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Agenda
• Regulatory Design for Disruptive Technologies in the Power Sector: Examples from the U.S. and
implications for Thailand

Overview of Key Regulatory Designs: Example from the U.S.

Implications for Thailand
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Draft Report on Disruptive Technologies
•

Report provides an overview of key regulatory designs that fostered
deployment of disruptive technologies in U.S. and draws implications
for design of regulations to support disruptive technologies in Thailand
(Expected publication 2021).

•

Key Regulatory Design Topics
1. Develop and
prioritize regulatory
objectives

2. Utilities’ spending
and investment

3. Technical and
metering
configurations

4. Retail tariff design
and compensation
mechanisms

5. Interconnection
standards and codes

6. Approach for P2P
electricity trading
implications

To be published on our website: http://www.usaidcleanpowerasia.org/
Note: Regulatory design principles are adapted from Zinaman, et al. (2020). An Overview of Behind-the-Meter Solar-Plus-Storage Regulatory Design.
Golden, CO: National Renewable Energy Laboratory.
3/11/2021
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Disruptive Technologies in the Electric Power Industry
Supply Side

Demand Side

Enabling
Technologies

Distributed Solar Photovoltaics
(DPV)

Energy efficiency

Sensing, communication, control,
and forecast

Behind-the-meter
energy storage

Demand response

Focus of this report

Behind-the-meter
energy storage
will be referred to as DERs

Electric Vehicles
3/11/2021
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Overview of Key Regulatory Designs:
Example from the U.S.
Five elements of regulations to support disruptive technologies

3/11/2021
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1. Develop and Prioritize
Regulatory Objectives

2. Utilities’ Spending
and Investment

3. Technical and Metering
Configurations

4. Retail Tariff Design
and Compensation
Mechanisms

5. Interconnection
Standards and
Codes

6. Approach for P2P
Electricity Trading

Source: Modified and Adapted from (Zinaman, Bowen, & Aznar, 2020)
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1. Develop and prioritize regulatory objectives: examples
High-Level
Objectives

Detailed
Objectives

Electricity supply adequacy
Electric reliability, affordability

DPV as sources of power
supply and grid services

Carbon emissions reduction

Enabling high DERs
Minimizing rate impacts

Creation of national
industries
Economic growth
Job creation
3/11/2021

Clear objectives
provide guidance for
regulatory design

Growing the EV industry
New business models
Lower electricity prices
7

1. Develop and prioritize regulatory objectives
Example from the U.S.: How can regulatory objectives affect DER regulatory choices?
Regulatory
objectives

DPV as sources of
power supply and grid
services

Design choice

Allowing export of
excess generation

Regulatory measures







Managing duck curve

Shifting export of DPV
excess generation to
peak evening hours.


Supporting EV
deployment
3/11/2021

Net energy metering
Enabling DERs participation in wholesale market
Requirements of non-wires alternatives to resource procurement to
lower costs
Increase or remove individual system size cap
Improve communications between the distribution and bulk power
supply systems
Tariff restructuring to shift peak hours to reflect system peak hours
 E.g., California’s restructured TOU period encourages battery
charging from solar during the day to be discharged in the evening
peak hours.
Change in compensation mechanisms from NEM to net billing

• Direct financial incentives for EV adoption and EV charging station
Subsidization of EV
investment.
purchases, charging, and
• Waiving of demand charge for commercial EV charging
building charging stations • Creation of specific EV rates
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1. Develop and prioritize regulatory objectives
End-State
Vision

What will the power
system look like in 2050?

Which scenario is desirable
based on stakeholders’ engagement?

Pathway

How do we get from here
to there?

What are the actions for
each agency?
Policy &
Regulation

What are high-level and
detailed objectives?

How can policies and
regulations be designed to achieve
the end state?
3/11/2021
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End-State
Vision

1. Develop and prioritize regulatory objectives in accordance with a
clear end-state vision: Implications for Thailand
What will the power
system look like in 2050?

Which scenario is desirable
based on stakeholders’ engagement?
•

•

•

Pathway

Inconsistencies in vision and
targets between the PDP, Smart
Grid Master Plan, and Grid
Modernization Plan
Lack of an “umbrella vision” on
the benefits that the country
aims to achieve from disruptive
technologies.

What are the actions for
each agency?
•

PDP targets result in occasional
opening of DPV support programs.

•

Current DPV programs are net
billing and self-consumption, which
do not match with the objectives
of the Smart Grid Master Plan and
Grid Modernization Plan.

