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Abstract

The effort being made all over the world to lower carbon footprint, reduce emissions and protect the environment is a difficult scale to balance. Much research has been done to justify the implementation of Vehicle to Grid technology (V2G). V2G Can offer increased reliability and efficiency to the electric grid system with feasibility to provide ancillary and peak power service (Kempton et al, 2001). The technology is being driven by increasing oil prices and consideration for climate change. Politics has played a leading role in the reduction of greenhouse gasses. Two examples are the revised 2016 European National Emission Ceilings Directive (NECD) (EEA, 2021) and National Air Pollution Control Programmes (NAPCP) (Parliment, 2021).
The research supports deeper ethical, moral or justice issues which occur. This study addresses the environmental concerns associated with EV technology. It does so by analysing environmental concerns and associated political Issues surrounding the topic. It asks the very important question. Does V2G present a viable and ethical solution in efforts to combat climate change? Considerations for short and long-term environmental impacts of V2G are outlined in the conclusion section (Sovacool et al, 2018). The raw materials and minerals required to manufacture cars and batteries are extracted from the landscape which raises concerns with respect to planetary boundaries. Regarding land use change the amazon is discussed in the methodology section. It was chosen as it is the most significant biome.   
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The power generation Industry is responsible for a large portion of CO2 emissions. A single Waste to energy plant (WTE) can produce as much as 1Kg of CO2 per Kw/h of electricity. Such a plant tries to justify its technology by keeping waste from entering landfills. The landfills would otherwise contaminate the soil and waterways and methane is produced as a by-product (Volk et al, 2021). Renewable energy sources such as wind and solar reduce Co2 (Ciupăgeanu et al, 2017). But the difficulty with this technology is its lack of storage capability and weather dependency making them intermittent energy sources (Estebana et al, et al., 2012) .
Currently trials are in place to test V2G (Nissan, 2021 ; Cenex, 2021). The idea was conceived by inventor Willet Kempton in 1997 (Kempton and Letendre, 1997). Electric vehicles are increasing in popularity. The use and need for a vehicle differ from person to person making vehicle to grid (V2G) charging a debatable topic. There is no doubt that on a large scale such as fleet vehicles a well-defined, responsive load can be delivered reliably to the grid (Yuchao Ma, 2012). As of 2009, the UK committed to change to renewable energy. Energy consumption of 15% and 30% of all electricity generated to be from renewable sources (Directive 2009/28/EC, 2009 European parliment., 2009). Combining V2G with renewable energy sources is investigated and deemed plausible in terms of fighting climate change (Kempton et al, 2001).  
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Air quality is a fundamental factor in human health. It is well documented that long-term exposure to NO2, PM10, and PM2.5 was associated with higher asthma incidence in adults. (Hofmann et al, 2020)   An average of 42% of air pollution is caused by fuel fired vehicles. EV Technology is becoming the focus of many vehicle engineers in efforts to reduce the use of fossil fuels and associated emissions. Reports from the International Energy Agency show a 50% increase in the total number of EV’s on the road between 2016 and 2017 amounting to 3 million. That number could rise to 125 million by 2030. To get an overall view of the impacts of industry as it stands one must look at all aspects of how their car is made and how will the required energy and resources be produced. Land use is of importance to balance the ecosystem. Land provides people with their livelihoods through farming and cultivation. Which in turn provides crops for food, material such as cotton and even bio-oils (WANG, 2020).
By working with the concepts of planetary boundaries, it may be possible for humanity to progress forward without causing irreversible or unacceptable damage to the ecosystem. The novel concept of planetary boundaries estimates safe operating space for humanity with respect to the Earth system. The boundaries are biased on first approximations with knowledge gaps. Advancement in Earth system and resilience science is required to develop the concept further. However, they do provide a reasonable approach to governance and management of the earth system in place of the current sectorial analysis approach. Such boundaries should not be transgressed. Seven Boundaries are quantified in table 1 (Rockström et al, 2009). 
Table 1 Nine planetary boundaries. Seven of which are quantified (Rockström et al, 2009).
	Boundary
	Condition
	Measurement

	Climate change 
	CO2 concentration in the atmosphere
	<350 ppm or Max +1 W m-2 in radiative forcing.

