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Dear Sir or Madam:

Pursuant to Decision No. 69663 (June 28, 2007), Arizona Public Service Company ("APS" or "Company")
was required to conduct a study to identify Demand Response ("DR") programs that would be most
beneficial to the APS electric system, and to file for approval of one or more cost effective DR or Load
Management programs that the Company believes would be most beneficial to the APS electric system
and its customers. Enclosed as Attachment I is the Demand Response & Load Management Study ("DR
Study"), which includes the technology assessment, cost-benefit analyses, and identification of potential

~8Rp ramsthatmay be feasible for APS and its customers.

The DR Study evaluated an array of thirteen programs and concluded that there are a number of
potential programs that may be beneficial for APS and it customers, including time-differentiated rates
and several direct load-control programs. APS is well into the process of developing its first direct load-
control program, a Commercial & Industrial ("C&I") Load Management Program. A summary of that
program is provided below, and Attachment ll describes the efforts that the Company is currently
considering in more detail. The Company is also considering a residential direct load control program,
and will continue to investigate the efficacy of stand-by generation and thermal energy storagel for future
DR programs.

Finally, in its recent rate case filings, the Company has filed for Commission approval of two DR pricing
programs, including a new Super Peak Time of Use ("Super Peak TOU") rate for residential customers,
which provides higher peak price signals during the highest summer peak hours, and a Critical Peak
Pricing ("CPP") pilot program for general service customers, where during a limited number of critical
hours on critical days, the customer under this rate schedule is charged a higher price that is intended to
reflect the high cost of power during peak times. The proposed residential Super Peak TOU has a super
peak price for the most consumption intensive summer hours. The higher price would apply every non-
holiday weekday from 3:00 p.m. to 6100 p.m. during the months of June, July and August. The summer
off-peak price is discounted to offset the higher super-peak price. The Company believes that the
proposed Super Peak TOU would provide a significant price signal to its customers during critical hours
and could result in a sustained reduction in load during the Company's periods of highest demand.

In the rate case filing the Company has also proposed a CPP pilot program for general service
customers, which is the customer class that the Company believes are in the best position to reduce a
substantial amount of load during a limited number of critical hours per year. The proposed rate would be
available to medium, large and extra large general service and water pumping customers.3 Eligible
customers would have to be capable of reducing use during critical periods by a minimum of 200

2

3

1 These potentia l programs are discussed in deta il the DR Study (Attachment I).
Docket No. E-01345A-08-0172.
Those cus tomers  served on Rate Schedules  E-32M, E-32L, E-32TOU M, E-32TOU L, E-34, E-35 and E-221 .
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kilowatts and would need interval metering. Under the proposed CPP Rate Schedule, APS would notify
the customer one day in advance of a "critical event", which could be called for any non-holiday weekday,
June through September. Critical events would be limited to eighteen days per year, for a period of five
hours per day. A critical event could be triggered by severe weather, high load, high wholesale prices, or
a major generation or transmission outage, as determined by the Company. The customer would be
charged an additional critical peak price for consumption during each critical hour, and would be
compensated through a discount based on the customer's monthly kilowatt hour consumption. To test
the concept of CPP and the customers' ability to reduce load during summer business hours, the
Company is proposing that the program be limited to one hundred participants for a two-year trial period.

As described in more detail in Attachment II, APS is in the process of developing a C&l DR load
management program that has the potential to be cost effective and give customers additional flexibility.
The DR resource could serve to reduce operational and economic risk through portfolio diversification,
while providing customers with a financial incentive to manage electricity usage, which could result in
lower electric bills. The Company is currently in negotiations with a "short-list" of DR vendors that have
responded to the Company's Request for Proposal dated October, 2007. APS anticipates that contract
negotiations will end soon. Assuming those discussions are successful, the Company will supplement
this filing with specific information, including program parameters and costs. The Company is optimistic
that the result will be a viable C8l DR program that is cost-effective and benefits both customers and the
APS electric system.

If you have any questions please contact Jeff Johnson at 250-2661 .

Sincerely,

\

Barbara Klemstine

Attachments

Cc: Brian Bozzo
Terri Ford
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Program/Technology Recommendation

Residential A/C Cycling Potentially economic and attractive to customers. Plan to pursue a program.

Residential Misc. Load

Control

Allow water heaters and other appliances to be considered as part of an A/C Cycling

program.

Commercial & Industrial

Load Control

Potentially economic and attractive to customers. Currently in negotiations with vendors.

Thermal Energy Storage Possible program, requxnng additional research and technology assessment.

Scheduled Water

Pumping

Potential opportunity to increase customer participation on Time of Use water pumping

rates.

Battery Storage Not pursuing a program at this time. Will continue co test the technology and monitor the

advancements, and will reconsider adoption in the future.

Curtailable/ Interruptible

Load

Not pursing at this time _ less optimal than other Commercial & Industrial programs being

offered.

Demand
Bidding/Buyback

less optimal than other Commercial & Industrial programs beingNot pursuing at this time

offered.

Standby Generation Possible program in the future, requxnng further study of costs, operational considerations,

and emissions impacts,

Vehicle  to Grid

Technology

Not pursuing at this time due to the infancy of the technology. Will monitor the technology

advancements, and reconsider adoption in the future.

Residential Super Peak

Rate

Filed for approval in the recent general rate case Being (Docket No, E-01345A-08-0172) .

Critical Peak Pricing

P ilot P rogram

File d for a pprova l in time  re ce nt ge ne ra l ra te  ca s e  Be ing (Docke t No. E 01345A-08-0172).

Real Time Pricing Not pursuing at this time _ more suited for utilities with highly liquid and transparent hourly

market prices .
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Bene6t-CostAnalysis and Proganu Recommendations

1 . EXECUTIVE SUMMARY

Arizona Public Service Company conducted this Demand Response 8: Load Management Program
Study of die various Demand Response and Load Management programs and technologies currency
in existence or development to assess whether they are suited to the needs of APS and its customers.
This Study considers the technical applicability of die various Demand Response programs and the
value of the programs, but not all aspects associated with program success, including utility cost
recovery and incentives. At the highest level, the assessment concluded that several programs
warrant immediate pursuit, including residential air conditioning cycling, Commercial & Industrial
load control, and certain retail tariffs. Other possible opportunities Mat require furdaer study include:
Scheduled Water Pumping, Thermal Energy Storage, and Standby Generation.

Thirteen programs and technologies were reviewed and assessed. For the programs that showed a
potential for incorporation at APS, the Total Resource Cost Test and the Program Administrator
Test were calculated to assist in determining their anticipated economic value at this time (with the
exception of the rate proposals, which are cost-justified in a separate proceeding). In addition,
estimates of the potential impact on environmental emissions were calculated to support Societal
Cost Test results. The following table provides a high-level summary of the results of the Study:

The  S tudy inc lude s  a n  a na lys is  of the  pote ntia l a mount of De ma nd Re s pons e  tha t could  be
e ffe ctive ly utilize d on the  AP S  sys te m. The  re sults  of da is  work indica te  tha t De ma nd Re sponse

1
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Benefit-Cost Analysis and Program Recommendations

resources that are callable in nature (i.e., not scheduled in advance) may offset up to approximately 2
- 5% of APS' system load prior to accounting for any customer behavioral considerations. APS
views the Commercial & Industrial load control program as adding a valuable summer season
resource that is comparable in nature to a wholesale call option contract. A similar program focused
on residential air conditioning load (and, potentially, water heaters or other appliances) would also
provide summer season value. APS supports approval of die two new conservation Time-of-Use
rate proposals currency before die Commission in Docket No. E-01345A-08-0172. APS will further
study Scheduled Water Pumping Time-of-Use rate participation, Thermal Energy Storage and
Standby Generation. Finally, APS will continue to monitor the developments in Battery Storage and
Vehicle-to-Grid technology and identify opportunities for further development.

l
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Arizona Public Service Company shall conduct a study to identify what types of Demand Response

and Load Management programs would be most beneficial to APS' system, relying on a cost benefit
analysis based on the Societal Cost Test and shall file the study with the Commission's Docket

Control[.]1

Demand Response programs are mechanisms designed to provide incentives ro customers to reduce

then: load in response to prices, market conditions, or threats to system reliability..Load Management
is a utility's deliberate action to reduce peak demand or improve system operating efficiency!

