle to grid system can manage and flatten the supply and demand peaks by supplying stored energy in the EVs battery into the grid distribution networks at peak demand time, during commuting hours, and charge itself while there is low demand and high supply which is outside of peak commuting hours.
A problem that could arise through this charging coordination is unplanned emergencies. What if unexpectedly a family member has an allergic reaction and needs to be driven to the hospital immediately to save their life? A solution could be that emergency vehicles such as ambulances and police cars have priority charging or are omitted from the V2G system.
[bookmark: _Toc88134919]2.1.1 Support to renewable resources
It is known that renewable resources such as solar or wind power sources are not always reliable. The UK being known for not being a very sunny place, averaging only 3.14 sunny hours a day in the year of 2021 (Jaganmohan, 2021), solar power cannot be fully relied on. Electricity gained from wind farms is quite considerable for the UK having an operational capacity of 24,384.74 MW  (renewableUK, n.d.). 
This electricity gained from the renewable resources can be stored if production is high and can be reintroduced to the grid when energy production from renewables is lacking.
[bookmark: _Toc88134920]2.1.2 Reduce operating costs and generate revenue
Energy stored by personal electric vehicles can be sold back to the supplier into the grid to minimise either utility bills or to other people for profit.
	

[bookmark: _Toc88134921]2.1.3 Mobility 
[image: Diagram

Description automatically generated]Instead of building multiple substations necessary to distribute energy, multiple vehicle fleets can be moved to introduce energy to parts of a country where energy is lacking or in exceeding demand. This could be used to move energy to areas with ongoing power outages for example. Energy can also be reintroduced into the grid on the move as Siemens is doing in Germany on eHighways.
Figure 1: Siemens e Highway (https://press.siemens.com/global/en/feature/ehighway-solutions-electrified-road-freight-transport)
 Freight trucks attach to overhead powerlines via a pantograph and can charge onboard batteries or give stored energy back to the grid recovered from regenerative braking (Siemens, 2021). Trains probably could also be engineered to give their regenerative energy back to the grid with a massive rail network already established.
2.2 [bookmark: _Toc88134922]Downsides to V2G
Battery health degradation of EVs batteries is a major downside. Being able to store energy and send energy back to the grid means that a battery goes through many more cycles than it normally would have. This could be prevented by making only the top 25% of an EVs battery available to the grid, making the depth of discharge less severe and making the cycling of the battery less harsh.
Another downside is that chargers are not readily available meaning that vehicles even if they have charge available cannot give their stored electricity back to the grid. People that own an EV have chargers at home but if they commute to work and cannot plug in their vehicle at work are locked out from the V2G system. Infrastructure would have to be fleshed out more.
2.3 [bookmark: _Toc88134923]Current Electric Grid 
The current state of the British electric grid can run reliably now. A loaded question would be is it able to cope with the massive amount of extra demand that would occur if every single household would own at least one EV? 

Doing the maths projecting every household owns a Zero SR/F electric motorcycle which has a 15.6 kWh battery and a UK population of 67 million as of June 2021 and the assumption a household is a nucleated family of 4 people (parents, 2 children), that makes (67000000/4)*15.6= 261,300,000 kWh.
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Description automatically generated with low confidence]That is an extra 261.3 GWh the current national grid must put up with. That is about 35% percent increase of what it already moves around daily, which is 730 GWh (National Grid ESO, 2021). The current grid could not cope with such an increase. Now the question that arises is could a V2G grid handle this big of a step up in power consumption? Not if implemented all of a sudden but gradually? 
The current origin of electricity in the UKs national grid can be seen in Fig.1 and is made up of 36.6% renewables and 9.6% imports of electricity, for a total of 46.2% unreliable sources. Wind does not always blow, the sun does not always shine and the exporters can suddenly decide to not sell electricity to the UK for whatever reason, be it politically or other. Figure 2: Origin of electricity in UK national grid (https://www.nationalgrideso.com/electricity-explained/electricity-and-me/great-britains-monthly-electricity-stats)

