[image: ][image: Text

Description automatically generated]

Vehicle to grid technology 



University of Wales Trinity
Saint David
School of Engineering

Automotive Materials and Sustainability
ACHA6012

	

Nathan Watson (1900683)		22 November 2021
Contents
Table of Contents
1	Introduction	1
2	Vehicle Electrification	3
3	UK Domestic Power	5
3.1	Energy Consumption	5
3.2	The Balancing Mechanism	7
4	Vehicle to Grid	8
4.1	Concept and benefits	8
4.2	Target consumer	10
5	Racing Application (Motorcycle)	11
5.1	Club racing	11
5.2	Professional Racing	12
5.2.1	Road Racing	12
5.2.2	MotoE	12
5.2.3	Secondary V2G	12
6	Ethical Issues	14
6.1	Battery Production	14
6.2	Remedies	14
7	Conclusion	15
8	Bibliography	16
9	Works Cited	17



List Of Tables
Table 1-Motorcycle comparison	11

List Of Figures
Figure 1- UK energy consumption past year (Morley, 2021)	1
Figure 2-EV sales Jul '21 / Jul '20 (Skidmore, 2021)	1
Figure 3-Key for figures 4,5	3
Figure 4-EU car sales by fuel type 2020 	    Figure 5-EU car sales by fuel type Q3 2021	3
Figure 6-Monthly car registrations by fuel type as % total. 2017-2021 EU (JATO, 2021)	4
Figure 7-Statista projection of total driving passenger EVs by year	4
Figure 8-BNEF EV projections 2025	4
Figure 9-Peak demand 2035/36 (National Grid ESO, 2021)	5
Figure 10- Energy demand 18/11/21	6
Figure 11-Electricity generated by fuel type	6
Figure 12-The Balancing Mechanism (National Grid, 2021)	7
Figure 13-Optimised EV charging	8
Figure 14-V2G optimised for renewable sources	9
Figure 15-EV usage throughout day (Pournaras, et al., 2019)	9
Figure 16-Electric bike sales	11





2

[bookmark: _Toc88515307]Introduction
Motorsport is well known for being at the very forefront of engineering development regarding the automotive and motorcycle industries. Car and bike technology has been trickling down to consumers for decades, with technology such as disc brakes, all-wheel drive, and the ever-evolving array of composite materials being just a few examples (Lawrence, 2018). In recent times, however, the motorsport industry is having to adapt to follow the trends that the public, and more broadly, politics, define. The world is going ‘green’ and being environmentally friendly is at the top of every political agenda. Reducing non-renewable energy is one of the main challenges that engineering is facing currently, however the UK still relies on fossil fuels for more than 40% of its energy. Figure 1 shows that over the last year only 23.3% of UK energy came from renewables.
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[bookmark: _Toc88515327]Figure 1- UK energy consumption past year (Morley, 2021)
Electric vehicles are becoming more popular year-on-year with sale increases of over 100% in some markets. This is a positive step in reducing overall CO2 emissions, but a large proportion of the energy used to charge those electric vehicles is still non-renewable.
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[bookmark: _Toc88515328]Figure 2-EV sales Jul '21 / Jul '20 (Skidmore, 2021)
The increase in electric vehicles is environmentally positive but may cause problems if the demand for electricity to run these vehicles exceeds the amount that can be provided by the grid. Vehicle to grid (V2G) technology is being implemented in areas with large EV populations as a solution. Since motorsport is following the electrification trend, V2G may be a technology that gets adopted into racing.


