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Executive Summary

This report develops an approach to dynamic pricing in support of the Ministry of Power (MOP)
initiative for smart grid pilot projects in India. Dynamic pricing experiments are intended to reveal
how consumers respond to electricity prices and identify the most promising mechanisms
suitable for wide-scale deployment. Traditional electricity rate structures do not reflect the cost
difference of supplying electricity in peak versus off-peak hours. Therefore, the customer has no
market incentive to adjust their pattern of electricity consumption.

Dynamic pricing options such as time of use (TOU), critical peak pricing (CPP), critical peak rebate
(CPR), real time pricing (RTP), and variable peak pricing (VPP), that reflect time-varying cost of
electricity supply, have been in use worldwide to encourage peak load management and
demand reduction.

A global review of dynamic pricing pilots reveal that its success lies in customer engagement
together with the type of pricing options, enabling technology, and market segment chosen, as
well as the reliability of service. While success rates have been higher in smaller size test
markets, larger sized test markets have also been successful with the help of strong coordination
and stakeholder commitment.

Based on the research and pilots reviewed, it is recommended that a smaller size pilot be initially
selected for a residential test market with homogeneous income group (and similar consumption
patterns) in urban areas with TOU, CPP and CPR pricing options.

Successful introduction of smart meters and time-based dynamic electricity pricing requires a
well-planned social marketing campaign to help raise awareness and give customers the
information and support they need to become more energy efficient. More sophisticated
dynamic pricing experiments will require the same levels, if not more, of infrastructure and
customer education. The infrastructure requirements can be met by the anticipated smart grid
pilots in India. The benefits of such pricing programs may be larger than TOU pricing. In the long
run, it may be more efficient to move directly to such a program rather than first moving to TOU
pricing and then to a more sophisticated dynamic pricing program.
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Currently, the power system in many developing countries is ripe for Advanced Metering
Infrastructure (AMI), supporting efforts to reach 100 percent metering of loads. \With progress in
metering of loads, AMI can be supplemented by implementing relatively straight-forward and
transparent TOU pricing.

For any such experiment, a cost—benefit analysis and full-scale rollout should be performed and
updated as better information becomes available. If the cost-benefit analysis does not show an
overall benefit for full-scale implementation, it may not make sense to spend the effort on the
smaller scale experiment.
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An Approach to Dynamic Pricing in India

Background

The Governments of the U.S. and India signed a Memorandum of Understanding on
November 24, 2009, creating the Partnership to Advance Clean Energy (PACE) to enhance
cooperation on clean energy, energy security and climate change. PACE has two interlinked
components: a Research Component, known as PACE-R, and a Deployment Component,
known as PACE-D.

USAID's PACE-D Technical Assistance Program is a part of the overall PACE-D initiative and
builds upon USAID/India's previous energy programs. It aims to accelerate India's transition to
a high-performing, low-emissions, and energy-secure economy. The five-year program will
support institutional strengthening and development of an enabling environment by providing
technical assistance to formulate and implement policies, regulations, and strategies for clean
energy deployment.

A key component of the program focuses on deployment of smart grid electric system. Under
this program, the activities are closely aligned with the work being undertaken by the MOP
through the India Smart Grid Task Force (ISGTF). The program aims to support and strengthen
smart grid initiatives in the country through focused technical assistance, technology exchange
and access, knowledge sharing, training and capacity building, and access to financing. The
technical assistance provided under PACE-D TA Program supports the goals of establishing
smart grids in India to increase power availability, reduce aggregate technical and commercial
losses (AT&C), and improve utilization of renewable resources for sustainable growth.

The Government of India has selected 14 electricity distribution utilities to implement smart
grid pilot projects. These projects will contribute toward India's pressing priorities of providing
broader access to electric power supply, reducing energy losses due to infrastructure and
power theft, integrating renewable energy, and improving energy efficiency and reliability.
Pilots will be evaluated for technological and commercial benefits and for the potential of
being scaled up.
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Dynamic Pricing in Smart Grid Pilots

Time-based or dynamic pricing refers to the provision of a service or commodity in which the price
depends on the time when the service is provided or the commodity is delivered. The rationale of
dynamic time-varying pricing is to reflect changes (expected or observed) in supply and demand over
time and their impact on costs. Time-based pricing includes: (i) fixed time-of use rates for electricity
and public transport,(ii) dynamic pricing reflecting current supply-demand situation; or (iii)
differentiated offers for delivery of a commodity depending on the date of delivery (futures contract).

Traditional electricity rate structures do not reflect the cost difference of supplying electricity in peak
versus off-peak hours. Therefore, the customer has no market incentive to adjust their pattern of
electricity consumption. This report develops an approach to dynamic pricing to support the MOP
initiative for smart grid pilot projects in India. Dynamic pricing experiments are intended to gather
information about how consumers respond to electricity prices and identify the most promising
mechanisms suitable for wide-scale deployment.

For example, dynamic pricing programs have the potential to make longer term impacts as plug-in
hybrid electric vehicles (PHEVs) become prevalent. These types of pricing programs and the charging
times for PHEVs provide another opportunity to address the significant disparity between peak and
off-peak demand. In an analysis of the potential impacts of PHEVs in 2020 and 2030 in 13 regions of
the U.S., researchers at the Oak Ridge National Laboratory found that charging PHEVs at 10 p.m.
instead of 5 p.m. would make a significant difference in total generation costs (reference #1).

In the U.S., the Energy Policy Act of 2005 (EPAct) adds several new federal standards to the Public
Utility Regulatory Policies Act of 1978, including time-based metering and communications. Section
1252 of EPAct, smart metering, covers these federal standards and defines the following time-based
pricing methods:

e Time of use (TOU) pricing: Under TOU pricing, the electricity prices are rates set for specific
hourly time periods on an advance or forward basis. Prices paid for energy consumed during
these periods are pre-established and known to consumers in advance, thus allowing them to
vary their usage in response to these prices and manage their energy costs by shifting usage
to a lower cost period or reducing their consumption overall.

e Critical peak pricing (CPP): TOU prices are in effect except for certain critical peak days when
prices may reflect the exceptionally high costs of generating and/or purchasing electricity at
the wholesale level.