Only 0.6% comes from actual storage, this percentage would and could be boosted by introduction of a V2G system to the grid. EVs could be used to store superfluously generated energy by the renewables and stored or used in a V2G grid. 
3 [bookmark: _Toc88134924]PESTLE analysis
A lot of these areas intersect and have arguments, in favour and against, in common. Some of these arguments for the individual topics will be looked at and discussed thoroughly.
[bookmark: _Toc88134925]3.1 Politics
Governments all around the world should want to create a sustainable and green society. Unfortunately sustainability is only an afterthought in emerging economies.  Achieving sustainability is expensive and poorer countries focus instead on building up a stable economy in the first place. Developing countries cannot be faulted for wanting to increase quality of life any way possible, even if it is not green nor sustainable. Who is thinking of making an electricity grid smart when there is no electricity grid in the first place. Responsibility lies with already stable and rich economies helping  poor countries financially to establish themselves sustainably. The most recent example would be the Indian PM Narendra Modi asking for 1 trillion dollars to speed up India’s net- zero emissions  (Rathi & Chaudhary, 2021).
Corruption, selfishness and greed are a big problem as well. Governments in the middle east that are rich because of oil have no interest in leaving the oil in the ground and focus on being sustainable and implementing an energy saving grid. 

3.2 [bookmark: _Toc88134926]Economics
Economies of scale will make using green electricity cheaper. Providing the electrical grid can handle the increased loads by society moving away from carbonisation. More users and suppliers on the grid will make it cheaper for everyone. If this is not the case then a big one off investment has to be injected into the electrical infrastructure by any means necessary. This could include a fund by governments or big institutions such as the United Nations (UN). 
The price of fitting chargers is also to be considered. Not a lot of current buildings have a powerful enough electric grid to enable fitting a fast charger into them, which are very expensive to install. Already existing infrastructures such as offices and homes must be heavily remodelled to implement better local grids and chargers for everyone at a great onetime expense to the economy while newbuilds get built with the grid in mind.
The price of ownership plays an important role as well. EVs currently are expensive to buy but cheap to maintain. If maintenance does occur it is generally more expensive than on a combustion vehicle. This is due to the specialised nature of EVs. Not a lot of mechanics are able or comfortable to work on EVs. Fortunately though most defects in EVs happen in the first year and are covered under the manufacturer’s warranty, free to the owner (Mihalascu, 2021). Over the whole vehicles lifetime it is ~40% cheaper to own an EV instead of an ICEV, with fuel, depreciation, insurance, maintenance and taxes considered (Burnham et al, 2021).
3.3 [bookmark: _Social][bookmark: _Toc88134927] Social
[bookmark: Social]Due to the high cost of acquiring an electric vehicle lower class people could be excluded from ever owning one without heavily indebting themselves. This is because electric vehicles are quite a new technological advancement. Once more innovation on this topic has taken place, technology will become cheaper to manufacture and more affordable in general. 
Another problem that occurs is that not everyone has the availability of charging their EV if they own one.  Not every house has a safe place to plug in and charge an EV such as a garage for example. Not to forget many people do not own their own house and live in a block of flats. That means that chargers must be openly available everywhere. A problem this could lead to is vandalism. Everything from harmless pranks such as unplugging charging vehicles to maliciously cutting wires or actively tampering with it. 
A valid question to ask as well would be how charging priority gets established at public charging stations. If a vehicle arrives and urgently needs to be somewhere, is the driver allowed to unplug another charging vehicle that had been there earlier? How does the driver know if the vehicle is charging at all and not giving back to the grid? Something that cannot be ignored either is while people are travelling they need energy and cannot give it back to the grid making V2G only really viable at home or when people are parked somewhere more long term such as at their workplace for example. A smart implementation could be at long term parking at an airport while people are away travelling.
The biggest ethical factor though would have to be the resource gathering of minerals used to make batteries. Lithium and Cobalt are used to make batteries that are used in everything from EVs to laptops and phones. 
Cobalt and lithium are mined mostly in the Democratic Republic of Congo (DRC). The DRC has about 60% of known global Cobalt reserves. This mineral is mined in horrible conditions, workers with no personal protective equipment and in some cases by children. If that was not bad enough, it is mostly mined by Chinese-Australian mining companies with little to no profit staying in Africa (Malu-Malu, 2021).
A minuscule relief could be focusing on harvesting small deposits of lithium in more local places such as Cornwall. Although deposits are a lot more scarce and dispersed. There is a pilot lithium extraction plant being built in Cornwall called GeoCubed that can harness geothermal lithium containing water and using the extracted heat to aid lithium extraction from the water (Cornish Lithium, n.d.).
[bookmark: _Toc88134928]3.4 Technological
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Description automatically generated]Figure 3: Battery Lifecycle from manufacture to use phase (https://www.volkswagenag.com/en/news/stories/2020/03/lithium-mining-what-you-should-know-about-the-contentious-issue.html)


