The Smart Grid is a compilation of concepts, technologies, and operating practices intended to
bring the electric grid into the 21st century. Smart Grid concepts and issues are difficult to
address because they include every aspect of electric generation, distribution, and use.
While the scope of smart grid covers the entire utility system from generation to how
customers use energy, this chapter addresses the topic of demand response.
Our objective throughout this chapter is to more clearly define demand response, to point out
policy, technology, and customer behavior combine to define the capabilities and potential
benefits of Smart Grid.
*Note:
The original slides were developed for a Webinar delivered on June 10, 2011. Much of the material in
the June Webinar was based on a Proposed Decision from the California Public Utilities Commission
(CPUC) , which was considered the first, comprehensive regulatory decision to address smart grid
privacy issues.
On July 29, 2010 the CPUC issues a Final Decision to close out their Privacy Proceeding. The notes to
this slide deck have been updated to reflect the final decision. The Final Decision made substantial
changes in the CPUC jurisdiction over customer data and privacy.
The organizers consider the differences between the Proposed and Final Decisions significant,
consequently in many cases the notes to these slides present both interpretations. Proposed decision
notes are presented in ‘normal’ black colored font. Final Decision changes are presented in “blue”
colored font .
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The contents of this chapter are divided into six sections.
•As
As with our prior webinars and chapters, we start with a narrow set of objectives
and try to focus on attention on demand response (DR) issues principally related to
regulatory policy.
•Section 4 provides updated information on the two principal NIST standards efforts
related to DR.
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This webinar highlights key policy dynamic rate implementation issues. Dynamic rates and
the prices they communicate provide a fundamental component of smart grid, however
there is little consensus and until now few options to guide how commissions transition from
today's’ rates to the dynamic rates necessary to support smart grid. Dynamic rates and the
price variation they can provide are necessary to:
• reflect the time varying costs of utility services,
• provide customers with economic incentives to shift or control loads to mitigate
peak usage
• Justify customer participation and investment in demand response automation
equipment, and
• provide economic incentives to support electric vehicles, storage, and renewable
energy options.
There are many key impediments to the implementation of dynamic rates, including the
potential for adverse bill impacts and lack of technology to automate customer response.
The current customer complaints and problems with smart meters highlight the need to Even
more critical are basic customer engagement issues, such as: (1) should dynamic rates be
offered on an opt-in or opt-out basis or should they be mandatory for a limited segment of
the customer base; (2 if customers are allowed to opt-out, how should alternative rates be
structured and what costs should they include, and; (3) what options are there to better
educate and engage customers and how can they also be used to identify and mitigate
potential problems?
This webinar will address each of these questions.
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The speakers for this webinar are Severin Borenstein and Ron Binz.
Refer to Slide #1 for expanded bios and links for each speaker.
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•

