
EXECUTIVE SUMMARY

California is on its way to electrifying the cars and trucks on its 
roads and incorporating more renewable energy on its electricity 
grid as the state seeks to cut air pollution and heat-trapping 
emissions. Vehicle-grid integration (VGI) is the practice of in-
tentionally integrating electric vehicles (EVs) with the electric 
grid through managing the time, rate, or location of charging 
(V1G) and through allowing EVs to discharge their batteries in 
parallel with the grid (V2G). Managing charging and discharging 
can help optimize the use of renewable energy resources, increase 
efficient use of grid infrastructure, and avoid otherwise neces-
sary—and often costly—grid upgrades. With VGI, drivers support 
the operation of the grid, and both drivers and the grid can bene-
fit from VGI arrangements (see Table ES-1).  

To better understand the extent to which VGI of light-duty 
EVs could aid California’s transition to clean electricity, the 
Union of Concerned Scientists (UCS) partnered with Evolved 
Energy Research to conduct an analysis of different levels of 
hourly managed V1G and V2G. To answer our research ques-
tions, we examined three scenario groups (Low, Medium, and 
High levels of VGI enrollment at Level 2 charging locations) in 
comparison to a baseline scenario with no VGI. Within each 
group, we varied the distribution VGI between V1G and V2G.  
Importantly, the use of EVs for mobility does not change in re-
sponse to VGI enrollment.

Findings

1. VGI enables electricity system savings. Across all scenarios 
studied, VGI produced annual savings for the electricity sys-
tem relative to the baseline charging behavior. Savings ranged 
from $1.8 billion (1 percent of system costs) to $11.7 billion  
(5 percent of system costs) per year in 2045.

2. V2G creates significant incremental benefits over V1G 
alone. Across all groups, savings increased with participation 
in V2G. Within each group, the scenario with all V1G had the 

lowest savings, while the scenario with all V2G had the high-
est savings (Figure ES-1). V2G created two to four times  
the savings of V1G, depending on the scenario group.

3. VGI savings come from the reduced buildout of electricity 
system infrastructure. VGI reduced electricity delivery 
costs by reducing peak demand on the distribution system 
and by better matching electricity demand to variable renew-
able electricity production. Sources of generation savings  
included avoided gas generation and bulk energy storage.
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TABLE ES-1. Vehicle-Grid Integration Arrangements

Feature V1G V2G

Charge an EV on the grid ✓ ✓

Discharge an EV to the grid ✓ 

Discharge an EV to a home 
while grid-connected

✓

Set a schedule and other 
charging preferences 

✓ ✓

Set preferences and 
constraints for discharging

✓

Support efficient grid 
operation

✓ ✓

Support the grid during 
extreme events

✓ ✓

Reduce grid upgrade costs ✓ ✓

Reduce participant’s 
electricity bill

✓ ✓

Key benefits

Adjust charging 
to increase grid 
efficiency and 
save money

Use an EV as a 
grid-connected 
battery and save 
money



Recommendations
Policymakers, grid operators, and the EV industry should imple-
ment the following recommendations to ensure that the Califor-
nia grid can effectively leverage the potential for VGI to benefit 
all electricity customers:

 • Prepare the electricity system and plan on VGI. California 
agencies should accelerate work on VGI communications 
protocols, deployment of technologies giving visibility into 
grid conditions, and incorporation of EVs as a distributed 
resource in planning.

 • Establish systems for efficient interconnection. Regulators 
must work with grid operators and utilities to increase the 
efficiency and throughput of EVs in the interconnection queue.

 • Support and incentivize drivers. Legislators and regulators 
should expand support for the upfront cost of VGI equipment 
at homes and businesses, including comprehensive turnkey 
installations for low-income households. Regulators and 
utilities should also work to increase the number and vari-
ety of V1G and V2G programs offered to utility customers 
and grow the participation capacity of those programs.

 • Require bidirectional charging capability in vehicles.  
Regulators should require bidirectional charging capability, 
including V2G capability in passenger cars and trucks, to 
ensure drivers have equitable opportunities to participate  
in V2G as well as use vehicles for backup power.

 • Update battery warranty protections to cover discharg-
ing. Automakers should allow battery discharging, including 
V2G, as acceptable use under the warranties for their EVs. 
When they are making battery warranty requirements, reg-
ulators should include a meaningful, clearly defined level  
of nondriving battery discharge in those requirements.

4. The grid benefits of V2G can be achieved with limited use 
of EV batteries. In the Medium VGI enrollment scenario 
with the highest V2G enrollment, we found that, on average, 
each vehicle in the V2G pool exported power equivalent to 
driving only an extra 700 miles per year in 2045. That is less 
than a 7 percent increase in battery use for a vehicle traveling 
an average of 10,000 miles per year. 

5. Per-vehicle annual and lifetime VGI savings are significant. 
Taking the Medium VGI enrollment group as an example 
again, enrolled vehicles on average generated annual benefits 
ranging from $503 in the all-V1G case to $1,177 for the all-
V2G case in 2045. If these values were accumulated over the 
average lifetime of a vehicle, the cumulative grid savings per 
vehicle would range from about $6,000 to about $14,000.

www.ucsusa.org/resources/harnessing-power-electric-vehicles 
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FIGURE ES-1. California Electricity System Savings from 
V1G vs. V2G for Each Scenario Group in 2045

The net annual savings for the all-V1G and all-V2G runs are shown for 
each scenario group. V2G created two to four times the savings of V1G, 
depending on the scenario.
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