[bookmark: _Toc88515308]Vehicle Electrification
Petrol and diesel cars made up for 79% of all new passenger car sales in Europe 2020. Currently, in Q3 2021, petrol and diesel hold only 58.1% and diesel (17.6%) has been succeeded for the first time ever as the second most sold fuel type by hybrid electric (20.7%) (ACEA, 2021).
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[bookmark: _Toc88515329]Figure 3-Key for figures 4,5
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[bookmark: _Toc88515330]Figure 4-EU car sales by fuel type 2020 					Figure 5-EU car sales by fuel type Q3 2021
Figures 4 and 5 (ACEA, 2021), clearly show the change in consumer attitude towards electric vehicles and this can be further shown in figure 5. It is interesting to note that the EU legislation to ban petrol and diesel vehicle sales by 2035 was first reported by the BBC on February 04th, 2020 (BBC News, 2020) which resulted in an immediate increase in alternative power vehicle sales and a decrease in petrol and diesel. In November 2020 the UK government released ‘The 10 point plan for a green industrial revolution’ in which the petrol and diesel ban was announced to be 2030, with all vehicles required to be zero-emissions by 2035 (HM Government, 2020). This can be seen in figure 6 to make a significant impact on EV sales during November and December with battery electric vehicles (BEV) showing a 343.7% difference from Dec ’19 (Kane, 2021).
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[bookmark: _Toc88515331]Figure 6-Monthly car registrations by fuel type as % total. 2017-2021 EU (JATO, 2021)
The electric vehicle market is expanding rapidly with projections of 140+ million passenger EVs globally by 2030 (Statista, 2021).
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[bookmark: _Toc88515332]Figure 7-Statista projection of total driving passenger EVs by year
This trend continues with EV buses, lorries and motorcycles with global electric motorcycles set to exceed 300 million globally by 2025 (BloombergNEF, 2021). 
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[bookmark: _Toc88515333]Figure 8-BNEF EV projections 2025
[bookmark: _Toc88515309]UK Domestic Power
[bookmark: _Toc88515310]Energy Consumption
The National Grid averaged a demand of 30.3GW over 2021 (Morley, 2021) with peaks of 58GW (National Grid ESO, 2021). It is accepted that electrified road transport will significantly increase this demand and some projections estimate by 2035 peak demand could reach above 80GW. 
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[bookmark: _Toc88515334]Figure 9-Peak demand 2035/36 (National Grid ESO, 2021)
‘There is definitely enough energy, and the grid can cope easily’ is a quote from Graeme Cooper, Transport Decarbonisation Director (Grid, National, 2020). This can be defended by the projections made in the 2021 electric capacity report which show that generation capacity could reach close to 180 GW by 2035/36. Generation capacity is the total installed capacity of all available technology including storage. This projection model includes vehicle to grid supply (page89) (National Grid ESO, 2021). 
The demand for energy changes throughout the day with lows demand between 00:00 and 05:30 and peak demand at 17:30. This trend correlates with most peoples working day, with the low demand being when people are sleeping and peak demand when people are getting home from work. November 18, 2021 had a low energy demand of 22.8GW and a peak of 40.7GW (Morley, 2021).
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[bookmark: _Toc88515335]Figure 10- Energy demand 18/11/21
The graphs shown in figure 10 also show where the energy is sourced with fossil fuel supply fluctuating significantly between day and night. Renewables can be seen to help smooth out the demand at the beginning of the day but are relatively constant throughout the night, as are other energy sources and interconnectors.
Energy demand also changes throughout the year with a greater demand in the colder months, shown as Q1 and Q4 below (Department for Business, Energy & Industrial Strategy, 2021).
[image: Chart, line chart

Description automatically generated]
[bookmark: _Toc88515336]Figure 11-Electricity generated by fuel type
[bookmark: _Toc88515311]The Balancing Mechanism
The national grid must predict and regulate energy supply to the demand as shown in figure 10. This is because the capacity to store more energy than is needed is not available currently. The balancing mechanism (BM), run by the Electricity System Operator (ESO), is how the grid maintains supply and demand equality. The BM is a medium that is used in trading energy. Each day is split into 30-minute intervals called settlement periods. Trading energy can happen up to 1 hour before the end of any settlement period, with the end of each time being called gate closure. The ESO can request parties to increase or decrease their energy consumption via the BM and maintain equal generation/consumption second by second. Parties involved with the BM can bid and make offers on how much they are to pay or be paid for their contributions.
[image: Timeline

Description automatically generated]
[bookmark: _Toc88515337]Figure 12-The Balancing Mechanism (National Grid, 2021)
The more participants of this system there are, the more stable the grid power supply will be. The ESO changed its guidelines in 2019 to widen access to the BM, which opened up opportunity for V2G systems to be implemented.


