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Benefits of EVs through smart charging

This executive summary is part of a global project by the Regulatory Assistance Project
(RAP) studying the economic and environmental benefits of deploying smart electric vehicle
(EV) charging in specific geographies. The study identifies those benefits as avoided system
costs and avoided emissions, and shows how system costs can be reduced based on four
use cases in selected areas within the four largest global EV markets: China, the United
States, Europe and India.

The global market for EVs is maturing quickly. In China in 2023, about 80,000 zero-emission
trucks (ZETs) were sold in the country, a 23% increase in ZET sales from 2022, taking its
contribution to 7% of the total truck sales. Similarly, in the EU, the sales of ZETs in 2023
were 3 times the sales in 2022. In the US, the sales of ZETs were 2.3 times the sales in
2022. National and local policies in several jurisdictions targeting tailpipe emissions of road
transport vehicles further contributed to this growth, resulting in an increasing global EV fleet
over the past decade — these include the European carbon dioxide (CO3) standards for light-

duty vehicles' (LDVs) and the light-duty vehicle greenhouse gas emissions regulations in the
United States.”

With a continuously growing EV fleet, challenges and opportunities arise with regards to its
integration into the power grid. If additional demand from EVs remains unmanaged, this
would lead to substantial cost increases for meeting their power and delivery needs, as EVs
would likely be charged during existing peak periods, thus exacerbating peak demands. If this
transition is not managed carefully, the associated growth in electricity demand will lead to
higher costs for consumers, the power system and the environment, and may slow down the

transition to a cleaner road transport sector.”*

Smart or managed EV charging can help overcome many of these challenges, and EV
charging can be utilised to provide optimum system flexibility. Smart charging is a key tool to
reduce the consumption of fossil-powered electricity and to integrate more variable
renewables into the grid by charging EVs when there is sufficient renewable energy available.
In doing so, smart charging can maximise carbon emissions reductions and reduce the need
for costly and unnecessary upgrades of the power grid.” While smart charging of EV fleets
has been studied from the user benefits point of view,’ it is important to better understand the
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value that EVs can have as flexibility assets for the power system’ and for power networks in
large EV markets.*’

This interplay between EVs and power systems represents a significant opportunity for
demand flexibility, if policymakers and planners in the power and transport sectors integrate
smart charging in decision-making, e.g. charging infrastructure build-out. Results of regional
case studies illustrate benefits from smart EV charging for both power sector planning and
transport policymakers.

Smoothing the way: Coaxing more flexible
charging from China’s mammoth EV fleet

China now has the largest electric vehicle (EV) fleet in the world. As EV penetration rates
continue to grow, China faces the challenge of updating both its operational procedures and
the physical infrastructure of its power grid to support the ongoing electrification of the
transportation sector.

While China’s top economic planners and power sector reformers recognize the benefits of
managed charging and have included elements of needed reform in various regulations,
policy documents and long-term plans, detailed implementation still requires further
motivation.

To support the ongoing efforts to realize the potential of managed charging, our project team
quantified the benefits of smart charging to the grid in Zhejiang Province. Zhejiang, one of the
hottest EV hubs in China, is home to almost 2 million EVs,® nearly double the number in
California, the largest EV state in the United States.'* Although our study focuses on
Zhejiang, the conclusions are broadly generalizable and applicable to other provinces too.

Our analysis addresses the following question: without compromising EV users’
transportation needs, what benefits could EV managed charging bring to China’s power
system? To answer this, our project team looked at a simulation of Zhejiang’s transportation
and power system in 2040. We estimated the flexibility potential of managed charging by
incorporating real and projected EV stock size, usage patterns and characteristics. Then we
assessed its impact on least-cost operation and investment decisions.
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Our findings for Zhejiang Province reveal significant potential benefits from managed
charging, for the year 2040:

= Reduction in coal power capacity: Managed charging reduces coal power capacity by
17%, helping to decrease reliance on fossil fuels and reduce emissions.

* Increase in solar photovoltaic (PV) generation: Managed charging enables 65 GW
more solar PV generation without additional costs, improving the integration of renewable
energy into the grid.