Scenario studies (e.g., by ERI)
can inform the end state.
•

3/11/2021

How do we get from here
to there?

The Smart Grid Master Plan &
Grid Modernization Plan enables
infrastructure projects to prepare
for high levels of DERs.

Policy &
Regulation

What are high-level and
detailed objectives?

How can policies and
regulations be designed to achieve
the end state?
This report focuses on regulatory
aspects to facilitate DER growth.
10
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2. Distribution utilities’ spending and investment
• Utilities’ incentives under Cost-of-Service Regulation (COSR) misaligns with policy to promote
disruptive technologies

(simplified equation)

Perverse incentives
for large-scale capital
projects
Regulated utilities typically are not
allowed to invest in/ own DERs
High DER penetration can reduce
or defer large capital projects.

3/11/2021

Without investing in DERs, utilities
do not accrue the benefits of DERs
through this equation.

Pass-through to the
rates and hence no
incentive for DER
procurement

Thailand’s utility revenue
model, Return on Invested
Capital (ROIC) is
equivalent to COSR and
shares the same
disincentives against DERs.
12

2. Distribution utilities’ spending and investment:
Two key solutions to facilitate DER growth (1/2)

(1) Procurement strategies to
direct utilities’ spending towards
DERs
Prioritization of EE, RE, and DERs in
electricity procurement: CA, NY
Requirement of non-wired alternatives to
T&D upgrades: CA, NY
Aggressively pursues cost-effective RE,
including BTM DERs as first options: HI
3/11/2021
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2. Distribution utilities’ spending and investment:
Two key solutions to facilitate DER growth (2/2)

(2) Adjusting the COSR framework or moving away from COSR
Allow utilities to rate base certain types of
DERs or DER infrastructure.
CA EV infra
NY lowincome solar

3/11/2021

Allow utilities’ return on procurement of
DERs as non-wire alternatives
CA Pilot
Moving away from COSR by setting revenue
targets and generate new sources of
revenues without relying on capital expenses New York
to set revenues
Hawaii
Setting performance incentives linked to
achieving certain DER goals
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3. Technical and metering configurations
• Regulatory objectives will affect:
Pathways of electricity flow, interconnection standards, compensation mechanisms
Export only

Self-consumption only
Customer-side demand
management (with some export)
Full grid interactivity
(providing peak reduction, ancillary services)

Source: Adapted from (Zinaman, Bowen, & Aznar, 2020) [Illustration by Christopher Schwing, NREL]
3/11/2021

Thailand’s net billing with a buyback rate
below wholesale rate induces selfconsumption. Is there a need to revisit this
policy to ensure fair compensation and
explore the value of DERs to the grid?
16

3. Technical and metering configurations
Technical configurations for electric vehicle (EV) charging infrastructure

Source: Francis (2020)

• Determining right charging infrastructure mix tied
to local context and customers’ needs.
• smart charging as no-regret investment:
-prevent a “new” peak, the need to upgrade
T&D infrastructure, the need to invest in new
peaking plants, and rate increases.

Source: Shalan (2019)
3/11/2021
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4. Retail tariff design and compensation mechanisms
Example: PG&E’s new Residential TOU periods

Example: PG&E’s new Commercial TOU periods

3/11/2021

19

4. Retail tariff design and compensation mechanisms
• Future scenarios of the net load curve provide guidance for rate reform.
• Rate design still follows a set of principles, including being reflective of
marginal cost.
– For jurisdictions with high DPV penetration, rate reform sends price
signals to use more solar electricity during the day and avoid evening
peak.
– Lower daytime electricity charges and higher evening charges

• Rate transition may occur in phases following extensive
consumers’ education campaign.
• Rate reform often occurs concurrently with the revision of
compensation mechanisms.

• Rate design can deliver benefits from DERs to both the
customers and the grid.
3/11/2021
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4. Retail tariff design and compensation mechanisms
How does retail tariff design affect customers and utilities for DPV, BTM storage, and EVs?

3/11/2021

Customer Side

Grid/Utility Side

Bill savings when retail
tariff is higher than solar
LCOE during solar
generation hours.

Helps direct solar
electricity consumption
to hours that are most
valuable to the grid

Demand reduction and
energy arbitrage can
help reduce consumers’
bills.

