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Abstract 
 

The demand for electricity has been growing exponentially due to increasing inclination of the Governments towards adoption of green 
electricity as the most preferred source of power and electric vehicles (EVs) as the most preferred choice of transportation. U.S., as a country, is 
plagued by the deficiency in the supply of powers and the situation becomes even worse during peak hours, let alone the inadequacies that 
become conspicuous in during the summers and winters when the demand for electricity is particularly higher. The rapid growth and expansion 
of industrial and manufacturing activities and of data centers along with the growing severity of weather conditions are already creating lot of 
pressure on electricity demand, while the retiring of coal-fired electricity at a rapid pace is reducing supply. The gap between the two is rapidly 
increasing raising alarm for severe power shortages. This gap needs to be bridged in a non-polluting way and the novel vehicle-2-grid technology 
provides a fantastic opportunity to achieve this target. Especially during peak hours when there is over load on the grid, the electric vehicles can 
be used to supplement as they are able to pump their unused power back to the grid. This literary piece of work highlights the dangers of an 
impending massive power shortfall unless steps are taken to replenish the power shortfall created by retiring of coal-fueled power while demand 
continues to remain robust. Each and every battery-operated electric vehicle cannot only act a power storage but can also play an important part 
during peak power demand when there is pressure on the grid. The electric school vehicles can be particularly helpful in this respect as they 
remain idle during most part of the day and are used just for picking-up and dropping-off school children. Rest of their times can be used to 
supply power grids by supplying the idle power, of course at a price which will also provide them with additional income making the entire 
system sustainable even during peak hours. 
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INTRODUCTION 

 
The world population is ever-growing which creates a lot of 
energy demand just to fulfil the daily activities of the masses. 
The demand for electricity has been growing rapidly and 
immensely. Until recently energy had been generated 
predominantly by using non-renewable resources as the 
feedstock. This has also been a key reason behind the rapid 
increase in the emission of green-house gases (GHG) leading 
to increase in the average global temperature and hence global 
warming. Clean energy sources have become a precedence 
area for a large number of organizations. Both the government 
and the regulators are providing incentives for these initiatives, 
which in turn would help to achieve sustainable development 
goals (SDGs) [1]. A key pillar for clean energy is the adoption 
of electric vehicles or EVs, which would help establish a 
sustainable transportation ecosystem in the United States [2]. 
While the demand for power, electricity to be precise, keeps 
growing with the recent push coming from wider adoption of 
electric vehicle (EV), the challenge is now to develop 
electricity for regular day to day use without adding to 
pollution. While countries around the world are concentrating 
on development of energy from renewable resources, it is 
becoming increasingly challenging to store the incremental 
energy production. The key consideration is the ways in which 
we can have adequate battery energy storage systems (BESS) 
for supporting the growing number of electric vehicles (EVs) 
and the developing smart grid [3]. But that is just one aspect of 
modern-day electricity demand. At a time when countries are 
walking the path of transition to green and clean energy and 
electric vehicles are rapidly getting amalgamated into daily  
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lives of modern man [4], the suppliers of energy now have to 
face the dual challenge –a) the growing demand to harness 
sporadic energy sources, for instance wind and solar energies 
even when there is significant dearth of or absence of adequate 
storage capacity for the energy that is produced at a large scale 
[5]and b) the pressing need to ensure the consistency and 
endurance of the grid especially its ability to fulfill the instant 
gratification needs of the modern consumers. The U.S. 
Department of Energy (DOE) had carried out a study that 
exhibited that the growing demand for electricity from the 
wider and more intense use of plug-in Electric Vehicles along 
with a plethora of other technologies that require electricity 
consumption, have the capability to magnify, by as much as 
38%, the pressure or the load on the power grids over the next 
27 years [6]. Indeed, it is a challenging job. Not only the power 
companies but also the government agencies are applying 
significant effort to ensure that they have or at least develop 
the ability to handle and fulfill such stupendous growth in daily 
electricity demand. For the maximization of the advantages 
that can be drawn from renewable energy, it is necessary to 
apply those technologies that will have the capacity to make it 
possible for the EV batteries to store the energy being 
generated at times when they are freely available – and use the 
unused energy to feed it back into the grid when the demand 
for electricity is high and rising, especially during the peak 
hours of the day and also to cater to the seasonal upsurges [7]. 
This can be given effect to through the application of the 
Vehicle-to-grid (V2G) Technology. This new-age technology 
has made bi-directional charging possible, which in turn 
creates the opportunity for charging the EV batteries and then 
drawing the energy stored within those EV batteries that can 
then be thrusted back to the power grid. In very simple terms, 
the technology called vehicle to grid makes export of idle or 
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is bidirectional in nature, the battery of an EV can supply the 
electricity drawn from the grid, back to the grid itself once it is 
plugged to the charging device. The grid can experience spike 
in demand all of a sudden. When that happens, these electric 
vehicle battery energy storage systems(BESS) can be utilized 
for supplying energy back into the grid which will then help to 
balance this peak demand which is usually only temporary [3]. 
As is clear from the ongoing discussion, the vehicle-to-grid 
technology has to do with obtaining from the car the power 
that remains unused and pumping it back into the smart grid. 
Vehicle-grid integration (VGI) or what we popularly refer to as 
V2G, has the capacity to help the energy-grid provide 
electricity at hours when the demand is at its peak. It also has 
the capacity to build an extra source of power during those 
times when there is a scarcity in the availability of renewable 
sources of energy that are predominantly dependent on the 
weather for their adequate supply. For instance, any and every 
home that uses the sunlight and heat for power generation will 
not be able to generate electricity at night, but an electric 
vehicle that runs on battery would be able to provide an 
ancillary source of power should the need arise [27]. One of 
the key instruments that will help to achieve the ambitions of 
decarbonization of the US economy will be the transition from 
burning of fossil fuels to achieve the objectives of heating and 
transportation to the use of electricity generated from clean 
sources [28]. Using batteries for power generation, therefore, 
augurs well as it does not involve the combustion of such 
inputs as coal. So even is coal is being retired as the principal 
feedstock for power generation, the supply of power will not 
be drastically affected if there is a rapid shift towards sourcing 
of power that is generated from cleaner sources. Herein comes 
the importance of novel technologies such as vehicle-to-grid 
 