[bookmark: _Toc88515312]Vehicle to Grid 
[bookmark: _Toc88515313]Concept and benefits
V2G is the concept of connecting EVs to the grid via bi-directional chargers to use the collective surplus energy to support grid capabilities. Simply, energy not used by an EV can be returned to the grid. Peak energy demand fluctuates throughout the day and consequently tariffs do to. Intelligent V2G systems use the change in energy prices to charge when electricity is cheaper, and then return the energy at peak times. This is a clear benefit as consumers can save significant amounts of money over the year. Figure 13 shows how smart V2G works over a day-cycle (Kaluza White Paper, 2020). 
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[bookmark: _Toc88515338]Figure 13-Optimised EV charging 
The same study also shows how V2G can also increase the amount of green energy consumed. This is done by charging EVs within periods of high renewable generation and low overall demand and then returning the energy to the grid when renewable generation is lower. 
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[bookmark: _Toc88515339]Figure 14-V2G optimised for renewable sources 
Figure 15 shows the average driving habits throughout the week. It can be observed that most of the driving time is within the commuting hours and as such it can be assumed that most of these vehicles are idle throughout the middle of the day. This is an opportunity for vehicles to connect to the V2G network which can then optimise charge and discharge of the vehicle’s batteries in relation to energy demands and/or prices.
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[bookmark: _Toc88515340]Figure 15-EV usage throughout day (Pournaras, et al., 2019)
[bookmark: _Toc88515314]Target consumer
Powerloop, a project ran by Octopus energy and UKPN, have successfully connected over 130 Nissan Leafs to the grid via V2G chargers provided by Wallbox (Lempriere, 2021). This is the first time that V2G has been used commercially in the UK. Head of National Control for National Grid ESO, Isabelle Haigh, expects this project to lead the way for up to 45% of British households using V2G by 2050.
This is not limited to household charging however and some businesses are implementing V2G charging at places with large amounts of traffic. The Johan Cruyff Arena in Amsterdam is a good example where 15 charging stations have been installed to increase sustainability (V2G Hub, 2019). This approach benefits local areas in which energy consumption spikes during large events and if implemented on a large scale may be able to offset events completely. It is also easy to manage as events usually have a scheduled end time so the vehicles can be ready to go. 
Other companies such as Nuvve have a business model focused on fleet vehicles. This is designed for vehicles which have standardised times of operation as well as destination, for example, buses or company provided transport. This model is designed so that a fleet manager can plan journeys and plug in times ahead of schedule. School buses have been effectively included into this model as the time that the vehicle is being used is limited to a morning and afternoon session Monday to Friday. This means that most of the time the bus is not in use, but by connecting to V2G up to $5000 in energy costs can be recuperated each year (Vare, 2019). 


[bookmark: _Toc88515315]Racing Application (Motorcycle)
[bookmark: _Toc88515316]Club racing
Motorcycle club racing is very popular in the UK, however electric motorcycle racing is not with no championships available to race in.  This combined with less than 1000 electric motorcycles sold in the UK per year mean that club racing electric motorcycles is a very niche market. 
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[bookmark: _Toc88515341]Figure 16-Electric bike sales
The cost of buying a new electric motorcycle to race is comparable to a top of the range petrol motorcycle with similar performance. The main issue is the low energy storage of motorcycles. Both petrol and electric bikes will be able to complete a 20-30 lap race (depending on circuit) at maximum output however the petrol bikes can be refuelled in minutes whereas the fastest charging electric bike claims a 30-minute recharge time.
	Motorcycle
	Power (hp)
	Capacity 
	Price (£)
	Citation

	Energica Evo +RS
	169
	21.5 kwh
	27,390-38,165
	(Energica, 2021)

	Energica Evo
	145
	13.4 kwh
	21,890
	(Energica, 2021)

	Lightning LS-218
	200
	20 kwh
	35,000
	(Lightning Motorcycles, 2021)

	Ducati V4SP
	214
	16L
	32,000+
	(Ducati, 2021)

	Suzuki GSXR-1000R
	202
	16
	17,000
	(Suzuki UK, 2021)