	Ocean acidification
	Mean surface seawater saturation state with respect to aragonite 
	>or= 80% of pre-industrial levels.

	Stratospheric ozone
	<5% reduction in O3
	290 Dobson units

	Biogeochemical Nitrogen cycle and phosphorus cycle 
	N2  
P inflow into oceans
	N2 – 35 Tg N yr-1
P- > 10 times natural background weathering of P

	Global freshwater use
	Consumptive use of runoff resources
	<4000 Kg3 yr-1

	Land system change
	Ice free land surface under cropland
	<15%

	Biodiversity loss
	Extinctions per million species  
	>10

	Chemical pollution 
	No boundary specified
	N/a

	Atmospheric aerosol loading
	No boundary specified
	N/a



It is estimated that humanity has transgressed three boundaries to date. They are, changes to the global nitrogen cycle, rate of biodiversity loss and climate change. These boundaries are interdependent, meaning, transgressing one may affect others or cause them to transgress also. If CO2 is allowed to surpass 350ppm it could induce melting of the polar ice sheets (Rockström et al, 2009). The climate change boundary was established in 2009 by the UNFCCC as a guardrail. Defined as a rise in global mean temperature of just two degrees Celsius above pre-industrial levels. (FCCC, 2009) 
Table 2 Categories of planetary boundaries.
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Environmental Ethics addresses issues relating to rights that are fundamental for life and wellbeing for not only animals and creatures who inhabit the earth, but also men, woman, children, families, and communities. It is vital to not only consider the life on earth today, but also all life to come many years from now.  Issues that are related to resources used and distributed by humans are of concern. Caught up in the subject of ethics is consumption. Can one person justify the lavish consumption of a resource when somebody else barely has enough to survive. The core of ethics is making sure resources are distributed fairly and correctly, land and habitat is not destroyed in a meaningless way and having consideration for inequality in the world (Singh, 2019).
      
[bookmark: _Toc88517195]Environmental Concerns
[bookmark: _Toc88517196]Water

Water is an essential source of life. A mere 0.036% of the planets total water is accessible through lakes and rivers. Human and Industrial activity gradually pollutes resources or causes inaccessibility to these resources (D. Harikishore and K. Reddy, 2012). The global population is forecasted to grow to 9.7 billion by 2050 (Mizik, 2021). Together, rising population and advances in industrialization is putting immense pressure on dwindling water supplies. This coupled with continuous contamination through thousands of natural and industrial chemical compounds is causing one of the key environmental problems of today. Contamination is also possible on a grand scale through natural disaster, such as tsunamis, volcanos, floods, earthquakes, and hurricanes (D. Harikishore and K. Reddy, 2012). In coming decades water security will induce political and social insecurity where approximately 80% of the global population could be affected (Vörösmarty et al, 2010). Table 3 outlines where pollution in waterways likely originates. 
Table 3 Common pollutants and likely source.
	Pollutant
	Likely Source

	Phenol
	Household disinfectants / mouthwash / building materials / adhesive

	Heavy Metals
	Mining / Processing 

	Dyes
	Fabric industry / household laundry

	Fluoride
	Water purification / toothpaste / mouthwash

	Pharmaceuticals
	Urine / Sewage 

	Pesticides / Insecticides
	Agriculture

	Pathogens
	Human/Animal feces, Lack of fresh water or water treatment infrastructure. 

