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Developing Critical-Peak Pricing Tariffs
with the PRISM Software

Ahmad Faruqui
May 30, 2007

What is the PRISM software?

* PRISM (pricing impact simulation model) can be
used to develop the impact of different rate designs
on utility load shapes

* |t contains demand functions for peak and off-peak
electricity consumption

* These functions are based on customer responses
during California’s three-year experiment (SPP) with
2,500 residential and small commercial and
industrial customers

* The model can be calibrated for other service areas
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In the SPP, enabling technologies boosted

the drop in critical peak loads
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Dynamic prices were found to have a

substantial impact in a hot climate

Figure 11
Hourly Load Shape - Complex Daily Share Model - Zone 4
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They had a modest but statistically

significant impact even in a mild climate

Figure 8
Hourly Load Shape - Complex Daily Share Model - Zone 1
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PRISM codifies the observed price

responses and lets them vary by customer

Residential Customer Response Curves
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PRISM contains a variety of price elasticity functions

Price Elasticity for Various Critical Peak Rates
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Within PRISM, as average daily use increases, so

does the level of demand response
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PRISM Flow Chart
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An illustration using PRISM

* The next several slides illustrate how PRISM can be
used to assess demand response and quantify its
financial benefits

* To give the illustration some realism, the data are
mocked-up to resemble a mid-Atlantic utility
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First, the existing tariff has to be expressed as an all-

in rate

To calculate the all-in rate:

1. The customer charge is divided by average monthly
consumption and expressed as $/kWh

2. The customer charge rate and the distribution rate
are added to the generation rates

11

Privileged and Confidential The Bratt[e Group

Prepared at the Request of Counsel

Then the CPP rate has to be developed, ensuring revenue

neutrality and the creation of benefits for customers

Current Residential Rate vs. Cost-Based CPP/TOU All-In Rate
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For a vast majority of summer hours, the customer

will be at a rate that is lower than the current rate; this
creates opportunity for bill savings

Price Duration Curve
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Third, the CPP market needs to be defined

Two groups of customers
» Residential
* Small Commercial and Industrial

The residential market can be segmented into three
customer types
» Central Air-Conditioning (CAC) with enabling technology
(11% of existing customer base)
+ CAC without enabling technology (67%)

- No CAC (22%)

14
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Additional assumptions about potential CPP market

Annual Growth Rates
* Residential: 1% per year
* Commercial: 2.6% per year

AMI Rollout Schedule

Mid-Year % of Total

Year Customer Base

2008 0%

2009 8%

2010 38%

2011 80%

2012 100%
Privileged and Confidential Tht’ Bmz‘tle Gmu 15
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Results from PRISM

Results are presented on two levels
* Individual customer impacts
» System-wide impacts
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Residential customer response curves calibrated for

the mid-Atlantic region climate

Residential Customer Response Curves
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CPP can provide significant critical-peak demand

response

Critical Peak Demand Reduction
(Premise Level, Single Highest Hour)
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Residential customers have greater demand response

as a percent of peak demand

Critical Peak Demand Reduction
(As % of Original Peak Demand)
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Bill savings vary by customer type

Customer Bill Savings ($/Month)
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Residential customers experience greater savings as

a percentage of the total bill than the average
commercial customer

Customer Bill Savings (% of Original Bill)
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Without DR, the average customer’s bill will remain

unchanged; with DR, 80% to 90% of residential
customers will experience bill savings

Bill Impacts Under CPP/TOU Rate
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There are several ways of enhancing the customer

appeal of CPP

» Providing an upfront, one-time cash incentive for
participating customers

* Providing an ongoing, monthly cash payment akin to
that given to the customers who are on load control

* Changing the rate design so it is revenue neutral for
peakier-than-average customers

» This will yield bill savings to a majority of customers even in
the absence of load shifting

» Using a two-part rate where the first part is revenue

neutral
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The outputs of PRISM can drive a cost-benefit

analysis (CBA) model

Deployment/ T&D Price
Market Share Value Mitigation
Scenarios \ l
Unit Ig/lultirlzlte
Impacts enetits
Environmental Avoided Cost
Value of Capacity
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Once a baseline case has been evaluated, CBA allows

for the rapid execution of sensitivities

Variable Mode Min Max
Total Cost of Distribution System $10.59/kW-year Decreased 50% Increased 50%
Total Cost of Transmission System $17.50/kW-year Decreased 50% Increased 50%
CAC Saturation 78% 68% 83%

