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PREPARING THE GRID FOR
THE UPTAKE OF EVS

By Tim McGrath, Partner and Natasha Santha, Principal at L.E.K. Australia with David Finn, CEO & Co-Founder and

Nathan Dunlop, Head of Market Strategy at Tritium

This article summarises the findings of a joint
report published in November 2018 by L.E.K.
Consulting and Brisbane-based technology
company Tritium, which specialises in the design
and manufacture of DC fast-charging solutions for
electric vehicles (EVs). It examines why utilities
need to start responding to the challenges
associated with EV uptake, together with a
five-step action plan to help companies take
advantage of this impending change.

EVs are on the cusp of wide-scale adoption. Governments
around the world are introducing incentives, targets

and tightening fuel regulations to encourage greater

EV update. At the same time, car manufacturers are
improving EV technology, lowering purchase prices and
producing a wider range of models to give consumers
greater choice, making EVs even more attractive for early
adopters.

Currently, there are over 4 million EVs in operation
globally. This is expected to grow rapidly to 50 million

by 2025 and to 125 million by 2030. As demand for

EVs increases, there will be a growing requirement for
appropriate charging infrastructure. Although early
adopters have tended to charge at home, as EV use
becomes more widespread there will be a need for a
greater number and variety of available charging options
(Figure 1), especially for those who do not have access to
charging in the home or workplace.

The International Energy Agency (IEA) estimates that by
2030 the number of public and private charging stations
required globally will exceed 130 million units, which is
close to 30 times the current stock.

This level of growth provides an unprecedented
opportunity for electricity network owners, operators
and retailers. EVs are one of the few growth drivers for
many developed energy markets, and they may enable
utility companies to build closer customer relationships.

However, EVs also come with a number of challenges,
namely the increased peak demand at a localised level,
increased network management complexity and power
quality impacts.

Challenges ahead

The growing demand for energy from EVs is likely
to affect the grid in three ways: increased overall
consumption, increased peak demand, and greater
unpredictability. Of these, the most important is the
impact on peak demand, and how this is managed,
particularly at a localized level.
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Figure 1: Electric vehicle charging infrastructure

Increased overall consumption

The expected increase in overall energy demand is
relatively modest in the short to medium term. In 2017,
the estimated electricity demand from all EVs was 54TWh,
equating to just 0.3% of global electricity demand. With
125 million EVs anticipated to be on the road in 2030
assuming a similar level of battery energy efficiency as
today, the overall EV share of energy demand will increase
to 6.3% in 2030. Even though by 2030, every fifth vehicle
sold globally is likely to be electric, the car parc (total cars
in a pool) takes approximately 15 years to churn over. A
country that has a 20% EV share of new car sales in any
given year will only benefit from a corresponding change
of 1.3% of the overall car parc. At full EV penetration the
impact will be significant, but this is not expected for a
considerable time.

Increased peak demand

What is more impactful is the expected increase in peak
demand, particularly at a localised level. Statistics of sales
of EVs to date have shown there is a ‘clustering’ effect,
where some suburbs, streets and locations have a higher
proportion of EV ownership.

This is likely to persist into the future with back-to-

base charging locations for shared and/or autonomous
vehicles and a greater number of roadside banks of high-
powered charging infrastructure. Clusters of EVs have
the potential to overload local electricity infrastructure,
especially the feeder lines (ie. the ‘poles and wires’ down
the street).
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If utilities are not proactive in managing or incentivising
residential charging in lower-demand times, localised
peak demand will increase. Owning an EV will increase a
household's electricity consumption by about 50%.

If multiple houses on a single street decide to charge
simultaneously, there may be insufficient capacity in the
feeder lines to deliver the required level of power. The
timing of this scenario eventuating will vary and could
take longer in regions where the cost economics and
acceptance of EVs are less than internal combustion
engine vehicles.

High-power charging may be more manageable for
network operators. High-power chargers, up to 350kW
each, are typically installed as a group of chargers. While
these groups of high-power chargers equate to very large
(1MWH+) connections, the charger owners will deploy

the appropriate infrastructure adjacent to the charging
equipment at the time of installation.

The large, high-power connections and their associated
equipment will be connected into the medium-voltage-
level grid, which has a much higher power level typically
used for commercial and industrial connections that can
better accommodate non-linear, large power demands.

From a system-wide perspective, the impact on peak
demand is expected to be less pronounced than it is at
the local level. EV owners will likely have varied charging
patterns, which ultimately averages out the peakiness.
For example, some owners will top up charge every day
at work or at home overnight, others will fully charge at
fast-charging stations, and fleet owners of shared and
autonomous vehicles are likely to charge back at base
using high-powered charging during the day or slow
charging overnight.

