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A variety of “disruptive technologies” have
begun to appear in customers’ premises
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Indusiry guru, Leonard Hyman, has
summed up the indusiry’s conundrum

Source: “Electricity Acts: A Cautionary Tale and Case Study,”

Public Utilities Reports, Inc. 2017.
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“Technology will change the
business, but we don’t know for
sure how”

“And if decentralization and self-
generation become the norm, it
will become exceedingly difficult
to force consumers to pay for the
stranded assets at the utility”

“Nobody could make former
trolley car passengers pay for a
service they did not use anymore,
either”
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The indusiry needs to become customer-centric
with the rise of the empowered consumer
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Current rates are stuck in the past

Cost categories Utility’s Costs Customer’s Bill

Variable (S/kWh)

- Fuel/gas supply
- Operations & maintenance

Fixed (S/customer)
- Metering & billing Fixed = $10
- Overhead

Size-related (demand) (S/kW)
- Transmission capacity Demand =
- Distribution capacity »50
- Generation capacity

The comparison is significantly more skewed for distribution utilities whose costs are

nearly entirely fixed or demand-related.
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The transition to smart meters can help
infroduce smart rates to customers

Traditional meter
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...but there is also a need to consider how
customers interact with the grid

YOUR ORIGINAL GUSTOMER ~ YOUR CURRENT CUSTOMER
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...and how customers respond to rates

Customers respond by lowering peak demand as the ratio of peak to
off-peak prices goes up and as enabling technologies are provided

TOU Impacts Dynamic Pricing Impacts
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Source: Faruqui, Ahmad. "Arcturus." The Brattle Group.
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There is a lot that we don’t know about the
future of the energy indusiry

Map of Drivers and Output Relationships

Economic well-being Rate Design
-GDP
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Customer Education and Gas UPC (GJ)
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=

Penetration rate of new gas
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Number of Gas
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- Ne.t-zero home Number of Electric
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- Co-generation
Natural Gas Prices

Penetration rate of new
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Legend

Electricity Prices
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- Net-zero home
-EV
- Battery storage

Competition between gas
and electricity

- Gasification

- Electrification

Drivers
Intermediate Drivers
Outputs

8| brattle.com




Example: Imagine a future where solar
penetration continues to increase

*¢ What effect will this have on the bills of those customers who

do not have deploy solar?
+* How will this affect utility revenues?

+* How would utilities have to change rates to address
corresponding problems?
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Solar Generation as a Percentage
of Total Net Generation

Source: David Feldman, Daniel Boff, Robert Margolis. 2016. Q3/Q4 2016 Solar Industry Update. Sunshot, U.S. Department of Energy
(DOE). NREL/PR-6A20-67639. .
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The core principles of rate design will
continue to govern future prices

Economic
Efficiency

Customer
Satisfaction

Revenue
Bill Stability Adequacy and
Stability
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Across the globe, electric utilities are
experimenting with multiple pricing options
Guaranteed bill (regardless of usage and load shape)

Simple energy-only (volumetric) tariffs with a modest customer
charge

Time-of-use energy-only tariffs
Demand charges

Capacity charges

Peak time rebates

Critical peak pricing

Variable peak pricing
Real-time pricing

Transactive energy
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Beyond default TOU - Ontario, Canada

+*»* For the past five years, some 90% of Ontario’s 4 million
residential customers have been buying their energy through a
regulated supply option which features a three-period TOU rate

They have reduced their peak demand by ~¥3%, based on a three-
year analysis that we carried out for the IESO

*** Knowing the limitations of TOU rates in the evolving energy
market, the Ontario Energy Board (OEB) has authorized a series
of dynamic pricing pilots that would allow those rates to be
offered as supplements to the TOU rates

¢ The OEB has ruled that distribution charges will be collected
through a fixed charge

The Texas PUC is watching the developments with interest
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Beyond TOU - Dynamic pricing in
Oklahoma

** OGE rolled out a dynamic pricing rate coupled with a smart
thermostat to its residential customers a few years ago

“Smart Hours” features variable peak pricing, or five levels of peak
pricing depending on what day type it happens to be

+* Some 130,000 customers are on that rate today; they control
their thermostat setting, not OGE

Average peak load has dropped by ~40%
Average bill savings amount to ~20% of the customer’s bill
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Beyond TOU - Peak time rebates in
Maryland

¢ Both BGE and PHI offer dynamic pricing rebates of $1.25/kWh
to their customers in Maryland (~ 2 million households), and bid
the load reductions into the PJIM market

+* At BGE, about 80% of its customers have taken advantage of
the rebates and saved $40 million in utility bills since the
program began in 2013

¢ In 2015, BGE’s PTR customers showed an average demand
reduction of 16.2%, up from 14.5% in 2014 and 13.7% in 2013

¢ In the same year, PHI’s companies reported savings of 12.3%
(Delmarva) and 16.5% (Maryland)
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Beyond TOU - The case of Ausiralia

+* Customers already pay fixed charges for distribution that are a
larger part of the total bill than in the US