Vehicle-2-grid is the kind of technology that has the potential 
to help achieve the clean energy targets set by the government 
such as reaching the target of zero-carbon emission by 2045. 
To consumers, V2G will be able to provide an additional 
benefit through the potential reduction in the cost of ownership 
of electric vehicle. It will be possible for the owner of an 
electric vehicle to sell the surplus power from their vehicle 
back to the grid for money. This will create an earning for 
these electric vehicle owners that will help them offset other 
costs[27]. 
 
V2G School Bus System Can Be Helpful 
 
It might appear surprising that a humble school bus is taking 
the center stage as the best candidate for achieving the net-zero 
target and for successfully driving the country toward a grid 
that is low-carbon. It all commences with the vision to bring 
down carbon emissions by switching over to electrified fleets 
from vehicles powered by diesel. The US EPA Clean School 
Bus Program which is currently in place In the United States, 
has kept a $5 billion fund aside for the upgradation of older 
school buses to their clean versions that are said to be their 
zero-emission models that will be in use over the coming5 
years. According to the United States Public Interest Research 
Group or the US PIRG, as much as half a million of the school 
buses carry almost 50% of the children in America to their 
schools and back, but less than one in a hundred of this fleetof 
489,000 school buses running in the USA is powered by 
electricity [29]. It must be kept in mind that diesel exhaust is 
full of over 40 substances that are identified to cause cancer 
which makes the health benefits of switching over to school 
bus fleets that are all-electric all the more obvious [3]. Across 