¢ Real time pricing (RTP): Electricity prices may change hourly, or even sub-hourly, with price
signals provided to the user shortly in advance, reflecting the utility's cost of generating and/or
purchasing electricity at the wholesale level.
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¢ Peak load reduction credits: For consumers with large loads who enter into
pre-established peak load reduction agreements that reduce a utility's planned
capacity obligations.

As a result of EPAct 2005, the U.S. Federal Energy Regulatory Commission report “Assessment of
Demand Response and Advanced Metering” was published in 2006 and updated in 2008. This
report assesses the status and potential electric demand response resources of the U.S. (by region)
from all consumer classes. Among other topics, it reviews the following:

e The saturation and penetration rate of advanced meters and communication technologies,
devices and systems;

e Existing demand response programs and time-based rate programs.

Dynamic-pricing programs that charge higher electricity prices during peak demand periods are
conceived as an effective tool to shift electricity consumption from peak to off-peak hours. In this
report, dynamic pricing refers to any of the time-based pricing methods for electricity, including but
not limited to those listed above. Many utilities, worldwide, have incorporated some form of
dynamic pricing (such as TOU pricing) in their rate structures and are experimenting with the
incorporation of further dynamic pricing (such as RTP and associated demand response programs) in
smart grid initiatives in order to create a mechanism for improving market efficiency through
demand response. Dynamic pricing leads to different electricity prices at different times of the day
and year to reflect the time-varying cost of supplying electricity.

Dynamic Pricing in the Indian Context

The power market structure in India can be categorized based on the tenure of the contract
between the distribution utility and the generator. These categories are as follows:

e |ong term (7-25 years)
e Medium term (1-7 years)
e Short term (less than 1 year)

Long term procurement constitutes the majority of the utilities' power purchase portfolio and serves
as its base load. However, due to increased demand, utilities are inevitably exposed to the power
market to procure electricity to meet their medium and short term needs. In several cases this
procured power is at very higher cost, or often subject to a high level of volatility.

As seen in Graph 1 and 2, procurement from short term has increased significantly over the past
few years at the national level.
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Graph 1: Volume of Electricity Transacted through Over the Counter (OTC) and
Power Exchange
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Similarly, prices in the short term (ST) market have also exhibited volatility, as is illustrated by the
graph below.

Graph 2: Price of ST Transactions of Electricity on Indian Energy Exchange
(IEX): FY 2009-10 to FY 2012-13
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For a long time in India, electricity has been considered as social commodity, to be provided at a low
cost to the citizens. Despite significant increases in load, electricity tariffs have changed very little.
This has led to inefficient use of energy and electricity distribution utilities incurring significant
financial losses, which in turn has slowed down investments in the necessary infrastructure. This
has further affected industries where reliability of electricity supply is of paramount importance.
Additionally, the industrial and commercial sectors have been impacted by high electricity tariffs
while the residential consumer segment has been less impacted. With the introduction of open
access regulations, industrial consumers are increasingly purchasing power from the market, which
is at times less expensive than the tariff set by the utility and is more reliable. Thus, there is an
automatic price signal sent to the participating industrial customers with the evolution of the
wholesale markets. As observed from the following graph, 40-45 percent of overall trades on the
day-ahead markets are from direct customers availing themselves of open access. While relatively
low in overall terms, the volumes are significant (annually about 6-7 BU), constituting close to 0.8
percent of the overall electricity supply in the country.

Graph 3: Volume of Participation of Open Access (OA) Consumers in
Day Ahead Market
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With increasing price volatility and higher costs for peak power, it becomes important to
communicate price signals to consumers who may be otherwise used to them. Such signals
through dynamic pricing are likely to create benefits in the form of avoided generation, transmission
and distribution costs. These consumers are both commercial and residential in nature. Graph 4
indicates the growing stock of residential buildings across key towns in India.

Smart Grids: An Approach to
Dynamic Pricing in India




Graph 4: Estimated Growth in Residential Stock
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The pricing design has to be differentiated from conventional TOD pricing since the peaks are much
more volatile than in the past and the prices can vary radically between days of the month and
between seasons.

Demand response is typically reliability-based (customers reduce their consumption in response to
system conditions), or price responsive (customers change consumption behavior in response to a
financial incentive). The key difference between reliability-based demand response and dynamic
pricing is that demand response targets relatively fewer but larger customers, while dynamic pricing
targets more customers however with less consumption. For price-responsive demand response,
dynamic pricing and demand response are complementary to each other.

In this regard, it is essential that an in-depth review of the current pricing programs that have been
piloted or implemented in different countries be conducted prior to developing an approach for
dynamic pricing that would be applicable to Indian smart grid pilot projects. It is expected that a
review of past pilot programs on dynamic pricing will provide the following insight:

i. Key factors to the success of dynamic pricing programs

i. Understanding of why customers do or do not accept or change their usage behavior in
response to various treatments

iii. Correlation of program success to enabling technology

iv. What are the most effective incentives to the customers?
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v. What are the key considerations for a successful incentive design?

vi. How important is market segmentation for the pilot implementation?

vii. Is there a trend worldwide in the popularity of the dynamic pricing options?
viii. What are the key contributing factors affecting the shift in demand?

ix. Customer engagement options that significantly impact the success of dynamic
pricing programs.

To help answer these questions, this report includes a review of current dynamic pricing methods
and options worldwide, lessons learned from current dynamic pricing programs, and a discussion
that will lead to the development of an approach to dynamic pricing experiments in India.