DE MAND RE S P ONS E  & LOAD MANAGE ME NT P ROGRAM S TUDY

Benefit-Cost Analysis and Program Recommendations

2. INTRODUCTION

2.1 OVERVIEW OF THE STUDY

APS initia ted this  S tudy a s  pa rt of its  re source  planning and procurement process , with the  intent of
de te rmining the  pre fe rre d De ma nd Re s pons e  ("DR") progra ms  a nd the ir fir within the  broa de r
system portfolio. In APS 's  most re cent gene ra l ra te  ca se  decis ion, the  ACC included a  requirement
for APS  to file  this  S tudy within one  ye a r of the  fina l orde r, or J une  28, 2008. De cis ion No. 69663,
states:

This Study uses the definitions for Demand Response and Load Management ("LM") found in
Decision No. 69663, which states:

The  S tudy provide s  a n ove rvie w of the  va rious  type s  of DR a nd LM initia tive s  in e xis te nce  toda y.
These  include : Direct Load Control; Scheduled Load Control; Customer Load Response ; and Time-
Diffe rentia ted Ra tes. Each of these  is  described in additiona l de ta il based upon the  specific program
options  a va ila ble  to AP S , a nd re vie we d for the ir pe rtine nce  a nd a pplica bility to the  AP S  sys te m.
Specifica lly, the  Study analyzes how and under what circumstances each program could be  integra ted
a t APS, and whether or not there  is  a  ne t benefit to customers from its  existence .

2.2 OB]ECTWES OF THE STUDY

APS has identified tree main objectives for this Study: (ll to identify die potential amount of
achievable load available for reduction on a cost effective basis; (2) to identify specific DR and LM
programs that could provide tangible cost-effective benefits to APS and its customers; and (3) to
provide specific recommendations for die next steps to be taken for each program. This Study does
not provide justification for specific program parameters, details of die implementation for any
specific program would be dealt with at such time as APS files said program for Commission
approval.

1 Decision No. 69663 Uune 28, 2007) issued in Docket No. E-01345A-05-0_16 Ar p. 154.

2 Id. a t pp. 97-98.

3
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Benefit-Cost Analysis and Program Recommendations

2.3 STUDY DEVELOPMENT

APS lead the development of this Study with the assistance of several experts. To facilitate die
research of this Study, APS enlisted Summit Blue Consulting to review programs under development
across the country. Summit Blue has worked with APS on several issues in the past related to DSM.
In support of this Study, Summit Blue provided APS with detailed information on programs in
existence at other utilities where possible, and summary information when detailed information could
not be obtained. Summit Blue referred to utility filings and odder industry publications, and
conducted phone surveys in certain circumstances. Based on Mis research, Summit Blue provided
APS with program parameters and estimated costs for use in calculating the Benefit-Cost Ratios
discussed in this Study. In addition to die work done by Summit Blue, APS is also an Executive
Level member of the Demand Response Coordinating Committee ("DRCC"). The DRCC was
formed in 2004 to increase the knowledge base on DR programs, and to facilitate die exchange of
information and expertise among industry participants and policy makers.3

3 For more information, please seehttp:/ /www.demandresponscc<>mmittee.org/.

4AMB
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Benefit-Cost Analysis and Program Recommendations

3. AP S  S ITUATION AS S ES S MENT

3 .1  OVE R VIE W OF  AP S  S ITUATION AS S E S S ME NT

This section of the  S tudy will describe  the  current load and re source  ba lance  on the  APS system. To
prope rly ana lyze  the  impact of each potentia l program, it is  important to firs t de scribe  the  base  ca se
aga inst which the  impacts  of e ach program will be  measured. This  section will provide  an ove rview
of APS 's  long-te rm loa d fore ca s t a nd proje cte d supply-s ide  shortfa ll. In a ddition, the re  is  a  de ta ile d
discuss ion of how a  typica l ca lla ble  DR re source  could be  utilize d on the  APS  sys te m, ta king into
cons ide ra tion s ome  of die  inhe re nt limita tions  tha t s uch progra ms  ca rry. This  s e t of a na lyse s
provide s  some  conte xt a nd re a l-world a pplica tion for the  progra ms  to be  de scribe d la te r in this
Study.

3 .2  AP S  LO AD S HAP E  AND DE MAND C HAR AC TE R IS TIC S

APS se rve s  more  tha n one  million re s ide ntia l a nd non-re s ide ntia l cus tome rs , a nd a chie ve d a  pe a k
de ma nd of ove r 7,100 MW in due  summe r of 2007. The  AP S  se rvice  te rritory is  cha ra cte rize d by
high popula tion a nd loa d growth. S ince  1995, the  s ta te  of Arizona 's  popula tion ha s  grown a t ove r
three  times the  na tiona l average . Between 2008 and 2027, the  number of APS customers is projected
to incre a se  by a pproxima te ly 730,000 cus tome rs , which would be  a n incre a se  of ove r 66% from
pre se nt custome r le ve ls . In a ddition, e le ctricity cons urnpdon pe r cus tome r ha s  ris e n in the  la s t
several decades. Average electricity use per customer has increased by 1.3% per year since 1980.

The  following graph depicts  APS's  load shape  on the  annua l peak system demand day of August 13,
2007. As can be  seen, load increased by over 3,100 MW, an increase  of nearly 800/0, over a  twe lve -
hour pe riod from five  o'clock in the  morning to five  o'clock in the  e ve ning. During this  time , AP S
load grew by an average of 264 MW pe r hour. From the  pe a k hour to the  e nd of the  da y, loa d drops
off by over 2,100 MW, or an average  of 309 MW per hour.

[This  Space  Intentiona lly Left Blank]
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APS 2007 Peak Day Load Shape
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Figure 1

The  AP S  s e rvice  te rritory ca n be  divide d ge ne ra lly into two re gions  ba s e d on diffe re nt c lima te
conditions : the  Low Country a nd the  High Country. The  Low Country include s  P hoe nix, Ca sa
Gra nde , Yuma , a nd othe r de se rt-a re a  loca tions . The  High Country include s  P re s cott, P a ys on,
Fla gs ta ff, a nd othe r a re a s  wide  highe r e le va tion. In Ma rch 2007, ICE Inte rna tiona l pre pa re d a
de ta iled study about the  APS customer base  and its  a ssocia ted energy usage  characte ristics for both
of these  a reas.4 For residentia l customers, annua l ene rgy usage  is  s trikingly diffe rent be tween these
two re gions . Ba se d upon die  da ta  colle cte d in die  AP S  Ba se line  S tudy, ce ntra l a ir conditioning
("A/C") energy usage  makes up 42% of the  average  Low Country household's annual energy usage . 5
For High Country house holds , ce ntra l A/C ma ke s  up only 15% of a nnua l e ne rgy usa ge  (he a ting is
the  top consumption ca tegory in die  High Country a t 210/0).6 Overa ll, centra l A/C accounts  for 35%
of a ll residentia l annual energy consumption for APS.7

4 ICE International, et al., Atiqona Pub/if Jen/ice: Energy Ejifieng Bale/ine .l`tu4§/, March 9, 2007) ("APS Baseline Study"), filed
m Docket No. E-01345A-05-0182 (April 12, 2007).

5 Derivedjivm APS Baseline Study,Table 1-2 Residential Energy by Building Vintage, Sub-Climate, and End Use Segment.

6 Id.

7 I d.
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Building Type HVAC
Interior
Lighting

Exterior
Lighting Refrigeration Motors

Ounce
Equipment

(PC)

Office
Equipment
(Non-pc) Other Total

Groce -Large 1.0% 0.7% 0.0% 1.5% 0.1% 0.1% 0.1% 0.1% 3.6%

Grove -Small 1.0% 0.2% 0.0% 0.3% 0.1% 0.1% 0.1% 0.1% 1.7%

Healthcare - Inpatient 3.8% 2.2% 0.1% 0.0% 0.2% 0.2% 0.2% 0.2% 6.9%

HoteVResor1 2.1% 0.9% 0.2% 0.0% 0.1% 01% 0.1% 0.1% 3.6%

Office - Large 5.9% 3.5% 0.4% 0.0% 1.0% 10% 1 .0% 1.0% 13.7%

Office - Small 7.7% 3.9% 0.0% 0.0% 0.3% 0.3% 0.3% 03% 12.8%
sRetail - La e 6.9% 4.7% 0.3% 0.0% 0.6% 0.6% 0.6% 0.6% 14.1%

Retail _ Small 5.0% 3.2% 0.0% 0.0% 0.2% 0.2% 0.2% 0.2% 9.1%

School - Primary/Secondary 3.5% 0.7% 0.0% 00% 0.3% 0.3% 0.3% 0.5% 5.5%
School - College/Univers 2.2% 1.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.2% 3.8%

Restaurant 3.7% 1.0% 0.1% 0.7% 0.2% 0.2% 0.2% 1.0% 7.0%
Industrial 1.7% 1.1% 0.1% 0.0% 9.1% 0.0% 0.0% 6.1% 18.2%

1.3% I44.5%I 3.0% 3.0%2.5%23.2%Total 1I 12.1% | I 10.a% I 100.0%

nwmAnn nwmvnmcw x, T mAn MANAGEMENT p3_Qr:R AM STUDY

Benefit-Cost Analysis and Program Recommendations

For non-residential customers, the APS Baseline Study compiled both energy and demand data.
HVAC load comprised 44°/o of the total non-residential peak demand, and was the largest single end
use category for the majority of building types (see table below):8

Non-Residentia/ Building Type and End Use Segmentation (Peak MM

Figure  2

3 .3  S UP P LY-S IDE RES OURCES

APS mee ts  its  load obliga tion through a  mix of utility-owned gene ra tion and marke t purchase s . The
utility-owne d ge ne ra tion is  fue le d prima rily by ura nium, coa l, a nd na tura l ga s  units , with a  sma ll
a mount of utility=ownccLsola r ge ne ra tion. The  Compa ny ha s  a lso e nte re d into both conve ntiona l
and renewable  ene rgy PPAs. For the  summer of 2008, APS-owned genera ting capacity tota ls  6,283
MW, with a n a dditiona l 1,978 MW of ca pa city via  purcha se d powe r contra cts . A summa ry of the se
resources is  provided in the  following table : .