+*»* The distribution utilities are seeking to move their customers
to fixed charges and demand charges to recover grid costs

However the smart meter network is not yet in place
Retail providers may not pass on cost reflective prices

¢ One distribution network is offering significant rebates for
dynamic demand curtailment during peak times (~ $5/kWh
curtailed)
Avoiding costly upgrade on low load factor feeder

Electricity rules say networks must consult alternative resources
before building
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Beyond TOU - United Kingdom

+* UK Power Networks (London) is piloting a peak time rebate
targeted specifically at low income customers
+* A couple of pilots have tested time-varying rates

One rate featured a “wind twinning” tariff which was intended to
encourage consumption increases/decreases at times of
unexpectedly high/low output from wind generation

Some of the rates tested were dynamic in nature
*» Ofgem, the regulator, is looking at new ways to increase the
role of price responsive demand, including the possible
introduction of firms like Amazon and Google into the
marketplace
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Gas pricing innovations are still quite
modest in comparison to electric pricing

** Metering infrastructure for the gas and electric grid looks very
different

Almost half of all US households already have advanced electric
meters

Efforts to deploy gas AMI are still imited — most efforts are in
conjunction with electric AMI

¢ Gas has storage capability
Value of flexibility is lower then for electricity
*¢* Electric consumer uses are much more diversified

Gas is primarily used for space and water heating and cooking

There is less leeway to “shift” consumption or adjust demand by
turning off selected appliances
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Nonetheless, some change is occurring in
gas pricing

Redefining customer classes

Increasing fixed charges

Introducing the notion of demand subscription

Introducing capacity charges

Introducing seasonal rates

Exploring rates for emerging technologies
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Philadelphia Gas Works - Infroducing rates for
emerging uses and increased fixed charges

** PGW made the strategic decision to support the development
of specific natural gas uses, including:

NGV refueling
Gas Air Conditioning
Cogeneration (C&l)
+»» Separate rates with financial incentives — on the basis that

marginal cost is lower than average costs — could impact the
adoption of emerging gas uses

Diversifying NG uses can help sustain system utilization

** PGW also filed a request with the PA PUC in February 2017 to
increase fixed charges for its standard Residential, Commercial,
and Industrial rates for the first time in eight years
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TOU pricing may induce peak-shaving behavior
even among gas consumers

¢ A study has been published that simulates the potential of gas TOU
pricing for residential customers in Zhengzhou, China on peak-shaving

Agent-based simulation was used to study the impact of TOU
pricing with three time periods: peak, off-peak, and valley

Key assumptions were made about the short-term price elasticity
of gas demand

¢ Main findings:
Peak shaving efficiency increases as the proportion of
consumption during peak hours increases

The impact on low-income customers and high-income customers
bills would be larger than for middle class customers

Highlights the potential for significant gas operator benefits in a
context of increasing demand
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SoCalGas - Residential demand response
program with smart thermostats

s “Advisory Thermostat Program” was offered by SoCalGas in
Winter 2017 on an opt-in basis

Offers participants up to $50 in rebates in exchange for allowing
SoCalGas to make minor adjustments on their thermostat settings
on specific event days

SoCalGas manages the smart thermostats remotely

Customers must own the specific smart thermostat required for
the program

+»» Similar to electric utilities offering demand response programs
for air conditioning use in the summer

¢ Program launched in the context of Aliso Canyon storage not
being operational after the major leak
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Moving ahead with tariff reform (1)

** Understand how customer bills will change if the new rates are
implemented immediately

Identify how much bills will rise for small users
Find ways to mitigate these bill impacts

+» Simulate the impact of the rates to study the likely customer response
Models, such as PRISM, are available for carrying out such simulations

+* Engage in a customer outreach program to explain why tariffs are being
changed

Make sure the new rates use clear and understandable language
Enlist neutral parties to endorse the change
Use social media to spread the word
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Moving ahead with tariff reform (ll)

¢ Change the rates gradually over a three-to-five year period or provide
bill protection that is gradually phased out

¢ For the first few years, make the rates optional for low income, small
users and disabled customers

Or provide financial assistance for a limited period of time

¢ Consider a subscription concept in which customers “buy” their
historical usage and the historical price and buy or sell deviations from
that usage at the new tariffs (transactive energy)

¢ Conduct pilots to test customer acceptance and load response to the
new rates
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Conclusions

¢ On the electric side, smart meters deployment is widespread, which sets the
grounds for an increased use of time-varying pricing and demand charges
Accurately and clearly communicate price signals to customers
Pricing pilots are showing conclusive results
Leverage IT technology and data analytics for system management

+* On the gas side, utilities must adapt to changing consumption patterns and
competition with electrification
Make rates more in line with cost structure

Re-design customer class definitions to correspond to updated consumption
patterns

Introduce rates for new gas uses and off-peak seasonal rates

+* In both industries, utility strategy should be focused on the relationship with
the customer
Rates should be tested through pilots and adjusted on the basis of pilot results
Tariff reform should be implemented gradually
Educating and informing customers is key to addressing current issues
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