Dynamic Pricing Options
There are four widely used types of dynamic pricing options:

e TOU: Prices vary by rate period and day of week, but do not change based on system
conditions (technically, not a dynamic rate option). TOU prices and time periods are generally
fixed at least one year in advance. TOU offers consumers the lowest reward-risk profile.

e RTP: Prices change on an hourly or sub-hourly basis to reflect the true cost of supply in the
wholesale market. The volatile nature of RTP can harm consumers and may discourage
participation in voluntary dynamic pricing programs, although RTP offers consumers the
highest reward compared to traditional flat-rate pricing, but at the highest risk.

e (CPP: CPP captures the true cost of power generation during peak demand periods (i.e., top
100 to 200 hours a year). In exchange for paying very high prices during those peak hours,
customers receive a discounted rate for all remaining hours of the year. The actual times in
which the CPP will be in effect are identified on a day-ahead (and sometimes day-of) basis,
depending on the demand-supply balance.

e Peak Time Rebate (PTR): PTR is similar to CPR but instead of higher prices during peak
periods on selected days, customers are paid to reduce load (technically, not a rate, but a
pay-for-performance program). PTR allows customers to remain on their current flat rate
while receiving a cash rebate for each kilowatt hour (kWh) of energy usage they reduce from
their baseline usage during the peak hours. Thus, PTR provides an opportunity to customers
to save money on their monthly bill.

Smart Grids: An Approach to
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Lessons Learned from Dynamic Pricing Programs
Time of Use Rates

TOU pricing of electricity is the most widely used dynamic pricing method in power systems today.
In the U.S. and Canada, it has gone well beyond the experimental pilot project stage and has been
widely adopted. TOU pricing was instituted in Ontario, Canada, in 2006 by the Ontario Electric Board,
and today covers 90 percent of residential customers. In California, at the direction of the California
Public Utilities Commission, businesses are moving to a full time-based TOU electric rate structure
and while TOU rates are optional for residential customers.

TOU rates require the functionality of interval meters or TOU meters that has existed for years in
older technologies and is included today within the features of smart meters. Interval and TOU
meters that have been installed historically to measure commercial and industrial customers with
time-based rates often lacked automatic meter reading. In California, since 2006, nine million smart
meters have been installed for Pacific Gas and Electric Company customers and five million smart
meters have been installed for Southern California Edison customers.

A smart meter is an electrical meter that records consumption of electric energy in intervals of an
hour or less and communicates that information at least daily back to the utility for monitoring and
billing purposes. Smart meters extend the functionality of interval meters or TOU meters in addition
to automatic meter reading. Smart meters usually involve real-time or near real-time sensors, power
outage notification, power quality monitoring, and generally can support two way communications
as part of AMI in a smart grid implementation.

These additional features of smart meters enable more than simple automated meter reading.
Smart meters enable two-way communication between the meter and the central system. An AMI
with smart meters differs from traditional automated meter reading in that it includes increased
functionalities enabled by communications with the smart meters. Unlike home energy monitors,
smart meters can gather data for remote reporting. While home energy monitors and smart meters
can be installed together, these are distinct devices with different functions that should not

be confused.

Smart Meters and Time of Use

The American Council for an Energy-Efficient Economy reviewed more than 36 different residential
smart metering and feedback programs internationally. They published their results in 2010
(reference #3). Their conclusion was: “To realize potential feedback-induced savings, advanced
meters [smart meters] must be used in conjunction with in-home (or on-line) displays and well-
designed programs that successfully inform, engage, empower and motivate people.” Their results
call for a national social marketing campaign to help raise awareness of smart metering and give
customers the information and support they need to become more energy efficient, and raise
customer awareness regarding changes they must make to realize the potential of smart meters.
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While TOU rates and smart meters are widespread, their implementation has often been
controversial. For example, while in Ontario, Canada, 90 percent of residential customers pay TOU
rates and almost every household and small business now has a smart meter, in British Columbia,
Canada, the situation is more complicated. In British Columbia, TOU electric rates are opposed by
the provincial government and do not accompany smart meters.

BC Hydro had set a goal of implementing smart meters to all customers by the end of 2012.
However, after smart meter installations were associated with several fires, the Union of British
Columbia Municipalities voted in favor of a moratorium on smart meter installations in British
Columbia, and many BC municipalities passed motions opposing the installation of smart meters.
BC Hydro is not obliged to abide by these municipal decisions, and the provincial government insists
that installations will proceed based on global standards. In January 2013, when smart meters were
installed in 90 percent of customer homes, BC Hydro announced that smart meters will not be
installed at any home unless the company has the customer's permission, and headlines read “"BC
Hydro Smart Meter Installation Not Mandatory.”

Italy and the Netherlands present two somewhat contrasting European examples of smart meter
installation. In Italy, the world's largest smart meter deployment was undertaken by the utility Enel
SpA with more than 30 million customers. Between 2000 and 2005, Enel deployed smart meters to
its entire customer base. These smart meters are fully electronic, all solid-state, with integrated bi-
directional communications, advanced power measurement and management capabilities, and an
integrated, software-controllable disconnect switch. They communicate over low voltage power line
using standards-based power line technology to data concentrators, at which point they
communicate via IP to Enel's enterprise servers, demonstrating that smart grids do not require
wireless devices. The system provides a wide range of advanced features, including: the ability to
remotely turn power on and off; read usage information from a meter; detect a service outage;
change the maximum amount of electricity that a customer may demand at any time; detect
"unauthorized" use of electricity and remotely shut it off; and remotely change the meter's billing
plan from credit to prepay, as well as, from flat-rate to multi-tariff.

In the Netherlands, as part of a national energy reduction plan, the government proposed in 2007
that all seven million households in the country should have a smart meter by 2013. The roll out of
these meters was delayed in August 2008 for several reasons including difficulties registering small-
scale local energy production (such as by solar panels), and then again in April 2009 after consumer
groups raised privacy concerns. As a result, the government decided to make the use of smart
meters voluntary.