the whole of US, the number of school buses that are electric-
powered and are on the road or on order has gone up by more 
than three times over the last couple of years [29]. Beyond a 
doubt we are in love with the idea of producing clean energy 
using renewable sources and generate electricity using solar 
panels and wind turbines to power up our houses, offices and 
streets. The fact, however, remains that the output generated 
from the exploitation of the renewable energy sources such as 
these is a lot unpredictable and a lot less reliable when 
compared with the power output generated from a 
conventional coal-fired power plant. The rapid adoption and 
broad-based use of renewable energy sources through the 
application of photovoltaic (PV) systems puts a lot of pressure 
on what is called the “duck curve” challenge. Power demand 
not only peaks during extreme temperatures during summers 
and winters but also touches a peak daily when the activity 
levels across the locations reach the zenith. During seasonal or 
everyday peak irradiation, the energy produced from the 
renewable source is much higher in volume compared to the 
required volume of energy which is symbolized by the duck’s 
belly, that has slumped over the years with the increase in the 
energy produced using PV systems. It may become necessary 
for the utility providers to pare down the PV energy production 
at times when the irradiation is at its peak, which will result in 
the reduction of the benefits, both environmental and 
economic, derived from it [30]. 
 
V2G makes it possible for the electric vehicle batteries to act 
as a storage system that can discharge energy to the grid and 
are able to provide the complete and impeccable storage 
solution for these sources of renewable energy. It is, therefore, 
clear that the EV batteries can also be utilized for the provision 
such grid services as regulation of frequency and demand 
response and also makes smart charging possible so that EVs 
can get charged at hours that are non-peak and then can 
discharge the energy that is stored during those hours of the 
day when the grid comes under a lot of pressure from the high 
peak demand for electricity [8]. The electric school buses can 
be particularly helpful in supporting the grid at peak hours as 
they remain idle during most part of the day, especially during 
the times when the day-to-day activities and hence power 
demand peak. EV school buses are used just for picking-up 
and dropping-off school children. Rest of their times when 
they remain parked, they can be used to supply power grids by 
supplying the idle power, of course at a price which will also 
provide them with additional income making the entire system 
sustainable even during peak hours [30]. 
 
Electric school buses are able to provide a prime storage 
solution using the V2G grid services since these vehicles have 
huge batteries which remain parked as well as connected to 
charging stations throughout the largest part of the day. These 
vehicles also have the potential to function like a virtual power 
plant (VPP) through the aggregation of vehicle batteries across 
a particular part of the country for providing the energy as and 
when required. Subsequently, these electric school buses can 
be deployed prior to the occurrence of a power outagein 
regions that are witnessing a surge in demand for power with 
little or inadequate power availability. In the near future, 
electric school buses will also be able to provide emergency 
services such as alternative power back-up that can cater to 
areas which have already lost power. These vehicles can be 
particularly helpful during vacation months and in case of one-
off instances such as the pandemic. During events such as the 
pandemic, while a large many of the schools across the U.S. 
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remained closed for in-person learning, electric buses could 
continue to provide service in this unique way [8]. 
 
Conclusion 
 
While coal is being considered to be a major source of carbon 
emission it is also true that the power generation industry had 
been heavily dependent on coal. The majority of power 
demand was being met by electricity generated using coal as 
the feedstock. But with the move of Government to gradually 
phase out non-renewable sources, fossil fuels, and shift 
towards renewable sources, it becomes difficult to cater to the 
ever-rising demand for power. Power demand is particularly 
high during peak working hours every-day as also during the 
summers (because of the heat) and winters (because the people 
need heat).The energy shortfall that is created can be taken 
care using V2G technology which uses batteries of EVs to 
generate and store power and push the excess power back to 
the grid thereby providing reinforcements to handle peak 
power demand. EV schools buses are of particular interest here 
as they remain idle for the most part of the day and can be 
effectively used for this purpose. V2G school buses will not 
only be able to increase grid resilience and support renewable 
energy sources but also address environmental concerns, be a 
bane for the community and at the same time provide and 
avenue for additional income that will help to bring down the 
cost of ownership of the EV. While these vehicles can aid the 
grid by supplying power at peak hours and months and as giant 
batteries storing power, they can also earn additional income 
by providing the excess power that they generate to the grid, 
making the system sustainable over the longer run.  
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