Encourages charging
from solar PV
systems or from the
grid during off-peak
hours and exporting
of electricity to the
grid during on-peak
hours

Generic tariffs vs.
EV-specific tariffs can
result in different levels
of savings for EV
owners.
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A condensed history of compensation mechanisms for DPV in
California and selected Southeast Asia countries
CALIFORNIA

1996: NEM 1.0

2016: NEM 2.0

2021: NEM 3.0

2015: Plan to default all residential customers to TOU by 2020
2017:TOU periods shifts began for
commercial customers

PHILIPPINES

2013: NB Program
(locally called the Net Metering Program)

THAILAND

2013: FIT Program

2020: Added NM as an option
2019: Revised rules to reduce soft costs

2017: Self-Consumption only

2019: NB for Res

Non-export program is on-going.

VIETNAM
3/11/2021

Source: Julakarn, S., Kittner, N., Tongsopit, S., and Saelim, S. (2021)

2017: Net Metering

2019: NB

2020: Added
BASA
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Thailand’s System Load Curve: Opportunity for Retail Tariff Reform?
An example of Thailand’s System Load Curve, July 19, 2020

3/11/2021

Current on-peak period in retail tariffs: weekdays from 9AM-10PM

Source: EGAT’s SO
23
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5. Interconnection standards and codes
During rapid pace of U.S. DPV deployment, four standards and codes shown below are
important for achieving safe, reliable and affordable interconnection (Horowitz, et al., 2019).
These standards are synchronized as they are typically codified in state rules for DER
interconnection.
• Interconnection
standards

• Electrical
building codes

• Advanced
inverters

IEEE
1547

UL
1741

NEC

ANSI
C84.1

• Voltage tolerance
standards

For countries that expect increasing penetration of DERs, the adoption of UL 1741 SA and IEEE 1547- 2018 may
be worthwhile from the beginning stage. IEEE 1547-2018 include reactive power support and voltage and
frequency ride-through requirements.

3/11/2021
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5. Interconnection codes and standards for Evs and EVSE markets
Safety

Interoperability

Competition

Innovation

Standards for charging ports
Interconnection standards
*between the charger and the grid
*between the charger and energy storage

Future -proof

Communication between
chargers and back-end
software network
Payment protocol
User info exchange

Communication between EVs and the grid
3/11/2021

Source: WXY Architecture and Urban Design (2012)
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6. Approach for P2P electricity market development
• Key steps for designing P2P project
• Remaining question for Thailand and other jurisdictions: What is the appropriate role of the
distribution utilities?

Identify
objectives
of P2P
project

Design market
incentives and
trading rules
around
objectives

Design tariff
structure that
incentivizes
consumption
of local
generation
and fosters
localized
energy
market

Test P2P
model at
scale in
order to
ascertain
outcomes

Source: Illustration based on an interview of Power Ledger’s Executive Chairman and Co-Founder conducted by the Energy Research Institute of Chulalongkorn University
3/11/2021
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Implications for Thailand
Considerations for designing regulations to foster adoption of disruptive technologies

3/11/2021
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Implications for Thailand
Develop and prioritize objectives for DER development
Harmonize the vision, targets, and objectives of DERs deployment in the PDP, Smart Grid
Master Plan, and other related plans
Technical

1. Initiate integrated electricity planning to coordinate generation, transmission, and distribution
planning
2. Adopt relevant equipment standards and codes

Tariffs
Utility
business
models

3/11/2021

3. Design electricity rates driven by system conditions and introduce fair compensation for DPV
4. Encourage pairing of solar and BESS systems to pave way for P2P electricity trading
5. Lay down foundation for EV smart charging
6. Clarify roles of electric utilities and other players in disruptive technology deployment and step
up the roles of distribution utilities through performance-based incentives
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California’s NEM 1.0
• Net excess generation:
– Offset consumption on kWh-to-kWh basis; valued at full retail rate
– Rolls month to month
– Banking period of 1 year
– Remaining credits at end of 1 year cashed out at "Net Surplus
Compensation" rate ($0.02-$0.03/kWh)
• Fees
– Exempt from standby charges, interconnection fee, distribution upgrade
fee
• Individual system capacity limit:
– initially at 10 kW and then increased to 1 MW
• Total capacity limit (all systems):
– 5% of each IOU's aggregate customer peak demand
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California’s NEM successor tariff (NEM 2.0)
One-Time Interconnection Fee
• Customer-generators sized <1 MW pays interconnection fee based on utility’s
interconnection cost ($75-$145)
• Customer-generators sized>1 MW pays $800 interconnection fee and T/D upgrade
costs

Non-bypassable Charges
• ~$0.02/kWh for ALL electricity consumed from grid (as opposed to net consumption
from the grid)

Transfer to Time-of-Use Rate
• New customer-generators who apply to NEM must subscribe to TOU rate

No Individual System Cap
3/11/2021
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