Dynamic Pricing Pilot Projects

Smart meters enable and support various time-based dynamic pricing methods in addition to TOU
electricity rates. Most current smart grid experiments with dynamic pricing study time-based pricing
options that go beyond TOU rates.

Most analyses of pilot show that customers do respond to dynamic pricing rates by lowering peak
usage, and the response varies depending on the intensity of the price signal. The response
improves when enabling technologies are added. Pilot projects in the U.S. have demonstrated that
the dynamic pricing does not hurt low-income customers; on the contrary, it provides benefit to
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many low-income customers. In the U.S., the PowerCentsDC program has been highly successful,
as demonstrated by the fact that 89 percent of the participants would recommend it to their friends
and neighbors, and 93 percent preferred dynamic prices to flat rates (see Graph 3, also references #
10 and 11).

Categories for Defining Dynamic Pricing Research Objectives

In its Dynamic Pricing and Consumer Behavior Studies \Webinar (April 20, 2010), the U.S. Department
of Energy addresses the following four categories which are important for defining dynamic pricing
research objectives:

1. What to test?
a. Pricing option — Each pricing option can have several attributes such as:

i. Price levels by rate period — will higher peak prices generate more impact?
ii. Number of rate periods — how many rate periods would have more impact?
iii. Length of peak period — will shorter period have more impact?
iv. Timing of rate period — will seasonal rate periods be more relevant?
v. Combination of options as overlays on existing pricing tiers.
b. Enabling technologies - Enabling technologies such as direct load control, home area

network, programmable communicating thermostats, message alerts, in-home displays
(IHD), and web portals are anticipated to have an impact on the end users.

The following questions will be relevant in the development of a dynamic pricing
experiment:

i. What technologies are to be tested and what selection criteria should be used?
ii. Customer eligibility criteria for using the technology, if any.
iii. Cost impact.

c. Enrollment options — Enrollment options could be mandatory, opt-in, or opt-out. It is
important to know how enrollment varies across different customer segments, rates,
enrollment options, and marketing strategies. Issues that need consideration include:

i. Desired enrollment model for the full-scale roll out.
ii. Attrition mitigation measures (e.g., bill protection) for a full-scale role out.

iii. Mitigation models for the trial/pilot phase.

d. Marketing strategy — It is important to decide which features (e.g., message, package,
incentive, mode of communication, etc.) are to be included in the marketing offer. Issues
that need consideration include:

i. Relative importance of marketing features.
ii. Offering different incentives across different customer segments.

iii. Consideration of unconventional marketing methods.
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2. What population to reach? There are several target markets to choose from:
a. Residential customers (low/median/high income, etc.).
b. Commercial customers (size and type of business).
c. Industrial customers (timing of processes, size).
3. What impact to measure?
a. Changes in peak demand and energy use by time period and resultant savings.
b. Differential acceptance/enrollment/attrition rates for each option and market segment.

c. Changes in consumer behavior underlying the changes in energy use.

Summary of Dynamic Pricing Pilot Projects
Based on the study of 17 pilots listed in Graph 5, the following inferences can be drawn:

e Based on the fact that more than 70 percent of the pilots reviewed were experimented on
residential customers, it may make more sense to start the pilot with residential test
market.

e (Qut of five most successful pilots (reference #, 2, 11, 12, 16 — Graph b), four were tested on
residential customers.

e Based on the data in Graph 5, the size of the test market does not seem to have a strong
correlation with the success of the pilot. However, three out of five most successful pilots
were conducted across a smaller cross-section of customers (1,000 or lower). It seems a
smaller size of test market will be more manageable from resource- and cost- containment
perspective.

e A homogenous market mix would help establish a definite trend in the outcome. It may also
make sense to test the pilot in more than one test market for any differentiation purposes.

e Pilots must provide enabling technologies (e.g., IHD, smart thermostat) to the customers in
the chosen test market.

e Based on the pilots reviewed, CPP and TOU pricing with a combination of CPR was
more successful.

Considerations for Dynamic Pricing Design

Below is an outline of important considerations for the program design process adapted from the
American Electric Power, Texas experience (reference #4).

e Begin with a soft launch: A soft launch is a limited release of a program which is essentially a
feedback process that provides a preview of the response and pre-validation of assumptions
before incurring significant resources on the program. A soft launch enhances the probability
of success of the program. A typical soft launch may be conducted with a goal of reaching
about 10 percent of the target population.

Smart Grids: An Approach to
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e Define the population and align the sample to maximize external validity: The population in
this context is the electricity consumers/end users (also known as the treatment group) that
would benefit most from the program design. The external validation ensures that the
results of the program can be extrapolated from the target to larger population.

e |nclude a control group to maximize internal validity: A control group is similar to the
treatment group in electricity consumption, but without dynamic pricing option. Internal
validity will determine the impact of dynamic pricing on the electricity consumption of the
target population.

e Design treatment groups to isolate impacts of research variables: The evaluation will be
more meaningful if the dynamic pricing program is designed in a way not to combine with
any other program.

e Recruit sufficient sample to achieve analysis goals: Size of the treatment group or sample is
important for making the outcome of the program meaningful. However, this could be a key
cost driver. Appropriate balance has to be made by weighing benefit versus cost in
determining the sample size. Statistical calculations can be employed in determining the
optimum sample size.

e Overrecruit to account for dropouts: In order to ensure the availability of adequate data for
the analysis, it is important to recruit more participants than required to mitigate participant
drop outs. Over recruitment and drop outs will vary depending on several factors such as:

o Ease of the program interface for the participant

o Length of the evaluation period — Some participants may not want to be tied up for
too long

o Participants' particulars — Renters/home owners etc.

e Plan for an assessment period sufficient for evaluation of long-term impacts: Short-term
programs may not adequately reflect long-term impacts. Also, response may be initially
slower due to the learning curve.

e Combine various data sources to improve understanding of impacts: Provision should be
made to collect additional data that may impact energy consumption (e.g., weather data,
power outages, etc. will be helpful for the analysis).