	Personal Care Products
	Shower gels / bath bombs (wastewater)


 
Phenol is used in a wide range of applications and is a common wastewater pollutant (Sarker and Fakhruddin, 2015). The World health organisation recommends permissible phenol concentration in potable waters to 0.001 mg/L (WHO, 1994). Heavy Metals originate from many sources from Human waste to mining (Sharma, 2015). The textile industry wastewater consists of dissolved solids, chromium, pentachlorophenol, detergents, trisodium polyphosphate, sodium hexametaphosphate and chlorine to name just some (Donkadokula et al, 2020). Fluoride is used in water treatment and toothpaste. 1.5 mg/L is the maximum acceptable level (Tahaikt et al, 2021). Pharmaceuticals and common drugs such as antibiotics enter the aquatic system through sewage systems (Jones et al, 2010). 
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Anthropogenic atmospheric CO2 is changing the carbonate system of the worlds oceans rapidly. pCO2, pH, alkalinity and calcium carbonate saturation balance the carbonate system. Nitrogen and sulphur are of importance in some regions. Air-sea gas exchange is the mechanism which lowers ocean pH levels. Figure 1 outlines common causes of atmospheric CO2. As of 2008, CO2 concentration in the atmosphere was approximately 383 parts per million by volume (ppmv) and a 0.5% increase annually through the 21st century is predicted (Guinottea and Fabryb, 2008).
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Figure 1  Shows the most common factors that raise CO2 in the atmosphere (Guinottea and Fabryb, 2008).
50% of CO2 remains in the atmosphere while 30% is absorbed by the oceans and the remaining 20% is taken up by the terrestrial biosphere. pH level in the ocean has dropped by .1% in the last 250 years and is expected to drop a further .3% before the end of the century. Acidity increases ten-fold per whole unit pH decrease. The biggest fear for organisms in the ocean is that they may not adapt quick enough to changing conditions. It has been approximately twenty million years since the earth experienced a pH change of this magnitude. A series of chemical reactions occurs when CO2 is absorbed by seawater and is represented in equation 1. Ω represents the calcium carbonate saturation state. 
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K∗sp is the stoichiometric solubility product for CaCO3 and [Ca2+] and [CO2− 3 ] are the in situ calcium and carbonate concentrations, respectively. The chemical reactions biproduct increases Hydrogen Ion concentration (H+) which lowers Ph making water more acidic (Guinottea and Fabryb, 2008).
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The Amazonia biome has many benefits to human life which stem from its vast diversity of flora and fauna. The benefits outlined in figure 2 are a result of direct and indirect interaction with the biome’s ecosystems. Ecosystems are sustained and balanced by indigenous people and their cultures. For urbanised communities the amazon is a resource that provides food, chemical compounds, and raw materials for industry. Earth’s climate is regulated by the amazon, which in turn promotes planetary health (Ellwanger et al, 2020).
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Figure 2 Amazons roll in global biodiversity preservation.
Shukla et al (1990) shows how replacing the amazon with grass or pasture increases the ground temperature. The result of this is a decrease in evapotranspiration and precipitation resulting in longer dry seasons making it difficult for rainforest recovery.