[This  S pa ce  Inte ntiona lly Le ft Bla nk]

8 See APS Baseline Study, Table 5-2 Non-Residential Building Type and End Use Segmentation (Peak MW).
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2008 Company-Owned Generation:
Existing: Capacity (MW)

1,147
1 ,750
1 ,862
1 ,518

6
6,283

Nuclear
Coal

Gas Combined Cycles
Gas/Oil CTs and Steam

Renewable
Total Company-Owned Generation' I

2008 Purchased Power Contracts:

1 ,864
Conventional:

Purchases/Exchanges/Tolling

Renewable:
Wind (nameplate)

Geothermal
Biomass

Total Purchased Power Contractsly

90
10
14

1,918 I
Total Resourcest 8,261
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3 .4  AP S  BAS E CAS E LOAD AND RES OURCE BALANCE FORECAS TS

APS has  sufficient re source s  to mee t its  current needs  but will require  additiona l re source s  to mee t
future  load growth and replace  expiring long-te rm power contracts . As shown in the  cha rt be low, by
2015 AP S  will ne e d a lmos t 2,000 MW of ne w re source s  to me e t proje cte d cus tome r ne e ds , a nd
approximate ly 6,500 MW in tota l additiona l resources by 2022.

[This  Space  Intentiona lly Left Blank]

9 This information is consistent with what was Bled in the APS Resource Alternatives filing on January 7, 2008 (Docket No.
E-01345A-08-0010) .
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Figure 4

On a seasonal basis, APS load requirements are forecasted to grow at a much more rapid pace during
the summer mondays than in all other months. In fact, as can be seen in the chart below, the summer
peak demand will increase at almost twice die rate as the peak demand during die non-summer
season.

[This  Space Intentiona lly Left Blank]
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3.5 OTHER RELEVANT FACTORS

3.5.1 APS TRANSMISSION SYSTEM AND FUTURE PLANS

AP S  owns  a nd opera tes  a n extens ive  tra ns mis s ion s ys tem, which ha s  two ma in functions . The
firs t involves  the  movement of power from remote ly-loca ted genera tion s ources  to the  prima ry
load pockets  (such a s  the metropolitan Phoenix a rea ). The s econd function is  to provide a  means
to dis tribute doe power wida in the load pockets .

The  four prim a ry tra ns m is s ion im port pa ths  tha t AP S  re lie s  upon to  bring re m ote ly loca te d
resources  to the metropolitan Phoenix a rea  a re: transmis s ion lines  from Four Corners  to Cholera ,
and diem from Cholla  to both P innacle Peak and Saguaro, transmis s ion lines  from die Pa lo Verde
hub (wes t of P hoenix) into the  m e tropolita n P hoenix a rea , including P a lo Ve rde  to Wes twing
(two lines ), Hassayampa to Jojoba  to Kyrene, and Pa lo Verde to Rudd; a  500 kV transmis s ion line
tha t runs  from doe Mead subs ta tion to the Wes twing subs ta tion, and, from the Nava jo Genera ting
S ta tion in nordiern Arizona  to die  Wes twing s ubs ta tion.

The Company has a number of major transmission system projects planned for the future. The
2007-2016 APS Ten-Year Plan describes planned transmission lines of 115 kV or higher that APS
may construct or participate in over the next ten years. The company plans to add an expected
2,000 MW of additional EHV scheduling capability in the 10-year period, which will require an

1 0
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es tima ted $1 billion in additiona l transmis s ion inves tment. These projects  a re planned to increase
the Phoenix import ca pa bility by 4,170 MW, a nd the Yuma  import ca pa bility by310 MW.

Any DR resources that could be located within the metropolitan Phoenix area would have the

ability to lessen the constraints on the APS transmission system due to reduced load-serving

requirements.

3.5 .2  ENERGY EFFICIENCY EFFORTS

AP S  currency ha s  s evera l DS M progra ms  whos e  prima ry objective  is  to reduce  the  a mount of
energy tha t APS  cus tomers  would otherwis e  cons ume a bs ent thes e  progra ms . Thes e  progra ms
provide a  tool to help ma na ge e lectric bills , a s  well a s  provide environmenta l benefits  to Arizona
by ins ta lling energy e fficient mea s ures  in cus tomers ' homes  a nd bus ines s es  a nd to reduce  die
fu ture  e ne rgy re quire m e nts  from  s upply s ide  re s ource s . In  2 0 0 5 ,  AP S  in c re a s e d  DS M
e xp e n d itu re s  to  $ 4 8  m illio n  o ve r th e  d ire -ye a r p e rio d  o f 2 0 0 5 -2 0 0 7 .1 0 The  progra m s
implemented s ince  April 2005 ha ve  a chieved a  life time energy s a vings  of more  tha n 3,275,000
My/h, a nd ha ve  reduced pea k dema nd by a n es tima ted 64 MW. Even dough DR progra ms  a nd
DS M progra m s  ha ve  d iffe re nt obje c tive s  in  tha t DR s hifts  loa d  while  DS M re duce s  e ne rgy
cons umption, the re  is  a n overla p in the  minds  of cus tomers  a nd the re  is  a  potentia l to ma rke t
them together for the benefit of APS cus tomers .

3 .5 .3  CURRENT TIME-OF-US E RATES

AP S  currency ha s  s eve ra l tim e -diffe rentia ted pricing progra m s , which include  TOU ra te s  for
Res identia l, Genera l Service, Irriga tion, and Extra -La rge Genera l Service cus tomers . Thes e TOU
ra tes  provide  higher prices  during pea k periods  a nd lower prices  during off-pea k periods , with a
goa l of incepting cus tomers  to s hift their energy cons umption pa tterns  to time periods  where it is
les s  expens ive for APS ro supply the power. APS currency has  the highes t cus tomer pa rticipa tion
in  d ie  na tion  for re s ide ntia l TOU ra te s ,  with over 453,000 pa rticipa nts  in four ra te  pla ns , or
a pproxima te ly 46% of tota l Res identia l cus tomers  a s  of December 2007. In a ddition, over 34%
of die  Compa ny's  Extra -La rge  cus tomers  a nd 540/0 of the  a s s ocia ted loa d a re  s e rved on TOU
ra tes . Pa rticipa tion for Small and Medium Genera l Service cus tomers  is  rela tively low.

3 .5 .4  AP S  ADVANCE D ME TE RING  INF RAS TRUCTURE  INITIATIVE

Remote  meter rea ding emerged from the  need for utilities  to reduce  or e limina te  the  es ca la ting
cos ts  a nd s a fe ty expos ure s  of pe rform ing the  m a nua l m e te r re a ding function. Ea rly e fforts
cons is ted of s imply mete ring a nd communica tions  enha ncements  tha t a utoma ted the  monthly
ga thering of energy cons umption informa tion. Through the  yea rs  the  utility indus try ha s  a dded
a dditiona l functiona lity to thes e  mete rs , a llowing the  s upport of Time-of-Us e  a nd dema nd ra te
schedules . AP S  ha s  been res ea rching remote  mete r rea ding s olutions  for ma ny yea rs . Un t il
re la tive ly recency, mos t s ys tems  were  des igned to s upport ba s ic energy-only ra tes , a nd did not
provide  Time-of-Us e  functiona lity with a  dema nd component. AP S  bega n a n AMI pilot progra m
in 2004, te s ting new a dva nced mete ring technologies  in over 900 loca tions . As  a  re s ult of the
pilot, APS  ha s  begun a  full-s ca le  compa ny-wide initia tive  to tra ns ition to AMI in the  next s evera l
years .

10 Decision No. 67744 (April 7, 2005) issued in Docket No. E-01345A-03-0437.
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Benefit-Cost Analysis and Program Recommendations

At APS, AMI provides the metering and communications capability necessary to support a wide
variety of rate and associated customer options. Providing die latest in metering technology
allows the Company to provide enhanced customer service and continue to bill our customers
accurately and in a timely manner. The AMI meters used by the Company are fully functional,
multi-feature, residential/small commercial meters capable of registering, storing, and displaying
metered billing data. These meters are based on the Hub and Client system. Client meters utilize
unlicensed spread spectrum radios in die 900 MHz Band to communicate bi-directionally to
upstream Hub meters. Unlike die Client meters, Hub meters also have a cellular communication
component allowing diem to communicate bi-directionally with APS via public cellular networks.
Both Hub and Client meters are located on customer premises.