Designing Future Dynamic Pricing Pilots

The following observations drawn from the completed dynamic pricing pilots are useful in designing
future dynamic pricing program:

e Customers respond better to dynamic pricing with planned communication and education.

e Enabling technologies (e.g., smart meter, smart thermostat, IHD) play a key role in the
success of a pilot.
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e Pilot design and roll-out must mirror a utility's full deployment approach as much
as possible.

e | ow-income customers with a flat load profile do benefit from dynamic pricing.

e A variety of choice offerings (CPP RTE TOU, etc.) may help determine the most effective
option for the selected treatment group.

e |n some situations, RTP may not be popular with some customers, due to exposure to high
risk. Customers may accept higher risks if there a corresponding reward to go with it.

e |n order for the results to be demonstrative, both the treatment and control groups should
have a similar consumption pattern.

Summary of Results from Dynamic Pricing Pilots

The 2013 ISGAN Issue Brief (reference #5) discusses a TOU tariff simulation study and concludes
that “the net impact on consumer bill on account of aforementioned TOU charges will be almost
negligible if the consumer does not make any change in consumption pattern’

As indicated in this report, results from international pilots exhibit varying impacts from the tariff
schemes and a degree of sensitivity to the way in which customers interact with the tariff (for
example, via in-home devices). Graph 5 displays the varying impacts experienced by the U.S. and
Canada utilities due to different tariff schemes and consumer interaction methods. Further
information on the U.S. and Canada time-based tariffs can be found in reference #6.

Graph 5: Varying Impact of Tariff Scheme
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Table 1 includes data and observations from 17 dynamic pricing pilots. The data used in the table are
based on information provided in reference # 7.

Additional sources of information on international smart grid pilot projects and dynamic pricing are
found in references # 5 and 6.

The observations listed in Table 1 indicate that the consumption pattern will change if:

e The ratio of peak/off peak rate is high — it is important to note that the energy savings may
not translate into a proportional direct cost savings.

e There is a price limit hedge (or announced maximum price) for the program participants.
e Enabling technologies are employed so that:
o The consumers can monitor their electricity usage from IHD.

o Smart meters and smart thermostats are in place to automate data collection and
control of appliances - ONCOR, Inc.'s Smart Texas program applied a monthly surcharge
for program participants towards installation of the smart meters.

e The program produces consistent results with minimum error — Pepco, who conducted one
of the most successful dynamic pricing pilots in the U.S.(PowerCents), conducted a sample
test on each production run of smart meters before installation to ensure accuracy.

e The end users have adequate training and knowledge of the program.

e The program is limited to a homogeneous mix of participants.

Questions that the various programs tried to address in designing their dynamic pricing
program include:

e Would people be willing to participate in the program?

e How much money would consumers with central air-conditioning save, and how would this
compare to consumers without central airconditioning?

e How comfortable is the treatment group in handling technologies such as IHD, smart meter,
and smart thermostat?

PACE-D Technical Assistance Program




‘JUNoWe JOBJIUOD
BAJ9Sal 9suodsal puewap
8y} ueyl sse| sheme
S19SSE UoIoNpal peo) Jo
90UBWIIOBY "9ouewIopad
uononpal peo| pe1oedwl
Ajeninebau suoieno|es

ul syuswilsnipe aul| eseg

‘SHSIA 92IAIS
SUIIN0J Ul UoIONPal pue
Adeinooe 10y} Jueriodul
9JE SUOI}OBSURI}

Bunnos Bunewoine pue
Buryosyo 1818w 21poLiad

‘uBIsap 8AIUBOUI BY} Ul
MeJ} Bunesipul (UM/96¢
"SA UMPI/388) d1H 1seybly
ay1 ueyl Jaybiy s1ewloisnd
0} 1n0Aed ‘Aljigerjal
welbold se |jom se

S19SN pus JO UOIO.)SIIeS
pue aoueidadoe 8y} oy
Juepodwi ale ABojouyosl
Buijgeus pue ‘adIApe
Juswebeuew ABisus

pUE UOI}BONPS JOWO0ISND

‘lenuesse
sem Bunisel walsAs
Bul|g ‘4o|jews

SeM U011oNpal
puewsp s juedionled
WUl MOT]
‘Buireay 0113088 YUMm
S8SNOY Ul pasn alam
S1e1SOWIBY} Hews

suoneAlssqQ

/sanss| 18Yy310

VN

‘s|elaiew
|eJ81e||02

pue ‘suoe|al
eIpaW ‘18ulalul
‘UOIIROILUNWILIOD
10811p
‘BuisSILIBAPY

Jlew
-g/ouoyd eiA
1UBAd ddD
alojoq Aep
auo 1se9| 18
poI41}0U 81aM
slawoisn)

uoneue|dxa
pue ‘ainyo0iq
welbold
uolesnp3y

/uonesiunwwo?)
Jawoisny

VN

VN

ESIEEIA
Z Jano
sbuines

119 %8
[BI9AQ

sbuineg
Jawnsuo)

VN

VN

"IeaA /sinoy
0¢ j0

pouad d4dd
unwixeuw e

YUM ‘pones
ABlaus Jo
UM /35€

"%6€ - dH
‘%G - HdD
%2 - ddd

sbuines
Jejjoq

‘sjuedioiied
pajjoius

JO uononpal
Peo| %GE

VN

‘puewSp
ABisus yead
paonpal weiboid

‘(183UIM/IBLIWINS)
%< - %V -dH
{19IUIM/IBUILNS)
%SG - %EL

- 4dD ‘(e
Jawiwins)