A battery lifecycle consists of 
· manufacture, as explored in the Environment part of this PESTLE analysis
· the use phase in the vehicle itself, where battery health is important to consider, briefly discussed in 2.2
· and the end of life phase, where recycling is attempted
Manufacturing a lithium ion battery is very resource intensive and might not even be the best option further down the line. Scientists are researching various materials of which to build batteries with.
Solid state batteries (SSB) are the next big thing. As the name states the electrolyte found in the SSBs is solid instead of liquid like it is in conventional lithium ion batteries. This has many great benefits such as higher energy density, safety, battery life and a reduction in costs (Samsung Advanced Institute of Technology, 2020). SSBs allow to massively downsize batteries because of their excellent energy density. This would approximately half battery size, which doubles the range an EV could achieve. The solid electrolyte composite also helps to improve battery health, being a lot more resistant to cycling, prolonging battery use life which is useful thinking about the increase of cycling a battery goes through sending electricity to a V2G system.
Current lithium ion recycling leaves a lot to be wished for with only about 5% only getting recycled. Batteries used in EVs are usually only repurposed in less demanding operations but even then after full depletion and a state of Health of 0% batteries have to be taken apart carefully because they like to combust spontaneously. Usually this is done in Asia, because of their lacking health and safety regulations (Woollacott, 2021).
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Description automatically generated]Another factor to think of is plug standardisation. Differing plugs limit access to the grid. Different manufacturers have to agree to a single efficient plug. Now some manufacturers will not want to play ball because as a company they would want more profits, selling their own chargers. A great example is Apple in the mobile phone market. They use lightning chargers that only work with their phones and do not even sell their phones with chargers quoting “to be more environmentally friendly, using less packaging”. The answer to this lies in legislation. Global institutions such as the UN must step in and have to rally the electric automotive industry and agree on a common charger just like the EU has for phone chargers standardising the USB-C for phones (European Comission, 2021). Or consumers will need a car boot amount of adapters, which they will have to drive everywhere with. Another option would be exchanging the battery. Impossible for an electric car as those batteries are massive and integrated into the chassis but already very common in Asia for electric scooters (O'Kane, 2021). Figure 4: Different EV charging plugs by manufacturer (https://www.dalroad.com/resources/an-introduction-to-electric-vehicle-rapid-charging-standards/)