•

While dynamic pricing would be most effective as a default option for most
customers, political, regulatory, and consumer issues make optional or opt-in a
more likely implementation candidate.
The discussion the follows addresses a residential opt-in approach that is
structured to be more politically acceptable and achieve most of the efficiency
gains and other benefits that dynamic pricing has to offer.
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There are a number of barriers to dynamic pricing and some of them have to do with
smart meter health, safety, privacy, and cost. I’m going to talk about barriers to
dynamic pricing itself. One of the leading barrier to dynamic pricing appears to be an
approach that mandates dynamic pricing. However, regulators and customers are
also concerned that:
• customers will be treated unfairly because they would prefer to be on a flat rate
• Some may choose to be on a dynamic price but have a load pattern that increases
their bill
• Customers are concerned that dynamic pricing will cause bill volatility and create
circumstances that make budgeting and bill payment difficult
• There is also concern that low income customers will be adversely impacted and
pay a lot more, and
• Increasing block-pricing, which many consider critical to achieving efficiency
objectives can’t be integrated with dynamic pricing.
The material the follows will propose options that mitigate all of these concerns.
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The fundamental idea behind the basic proposal being recommended addresses:
An Opt-in dynamic tariff with budget neutrality for the group that opts-in and the
group that does not opt-in.
Under this proposal everyone will pay their fair share.
• The group that opts-in will pay their fair share by paying a dynamic rate.
• The group that does not opt-in will pay under a flat rate that covers all costs of this
group.
Dynamic tariff for this discussion includes critical peak pricing or real-time pricing or even
time-of-use pricing.
1. First establish a dynamic tariff that is revenue adequate, assuming all customer
participate - customers will be on the tariff, and reflects all costs.
2. Then offer this tariff to all customers. Some will choose to be on this dynamic
tariff and some will not. Now the question becomes, what is each group actually
charged?
3. With advanced interval metering, the load data will be available to establish the
aggregate load profile for each of these customer groups. For the group that
chooses not to sign up, their actual load profile can be used to allocate their costs
and develop prices that reflect this groups pooled average costs.
Establishing these two groups of customers is somewhat equivalent to customers making
decisions to purchase insurance. Some people choose to not buy insurance, in which case
they face the actual events and associated costs (dynamic rate group). Some people want to
be insured and not face the costs of each individual event, but as a pool they cover their costs
in aggregate (flat rate group).
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13:10
This example illustrates the calculations to establish a revenue neutral tariff for the
default flat rate group who choose to not take the dynamic rate option.
For simplicity purposes we’ve assumed that this group of consumers consume 85% of
their power off-peak, 12% on peak, and 3% during the critical peak. The flat revenue
neutral default rate would just be the mathematical computation illustrated in the
second bullet which weights each dynamic period price by the appropriate usage
shares.
For this example, the flat price or group weighted average price would be $0.151 /
kWh. This is the price that would be charged to the group that does not opt-in.
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13.40
If all customers opt-out the default rate becomes the system average price. But as
customers opt-in the rate would be changed to reflect the change in usage shares and
weights of each group by rate period of those that opt-in. The people who choose to
not opt-in will most likely be those with peakier load profiles
There will be a selection effect. Customers with flat rates will most likely be the first
to opt-in because they will immediately benefit from the dynamic prices. As these
customer opt-in to the dynamic rate the weights for the default group will need to be
reset, which will raise the average price for the default flat rate group.
Some of the customers that opt-in to the dynamic rate will reduce their peak
consumption consistent with the dynamic rate. In the short run response to the
dynamic rate will increase system efficiency and correspondingly lower the bills for
the opt-in group. In the long-run, response to the dynamic rate will also lower the
flat rate as well. In the short-run there will probably be a net increase in the flat rate,
although that increase will probably be very small.
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15:00
One way to gain acceptance of this approach is to be completely transparent about
what’s going on. Shadow billing for every bill could include not only what you owe
for the tariff you are on but the bill for what you would have owed for the alternative
tariff. The use of shadow bills should go both directions. So customers on the
dynamic tariff would get a shadow bill that itemizes what they would have paid on
the flat rate and customers on the flat rate would receive a shadow bill that itemizes
what they would have paid on the dynamic rate. Shadow bill provided in this
manner would provide customers will information to make them fully aware of what
rate they were actually on as well as what their alternative would be. Customers
should also be provided with a 12-month lag basis that would show what they would
have paid in aggregate over the preceding 12-month period. This information would
have the effect of smoothing out potential seasonal differences.
This shadow bill approach would provide full transparency as to customer choices.
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16:20
There are issues of bill volatility. The empirical section of this presentation will
provide more information on the magnitude of that volatility.
There are several options to address bill volatility. Besides the common option which
is to sell a forward contract, where the customer can purchase some of their power in
advance at a fixed price, there is another idea that should be considered. For
customers that have very high bills there should be consideration for an ‘instant
credit’ or ‘snap credit’. Rather than a level payment plan that hides the bill variation
the ‘snap credit’ would automatically offer the consumer a temporary loan that could
be applied to address seasonal or other bill volatility. Under this approach the
customer would still see the bill and would have to make a conscious decision to take
out the loan. This approach should increase the salience of this rate approach.
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17:07
There are some serious questions concerning potential bill impacts on low-income
consumers. Empirical work has been completed using data from California that looks
at bill impacts on various consumer groups, which will be presented in the next few
slides.
Several of the key questions are provided in the bullet points on this slide. The first
two questions will be addressed later. The answers to the last two questions are in
the bullet points, specifically:
Will any low-income customers be made worse off? Inevitably, yes
Can low-income targeted programs protect that group of customers?