As  of Ma rch 2008, the  Compa ny's  tota l ins ta lled AMI meter ba s e  ha s  climbed to over 110,000.
The  deploym ent ha s  been focus ed on high dens ity re s identia l a rea s . This  focus  ha s  provided
s ignifica nt va lue  in Me  reduction of m a nua l connect a nd dis connect orde rs , a nd s ubs ta ntia lly
lowered the cos ts  res ulting from the high cus tomer turnover ra te  in multi-unit res identia l hous ing
complexes  in the  P hoenix a rea . AP S  a ls o ha s  s ucces s fully ins ta lled AMI mete rs  in twenty-two
diffe re nt c itie s  a nd towns  with in  its  s e rvice  te rritory,  inc luding Yum a , P re s cott Va lle y,  a nd
Flags ta ff. During  the  s ix-m on th  pe riod  e nd ing  in  Ma rc h  2008 ,  d ie  AMI s ys te m  re m ote ly
proces s ed over 38,000 s ervice  orders  without a  fie ld vis it. The  current deployment s tra tegy ha s
mainta ined the Client to Hub ra tio a t approximately 3811, meaning tha t there a re approximately 38
Client meters  for ea ch ins ta lled Hub meter. The  Compa ny is  currently ins ta lling over 7,000 AMI
meters  per monde . AP S  is  moving towa rds  ins ta lling AMI meters  in more  s ingle-fa mily homes .
Current es tima tes  a re  tha t AMI meters  will be  fully deployed in the  metropolita n Phoenix a rea  by
the end of 2011.

AMI is  not a  pre requis ite  to DR; however, AMI technology ha s  the  potentia l to integra te  with a
DR initia tive  a nd provide  a  s trong ba ckbone for mea s urement a nd veritica don procedures . AP S
vie ws  AMI a s  be ing a  pos itive  in itia tive  to  unde rta ke , a nd, once  in  pla ce ,  it will provide  the
Com pa ny wider a  powerful a na lytica l pla tform . AP S  will ha ve  d ie  a b ility to  c re a te  cus tom
applica tions  to ana lyze cus tomer usage trends  and ta rget specific programs  to certa in load shape
types . Until AMI is  a va ila ble  on a  wide  s ca le  in the  AP S  s ervice  te rritory, the  Compa ny will re ly
on a lre a dy-ins ta lle d IDS  m e te rs  or indus try s ta nda rd s ta ds dca l s a m plings  to  infe r a ny loa d
reductions  experienced due to DR programs  in place.

3.6 DERIVING THE POTENTIAL FOR DEMAND RESPONSE ON THE APS SYSTEM

To a na lyze  the  potentia l impa cts  of DR res ources  on the  AP S  S ys tem, die  Compa ny undertook a n
interna l review of different DR load level and dis pa tch s cena rios . The point of this  exercis e  was  two-
fold: firs t, to determine  Me potentia l for ca pa city reductions  under a  va rie ty of DR pa ra meters , a nd
second, to identify Me different pa rameters  Mat may be bes t suited for APS.

For this  a na lys is , APS  reviewed a  J une through September pea k dema nd window during which DR
events  would like ly be  ca lled. During thos e  4 months , a  tota l of 90 hours  of curta ilments  world be
ca lled, or roughly 10/0 of M the  hours  in the  yea r. In order to ca ll a  tota l of 90 hours , four s epa ra te
s cena rios  were utilized: the top 4 hours  per da y for the highes t 23 pea k da ys  in the s ea s on ("4x23");
the top 5 hours  per da y for the  highes t 18 pea k da ys  in Me s ea s on l"5x18"); die  top 6 hours  per da y
for the  highes t 15 pea k da ys  in the  s ea s on ("6x15"); a nd the  top 7 hours  per da y for the  highes t 13
pea k da ys  in the  s ea s on ("7x13"l. AP S  his torica l a ctua l hourly s ys tem loa ds  from 2002-2007 were
analyzed.
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For dies  ana lys is , APS selected the highes t peak days  in each yea r for each s cena rio (on a  rea l-tirne
ba s is , picking the  exa ct pea k da ys  would be  a  critica l a nd cha llenging component tha t drives  the
success  of the program). For the 6x15 case, dies  would be the 15 days  with the highes t peak demand
ea ch yea r. On ea ch of dos e  da ys , die  DR event would be  s im ula ted on the  6-hour block of tim e
a round the  pea k hour, thereby ca pturing Me 6 highes t loa d hours  of Ma t pea k da y. The  s ize  of die
DR res ource  dis pa tched would be  va ried until the  point a t which a dding a dditiona l DR would not
re s ult in  furthe r de cre a s e s  to  the  ne t pe a k de m a nd. This  opdiniza tion of DR wa s  de ve lope d by
ana lyzing the LDC11 for the bas e ca s e aga ins t die  new LDC crea ted by the DR dis pa tch. APS would
look to s ee  how ma ny of the  top 90 loa d hours  were  ca ptured with the  pa rticula r DR s cena rio lie .,
the DR s tra tegy captured diode hours  for load reduction), and a lso how many continuous  hours  were
ca ptured. The  potentia l leve l of DR for tha t ca s e  wa s  de termined to be  the  de lta  be tween the  ba s e
case peak demand and die new peak demand crea ted a fter deploying a  pa rticula r DR s tra tegy. Next,
the  a na lys is  would be  rerun under the  a s s umption tha t APS  would fa il to dis pa tch the  DR res ource
on the  fourdi highes t pea k da y. This  s ens itivity wa s  run to s ee  the  impa ct of imperfect s cheduling,
which s imula tes  die  rea lity of dis pa tch decis ions  in the  rea l time (i.e .., it is  impos s ible  to know until
a fte r the  fa ct whe the r or not ce rta in re s ource  decis ions  were  optim a l, a nd extrem e ly difficult for
s ys tem opera tors  to predict the  bes t da ys  to exercis e  the  DR res ource  given the  limited number of
hours  ava ilable to be ca lled). Fina lly, another s et of ana lyses  were performed based on a  certa in level
of Snapback occurring due to the dispa tch of the DR resource.12 This  s imula tes  consumer activities ,
s uch a s  pre -cooling, loa d s hifting, e tc.13 All of die  a bove  a na lys es  were  repea ted for a ll four DR
scenarios  and for a ll years  mentioned preWously.

The graph below provides  an example of the 6x15 DR s tra tegy impact on the 2005 LDC:

[This  Space Intentionally _Left Blank]

11 A Load Duration Curve sorts a utility's load not based on chronological order, but from highest load level to lowest load
level.

12 "Snapback" is a term that refers to the amount of energy that was not consumed during the DR event that will still be
consumed immediately before or after the event. For example, in an A/C Cycling scenario, Snapback could be from either
pre-cooling before the DR event or from the additional A/C unit runtime after the conclusion of an event needed to
restore the space to a preferred temperature level. The Snapback effect is what distinguishes DR from DSM, where energy
is permanently reduced. For Mis portion of the Study, a 50% Snapback assumption was incorporated, split evenly before
and after the event. This is relatively conservative, as APS has received an estimated Snapback level of approximately 70%
in a competitively bid DR REP. Higher Snapback levels would require APS to shift additional energy to hours outside the
DR event window, which woad cause poorer results in this set of analyses.

15 The Snapback assumption used in this analysis was 50% of the energy not consumed during the event would be shifted
to hours preceding and following the event. For example, the 6x15 case shifted the energy to the 3 hours prior to and 3
hours following the event.
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APS Summer 2005 LDC in MW . First 90 Hours
Projected Potential Level of GX15 DR - No Snapback: 376MW
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Faure 6

The  top line  is  the  firs t 90 hours  of the  LDC for the  2005 AP S  re ta il a nd wholes a le  cus tom er
ba s e . The  dotted line  be low it repres ents  the  LDC a fte r a ccounting for d'le  dis pa tch of DR. The
hours  in which die  bottom line  reverts  ba ck to the  AP S  LDC repres ent the  pea k hours  tha t were
no t im pa c te d  by d ie  6x15  s ce ne .  For the  Ers t 51  hours  o f the  LDC, d ie  6x15  DR s tra te gy
ca ptured a ll of the  top loa d hours , however, die  52nd hour fe ll outs ide  of the  6x15 window. This
occurred becaus e the 52"1 highes t peak hour fell outs ide of the range captured by ta rgeting Me 6
highes t hours  on the  top 15 loa d da ys . Therefore , die  loa d diffe rentia l be tween the  loa d leve l in
tha t 52"d  hour of the  LDC a nd Me  a c tua l pe a k de m a nd tha t ye a r,  376 MW, re pre s e nts  Me
potentia l leve l of DR res ources  in 2005, in tha t a dditiona l DR ca pa city would not lower the  ne t
sys tem peak because of die inability to reduce the 52"'i hour.