[bookmark: _Toc88508341]Table 1-Motorcycle comparison
Table 1 shows a comparison of popular motorcycles used for racing compared with electric bikes.
V2G at club level motorcycle is not an option at the present time due to no energy being stored in excess. Since club racers usually own their own motorcycle, it is possible that it could be connected to V2G while in storage which would be a significant amount of time due to the infrequency of races throughout the year. With an additional cost of around £3700 over a regular smart charger (Grundy, 2021), combined with the low energy density of a motorcycle battery, home V2G will not be economical for a lot of people. For reference, a top of the range motorcycle (see Table 1) will have half the battery capacity of an entry level Nissan Leaf (EV-Database, 2021) and the most popular electric bikes will have a further 25% less storage capability (Zero Motorcycles , 2021). 
[bookmark: _Toc88515317]Professional Racing 
[bookmark: _Toc88515318]Road Racing
The TTXGP, later called TT Zero introduced electric motorcycles to the isle of man in 2009, however the bikes could only complete one lap each and the race winner being slower than the top 11 125cc bikes (IOMTT, 2021). As of 2019, the TT Zero race is still only one lap, and cancelled for 2 years. 
The Electric road racing association (ERRA) is working with EV manufacturers to create an all-electric road racing championship, but as of 2021 has not been successful. 
Currently electric motorcycles are not good enough to be road raced, it can be assumed this is because of the inability to maintain high performance for long enough.
[bookmark: _Toc88515319]MotoE
MotoE is the world championship of electric motorcycle Grand Prix racing with a 2021 championship consisting of 6 races supporting races at MotoGP events. These are the fastest electric racing bikes in the world however the short circuit races are no longer than 15 minutes due to the battery size (MotoGP, 2021). 
The benefit to MotoE is that it is a single manufacturer championship with the manufacturer maintaining the bikes. This means that the 20+ fleet of motorcycles only need to be separated 6 race weekends. Assuming the battery is of equal capacity to the manufacturers range topping commercial bike (Table 1), the MotoE fleet consists of 230+kwh of energy storage. This means that for the 341 days per year that the bikes are not racing, they could be used to support the grid via V2G. However, with limited performance during races to begin with, any battery degradation caused from excess charge cycles would be noticeable. 
[bookmark: _Toc88515320]Secondary V2G
In 2018 and 2019, MotoGP attendance over the season exceeded 2,800,000 people, averaging around 150,000 per weekend or 50,000 per day (McLaren, 2019). Combine that with more than 60 teams as of 2021 plus circuit and hospitality staff there is a lot of potential for V2G implementation in a similar way to the Johan Cruyff Arena (subsection 4.2). In 2021 if each of the 57 participating teams used one Mercedes eActros (Mercedes Benz, 2021)instead of a diesel truck, there would be 23,940 kwh of energy storage unused from Thursday to Sunday.  If V2G could be implemented this would equate to 378 to 598 Nissan Leaf’s which is more than 4 times as many that are currently connected to the grid in the UK. 
By equipping circuits with V2G it is possible to benefit from the large amount of energy storage that is sitting idle during the race weekend. This may be especially useful at circuits with poor surrounding electrical infrastructure to lessen the impact of energy spikes caused by the event. This will also be a selling point in making racing look ‘green’ to the public.


[bookmark: _Toc88515321]Ethical Issues
[bookmark: _Toc88515322]Battery Production
Battery production is heavily criticised as an aid to pollution in third-world countries due to the mining of raw materials. The process of mining lithium consists of large displacement of earth and large consumption of water. Sometimes this water is sourced from drinking reservoirs, or polluted and returned to source, either way damaging to people living close to mines (Bolton, 2021). 
Cobalt mines in Congo are estimated to be the workplace of over 40,000 children. These children are exposed to toxic materials and dust which can cause respiratory illnesses (UNCTAD, 2020). 
[bookmark: _Toc88515323]Remedies 
It is easy for the large EV manufacturers to ignore these issues as they are not directly employing children or causing the damage. Development in mining techniques such as Tesla’s ‘Selective Extraction of Lithium from Clay Minerals’ (Mining Technology, 2021) show that sourcing the raw materials in an environmentally friendlier way is of concern. Tesla also invest heavily in battery development, currently working on a battery that can power a car for a million miles before major degradation (Lambert, 2019). 
French company Engie are working to maximise use of ‘second life’ batteries by using them in energy storage for industrial buildings. The concept combines many discarded EV batteries that have degraded past 80% of maximum to create energy backups for buildings across Amsterdam. This practise means that batteries can last much longer and is a sustainable way of recycling (Business Green, 2018). 




[bookmark: _Toc88515324]Conclusion
V2G is a positive contribution to the green movement. By using V2G systems in the UK, non-renewable energy can be relied on less, by distributing renewably sourced energy back into the grid via the balancing mechanism at times of high demand. V2G benefits the grid by providing energy in times of source changeover, smoothing out fluctuations and reducing the change of energy shortages. 
The technology is better suited for fleet managers with vehicles with regular schedules of use / downtime. For commercial and personal use, V2G can provide savings on cost, however at the current price of bi-directional charging and a limited number of compatible EVs, this may not be enough of an incentive for individuals. With the UK being the first country to mandate EV chargers in new homes (Lewis, 2021), individuals may be more inclined to upgrade to V2G without the initial cost of a charger.
It is important for venues to support the growth of V2G in the same way that the Johan Cruyff Arena is. The availability of bi-directional chargers will make V2G more appealing to use, as well as benefit areas that struggle with power surges due to large events.
Motorcycle racing is not ready for V2G as the batteries involved are too small and the cost would not be beneficial, nor would racers be happy with performance losses due to battery degradation. Motorsport events however are a great opportunity for V2G to be implemented as there is a large amount of energy storage that spends 4 to 5 days at a time unused. Circuits have high energy demands during race weekends and by being able to smooth out power fluctuations in the local area, it may lead to a positive view on motorsport on the public.
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