12

17:27
The empirical work is based on data from Pacific Gas & Electric Company as well as
Southern California Edison. Results from both utilities are quite consistent. Features
of the data sets are described in this slide. The data sets represent information
similar to these utility load research data used for constructing class load profiles.
While the data sets don’t identify the income of associated with the customer load
data, we did have census block location data which was used to do a statistical match
expected income.
For the empirical analysis the last bullet point describes the key rate and elasticity
assumptions being modeled.
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18:46
Bill impacts were estimated by using three alternative tariffs which were then applied
against the PG&E and SCE data sets. The three tariffs included:
(1) a flat rate with a constant per kWh charge in all seasons and time periods
(2) a TOU rate with a peak and off-peak, with a higher summer peak rate
(3) a Critical Peak rate with a peak, off-peak and critical summer peak price, which is
set at $1
Question: How do you recover capacity costs in the rates:
They can be recovered by averaging them in with the basic rate. This is similar to
what is now done with most rates. The distortion is not very significant.
For this analysis, monthly bills were calculated for each consumer under each of
these rates assuming no price response. This approach throws away the potential
advantages of a rate and just looks at the distributional impacts of each rate on a
customer bill. In essence this approach allows us to look at a potential worst case
assessment of bill volatility.
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21:13
This graph shows the distribution of the change in monthly bills from a flat rate. The
blue dashed line shows a change from a flat to a CPP tariff, while the pale yellow line
shows the distribution of change in bills from a flat rate to a TOU.
In both cases about 90% of all customers have increases or decreases in their
monthly bills of less than 20%. For TOU rates approximately 95% of the customer
exhibit changes plus or minus 20% from the flat rate.
With CPP, a larger share of customers actually experience reduced bills and save
money, however the right tail of the distribution is fatter, which means that a larger
share of customers actually see their bill increase by more than 20%.
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22:18
There are big regional differences between the SCE and PG&E service territories. This
graph illustrates some of the differences within the PG&E territory, ranges from the
coast all the way through the inland valley.
Changing from a flat to CPP rate would impact PG&E customers differently depending
on where they live. Customer along the coast would see a bill savings of about 8%,
which those in the inner and outer inland valley might see 4-8% bill increases.
If these types of bill impacts are politically unacceptable, it is relatively easy to
address this issue by changing the price levels regionally. We aren’t advocating this
because we believe that prices should reflect differences in costs, however different
rates could be applied to different regions.
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23:28
High use customers would generally pay more under a CPP rate than under a flat rate.
This graph illustrates how each of the quintiles across the entire population of
customers would fare under a change from a flat to CPP rate.
The bill change for all high use customers, represented by the two upper most bars,
show that they would pay on average about a 2% increase over a flat rate. Low use
customers, represented by the two lower bars would save on average about 4-6%
over what they might pay on a flat rate.
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23:54
This graph illustrates average bill impacts using income as the differentiating variable.
What this graph shows is that there is really very little relationship between income
and the impacts of changing from a flat to CPP tariff. While the graph seems to show
that the higher income segment (upper bar) would experience a reduced average bill,
this is in fact due to regional differences – in California, higher income customers tend
to live along the coast with cooler temperatures, which by itself generates reduced
average bills.
Within a region higher income customers tend to pay more and lower income
customers pay less.
None of these income impacts are statistically different from zero on average.
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24:42
On the bill volatility issue there are two aspects related to dynamic that are important
to address. One is predictable volatility, where dynamic pricing would impose higher
prices in the summer than in the winter, when load peaks and prices are generally
higher. In this example, predictable volatility is illustrated by the red portion of each
bar. Switching from a flat annual rate to one that varies from summer to winter, you
get much more volatility.
The non-seasonal or unpredictable variation does not go up very much.
When you switch from a flat to any rate form with seasonal variation, it is important
to recognize that the seasonal changes in costs will drive much of the fill volatility in
some cases more than the actual rate.
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26:06
The last three slides assumed that every customer participated in a CPP tariff. Using
the same data, we also evaluated what would happen if a truly volunteer opt-in
option was provided; who would opt-in and what types of impacts might be
expected?
Our assumptions on this analysis were as follows:
1. Only those customers that would be ‘winners’ or structural beneficiaries would
participate. In other words participants would include only those customers with
favorable load shapes, that would produce bill savings without any additional
changes and then only 1/3 of those would opt-in.
2. Assume no change to the consumption pattern – in other words no price
response.
Even with these assumptions, the flat rate for those who chose to not opt-in would
only increase on average less than 2%. So you would not see a huge increase in the
flat rate for those who do not opt-in. However these results do confirm that those
that opt-in are in aggregate paying their cost and those that choose to not opt-in also
pay their costs.
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27:02
Increasing block pricing is a big issues. While it is perfectly possible to overlay critical
peak or time varying pricing on top of increasing block pricing, this form of tariff is
problematic , which I’ll go into with the next slide. PG&E and several other utilities
have these types of rates although they don’t advertise them.
Basically the approach is to add a surcharge on peak periods and a discount on offpeak periods that on average net out to zero if everyone signs up for this rate. Those
that choose to not sign up should be priced as a class, exactly like examples in the
preceding slides.
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28:21
Increasing block pricing is a tariff whose time has passed. While I did not have the
time to discuss this during the webinar, what I can say is that increasing block pricing
does not reflect costs and there is no basic research or analysis to-date that shows it
to be effective in promoting reduced energy usage. In fact, there is research that
shows the lower price blocks tend to subsidize high users and in some cases
encourage usage by low users.
Tariffs that require multiple meters for different electricity uses can provide
competing signals to consumers, an example being an increasing block rate for a
premise and low-cost off-peak rate to encourage storage or electric vehicle charging.
Peak time rebates have numerous problems outlined in the bullet points on this slide.
Perhaps its primary weakness is a dependence on baseline computations.
Implementation efforts in California are beginning to better expose free rider and
other problems, which have been highlighted in recent rate proceedings at the CPUC.
PTR baselines set based on previous consumption during peak periods create a
disincentive to invest in efficiency measures or permanent peak load reductions. One
is problematic for those without peak contributing loads. PTR, as a no loser rate , also
tends to create a property right that may be very difficult to change.
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29:36
One very important problem that is generally overlooked is the fact that PTR only
applies to those that qualify for it. This graph represents a tariff schedule with PTR,
where if you stay above your baseline, your marginal incentive is still very low price.
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30:04
My conclusions:
•