= Cost savings: Managed charging saves Zhejiang Province RMB 2 billion (approximately
USD 280 million) through reduced coal-fired power plant investment and higher renewable
energy integration.

In addition, from the perspective of grid dispatchers or system operators, managed charging
can contribute to smoother grid operations. Our findings show that on the most demand-
heavy day, managed charging can reduce peak demand by 7% and decrease ramping rates
by nearly 50%.

Detailed information on the modelling results and methods of this project may be found on
our website, in Chinese and in English.

The analysis demonstrates that managed charging can reduce peak capacity, complement
variable renewable energy resources, and generate substantial cost savings for the entire
power system. This flexibility potential could be a valuable solution to China’s current
challenge of phasing out coal-fired power plants and integrating renewable energy, while
controlling costs. Importantly, achieving this vision requires policymakers, power sector
planners and operators to recognize and integrate this capability into planning and
operational practices.

Fortunately, a new policy window of opportunity opened in late 2023 when the National
Development and Reform Commission (NDRC) published the Implementation Opinion on
Enhancing Integration between New Energy Vehicles and the Grid."2 This regulation sets
explicit goals for managed charging, including standard setting, expanding smart rate designs
for EV charging, and enlarging the flexibility potential of EV fleets. The new policy document
also calls for the refinement of existing rate design and policy tools, such as time-of-use
(TOU) rates and market instruments.

To provide concrete ideas for fleshing out NDRC'’s statement and to aid in effective
implementation, RAP published policy briefs (in Chinese) providing suggestions for improving
policy to expedite the rollout of managed charging in three areas:

= Integrated EV and power sector co-planning.
= TOU rate design.
= Leverage automatic charging control to unlock residential flexibility.

12 NDRC. (2023). 5T feJi5 4 55 s Bl & .20 i1 5206 2% W, [Implementation Opinions on Strengthening the Integration and Interaction between New
Energy Vehicles and the Power Grid]. https://www.ndrc.gov.cn/xxgk/zcfb/tz/202401/t20240104 1363096.html
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The first brief emphasizes that the first step to realizing the potential of managed charging is
to include it in power sector investment and buildout plans. Grid planners need to adopt
integrated co-planning practices with transportation agencies and a wide range of EV-related
stakeholders to precisely estimate both the capabilities and limitations of EV managed
charging. This is a critical step, as planning around flexible load, including managed
charging, is still a relatively nascent practice. Establishing a clear policy framework governing
co-planning practices is the prerequisite for grid planners to embrace this untapped resource.

The second brief points out that while policymakers have made great strides toward
implementing TOU rates widely, including for some segments of EV charging, current TOU
designs require refinement to unlock the full value of managed charging.** More specifically,
compensation for the value of managed charging could be refined along two aspects: time
and space. Timewise, current TOU rates prioritize optimization over short-term system
operations but often overlook the long-term investment perspective — that is, avoiding or
delaying network and generation capacity expansion. Regarding the space dimension,
current TOU rates are designed at the provincial level, leaving significant value unexplored
for local grids. More localized TOU rate designs are needed to address specific local grid
stresses.

The third brief discusses leveraging maturing automatic charging control technologies to
unlock residential EV charging flexibility. Due to political and institutional factors, residential
flexibility resources are traditionally deemed undesirable and unreliable. However, automatic
charging control technologies offer a solution that promises to make residential flexibility
resources both politically palatable and technologically reliable. Additionally, the brief
suggests combining monthly rebates with automatic control as a feasible business model.
This business model separates grid services from market-based compensation, allowing local
utilities to experiment with and realize the latent benefits of charging flexibility. These
programmes can generate local benefits now while preparing for future market integration.

Co-planning, refined TOU rate design, and automatic charging control in residential sector
are three areas this study identifies to best realize the benefits of EV managed charging, as
highlighted by our model. These focus areas leverage the current policy window of
opportunity by expanding on existing EV managed charging policies and initiatives in China
and incorporate international best practices to expedite the progress of EV managed
charging.
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Benefits of Vehicle-Grid Integration]. Published on B /7 GEJE M %% [Southern Grid Observer Magazine]. https:/mp.weixin.qq.com/s/2t21VAqp4yUL6f5-K-ei-A
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