[bookmark: _Toc88517200]Electric markets
[bookmark: _Toc88517201]Baseload Power

Base load power usually of nuclear or coal origin is available around the clock and does not turn on or off rapidly. It has a very low production cost per KWh at approximately $0.05 USD. This presents a challenge for the V2G as it cannot compete with these prices. Hence V2G is unsuitable for providing Baseload power (Kempton et al, 2001).
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Peak power is purchased at times of the day when high demand is expected. Power generation with the ability to switch on and off quickly is desired such as, Gas Turbine. There is a higher cost associated with this type of power generation as there are fewer KWhs to amortize the investment over. Market demand size and time of day distinguish base load power from peak power. Peak power can be sold for as much as $0.50 USD (Kempton et al, 2001).  
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Ancillary services are responsible for maintaining stability and reliability of the grid. Not normally sold as straight KWh’s but contracted as reserve power to come online if required (Kempton et al, 2001). The definition of ancillary services differs depending on the electrical system and the regulatory institutionalism of the market in which they are implemented. In general, they are synchronized control equipment for generation and transmitting of power from producer to customer (Raineri et al, 2006). There are many classifications of ancillary services however the two which are relevant to V2G are discussed here and they are: Spinning Reserves and Regulation Service (Kempton et al, 2001).
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The key difference between spinning or non-spinning reserves is that the spinning reserve generator is online and ready to deliver power. A request comes from the dispatcher, a response must be available within a time of ten minutes. This will ensure grid stability while helping arrest the decay of system frequency by sudden loss of another source on the system. Spinning reserves are paid according to the amount time available multiplied by power available. An additional pay-out is then given for any power used if called on. For example, a generator rated at 1Kw online for one day could be sold as 1-Kw-day. This is favourable with V2G, given that they can generate within the 10-minute timeframe and EV’s that are plugged in are considered as spinning while they incur only short periods of generating power (Kempton et al, 2001).
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Regulation services maintain a frequency as close as posable to 60Hz. This is fine-tuned by matching regulation with load demand. There are two elements for the regulation market: Regulation up and Regulation down which are auctioned separately making two different prices. Both regulation up and down charging causes little net discharge of the EV battery making this a suitable market for V2G to perform in. Their quick response time also strengthens this case (Kempton et al, 2001).
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Lithium being the lightest of all metals possesses interesting electrochemical characteristics. Very high specific power and specific energy are a result of its very high thermodynamic voltage. The Li-I battery was first announced in 1991 and has seen unprecedented development to what is now deemed the battery of the future. Although still in a development stage, it has gained acceptance for EV or HEV use (Ehsani, et al., 2018).
Table 4 Typical construction of the Li-I battery (Ehsani, et al., 2018).
	Negative Electrode
	Positive Electrode
	Electrolyte

	Lithiated carbon intercalation material
	A lithiated transition metal intercalation oxide
	Aliquid organic solution or a solid polymer

	LixC
	Li1–xMyOz
	n/a



During charge and discharge, lithium ions swing through the electrolyte between electrodes. The electrochemical reaction can be described as:
LixC + Li1−xMyOz ↔ C + LiMyOz
Advanced technology in high power EV Li-I batteries see figures in the range of about 150 Wh/kg and 420 W/kg (at 80% SOC, 150 A current, and 30 s) (Ehsani, et al., 2018).
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All the topics covered by this study are intertwined. There are key air pollution benefits to V2G. And it contributes to the energy storage problem associated with renewable energy sources with each car acting as an individual battery pack (Kempton et al, 2001). Its very difficult to produce resources without creating adverse environmental impacts especially when mining is a source of water and soil contamination which also drives deforestation in the amazon biome. (Sonter et al, 2017) 
An abundance of EV’s are currently undergoing the manufacturing process. And millions more to arrive in the coming years. To achieve this, industry needs power and resources. The resources come at sacrificial cost to the environment. To make battery’s mining lithium is necessary. To mine lithium the use of heavy plant machinery and a change of land use is inevitable. Soil contamination is inevitable. Soil contamination leads to water contamination. Water contamination Is a treat to social and political security. Government and Industry need to put their best foot forward regarding planetary boundaries to ensure that communities of the future experience a planet that is thriving.  
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Short term immediate benefits associated with V2G are the stabilisation of the power grid, replacement of gas fired spinning reserves, storage capacity for renewables combined with the bonus that the owner of the car can see a reduction in the price of their electric bill. Every kilowatt of power supplied back to the grid by V2G has the potential for lowering CO2 levels. If the technology is adopted by the masses, then a dramatic reduction of fossil fuel usage will be seen (Guille and Gross, 2009). 
It would appear in the grand scheme of things that V2G is just the tip of the iceberg in terms of what the world can do to combat climate change. Long term implications associated with the technology could see the climate change boundary brought back to safer realistic levels. But it will take decades of further legislation, monitoring and planning to ensure that no planetary boundary is transgressing. On the journey to producing 125 million EV’s much care is needed while producing the resources as the change of land use needs to be justified ethically.     
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