3.4 [bookmark: _Legislation][bookmark: _Toc88134929]Legislation
Most governments have introduced subsidies for owning an electric car. The UK  for example will contribute 20% or up to a maximum of £1500 for electric motorcycles that have no carbon emissions and can travel more than 50km between charges and a maximum of £2500 for cars (UK GOV, 2021). In addition a grant of £350 can be applied for, for the installation of a charger at your home. Electric vehicles are also tax exempt. This might bring some people to get an electric vehicle as their next vehicle, encouraging them to make use of a V2G system.
A big downside is that fossil fuels are also subsidised by the government. Politico (2021) states that the UK will not join the Agreement on Climate Change, Trade and Sustainability (ACCTS). This agreement contains rules to cut tariffs on renewable energy and to phase out subsidies and tax cuts for fossil fuels. The UK is currently subsidising the fossil fuel sector by about £10 billion a year and is not joining because it does not want to cut the tariffs on renewable energy supposedly. 
Congestion zones a.k.a. low emission zones (LEZ), such as the greater area of London being introduced bring in more money to the government and limit emissions as well, which is a good thing but the money collected can be reinvested in any way currently. Beneficial would be to limit to reinvestment to sustainable investments only.
3.5 [bookmark: _Toc88134930]Environment
Lithium usually is mined from South America, especially in Chile. Volkswagen AG (2020) explains how lithium is mined. On so called salars, which are salt flats, where salted groundwater from underground lakes containing lithium, is pumped above ground is evaporated. This lithium rich salt then is flown out to Australia, adding even more to the lithium carbon footprint, to be processed and refined. Local population complains about the lithium mining creating water pollution and producing droughts that plague local communities dependent on farming. Emptying these natural underground lakes means that fresh groundwater in the surrounding areas flow back into these lakes which then deprives the surrounding areas of this water. Australia’s lithium reserves are gathered from conventional ore mining which as well is detrimental to the environment destroying and displacing local flora and fauna all the while emitting greenhouse gases. If this planet is made uninhabitable there is no point in trying to set up a V2G system.
Not to forget lithium is a finite resource just like petrol is. With demand skyrocketing for batteries because of electric vehicles prices will match this demand spike and it will become more expensive yet again. 
4 [bookmark: _Toc88134931]Domestic Motorcycle Industry
Realistically this is not going to work in any current automotive industry. The current national grid is not smart enough and is already running at maximum capacity. Heavy investments making the national grid smart, being able to communicate between individual vehicles, will have to be sourced and the grid improved. 
Looking at the calculations done in 2.3 the current grid would need another 40% capacity. Further thinking about the maths, it was assumed that there is only one electric motorcycle per family. Families sometimes have and need more than one vehicle with delivery companies having multiple vehicles. Electric cars having bigger batteries the calculated strain on the grid is only getting bigger rather than smaller although so does the storage capacity if used in a V2G setup. 
Fleet vehicles such as delivery scooters could be legislated to be fully electric. As these are not in constant use they would make an excellent energy storage which can readily be requested back into the grid if necessary. 
Electric motorcycles currently do not have great range averaging about 130 kilometres per charge and are not great to transport multiple people or goods. Motorcycles in general are not very utilitarian and are mostly used for pleasure instead of domestic and commercial life. Having said that they would make great additional storage for electricity that could always flow back into the grid when demand rises above supply during peak usage when they are not in use, which they would not be if purely used for pleasure. 
With battery technology improving and furthering innovation such as the SSBs that were looked at earlier with improved battery health, a lot of cycling will not be a problem anymore decreasing the worry of destroying batteries within electric motorcycles. This is an important point to consider as batteries in motorcycles are smaller than in electric cars and would go through considerably more cycles than batteries in a car would, smaller batteries also mean less storage though unfortunately. More motorcycles would have to be bought to make up that factor.
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Description automatically generated with low confidence]Looking at  the amount of electric motorcycles currently present in the UK might surprise some though. According to the MotorCycle Industry Association (MCIA) press release released on Nov. 5th 2021, 5,085 electric motorcycles were registered in 2021 so far, as can be seen in Fig.5. Figure 5: MCIA electric motorcycle registrations (https://www.mcia.co.uk/press-statistics)

This is a huge increase of more than double from the previous year in which only 1,955 electric motorcycles were registered. Not forgetting to mention pedal assisted electric bicycles (Pedelecs) are included in this statistic. Another surprise is that in the 0-50cc engine capacity the most registered model was electric which was the Vmoto Super Soco CPX (MCIA, 2021) which was registered a staggering 150 times in October of 2021 only. There was a growth of 160% of new electric motorcycle registers. These are very high numbers and will only increase in the future. Increasing numbers are a good building block for V2G integration in the domestic motorcycle market.
5 [bookmark: _Toc88134932]Conclusion
In conclusion the domestic electric motorcycle market is only in its infancy but has healthy growing opportunities. It is too early though to implement a V2G electric grid for use in this market as it is too small which would make it too challenging and expensive to implement.
Other important factors to think about are that with an increase of electric motorcycles, emissions especially during the manufacturing phase of these will dramatically increase too. Innovation needs to happen quicker, and it has to be greener to make it more viable against fossil fuel emissions.
Once everything has grown more sustainably V2G can be successfully implemented furthermore reducing energy wastage.
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