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Vehicle-Grid-Innovation (VGI) aims to optimize charging and

discharging of electric vehicles providing net benefits

What is VGI?

* Vehicle-Grid-Integration (VGI) covers one-directional charging (or V1G) and bidirectional charging (or V2G).

* The objective of VGl is to optimize charging and discharging of electric vehicles (EV) to support our customers and the grid.

Why is VGI relevant?

* Accelerates EV adoption and reduces EV emission, improves grid reliability and creates more resilient communities.
* Increases electrical grid asset utilization, avoids costly distribution grid upgrades and reduces cost of energy supply.
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https://ww2.arb.ca.gov/our-work/programs/ghg-inventory-program

High value VGI use cases include managed load, resiliency & EV export
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Managed load (V1G): Rates, ALM, DR
One-directional charging:

/ | | | * Managed EV charging: Reduces electric energy demand and customers’ bills,
ﬁ —— G supports integration of renewable energy and avoids grid upgrades.
Resiliency: Vehicle to Home/Building (V2H/B/M) * Tools: TOU, dynamic rates, demand response, Automated Load
Pops event T‘T‘T I'-1 Management (ALM)
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Export: Vehicle to Grid (V2G)

* Resiliency: EV backup power and zero emission temporary generation

* EV Export: Discharges energy to the grid flattening the duck curve, creating new

/ M revenue streams and lowering EV ownership cost.
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Bi-directional charging could create more resilient communities and

provide new grid and customer services

Challenge

* PG&E’s service territory is heavily impacted by extreme weather conditions. PG&E
may need to turn off power to prevent major wildfires. This is called Public Safety
Power Shutoff (PSPS).

* Current temporary solution is largely diesel based.

Value of V2H/V2B and transition to V2G

Customer benefits:

* Vehicle-to-Home/Building (V2H/B) uses EVs as backup power support during PSPS

* V2H/B could be a first step to unlock the value of V2G, which generates new
revenue streams reducing total EV ownership cost and creates new grid and
customer services.

Societal benefits:

* V2H/B could be a zero-emission alternative to temporary diesel generation. ;: High ire-Threat Aisis |
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Source: http://cpuc.ca.gov/FireThreatMaps

Legend: V2H/B = Vehicle-to-Home or Building (EV battery discharges energy to home or building) , V2G = Vehicle-to- Grid (EV supply the grid)



PG&E provides advance notice prior to turning off power which allows

for planning EV backup power support

Timing of Notifications (when possible)
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Power lines travel long distances. That means your
power can be affected by high winds and severe POWER IS OFF
weather that threaten the system miles away.

Some of the measures included in this presentation are contemplated as additional precautionary measures intended to further reduce the risk of wildfires. 5



V2H/V2B enables the use of EV as backup power and

could unlock the value of V2G

* Residential customers could use EVs as back up power for long-term outages. Commercial customers could utilize EVs to keep their business

running longer during those periods.
* V2H/V2B could unlock the value of V2G creating hew revenue streams and reducing EV ownership cost.

* Customers have high interest on using their EV as backup power but were discouraged by high upfront cost and implementation challenges [1]..
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Legend: EV = Electric Vehicle, V2H/B = Vehicle-to-Home or Building (EV battery discharges energy to home or building) , V2G = Vehicle-to- Grid (EV supply the grid)
[1] Source: PG&E EPIC 203B: https://www.pge.com/pge_global/common/pdfs/about-pge/environment/what-we-are-doing/electric-program-investment-charge/PGE-EPIC-Project-2.03.pdf


http://blogmedia.dealerfire.com/wp-content/uploads/sites/252/2015/12/Cardinale-Nissan-1_V2G.jpg
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Electric vehicles with bidirectional capabilities could provide an alternative to diesel

During PSPS temporary microgrids can utilize backup generation sources to keep communities energized.

Vehicle-to-Microgrid (V2M) use case:

Current temporary backup generation is large diesel based

EVs connected to a microgrid could be a zero-emission
alternative to diesel based temporary generation.

EVs with large capacity would be ideal candidates for these
use cases.

V2G DC Chargers:
* 60kwW
* 150kw
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Several barriers need to be overcome before VGI can be fully deployed

What is missing

* Market mechanisms for EV participation and EV export (V2G Market):

* EV market participation could be an additional motivation for EV adoption

* V2G Market: FERC 2222 opens the possibility. Need for market mechanisms for V2G in California.
* Commercialization of VGI technologies:

* VGl technologies are technically feasible but few are commercially available (nascent technology).

* High customer interest on V2H/B for emergency situations but discouraged by high upfront cost.

Codes and Standards
* Need for integration of multiple communication mediums (hardware-based, WIFI, telematics) and include cybersecurity
* Interconnection for DC V2G chargers exist, for AC V2G chargers pending.
* Building codes need to enable safe and reliable one-directional and bidirectional charging.

Customer awareness

* Strengthening customer education strategies will help adopt VGI technologies.

Close collaboration among stakeholders will be key to overcome these barriers.

Source: https://www.pge.com/pge_global/common/pdfs/about-pge/environment/what-we-are-doing/electric-program-investment-charge/PGE-EPIC-Project-2.03.pdf 8



Key Takeaways and Next Steps

Key takeaways

* Intelligent integration of electric vehicles into the grid maximizes customers benefit, minimizing grid impact.
* VGI technologies provide grid reliability and resiliency services and create new customer services and revenue streams.
* Thereis a need for new market mechanisms, communication standards and customer awareness.

* Close collaboration among stakeholders will be key to overcome barriers and unlock the value of VGI.

Next Steps
* (California has adopted policy and regulation that aims to maximize integration of vehicles into the electrical grid and provides
funding opportunities to learn more about VGI technologies.

« Utilities will continue research to ensure safe, reliable, and cost-effective integration of VGI.

Legend: VGI = Vehicle Grid Integration (includes V1G ,V2G), EV = Electric Vehicle, V2H/B = Vehicle-to-Home or Building (EV battery discharges energy to home or building) , V2G = Vehicle-to- Grid (EV supply the grid) 9
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