%EL- %0E€ - ddO

puewaq yead
ul sabueyn

“9jel 1e|4
‘NOLddA d1Y

NoL

'SJau01sNd
|ernuapisal

O Jolneyaq
uondwnsuoo
101paud 031 }noiyip
SEM }| "(JUBAS

Jad awiy uiwpe Jo
sinoy Qg paJinbal)
abesn pajosloid
PUE [BN1OB UBSM18Q
9oUBIaYIp Paseq
Spiemay - 440

's9old 8|eS9|0YM
uo peseq aoud

ul ebueyd Ajnoy

- dH ‘sinoy ead

ul uondwnsuod
Jamo| 1o} psules
S9)egal - Ydd
‘JeahA/sinoy dead 09
104 901d [BLIIOU BY}
sawll} /£ s9oud 44D

uondQ buioud
oslweuAqg

s10]1d Buoud slweuAq - | sjqeL

'S1aW0oISnd
[BIOJOUIWIOY
601

"aH| ‘sierew

1IBwS uanib
SI8WO0ISND

[enuspisey

009

I\ Buiney
Apealje
SJauwlolsnd
[e1nuapIsay
000°L

SR
1LBWS YHm
[enuspisay

000°08¢

19Me I1sal

VIN

186pnq welbold
‘0L-900¢
‘pue|buz meN
"10|ld ©AI8S8Y
HA/AN-OSI

"V/N 196png
welbold

‘0L0C ‘sexal
‘Uo1SNoH 10|id
Ae|dsig ewoH
u|/ ‘ABieug
1u104J81u8)

"W/N ¥06png
wieibold

'6002-800¢

‘eIBb1090)
‘'spiemay
JaMOod/1emod
elblos9
JAuedwo)
uleyinos

"V/N -186png
welbold
-110Z-0L0¢
'6002-800¢ '0d
‘uoibuIysepn
‘0d

Sju8) Jomod
/(02d3d) 0D
Jamod 201308|3
2BWI0}0H

weiboid
/Auedwon

Smart Grids: An Approach to

Dynamic Pricing in India




‘spouad ead-yo 01 yead

woly ebesn Yiys 01 s1suoisno
20oNpul 0} pepaau S| ollel

salel yead-foyead Jaybiy v
afesn BuiyIys uo 1086 Ou aAeYy
||Ilm O13el 81el yead yo/yead

MO| AJBA Yum salel QOL

‘JUNOWE 91eqal
8y} ueyl shep 440 Buunp
paASIYOE SUOIIONPaI PEO|
91 10} YAAY /e1ow sauwly
/ 10 ebeione ue pied Ndv

"SOLeW

Je18W LIeulS/18wo1snd

6 Pasn !SJawo1sno ssaulsng
104 1deoxe ‘pazijin usaq jou
aAeY sie1oW Hews BulAojldwa
swelboud Buiold-s|qenep
1841} AyiBolul/ALIno8s

uo useq sey snooj s AN

‘BOJE BOINISS

102UQ [|BJOAO 8Y} Ul S}0810
21LOU029 [ellualod alejodelixe
pue Joljel uoissbuod ainsesw
[IM SJa18W 1ews Buisn

1011d Y@ ‘peslds spim 10u

s1 Buiond NOJL 8duls pazies)
Alin 10U 1ijeusg ‘(YIUow/6L g
asn) uonejeisul Jerow

1lews Jo} a6.1eyoins Ajyiuojn

SuoieAIasqQ
/senss| 18Y10

Y Jed

0L°0 dSN 1eno sem
Awo11108|8 Jo 9oud
a8y} Uaym |lews Jo
auoyd eiA uoIedIHII0U
Aep ao1d-ybiH

VN

"'seoualaleld pub
1/BewsS J1ay} pueisiepun
0} 19pJo Ul 0L0C 1|
90UIS JusWwuIenob pue
‘ADBOOADE 18WI0ISND
‘sseuIsng ‘eluispeoe
ul sdnolb Jepjoysyels
GZ uey) alow
Yimlaw sey 3RHAS
‘ABlaus Buines 1noge
SJouwNsSuod BululIojul
01 PS1OASP 8IS 8NN

"S1UBAS

J81u8)) 9ouUsLadX]
9|IqON 8 Po1SOH
‘s1ebuey JooQg
ESEVERIEN 0\
‘(suodaus aouelduwod
01 S3jul| sepnjoul)
ABisus Buines 1noge
SJaWNSU0d BulwIoul
01 P910ASP 81IS gaAA
uoieanp3

Juonesunwwo)
1awojsn)

VN

VN

VN

sbuineg
Jawnsuo)

VN

VN

VN

sbuines
iejjog

"uonoNpal %0g

ddd
alnieladwal

Jaybiy
uo Jable| si
uononpel) %el

VN

VN

puewaq yead

ul sebueyn

(@ou
Ae@ j0 swir|

(w-d g -uoou
suononpal
abesn uo
pa1e|nojes ale
se1egay) ddO

ddd

noL

uondQ bBuioud
slweuAq

‘Slawolsno
lennuspisey
g8

‘Slswolsnd
[enuepisey
L

‘1RISOWLIBY]
uews
‘J91oW 1BWS
Y1IM S10108S
||e wol}
SJawolsno
uoljjiw 1

‘aHl

‘JaloW Jews
UlM ‘si0108s
||e wouy
Slswoisno
uoljiw ¢°g

JMe I1sal

"V/N - 1e6pnq
wieibold ‘9002
-G00¢ ‘oyep|
‘welboid 10|id
[eruspisay
18MOd Oyep|

"V/N -186pnq
wieibold ‘G002
‘eluioflie)
‘wisyeuy
uawiedx3
Burold

edd [BdllID
wieyeuy

“uol|jiu

ZLS - 1ebpng
asn 'LL-600z
‘eluioyiied
‘obaig

ueg 'sielo|N
Hews 39As

“uoljjiw

€1 -196png
asn ‘cL-600¢
‘sexa] ‘sejjeq
‘Wwelboid
sexa|

1eWwS/ ou|
‘HOONO

weiboid
/Auedwon

PACE-D Technical Assistance Program




‘sawsyos soud

10 seAluUBdUl BulAueduodoe

AUB INOYLIM PaAdIYOe

a1eM s nsay ‘NOL a.nd 8yl usyl
pue "Ydd NOLB8Y} Ag pamoj|o}
‘1saybiy ey} Buiaq 10edwil