Resistance to dynamic pricing is based in part on uncertainty and appearances of
inequity.
• Opt-in tariffs can overcome some of this and along with shadow bills, most of the
uncertainty can be addressed.
• Phase-in, where the rates are set for both the opt-in and opt-out groups
separately can smooth the transition and avoid large rate surprises.
• Finally, while hedging and bill smoothing can reduce bad outcomes, they tend to
distort behavior and make future adjustments more difficult.
• Transfers due to mandatory CPP are among income groups are not very large and
even among various usage groups, also are not particularly significant.
Questions:
• What about consumer subscription rates where the consumer chooses their own
hedge. Response: this approach would not appeal to a very large group and it is
too complicated. Even large C/I find this approach too complicated.
• How would an opt-in option work in a restructured market with retail choice.
Response: Retail rates that don’t reflect costs allow other providers to cherrypick. Now under an opt-in pricing scheme, those lower users are seeing a more
accurate cost and less likely to be cherry picked.
• Is there any risk premium for customers that don’t opt-in to RTP? Response: No,
there is no need for another risk premium. People that choose to not opt-in will
already be paying a higher rate that reflects their true costs.
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35:22
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36:02
Just prior to leaving the Colorado Commission April of this year. We had conducted a
two-year investigation into rate structures issues, with the outcome being a policy
guidance document that spoke to future development. One outcome was a
requirement for the largest utility in the state to file options for inverted block rates
which the Commission then adopted on a season basis.
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36:27
This matrix was originally proposed to the Colorado Commission by Jim Lazar from
the Regulatory Assistance Project. This matrix shows where the Colorado
Commission is headed in its rate development efforts.
Residential class will progress from flat to season, to inverted block rates, and then as
metering becomes available customers will migrate to TOU plus Critical Peak Pricing.
This matrix shows every rate class and the possible rate structure plan. This
development effort is not carved in stone, however, it does provide a signal to
everyone involved with the regulatory community where the Commission is headed.
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37:32
The wine colored line on this graph shows how the Xcel proposed seasonal inverted
block rate compares with other similar proposals from around the country. This
graph will be revisited later in the presentation as an example of how commission can
/ should announce proposed rate changes .
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38:04
The new motivations for dynamic pricing is the arrival of electric vehicles. It will be
important to avoid the early evening peak when Evs come on. It will be equally
important to fill the nighttime valleys for a lot of utilities with substantial wind.
The growth in distributed generation is another justification for dynamic pricing, with
rates that reflect the time-of-use differences. This will help to correctly value
distributed generation.
There are also new energy markets that will enable customers to respond to prices
and optimize the entire system. Current pricing does not enable smart grid. Without
dynamic prices we have smart meters with dumb prices.
Finally, residential price response is another possibility .
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39:51
This slide just identifies the terminology being used in the remainder of this
presentation.
What I mean by dynamic rates include Time-of-Use rate which can have fixed prices
in fixed time periods and may also include seasonal differentiation. Dynamic rates
also include Critical Peak Pricing (CPP) and Real-Time Prices, which is higher prices
during peak events which may occur only a few times each year, and (RTP) with
hourly or sub-hourly prices to reflect system costs.

