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he increasing popularity of

electric, hybrid electric vehicles,

and plug-in hybrid electric

vehicles (EVs, HEVs and PHEVs)
is changing the automotive industry and
creating a new stream of automotive
waste: used EV batteries. Given that they
still have approximately 80% of their
power capacity after automotive use, it
may be feasible to repurpose EV batteries
for use in energy storage and peak-shift-
ing. Such repurposed batteries could be
employed in a single home, an office
building, a factory or a power plant. The
integration of these energy storage sys-
tems into commercial and domestic appli-
cations would help support the efficient
operation of the Smart Grid.

An energy storage system of properly con-
figured repurposed Li-ion batteries pro-
vides potential cost savings for business
and homeowners by shifting electricity
purchases to off-peak times. For utilities,
such a system can support an integrated
system of renewable energy and help
regulate demand. At the same time, it can
provide environmental benefits, e.g.,
improved use of renewables and increas-
ing the lifespan of Li-ion batteries. Our
research program considers the capacity,
degradation and overall performance of
repurposed EV batteries, in addition to the
development of business and policy strat-
egies for their use in Canada.

Previous vehicle-to-grid (V2G) models
[1]-[3] consider using a battery while it is
still in the vehicle to return energy to the
grid and suggest that PEVs may profitably
provide power to the grid/home when
vehicles are parked and connected to an
electrical outlet [4]-[6]. In these studies,
the economic potential of V2G from PEVs
is typically considered to provide power
for base load and peak load, as well as
electric grid services known as ancillary
services, considering energy storage of
renewable energy sources. However V2G
requires complex power electronics and
control systems. Most importantly while
the battery pack is in the automotive

application it is a ‘high value’ asset and
cycling the battery will degrade its per-
formance and shorten its useful life in
the vehicle. Alternatively, in a repur-
posed remanufactured battery system,
storage could be online 24 hours a day to
provide energy and storage for the Smart
Grid, an advantage over V2G, where
power from EVs can be accessed only
when attached to the grid for charging.
Whereas V2G conceives vehicles attached
usually during times of lower energy
demand, repurposed batteries can func-
tion for peak shifting, that is, contribute
to the grid times of peak cost and demand.

Similarly the use of new batteries for load
shifting has been studied in a number of
demonstration projects [7]-[9]. However,
the high cost of new Li-ion battery packs
makesthisoptionrestrictive. Repurposed
packs will be available at low cost, mak-
ing the potential battery energy storage
option economical. Incentives may be
initially necessary to encourage users of
reused battery systems, but are a positive
policy measure because of potential
environmental benefits. To encourage
homeowners to use repurposed EV bat-
tery storage systems, decreases in energy
transfer fees and a higher payment for
feeding into the electrical grid might be
considered. Commercial companies have
an added incentive for storing power pur-
chased off-peak, because they can benefit
directly from unregulated energy prices.
Also, note that with energy storage onsite
there is a more effective use of the elec-
trical transmission assets which are con-
gested in some zones at peak hours, and
there would be less loss of energy through
the transmission system.

80%

of original capacity,

Li-ion batteries generally have
remaining when they are removed
from service in vehicles and
as such are still useful energy
storage systems.
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Properly configured batteries could

decrease monthly energy costs by

shifting electricity purchases to off-peak
times and to favour renewable sources.

The benefits of the use of re-purposed
packs include cost savings for the end
user, more effective use of the transmis-
sion grid, emission reductions and inte-
gration of renewable power. Because the
user can purchase energy during off-peak
times, they can take advantage of variable
pricing to reduce energy costs.
Additionally, using repurposed-packs for
energy storage allows for more efficient
use of the energy grid by providing con-
stant energy reserves and storage for meet-
ing changes in supply and demand. This
can cause a reduction in emissions, for
example in Ontario by allowing energy
generated using base load nuclear power
to be stored and then used instead of coal
or natural gas when demand peaks.
Finally, using repurposed energy packs
for energy storage and peak-shifting
makes it easier to integrate intermittent
renewable energy such as wind and solar
by helping match supply with demand.