ddD NOL®YL yum ‘subissp

91el 8y} JO 981y} ||e Jopun
suononpal yead abelane ableT

‘ABojouyoey
Buliqeus pey siowoisnd
uol398uu0Y) Jamod Awl

‘uolredioinied Joy

(sBuines ABisus uo Buipuadep
SS9| 10 8J0W &g P|NO YdIym)
0GL Asn o ebelone ue usab
9JoM SI8S() ‘UBpPpPIIBAC Ajalel
aJam ‘sawdiy 9oud ybiy [eo1Io
1e ebesn soueldde Jo 1nys
pINOM YyaIym ‘sBumas nejeq
‘paj|eisul seoueldde Lews
8yl Woly sesuodsal pajewolne
0} PaINgUAE 8 UBD PUBLUSP
sead ul auljoap 8y} Jo Yonn

‘welboid sy} ul suedioied ayy
10} yam Jed 0G°0 @SN e 1es
201d AlINoy winwixew ay} eyl
Buiuesw ‘syuedioiied 10} YA
1ad 0G°0 @SN 40 ebpay Hwl|
201d e pue Aep 1xau 8y} 10}
sooud A1011108|8 AlInoy 8yl Jo
1UBWBdUNOUUE () peaye-Aeq

SuoieAIasqQ

/sanss| 13Yy10

‘uondwnsuod
AYIOL108|8 J18y} JO
}Insal e se paonpoud
suoIssIWe ‘0D ay}
JO 91BWIISS UB MBIA
0] SIBWO0ISNI SMO||e
921A8p BULIOHUOA

‘peaye Aep 440

Uo palylou pue e}
NOL Uo paieonps
818M SIBWOISN)

VN

‘sjuedionned

01 paplAoid uoneanpa
abesn ABlaug
uoieanp3

Juonesiunwwo)
1awolsn)

VN

VN

119 S,Jeah
snoinaid
ol %01

sbuineg
Jawnsuo)

VN

VN

"%

— paxi4
%LT
—dld
"%0e—
dd2/N0OL
:sbuines
uean

sbuines
iejjog

‘uoneinp Ho__Q
[IN§ 104 (44D
NOL) %vL
(ddd NOL)
%L Y (Ajuo
NOL) %9

- HIys peon

ddO pue

NOL 4o 10edwi
pauIquIod

10} "%/

- U01198UU0YD
19MOd Al

! % /] - 9SUSS
18MOd Al

‘Juswsbeuew
Jead pasu
1ou pip

yoiym ‘pousad
(Jewwins)
MA-00GL

10} papiroid
1uswalnseawl
ON (Jeuim)
NMA-0G. 104
%61 ‘(I1.}) M
-00G 104 %L'6C

‘obesn
A¥011108|9
Jawuuns
40 %€

puewa( yead
ul sebueyn

(44D NOL)
d4d0 WM NOL
ddy "(ddD
NOoL) dddo
YiM NOLddd
‘NOL (ddH)
ue|d @21id
paie|nboy

‘(syruow
Jawiuins

- o1kl aseq
“ead ‘yead
JJO sapn|oul)
ddd/N0oL

dld ‘ddd/NnoL
‘paxi4

dld

uondQ bBuidoud
slweuiqg

‘SIsWwol1sno
[enuspisay
eLe

‘(uoivBUUo)
1aMod Awl)
SJaulo1snd
[eluSpISay

6LE ‘(9suss
18MOd Aw)
S1auo1snd
[eruspisey

6LE

‘|eioIeuWwo))
‘|lelisnpu
pue
[enuspisay
4%

‘SIawolsnd
enuspisay
005

Je I1sal

“W/N - 186png
welboid
1002-900¢
‘epeue) 10|id
9014 Hews
pleog ABioug
ouewQ

"V/N -186pnq
weibold
100¢2-900¢
‘Aesiar mapN
‘uoi}OBUU0Y
19MOdAW pue
9SUSS JaMod

Aw/93sd

"V/N -186png
welbold
10-900C

‘uolBuIyYSEAN

108lo01d
e|nsuluad
oldwA|0/(vd9)
uoleSIUIWLPY
19Mogd
a||lneuuog

"V/N - ¥ebpnq
wieibold ‘G002
-€00¢ ‘sioul||
‘ue|d Buidlg
1ews-ABiaug
s,0A11el18do0)
ABisu3z
Alunwiwo)

weiboid
/Auedwon

cl

LL

oL

Smart Grids: An Approach to

Dynamic Pricing in India




‘Pays

peo| 0} pa3oslgns s 8snoy
[ENPIAIPUI 1eY). 10]id Bu) BuLinp
18S SeM 1Byl 1| PEO| 8Y} YLIM
Aldwod 10u s8op pjoyasnoy

e Usy/\/ ‘spolad Julei3suod
-ybiy Buunp spjoyssnoy o1
paljddns Apou308|9 JO Junowe
oyl sHwil| ABojouyosl Buljgeus

‘uondunsuod

ABJ1ous JoHUOW 01 8|ge

9Q 0} S1aW01SNd 10} s1elaw
AJUIT paj[eIsul {SIaWIOSuRI}
SSO| MO| Pa||eISU| 'S9SSO|
[BOIUYDS) UON — UOIONPayYy 9%GG

‘11 Inoyum ueyl Abojouyosl
Buiiqeus ue yum iable
Ajpueoiyiubis ale syoeduwil abesn
1ey1 s1sebbns synsal A-ddD
a9y} pue 4-4d2 8y} buuedwo)