30

41:15
A few of the following slides provide examples of the various rate forms I’ve just
defined.
This graph illustrates a two period TOU rate, one with a peak and an off-peak rates,
two prices.
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40:48
This graph represents a three period TOU rate, with a peak period from what appears
to be 1:00pm to 7:00pm, a shoulder period which starts at 10:00am and goes to
1:00pm and an off-peak with runs through the late evening.

41:15
Contrast the prior two examples with this graph illustrates a dynamic rate. This graph
actually represents the real time price of delivered electricity in Illinois on July 21st of
this year. You can see that nighttime prices in the late evening and early morning
fluctuated in the $0.05 to $0.06 / kWh range, which climbed steadily to a price of
$0.18 during the mid-afternoon peak at around 3:00pm. These prices include the
deliver charge, which is what a residential customer might have experienced if they
had a real-time rate.
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41:58
Now this is what happened two weeks before the July 21st example from the prior
slide. On July 7th, both Thursdays, the system costs varied significantly particularly
during the hours from 6:00am through the evening.

43:18
Ameren (Illinois) also offers for customers a flat rate which is about $0.08/kWh for all
hours in the day. The green line flat rate shows that customers on this rate would
have paid substantially less for power during the peak hours addressed by the
real-time price on either July 7th or July 21st, however they would have paid more
through the off-peak hours. Peak prices on either of the July days from this a the
prior graph illustrate both the incentives to shift load or reduce peak and opportunity
costs of not doing so created by hourly varying prices.

43:20
This is a distribution that shows the distribution of Ameren real-time prices/kWh on
8760 hours per year. For the vast majority of hours the prices fall between $0.02 and
$0.06. This is generation only. Distribution of delivery costs are not included. There
are only a few hours during the year. For example at there are only 13 hours per year
(right tale) when the price equals or exceeds $0.12 or more during the year. This
graph illustrates the benefits and value that dynamic pricing, like CPP or RTP would
add to the system over flat or inverted block prices.

44:47
This is a repeat of an earlier graph.
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44:47
Overlaid on this graph is a plot of a three-part TOU rate .
My thesis is that the movement toward more dynamic prices requires a transition
rate or ice-breaker that will encourage customers to migrate to TOU or dynamic
prices. Regulators are concerned about moving customers to dynamic rate because
of their concern for a customer push-back.
My thesis is that a TOU rate provides a transition step that as this graph illustrates,
can capture most of the price variation inherent in a real-time price. For the
remainder of my discussion, I am proposing that a TOU rate structure might be a
superior approach and preferred rate structure for dynamic pricing.