The  S na pba ck s ens itivity a na lys is  s howed tha t die  DR progra m benefits  would be  dra xna dca lly
reduced if cus tomers  shifted dleir energy usage to periods  before and a fter the DR event window:

[This  Space Intentiona lly Left Blank]
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APS 2005 Summer LDC in MW - First 90 Hours
Projected Potential Level of 6x15 DR- 50% Snapback: 251 MW
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Figure 7

As  s een a bove, the  impa ct of a  portion of the  reduced energy during the  DR event be ing s hifted
to hours  outs ide  of the  DR event window res ulted in a  decrea s e  in progra m effectivenes s  from
376 MW to 251 MW. Specifica lly, the 52"d hour tha t is  mis s ed in the 6x15 s cena rio ha s  a  portion
o f d ie  e ve n t e n e rg y s h ifte d  to  it ,  re s u lt in g  in  h ig h e r lo a d  d irt  h o u r th a n  wa s  p re vio u s ly
experienced.

[This  Space Intentiona lly Left Blank]
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APS Summer 2005 LDC in MW - First 90 Hours
Projected Potential Level of GX15 DR - No Snapback
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The potentia l level of DR benefit is  dra ma tica lly reduced when running the s ens itivity ca s e where
AP S  doe s  not s che dule  Me  DR re s ource  on die  fourth  highe s t pe a k da y of 2005. As  s hown
below, the potentia l reduction in pea k dema nd us ing due 6x15 block a s s umption is  reduced from
376 MW to 59 MW when the 4th highes t peak day is  missed:

Figure 8

The results of the 2005 6x15 analyses are as follows:

Figure 9

The ta ble  on the  following pa ge s hows  the  res ults  of ea ch s ens itivity for ea ch of the  previous  s ix
years:
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Benefit-Cost Analysis and Program Recommendations

PROJECTED POTENTIAL IMPACTS OF DEMAND RESPONSE SCENARIOS

I

* Assume 1 event per day.

Figure 70

The overa ll percentages  of peak demand for each case and in summary are:
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Benefit-Cost Analysis and Program Recommendations

Summary of Projected Optimal Level of Callable Demand Response as a Percentage of Peak
Demand

Figure 77

The a na lys is  of this  s ix-yea r s tudy period indica tes  dirt the  Sna pba ck a s s umption ha s  a  ma teria l
im pa ct on the  potentia l leve l of DR. The  im pa ct of m is s ing die  fourth highes t loa d da y ha s  a n
e ve n  m ore  dra m a tic  im pa c t on  the  le ve l o f DR tha t would  be  a ch ie ve d . The  a na lys is  a ls o
indica tes  tha t longer DR dis pa tch Windows  (i.e . s ix or s even hours ) a chieve a  grea ter benefit dirt
s ma lle r Windows  (not counting a ny nega tive  cus tomer impres s ions  of longer event times ). I n
genera l, it can be derived from Mis  da ta  tha t APS could expect tha t approxima tely 2 - 5% of peak

peak demand would equa te to approxima tely 140 - 350 MW of peak load.

This  le ve l of DR is  cons is te nt with  a c tua l re s ults  in  othe r m a rke ts . In  the  "As s e s s m e nt o f
Dema nd Res pons e a nd Adva nced Metering: 2007" FERC cited DR pa rticipa tion ra nges  from 1.4
- 6 .1% of pe a k de m a nd for fa Mous  RTO/IS O m a rke ts  in  2006.14 Thes e  res ults  ha ve  been
achieved in regions  with different wea ther conditions , cus tomer dens ity and make-up, and market
s tructures . For compara tive purpos es , this  would trans la te  into 100 - 440 MW for APS (ba s ed on
a  2006 peak demand of 7,220 MW).

14 Federal Energy Regulatory Commission, "Assessment of Demand Response and Advanced Metering: 2007" (September
2007) at Table B-1.
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G : Generation Avoided Cost (Capacity & Energy)
T : Transmission/Distribution Avoided Cost
E Environmental Benefits (SO2, CO2, NOt, etc)
PCc : Program Costs to Customer (Purchase, Installation, O&M)
PCu Program Costs to Utility (Program Planning, Marketing, O&M
Bnzcr Benefits of the Program
CTRCT Costs of the Program
BCRTRcT Benefit-Cost Ratio

BTRcTIG-I-T+-

CTRCT : PCc + PCu

BCRTRcT : BTRCT / CTRCT
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Bene8t-Cost Analysis and Program Recommendations

• OVERVIEW OF DEMAND RESPONSE EVALUATION

4.1  TOTAL RES OURCE COS T TES T & S OCIETAL COS T TES T

4.1.1 OVERVIEW

The Socie ta l Cost Test ("SCT") is a  variant of a  more  broadly used economic test ca lled Me Tota l
Resource  Cost Test ("TRCT"), and is die  test which APS  uses to ana lyze  DSM programs prior to
implementa tion. The  TRCT compares die  supply and demand side  costs  of a  specific program,
a nd a tte mpts  to qua ntify the  e ffe cts  of a  progra m on both pa rticipa nts  a nd non-pa rticipa nts ,
unde r the  a s s um ption tha t by s om e  cus tom e rs  pa rtic ipa ting  in a  DR or LM progra m , a ll
customers receive some measurable  benefit. Benefits included in the  TRCT are  the  avoided costs
for ge ne ra tion a nd tra nsmiss ion e ne rgy a nd ca pa city, a nd a ny pote ntia l ta x cre dits . The  cos ts
included in the  TRCT are  program administra tor costs  (costs  the  utility incurs), pa rticipant costs ,
and increased supply costs for die  utility Mat may result from Snapback or load shifting. Fina lly, a
discount ra te  is  use d to ca lcula te  a  NP V for die  progra m. Ba se d on informa l discuss ions  with
fifte e n utilitie s  in the  We s te rn Inte rconne ction, AP S  ha s  de te rmine d tha t the  TRCT is  the
predominant economic test in Me region, with thirteen companies using it.

The  S CT va rie s  from the  TRCT in tha t it a tte mpts  to e xte nd this  qua ntifica tion to socie ty a s  a
whole , ra the r than just die  customers for a  given utility. To do this , the  S CT includes the  e ffects
of exte rna litie s , such a s  reduced emiss ions . The  S CT a lso excludes  tax credit bene fits , a s  it is
a s sume d tha t diode  be ne fits  a re  na tura lly offse t by socie ty a s  a  whole . AP S  will qua ntify
internalities pursuant to the  SCT, however, only emissions tha t have  established monetary va lues
will be  mone tize d in the  S tudy. Due  to the  unce rta inty of future  Gre e nhouse  Ga s  le gis la tion
(both from a  dining and magnitude  standpoint), emissions such as CON will be  quantified but not
monetized. For the  purposes of due  analyses performed, the  TRCT results provided in this S tudy
plus the  ne t impact on emissions over the  life  of each potentia l program (ne t of any Snapback or
load shifting) equals the  SCT results for tha t potentia l program.

4.1.2 VARIABLES  & FORMULA

ANS

4
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G : Generation Avoided Cost (Capacity & Energy)

T Transmission/Distribution Avoided Cost
PCu : Program Costs to Utility (Program Planning, Marketing, O&M)

R = Rebate Incentive Payments

BPAT = Benefits of the Program

CPAT : Costs of the Program
BCRpAT = Benefit-Cost Ratio

8AT=G+T

= PCU +R

BCRpAT : BpAT / CoAT

DEMAND p_18sponsE & LQAD MANAGEMENT PROGRAM STUDY

Benefit-Cost Analysis and Program Recommendations

4.2 PROGRAM ADMINISTRATOR TEST

4.2.1 OVERVIEW

In  a dd ition  to  the  S oc ie ta l Cos t Te s t be ing  pe rfo rme d  purs ua n t to  ACC De c is ion  No. 69663 ,15
AP S  h a s  a ls o  c a lc u la te d  th e  Be n e fit-C o s t R a tio  fo r d ' le  p ro g ra m s  b a s e d  o n  th e  P ro g ra m
Ad m in is tra to r Te s t ("P AC  Te s t"). Th is  te s t s h o ws  Me  p u re  c o s t o f e a c h  p ro g ra m  to  AP S ,
with o u t ta kin g  in to  c o n s id e ra tio n  a n y o f d ie  n e t s o c ie ta l b e n e fits  fro m th e  p ro g ra m. Th is  is
ge ne ra lly cons is te n t with  long-te rm re s ource  a cquis ition  a na lys e s  a nd  wa s  conduc te d  pure ly to
supplement die  discuss ion of the  S CT re sults .