‘dnoib
4od8]-ddD-NOL Jo} weiboid ayy
JO $$820NS 8y} 10} Jusuodwod
Aoy e sem ABojouyosl Buljgeuy

‘leuoseas
SeM UIYs peoj Jo s1oedwll
'9N108448 SEM UOIIEBIIJII0U

peaye AeQ ‘siowoisno
sseulisng Jo Alleusboleley
wioJ} Jo4I8 uoewlse ablie
‘P]EP 0} SS922E BUI| UO pue
(@H|) Aeldsip asnoy ur palinbay

suoleAIasqQ

/sanss| 18Yy1Q

iom 1e

soouel|dde |eoL1os|e
SNOLIBA JO pUBWSP
auwl}-|eal ay1
SMOys 1eul (jdd3)
luswinisul Aejdsip
puewsp A1011108|9
ue Jawoisnd

4oea SepInold

‘Bul|Ig AIBULIOUI
pue sausqem ‘(gHI)
sAe|dsigQ 8WOH-U|

VN

VN

‘Hun Aejdsip ay:
10 ‘|lews ‘suoyds|sl
‘(SINS) @dinies
obessaN Moy
ybnouy: sjeubis aoud

uoieanpg
Juonesunwwo?)
12woIsny

VN

VN

VN

VN

%0C~

sbuineg
Jawnsuo)

VN

VN

VN

VN

sbuines
Jejjoqg

HWI AMAGL
10} @snoy Jad
Hd ({8
M1 0'€-9C
R (JeuIm
&) M Z'L-L

%S - NOL
"%cl —H"dD
%9l —ddD

"%0C~ N\
-ddD ‘% L€l
‘4-ddd

"%SE
‘Yoe81-ddo
-NOL %cl
‘dd0-NOL

%0C~

puewaq yead
uj sabueyn

NnoL

HdD ddd 'NOL

‘(Yoey

Buljgeus /m
Jead jo yibus)
8|qelen) Addd
‘(pouad paxid)
4-ddD 'NOL

‘(ABojouyosl
Buijgeus)
Yo91-ddO

-NOLddd-NOL

dda/noL

uondQ bBuidugd
slweuAq

‘|enuspisey

'SI8WO0ISNd
[EUSpISaY
(suoA7)
000°00¢ pue
(eureinoy])
000°00L

(180)
leLisnpu| 1R
[e10I8WILLIOD)

‘SIawolsnd
lenuapisay
68

‘(0g/09
— SIOWO}SNO

/|enuspisey)
000°09

Je ISaL

"V/N - ¥ebpng
weibold ‘z10z
-600¢ ‘B2l
Yinos ‘INOMS3
"108[01d 10]Id
1uswabeuen
peo’

‘oing uol||iq
3~ - 186png
'110Z-600C
‘aouel{ ‘UoA]
pue auleino|
‘AU 10]1d/4a43

"V/N - 186png
welbold
‘7002-€00C
‘elulojied ‘(dds)
10]id Burold
OpIMBIELS
elulojlied

8y} JO uollenjeny
Joedw|

"V/N - 1ebpng
welbold
'5002-700¢
‘INOSSI|AN
10]id Burolid
ead [BOIIID
Jnusiswy

"V/N - ¥ebpnq
welbold ‘5002
‘elesisny
EEIENA

yinos mapN
‘weibold piep
NnOLl/elensny
ABioug

weiboid
/Auedwo)

Ll

9l

Gl

Ll

€l

PACE-D Technical Assistance Program




Conclusions

Several conclusions can be drawn from the review of the time-based dynamic pricing methods
that have been implemented internationally as also the available data on pilot project dynamic
pricing experiments.

There is a scarcity of smart grid dynamic pricing pilot projects outside of North America that go
beyond TOU tariffs, compared to the widespread efforts at implementing AMI in smart grid
projects internationally.

Successful introduction of smart meters and time-based dynamic electricity pricing requires a
well-planned social marketing campaign to help raise awareness and give customers the
information and support they need to become more energy efficient. It is also necessary to raise
customer awareness on what changes they must make to realize the potential benefits.

At the current stage of power system commercial development in developing countries for which
data is available in Asia and Africa:

1. These systems are ripe for AMI to support 100 percent metering of loads.

2. With progress in metering of loads, AMI can be supplemented by implementing relatively
straight-forward and transparent TOU pricing.

Dynamic pricing can be an effective complement to wholesale market access and demand
response initiatives that are already underway in India. More sophisticated dynamic pricing
experiments will require the same levels, if not more, of infrastructure and customer education.
The planned smart grid pilot projects in India can provide the required level of infrastructure. The
benefits of such pricing programs may be larger than TOU pricing. In the long run, it may be more
efficient to move directly to such a program rather than first moving to TOU pricing and then to a
more sophisticated dynamic pricing program later on.

For any such experiment, a cost-benefit analysis for the experiment, and full-scale rollout should
be performed and updated as better information becomes available. If the cost-benefit analysis

does not show an overall benefit for full-scale implementation, it may not make sense to spend
the effort on the smaller scale experiment.

Smart Grids: An Approach to
Dynamic Pricing in India




Acronyms

AMI
AT&C
BU
CPP
CPR
DP
DPP
DR
EPAct
HP
IHD
KWh
MOP
NE
PHEV
PSEG
PTR
RTP
SDG&E
TOD
TOU
VPP

advanced metering infrastructure
aggregate technical and commercial loss
billion unit

critical peak pricing

critical peak rebate

dynamic pricing

dynamic peak pricing

demand reduction

Energy Policy Act

hourly pricing

in-home display

kilowatt hour

Ministry of Power

New England

plug-in hybrid electric vehicle

Public Service Electric and Gas Company
peak time rebate

real time pricing

San Diego Gas and Electric Company
time of day

time of use

variable peak pricing
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