Putting these various load curves together, for example
in Australia, if the car parc consisted of 50% EVs, the
overall increase in peak demand could be around 15%
(Figure 2), if charging times are not managed. Given
the expected pace of adoption, this will take time to
eventuate, allowing grid owners to prepare for the
impending change.

Greater unpredictability

Consequently, EV charging has the potential to reduce
grid predictability and increase network management
complexity. Network owners need to be prepared to
manage local grid impacts regarding both power quality
and any increased asset stress.

Charging has an element of randomness, and drivers
will recharge their vehicles at different locations and
for varying lengths of time whenever required. This
unpredictability creates non-linear power demand, and
coupled with increasing distributed power generation
(eg. solar PVs), the local-level network has never been
more challenging to manage.

Non-linear and unpredictable load demands of EV
charging, if unmanaged, can increase the risk of

stress on localised network areas, especially on aging
infrastructure. This could decrease asset lifetimes and
increase replacement rates of assets and consumables
such as transformers, fuses and cabling.

Opportunities for utilities

There are several opportunities for utilities to proactively
manage and mitigate grid impacts:

* EVsrepresent an opportunity for increased demand,
offsetting the stagnation in energy demand expected
across a number of developed countries;

+ They facilitate the integration of intermittent
generation sources such as renewables. EVs are
essentially a flexible demand-side market participant,
which can help balance instantaneous supply;

+ EVs have the potential to increase the value of
the regulated asset base through new network
connections and upgrades, conversely also reducing
the risk of stranded assets;

« They offer the potential for new unregulated revenue
streams that come from owning and managing EV
charging assets and related advanced metering
products;

* They allow grid owners that typically have low
interaction with their customer base the opportunity
to develop increased customer trust and closer
relationships. Innovative EV-related products can also
be bundled with related and existing offers (eg. solar
and batteries) to increase customer stickiness; and

+  With EVs capable of supporting bi-directional charging
(vehicle to grid technology), there are opportunities
for EVs to become a dynamic flexible new energy
source. Utilities could encourage EV owners to charge
up from excess intermittent sources like solar and
wind at times of low demand, and then use the
energy stored in the vehicle to power their houses
when they need it or sell it back to the grid.

Proactive responses

Utilities need to be proactive in planning for a future
scenario of significant EV adoption, especially in a world
where spending capex on additional infrastructure at the
cost of the consumer is no longer a palatable response.
If utilities are not prepared and this transition is not
managed effectively, they could become a barrier to
scale EV adoption. In response, utilities can undertake
the following (Figure 3):

Utilise smart software

Power quality impacts at the residential feeder level
could be alleviated using smart software. Managed
charging uses software to schedule home charging
throughout the night, avoiding the risk of many EV
owners all plugging in during the evening peak. Some
utilities are learning from air conditioning incentive
programmes and are beginning to subsidise home
charging equipment if the customer is happy to give the
network operator some control over when the charger is
used.

Design tariffs and demand response programmes

Utilities need to begin preparing incentive structures
to manage residential chargers, such as time of use
EV tariffs that can shift customer charging behaviour
to alleviate local feeder stress. For example, advanced
use of tariffs and developments in car technology
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Figure 2: EV impact on the Australian electricity network (50% EV adoption)®

from New York utility Con Edison enables EV drivers to
charge anywhere in the Con Edison service territory, be
identified and earn rewards for charging outside of peak
hours.

Improve grid information

Provide clear and detailed information publicly to
businesses and entrepreneurs looking to invest in and
install public charging infrastructure. For example,
Californian utility PG&E has created an interactive
mapping tool for network capacity highlighting the
locations on their network where existing equipment
has capacity and is ready to be utilised for EV charging.
Utilities that can provide useful location information can
reduce network investment and quicken approval cycles,
ensuring that infrastructure owners can deploy rapidly,
and keep up with market demand.

Assess adjacent opportunities from charging
infrastructure

Utilities should begin to explore whether there are

other opportunities that arise from the deployment of
charging infrastructure, such as stationary storage. The
deployment of battery storage at charging locations may

have the potential to reduce grid augmentation costs
and enable charger deployment in areas of the network
that would otherwise be prohibitive.

Work with charging manufacturers

Utilities are key to the transition to e-mobility, and they
must quickly understand their role and how to work
alongside new industry stakeholders. Collaboration and
joint research will enable utilities to be at the forefront
of emerging vehicle, charging and grid integration
technologies.

For example, the US Department of Energy is facilitating
such collaboration, recently announcing over US$8
million in funding designed to bring together research
institutions, utilities, automakers and charger
manufacturers to work on the future of electric vehicle
extreme fast charging. We expect to see more of these
collaborations as the market develops.

In summary, the transition to EVs presents challenges
but also significant opportunities for utilities
organizations, but only if they define and execute their
participation strategies ahead of the up-coming EV
revolution.
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Figure 3: Five-step action plan for utility companies
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