4.2.2 VARIABLES & FORMULA

4.3 ESTIMATION OF EMISSIONS IMPACTS

For the technologies that were specifically studied and a Benefit-Cost Ratio calculated, APS also
estimated die impacts of those DR programs on the emission levels of certain pollutants that would
otherwise have been produced to meet load. For the Standby Generation program and the
residential Direct Load Control programs, the demand reductions resulting from calling the program
were measured against the same amount of generation from one of APS's simple cycle CT units, as a
CT is typically "on the margin", or the unit most likely utilized, during summer afternoons. For the
Thermal Energy Storage program, a CT unit was used for the estimated on-peak run times, and
generation from a combined cycle urlit was used during the off-peak dine frame for die increased
usage from charging the storage units overnight, when such a unit is on the margin. The estimated
emissions impacts are provided in pounds avoided over the life of the program, with the exception of
carbon dioxide, which is reported in tons avoidedover the life of the program. If a value appears as
a negative, that would indicate dirt die program would result in a net increase in Mat particular
pollutant. Except for the Standby Generation program, any emissions impacts should be minimal in
nature, as these are demand-based programs that do not inherency reduce total energy on the system.

15 S e e  p. 154.
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Benefit-Cost Analysis and Program Recommendations

4.4 GENERATION AVOIDED COST CALCULATION

The main benefit achieved via a DR program is avoided capacity costs, specifically in die highest
demand hours of a given year. To estimate die capacity value a callable DR resource could provide,
APS calculated an Effective Load Carrying Capability ("ELCC"). ELCC is a measure of die
contribution of a generating resource to an electric system based on its impacts on the system's
overall reliability. The value of this contribution to system reliability represents die capacity value of
that resource. The ELCC measure of a resource is often compared to that of a reference unit, such
as a CT, to determine the capacity equivalence that provides the same level of reliability for the
system.

APS used three load forecas ts  for the 2008 - 2012 time period, each based on his torica l load shapes
from 2004, 2005, a nd 2006, res pective ly. The  re fe re nce  unit to  which  the  DR re s ource s  we re
com pa re d wa s  a  Com bus tion Turbine  unit. AP S  ra n the  re lia bility a na lys is  m ode l for die  ba s e
res ource  pla n, a nd then redid the  a na lys is  by a dding the  CT unit a t 5 MW increments . A five  yea r
a ve ra ge  (2008 - 2012) of d ie  re s ulting Los s  of Loa d Expe cta tions  wa s  ca lcula te d. Afte r th is
occurre d, ca lla ble  DR contra cts  we re  s ubs titute d for the  CT unit to s im ula te  the ir im pa ct to die
s ys tem. The ca pa city equiva lence va lue of a  DR res ource equa ls  the MW ca pa city of a  CT unit d'la t
provides  the  s a me leve l of re lia bility for die  s ys tem. In genera l, the  res ults  of dies  s e t of a na lys es

compara tive purposes , a  wind genera tor typica lly provides  roughly 20% of the capacity va lue of a  CT.

4 . 5  P R O G R AMS  R E VIE WE D

AP S  com m is s ioned the  cons ulting fem  S um m it Blue  to com pile  inform a tion on DR technologies
a nd progra ms  from va rious  other utilities  a cros s  die  country. In ea ch s ubs ection of this  S tudy, a n
overview of the informa tion ga thered for s elected progra ms  is  given to provide a  fra mework for how
ea ch type  of DR technology ca n be  incorpora ted a t AP S . In a ddition, S um m it Blue  a na lyzed this
da ta  a nd provided the ir recommended va lues  for certa in key cos t a nd benefit components  s o tha t
APS would be able to adequa tely complete a  TRCT for the res identia l programs  described.

4.6 OTHER CONSIDERATIONS

The exact amount of demand reduction that APS could achieve is a factor of customer awareness,
customer acceptance and willingness to participate, customer classes targeted, and program load
reduction characteristics.

The  inte rpla y be tween thes e  progra m s  a nd cus tom ers ' a lrea dy-conditioned beha vior on the  AP S
TOU ra tes  is  unknown a t this  time . AP S  ha s  a  ve ry high TOU pa rticipa tion ra te , a nd dies e l ra tes
ha ve  been in exis tence  for m a ny yea rs . It is  pos s ible  tha t cus tom ers  ha ve  a lrea dy a lte red the ir
res pective  energy cons urnpdon pa tterns  ro a ccount for thes e  TOU ra tes , a nd a dditiona l reductions
would be limited. Furthermore, there  ma y be s itua tions  where a  cus tomer mus t be on a  certa in ra te
pla n in orde r to pa rticipa te  in a  DR progra m . For exa m ple , it m a y m a ke  s ens e  for a  Res identia l
cus tomer to be  on the  rpm - noon ra te  pla n ra the r tha n the  rpm - ra m  ra te  pla n ba s ed on the  DR
program's  parameters . This  ana lys is  has  yet ro be performed.

16 Actual capacity value for a specific DR resource would vary based on customer behavior, technology characteristics,
and/or contractual parameters.
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Benefit-Cost Analysis and Program Recommendations

In general, all programs have been studied as if died were being rolled out to all eligible customers
abased on an expected participation rates as opposed to a pilot program. This simplified assumption
should provide more favorable results, as the administrative and any other fixed costs can be spread
over more participants, however, in some circumstances, it may be best to perform specific pilot
programs prior to final implementation in order to verify that the program(s) selected perform as
expected in this climate.

The  dolla r figure s  s ta te d for Avoide d Ca pa city, Avoide d Ene rgy, DLC Te chnology, P rogra m Costs ,
and Rebates/Incentives a re  a ll sta ted in 2009 dolla rs.

A11 Bene fit-Cost Ra tios  de rived in this  S tudy a re  ba sed upon cost and pa rticipa tion da ta  e s tima ted
from S ummit Blue 's  re s e a rch on othe r progra ms , or, in  the  ca s e  of S ta ndby Ge ne ra tion, from
inte rna l da ta  ga the ring pe rforme d. AP S  utilize d ma ny of the  va ria ble s  ga the re d, such a s  inte rna l
progra m a dminis tra tion cos ts , a s  proxy va lue s  for a ll progra ms  s tudie d. The se  va lue s  will provide
gauges for the  like ly success and cost-e ffectiveness of the  potentia l programs, but a re  not necessarily
indica tive  of wha t AP S  would ultima te ly e xpe rie nce  a fte r imple me nting the  progra ms . For a ny
program tha t the  Company chose  to implement, more  exact figures would be  prepared and presented
to the  Commission prior to imple me nta tion.

Be ne fit-Cos t Ra tios  gre a te r tha n 1 indica te  tha t the  progra m would provide  a  ne t be ne fit (e ithe r to
S ocie ty or to the  P rogra m Adminis tra tor) ove r the  life  of the  progra m if it we re  imple me nte d. The
Benefit-Cost ana lyses do not take  into account program paramete rs  such as pe rformance  incentives
or ne t-lost revenues. These  items must be  addre ssed a s  pa rt of the  fina l program deve lopment and
approval process.

While  the re  a re  many program pa rame te rs , de signs, incentive  leve ls  and implementa tion s tra tegie s
discusse d in this  docume nt, APS is  not pre supposing a ny spe cific mode l a t this  time . This  S tudy is
me a nt to be  a n a sse ssme nt of the  te chnologie s  a nd progra ms  a va ila ble . Any s pe cific  progra m
blue print will be  file d with the  Commiss ion for a pprova l a t such time  a s  AP S  de e ms  it via ble  a nd
appropria te .
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5. DIRECT LOAD CONTROL

5.1 OVERVIEW OF DIRECT LOAD CONTROL

DLC programs have typically been mass-market programs directed at residential and small
commercial (< 100 kW peak demand) air conditioning, lighting, and other appliance load. There is
an emerging trend to target commercial buildings with more complex systems in what has become
known as Auto-DR. Increased use and functionality of an EMCS at commercial sites and an
increased interest by commercial customers in participating in diesel programs is driving growth in
commercial curtailment in response to a signal from the utility.

The common factor in DLC programs is that they are actuated directly by Me utility (or a third party
contracted to act on the utility's behalf) and require the installation of control and communications
infrastructure to facilitate the control process. Customer equipment can be remotely controlled by
the utility during events based on previously-defined triggers (such as temperature, market price
daresholds, or system emergencies) or based upon the utility's need for additional capacity resources.
During such an event, the utility has the ability to either turn off specific equipment or prevent it
from turning on. Customers participating in these types of programs typically enter into agreements
that specify the frequency (maximum number of events or hours of control per year), notification
requirements (minimum hours before die event), and duration (maximum hours per event), as well as
the incentive payments for participation. Incentives can come in two forms: fixed payment(s) for
participating in the program, and variable payments based on die number of events and estimated
load reduction. In addition, the hardware installed at each location is often included in lieu of or in
addition to the used payment(s). Depending upon the type of equipment installed, the customer
may have some ability to override the impacts of an event on their equipment once it has been called.