46:10
The sixty-four dollar question is – should TOU rates be optional or mandatory.
Severin made a good case of explaining the resistance to dynamic pricing and the
potential value of an optional or opt-in rate. However, I have several observations
that argue for a different approach, specifically:
1. optional preserves choice for all customers
2. Optional also means that the high-cost customers probably won’t switch
3. If averaged into the pool of non opt-in customers, the high-cost customers will for
quite a long time reap the benefit of flat rates rather than pay their true costs to
the system
4. Switching customers into a dynamic rate on an opt-in basis may take a very long
extended time period that limits the potential realization of system benefits and
delays implementation of smart grid applications.
5. On a mandatory treatment, it is equitable if the pricing is correct. If system prices
vary by time of day, then flat rate prices will forever wrong and won’t be cost
effective.
6. Mandatory will generate large system effects and consumer resistance.
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48:53
This bumper sticker evidences the deep felt resistance to meters and pricing.
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48:55
This is a profile of the summer 2008 use of customers on the Xcel system. The
distribution of usage is what is key. As the inset blot states, the while the average
customer uses 687 kWh / month, 80% use less than 1000 kWh and 97% use less than
2000 kWh/month.
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49:42
Using that same distribution, 20% of customers uses greater than 1,000 kWh in the
summer but those same customers use 40% of all energy. This fact leads me to a
basic observation and recommendation that I call the “Top 20”.

50:00
Make a three-period TOU rate mandatory for the largest “Top 20%” of residential
customers. The 20% number is not magic, you could use any number you wish,
however I’ll start with 20%. If not already installed, advanced metering infrastructure
(AMI) would be targeted to these customers if not already installed. TOU or other
dynamic rates could be offered optionally for all other customers that have AMI
meters.
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51:01
There are many advantages to this approach.
•
I do not think this approach will be considered unfair.
•
It will apply to a large fraction of kWh sales
•
The largest users will be picked up under this approach, these customers are
most likely to be purchasers of electric vehicles, smart appliances and best
candidates for solar and other forms of distributed generation
•
These customers are also the most likely users of AC
•
A mandatory approach with these customers will generate the greatest benefit
and payoff for any meter investment
•
Working with these customers may also socialize the rollout of dynamic rates
and encourage opt-in for smaller customers.

44

53:16
There are a number of choices for addressing cost allocation in rate design to support
this recommended Top 20 approach.
•

•
•
•
•
•

One option is to set the revenue requirement for the target group (top 20 or
even top 15 percent of the consumers) equal to their existing revenue
requirement . This makes the change a revenue neutral shift.
How many time periods to include in the TOU rate is a judgment call.
Time periods are also a judgment call.
The peak to off-peak ratios can be whatever you want them to be, considering
what the level of acceptance might dictate.
Optionally CPP and seasonal differentials could be added.
Optionally , shadow pricing could also be considered.
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54:57
The justification for this approach is that TOU rates are generally cost based, while
flat rates are not.
Large residential customers are qualitatively different and the cost benefit ratio for
them should be much higher for justifying metering costs and this group will most
likely have much higher air conditioner ownership, which not only contributes to
summer peak loads but also justifies potential automation initiatives for controlling
this load.
Regulatory practice today already distinguishes customers by size – particularly in the
commercial and industrial class. We have discriminated between customers in the
commercial class relative to decisions on metering and rates because it makes sense.
These decisions go back to the original PURPA legislation in the mid 1970’s.
Furthermore, we need to prepare for EV implementation. Targeting the large users
makes sense because they will also be the most likely first-purchasers of Evs.
Finally, if policies to target large residential users is problematic or if commissions
need additional justification, then this approach can be structured and considered to
be a pricing trial that may or may not be extended to smaller customers.
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58:05
Just to nail down the EV part, this graph represents what a flat rate looks like.
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56:54
This is what a TOU rate would look like. Superimposed on this graph is the red bar on
the bottom right which represents the logical charging strategy for a potential EV.
Unfortunately, the charging time starts during the peak. Without the TOU rate this
strategy would prove costly.
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57:42
The TOU rate would incentivize the customer to defer charging to later hours which
would avoid contributing to peak load, help fill the off-peak valley, and prove very
economically beneficial to the customer.

58:07
My conclusions.
 Regulators should develop and announce a pricing strategy
 Communicate plan to consumers
 Use Top 20 (or Top 15) to introduce TOU rates without further commitments to
other segments of the customer class.
 Keep initial TOU rate structure simple but some aspect of mandatory makes
sense.
 Move in logical steps on revenue requirements and pricing differentials for TOU
customers.
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