As calculated by

1 1ot 0, 0y
Price Elasticities PRISM Decreased 50% Increased 25%
Transmission carry cost 12% 7% 17%
Distribution carry cost 12% 7% 17%
Critical peak LMP (used in Price Mit. Calculation) 293 Decreased 25% Increased 25%

— " 3
Expected ;rltlgal peak LMP decrease, given 1% 1% 0.5% 2.0%
decrease in critical peak demand
Capacity price, beginning in 2011 $47.45/kW-year $22.63/kW-year 58.00/kW-year
Privileged and Confidential Th B l G 25
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The sensitivity results can be laid out in a tornado

diagram to highlight the most significant drivers

Impact of Sensitivities on Baseline Financial Value ($408 Million)

Elasticities
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Price Reduction
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Transmission Carry Cost
Distribution Total Cost
Distribution Carry Cost
Critical Peak LMP

CAC Saturation

-250 -200 -150 -100 -50 0 50 100 150 200 250
Change From Baseline (Millions of 2007 Dollars)

— — 26
Privileged and Confidential
Prepared at the Request of Counsel TI%’ B}'dttlf Group

Edison Electric Institute



Quantifying the Benefits of Dynamic Pricing in the Mass Market — Appendix D: Using PRISM to Develop Dynamic Pricing Tariffs

14

N~
o~
0001 @roqy WP
0001 0} 66 S [ 0004 aroqy
516 01036 B [ o004 01526
c 056 01526 - [ 52601056
526 01006 = [ 056 01526
@ 006 0168 i [ 526 01 006
> 518 01058 nm [ 006 01528
= 08 01628 < [ 2801058
o) 528 01008 = [ 0801528
[%2] 008 01642 & 0 [ se8 01008
T = S1L0106L — [ 00801522
O = »n 0501622 Q [ 2201052
= O = STLO00L G @© [ 0szorszs
L) o 7] ooLoIsLe IS o m [ sz 01002
@ (<) S s1901089 S m = [ o0z orsz9
o] m 05901529 o~ = 13) [ 52901059
2 — szool009 O > m— 059 0} 529
S © © o09arsss 2 0 B — 529 0} 009
(OIS 2 m siso0ss 2 [a) x [ 00901525
o < m— 05501525 = — ~ [ 5.5 01055
c — 250005 = [ 086 01525
c @ [ e 005 0} G/t o % | 525 01005
© < = sivorosy g c _ | 005 01SLY
O = = osvorszy & o I | 6. 0105y
c = _m seroloor @ = o | osv oiszy
o — oovoisie Y5 5 = | ey ol 00y
©) (<] SI£0 088 © S 00v 01 52€
= € c osgorge = Q c | s.€01 008
@ O o ceooe S — ) | 0sc 01528
m - = 00€ 01642 ..«M_u W [ sze 01008
35 Qo 512 01052 2 a2 — 00 015/
m o) = 02 01 522 ho} = — /7 0} 05T
—_— = ] E— 577 0} 002 5 . 052 0} 522
n > [a) = 00z 0} 5.1 @®© a [ szz o100z
o wn m 5L o0sk oS [ ooz orszi
—_ = 054 01524 — L1005t
vnm © 524 01004 (0] [ o5t orgzL
00L 0162 < SZ1 0100}
(@) ..WJ 520105 o > [ 0oL o152
o = 0501 5T £ (@) [ szor0s
— h|u : : : : szo10 5 (7)) | 05016z
c =% - sz010
© xX X X X X X X X g2 © T T
© o ¥ 8 g & © ¥ & B 58 2 O0® 2 ® 8 ¥ 8
= [e) = © & S B o < N 1)
= $89U81IN220 4O % m & c c00UBIN200 1054
[+ (]
-8
< o 2t <
o
=
Ta

28

The Brattle Group

Peak Reduction (MW)

Prepared at the Request of Counsel

Privileged and Confidential

Edison Electric Institute