5.2 RESIDENTIAL A/C CYCLING

5 .2 .1  OVERVIEW OF RES IDENTIAL A/C CYCLING

A/C Cycling is  the  mos t common form of a n ince ntive -ba s e d DLC progra m, in  te rms  of the
numbe r of utilitie s  us ing it a nd the  numbe r of cus tome rs  e nrolle d na tionwide . The  utility is  a ble
to reduce  customer loads via  an enabling technology, such a s  a  communica ting load switch or a
the rmosta t. The rmosta ts  can e ithe r be  one -way or two-way communica tions  capable . The  basic
diffe re nce  in  progra m ope ra tion is  da rt s witche s  utilize  a  duty cycling s tra te gy, whe re  A/C
e quipme nt is  turne d off re mote ly for a  pe rce nta ge  of e a ch hour (50% cycling is  a  common
s tra te gy, while  the rmos ta t progra ms  ma y utilize  e ithe r cycling or e mploy a  te mpe ra ture  offse t
s tra te gy during the  control pe riod. For tidie r s tra te gy, cons ide ra tion of whe the r to a llow use r
ove rride  is  a n importa nt fa ctor. A ra nge  of othe r issue s  a re  involve d in choosing the  a ppropria te
te chnology for a  give n progra m, including the  se le ction of the  communica tions  me dium (priva te
radio frequency, commercia l paging, e tc.) and length of control pe riod. Ins ta lled ha rdware  costs
ra n g e  fro m  a b o u t $ 1 8 0  fo r a  s im p le  s witc h  (in c lu d in g  la b o r) to  $ 4 5 0  fo r a  two -wa y
communica ting the rmosta t. While  two-way dmermosta ts  a llow the  utility to confirm signa l rece ipt,
improve  re lia bility of curta ilme nts , a nd ide ntify ma lfunctioning units , die d te nd to be  us e d in
fewer new applica tions. Utilitie s  a re  opting for one -way systems tha t a re  cheape r and capable  of
integra ting via  a  wire less home-area-ne twork to existing or planned AMI systems.
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Program Design Parameters : Range : Average 2 Median
Total Current Participants : 11,000 - 300,000 I 79,139 : 63,000
_ParticiQatio_n _Rate_(_of total c_ustom_ersl______ 1_____1_% _-_ 2_7°4,_____: ___.__13%____ 1 ____ 1_0°4»______

_ParticlQatio_n _Rat_e_Qof_eligible_ gusto_m_er§) : 7% - 40% 1 2 4 % : 2 0 %

_C_)cIin_gICo n_troI_§jr§cegy______________________ :____33_% _-_ 1_00_°/8».__._1 ----.§2% ____ : ____ 50%____._..

Av_g..Ann_uaI_Days_of_§_o_ntrol _________________ . _______1 _-_ 23_______: ______s3;2_____ . _____7_5______

Av_g_H_ou_rs y_er_Qay_ of Qo_ntr_ol _______________| ______255 _-_§_______l______4_4_____ | ______4 _______.

Avg_Event_ Pagicioation_______________________1 ____________________-______________ I _______________

_Total Prog_ram_Im_Qacts_l.MW)_________________i_____._____-___________i________________i________________

60% - 100% 78% 80%
12 370 79 53

_Pro_gram_ lmRacts_p_er_Q_us_to_mer_ kW_)_______ ;______9_i_-_1_§______; ______0_9____________1_0______

Techno log y  Used Radio Pagers (one-way and two-way) and Transmitters
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Benefit-Cost Analysis and Program Recommendations

5 .2 .2  CURRENT P ROGRAMS  IN OTHER ]uRIs D1cT1ons

Direct Load Control of air conditioners and other appliances is the most common font of non
price-based DR programs in terms of die number of utilities using it and the number of
customers enrolled. The recent DR Report issued by the FERC" indicates that 234 entities
(including municipal utilities, cooperatives, and related entities) offer DLC programs in the United
States. These programs are primarily targeted at residential customers, although 33% also had at
least one Commercial DLC offering.18 Summit Blue recency concluded a review that focused
specifically on Residential A/C programs, and identified 54 such programs that used a variety of
different enabling technologies: six thermostat programs, twelve thermostat pilot programs, thirty-
two switch programs, and four combination switch and thermostat programs. Summit Blue was
able to compile detailed information on 15 of these programs:

Figure 72

5.2.3 APPLICABILITY TO APS

As depicted ea rlie r, a ir conditioning is  the  primary end use  consumer of e lectricity in the  ave rage
Low Country house hold. Ba se d on this  informa tion, APS  contra cte d with a  third pa rty re se a rch
firm in ea rly 2008 to conduct a  te lephonic survey of 1,000 residentia l s ingle -family homeowners in
the  me tropolitan Phoenix a rea  to de te rmine  the ir appe tite  for a  re s identia l A/C Cycling program.
The  s urve y te s te d  the  two prima ry te chnologie s  for imple me nting  a  re s ide n tia l p rogra m:
communicable  dle rmosta ts  and switches. An equa l number of customers were  a sked about each
technology. Customers were  informed tha t Me  programs would run from June  to September, and
AP S  would initia te  the m on no more  tha n 20 we e kda y a fte rnoons  be twe e n 3-7pm. F o r Me
the rmosta t progra m, APS  would re mote ly ra ise  the  te mpe ra ture  by up to 4 de gre e s  during this
time fra me . For the  switch progra m, AP S  would re mote ly cycle  the  A/C unit 12 minute s  out of
eve ry ha lf hour, or a  40% cycling s tra tegy. The  programs and incentive  leve ls  were  pre sented a s
follows:

17 Assessment of Demand Response ac Advanced Metering: Staff Report, Docket No. AD06-2, August 2006 ("2006 FERC
Report") at p. 46.

18Id. a t p. 63.
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% of Customers that would
Participate

In te re s t  if On ly On e DR P ro g ra m  Is  Offe re d ...As s u m in g
100% o f Ho m e o wn e rs  Are  Awa re  o f th e  DR P ro g ra m

% of Low
Country

Homeowners

Est. % fAll
Residential
Customers

FREE THERMOS TAT a nd the  $25 tha nk you reba te 19.3%

a

Additiona l % of cus tomers  tha t would be willing to pa rticipa te  m
the  FREE THERMOS TAT pro a m  with a  $50 tha nk you reba te 4.6% 2.6%
Tota l who m ight pa rticipa te  in the  FREE THERMOS TAT
program and a  $50 dunk you reba te (sum of potentia l pa rticlpants
at $25 and $50 rebate levels)

23.9% 13.4%

AC SWITCH for a  one-time $50 s ign up bonus  widl a  $25 thank
you reba te 10.6%
Additional 0/0 of customers that would consider participation m
mc AC SWITCH program for a $50 slgn up bonus vldth a $50

blank you rebate
2.9% 1.60 0

Tota l who might pa rticipa te  m due AC SWITCH progra m for a
$50 drank you reba te (sum of potentia l participants  a t $25 and $50
rebate levels )

21.9% 12.3%
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Residential Load Control Survey Approach
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Figure 73

The  s urve y'Mte rrde d to  ide ntify which te chnology cus tom e rs  pre fe rre d . To  d o  th is ,  e a c h
cus tomer wa s  queried on both, rega rdles s  of their res pons e to the  Fis t one pres ented. APS  a ls o
probed the reasons  for or aga ins t s election of the technologies  presented. Based on the responses
provided during the survey, the following results  can be determined:
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% of Customers that would
Participate

Interest if Both DR Programs Are Offered...Assuming 100%
of Homeowners Are Aware of the DR Programs

°/0 of Low
Country

Homeowners

Est.  % fAll
Residential
Customers

Percenta ge preferrzmg the FREE THERMOSTAT with a  $25
thank you reba te 14.3% 8. 0%

THERMOSTAT program with a  11350 thank you reba te (vs . $25l 3 .4°/o 1 9 %
Sub total 17.7% 9.9%

Percentage preferring the AC SV(/ITCH for a one-time $50 sign up
bonus wide a $25 thank you rebate 6. 2%
Additiona l % of cus tomers  willing to pa rticlpa te  m the AC
SW/ITCH program for a  $50 s lgn up bonus  with a  $50 thank you
rebate (vs . $25)

1.5% .80/0

S ubtota l 7%

I

Homeowners that said they would consider participating m one
DR pro am (if both technologies are available) 30.30/0 16.8%
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Benefit-Cost Analysis and Program Recommendations

The s urvey res ults  indica te  tha t, if offered a  DR progra m focus ed on A/C Cycling, a pproxima tely
17% of a ll re s identia l cus tomers  would be  inte res ted. This  is  ba s ed on offe ring cus tomers  die
optiOn to choos e technologies , and providing a  $50 incentive each s ea s on. In terms  of the ta rget
m a rke t for s uch a  progra m , a pproxim a te ly 250/0 of Low Country s ingle -fa m ily hom e owne rs
expres s ed interes t in e ither progra m a t the  $25 incentive  level, a nd a pproxima te ly 30% of thos e
same cus tomers  expressed an interes t in either program a t the $50 incentive level. 19 These results
indica te  tha t dire  is  s ufficient inte re s t on the  pa rt of AP S 's  Res identia l cus tom ers  to wa rra nt

5.2.4 BENEFIT-COS T TES T RES ULTS

APS performed three variations of potential Residential A/C Cycling programs under body the
TRCT and the PAC Test. The first variation was based on input provided by Summit Blue
related to expected participation rates and other data points. Summit Blue based their guidance
on research around other utility programs and what APS could reasonably expect to incur in
terms of costs and participation levels. This variation assumed APS would utilize diermostats to
remotely control A/C usage. Customers would receive an incentive of $30 per season for
participating. The second and third variations utilized customer participation and incentive levels
gleaned from the Residential survey that was discussed above.21 For these variations, APS would

19 As the tables indicate, the participation levels are contingent upon 100°/o customer awareness of the programs. Should
customer program awareness only reach 50%, the Company could only expect to achieve half of the penetration values
depicted above. For purposes of the benefit-cost analyses, APS is assuming 100°/o customer awareness.