A further potential advantage of using
repurposed packs is to keep battery packs
in service longer, thus making more
effective use of the original materials and
manufacturing. The effective useful
lifespan of 8 years in an EV battery pack
is extended by a decade when repurposed
for stationary use. Repurposed batteries
add a separate life cycle to the
manufactured battery and battery
management system. When used outside
of an EV, batteries have the potential to
provide a safe, stable source of energy.
Because the battery is first used only to
power the EV, the battery is cycled as
designed, and performs at optimal
efficiency while in the vehicle, increasing

IEEE & | Grstieme e I'|IEEE

| 21




Disposal \

22 | Spring / Printemps 2015

2wy

<R

Natural Resources

Mining and
Processing
\ / Recycling \
Battery
End-of-life Manufacturing
Primary Use

in Electric Vehicle

& § Vs

Wi /: =K '/ﬂ"

Natural Resources
Mining and

Disposal \ Processing
\ / Recycling \

End-of-life
s Battery

\ Re- purposmg\

Secondary Use
in Grid Storage

B atte ry

Primary Use

in Electric Vehicle

Figure 1. Existing (left) and proposed extended (right) life cycles of EV battery packs [10]

the battery lifespan. Then, the battery is
reconfigured to work as a stationary
system, repurposed to operate efficiently
in a stationary setting. In Figure 1, the
process life cycle of repurposing EV
batteries for use in stationary settings is
shown. Because EV batteries contain a
very significant environmental and
energy investment in materials and
manufacture, it is important to consider
the added value provided by extended use
in a second life.

Challenges facing the use of repurposed
battery packs include energy losses due to
‘round-trip’ charge efficiency fade, nar-
row price differentials across times of day
in some jurisdictions, the reliability of
reused packs and assurance of safety. A
key concern with using repurposed bat-
teries for load shifting is that a portion of
energy is lost each time a pack is charged
and discharged. As a packs ages, the
amount of energy lost to heat increases;
this is called charge efficiency fade.

For automotive manufacturers, charge
efficiency fade has not been a significant
concern as in EV operation the total cap-
acity and thus vehicle range are the most
important parameters. However, when
the packs are being used to store and shift
electrical energy, this charge and dis-
charge efficiency critically determines
whether energy storage will be cost-effect-
ive. Additionally, as energy prices vary
geographically and by time of day, the
usefulness of repurposed packs for energy
storage also varies. There is scant infor-
mation about the performance of EV bat-
tery packs at the end of their life in
vehicles. This means that the reliability
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and future performance of the repurposed
packs is also very uncertain.

A key issue facing the use of Li-ion batter-
ies for energy storage is the risk of fire and
explosion, so standards will have to be
developed. Additionally, recent well-pub-
licized fires in Tesla vehicles and the new
Airbus Dreamliner, have brought to the
forefront the risk of using Li-ion devices
[11], [12]. In large stationary applications
which call for greater numbers of battery
packs, this risk could be of concern.

Continued research is needed into the
technical performance of repurposed EV
batteries, in addition to the development of
policy strategies for their use in Canada.
Future research will develop analytical
models using IESO cost data to determine
the feasibility of repurposed batteries to
provide energy storage and for businesses
that purchase unregulated energy.

Most pressingly, analyses of how batteries
degrade during their life in EVs are need-
ed to gain a clearer picture of the condi-
tion of batteries before they are used to
support the Smart Grid. This would allow
for better prediction of the performance
and lifespan of the repurposed units in
repurposed applications. Further, busi-
ness models must be developed to deter-
mine how businesses and residential
users can effectively obtain used EV bat-
tery systems, and to evaluate how repur-
posed power products may be marketed
in Canada. Finally, there is a need to
develop a sound policy strategy in Canada
that encourages consumers to purchase
the storage units to reduce their energy
costs to support the Smart Grid.
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