20 Caution should be used when setting expectations for actual customer participation based on research results. Customer
actions are typically less likely than stated intentions. For purposes of this Study, however, the results from the survey are
being utilized.

21 APS studied all variations based on 100 hours of program availability per summer season.
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Variation 1 Variation 2 Variation 3
Thermostat Thermostat Switch Themvosfaf SwiTch

Participants 65,000 72,000 55,800 89,100 63,900
Expected Reduction kW  per Customer 1.04 1 .04 1 .04 1 .04 1 .04
Total Program Size MW 67.60 74.88 58.03 92.66 66.46
Technology Cost per Unit including installation $325 $325 $175 $325 $175
Program Development Costs $150,000 $150,000 $150,000 $150,000 $150,000
Annual Program O&M Costs $175,000 $175,000 $175,000 $175,000 $175,000
One-time Rebate (per participant $0 $0 $50 $0 $50
Annual Incentives per Customer $30 $25 $25 $50 $50

Benefits
Avoided Capaci $35.5 M $69.8 M $83.6 M
Avoided Energy $1.6 M $3.2 M $3.8 M

Costs
Technology $24.9 M $39.3 M $47.3 M
Program Costs $3.3 M $6.5 M $7.3 M
Rebates/Incentives $13.5 M $25.0 M $56.2 M

PAC Test
Benefits 1+2 $37.1 M $73.0 M $87.4 M
Costs 3+4+5 $41 .7 M $70.8 M $110.8 M
Benefit-Cost Ratio (6/7 0.89 1.03 0.79

Total Resource Cost Test
Benefits 1+2 $37.1 M $73.0 M $87.4 M
Costs 3+4 $28.2 M $45.8 M $54.6 M
Benefit-Cost Ratio (9/10 1 .32 1 .59 1 .ea
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Benefit-Cost Analysis and Program Recommendations

offe r cus tomers  the  option of choos ing e idie r the  the rmos ta t or the  s witch (plus  a  $50 s ign-up
bonus ), and then s tudied the $25 and $50 incentive levels . In a ll ca ses , APS as sumed a  reduction
per cus tomer of 1.04 kW (based on a  40% cycling s tra tegy).22 Fina lly, Summit Blue provided APS
wide expected levels  of a ttrition (40/0 per year), event participa tion ra te23 (90% per year for the firs t

to full ca pa city). 24 Sna pba ck (70% of event energy reductions ) wa s  derived from a  bid received
during a  competitive solicita tion specific to APS load. 25 The results  a re as  follows :

Results Based on a 40% Cvclinq Strateqv

(1)
(2)

(3)
(4)
(5)

J

(6)
(7)
(a)

(9)
(10)

~(11)

Note 1
Note 2
Note 3
Note 4
Note 5

Thermostat and Switch values for variation 2 and Variation 3 are additive in nature
Technology costs include both capital and O&M
PAC Test costs assume APS pays for all technology
Programs analyzed over a 15 year life
Total Resource Cost Test plus the emissions information to follow equals the Societal Cost Test

Figure 74

Ea ch progra m  va ria tion a na lyzed ha s  a  TRCT Benefit-Cos t Ra tio a bove  1, m ea ning tha t they
would be cons idered to have a  net benefit to society, however, only one of the programs  provides
a  Benefit-Cos t Ra tio above 1 for die PAC Tes t, indica ting tha t the other va ria tions  have a  net cos t

22 APS assumed a 40°/o cycling strategy as a conservative estimate to minimize the impact of the reduced run-time of the
A/C unit on each customer. The industry norm is 50% and is studied further below. The kW reduction value was derived
from an industry norm of 1 kW per household at 50°/o cycling, with an adjustment for APS Low Country customers having
1.3 A/C units per household on average.

23 The event participation rate figure is an estimate by Summit Blue indicating that a certain percentage of customers will
not participate in each event, and flat a small portion of equipment failures would occur for each event. An example of an
equipment failure would be the inability to reach a thermostat or switch over the paging network on a given day.

24 The values provided by Summit Blue for attrition, event participation rate, term, and ramp rate are consistent for all
residential DLC programs described herein.

25 For purposes of the residential DLC programs, APS assumed a call window of 4 hours with demand reduction, and 2
hours of Snapback, one hour prior to and one hour following the event. For each of the Snapback hours, the load was
increased by 35% of the net energy reduction during the event for a total of 70°/o. This implies a net energy savings of 30%
when an event is called.
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Variation 1 Variation 2 Variation 3
Thermostat Thermostat switch Thermostat S witch

Participants 65,000 72,000 55,800 89,100 63,900
Expected Reduction kW  per Customer 1.3 1.3 1.3 1 .3 1.3
Total Program Size MW 84.50 93.60 72.54 115.83 83.07
Technology Cost per Unit including installation $325 $325 $175 $325 $175
Program Development Costs $150,000 $150,000 $150,000 $150,000 $150,000
Annual Program O&M Costs $175,000 $175,000 $175,000 $175,000 $175,000
One-time Rebate (per participant $0 $0 $50 $0 $50
Annual Incentives per Customer $30 $25 $25 $50 $50

Benefits
Avoided Capaci $44.4 M $87.3 M $104.5 M
Avoided Energy $2.0 M $4.0 M $4.8 M

Costs
ITechnolo $24.9 M $39.2 M $47.3 M

Program Costs $3.3 M $6.5 M $7.3 M
Rebates/Incentives $13.5 M $25.0 M $56.2 M

PAC Test
Benefits 1+2 $46,4 M $91 .3 M $109.3 M
Costs 3+4+5 $41.7 M $70.8 M $110.8 M
Beneht-Cost Ratio 6/7 1.11 1 .29 0.99

Total Resource Cost Test
Benefits 1+2 $46.4 M $91.3 M $109.3 M
Costs 3+4 $28.2 M $45.8 M $54.6 M
Benefit-Cost Ratio (9/10 1 .65 1 .99 2.00
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Benefit-Cost Analysis and Program Recommendations

to APS . One of the  ma in drivers  for dies el res ults  is  the  cycling s tra tegy of 40%.26 To s tudy the
impact of the cycling s tra tegy on the Benefit-Cos t Ra tio for each tes t, a  50% cycling s tra tegy was
a ls o a na lyzed." As  ca n be  s een below, by ra is ing the  cycling s tra tegy to 50%, which is  common
a m ong m os t utilitie s  na tionwide , the  Bene fit-Cos t Ra tios  a re  ve ry pos itive ly im pa cted. S till,
however, Va ria tion 3 (which utilizes  the penetra tion ra tes  ba s ed on a  $50 annua l incentive) ha s  a
Be ne fit-Cos t Ra tio for die  P AC Te s t s light be low 1. In a ll ca s es , the  TRCT is  improved. The
other da ta  point worth noting is  tha t, for body the  40% a nd 50% cycling s tra tegy ca s es , the  two
va ria tions  ba s ed on the  re s identia l s urvey (Va ria tions  2 a nd 3) ha ve  virtua lly identica l TRCT
Benefit-Cos t Ra tio re s ults . This  indica te s  tha t the  incre m e nta l pe ne tra tion  ra te  ga ine d by
increa s ing the  incentive  level from $25 to $50 does  not pos itive ly impa ct die  Benefit-Cos t Ra tio;
however, it does  ra ise the overa ll peak demand impact of the program.

Results Based on a 50% Cvclinsl Strateqv

(1)
(2)

(3)
(4)
(5)

(5)
(7)
(8)

(9)
(10)
(11)

Note 1
Note 2
Note 3
Note 4
Note 5

Thermostat and Switz values for Variation 2 and Variation 3 are additive in nature
Technology mosts include both capital and O&M
PAC Test costs assume APS pays for all technology
Programs analyzed over a 15 year life
Total Resource Cost Test plus the emissions information to follow equals the Societal Cost Test

Figure 75

[This  Space Intentiona lly Left Blank]

26 A 40°/0 cy strategy implies that the A/C unit would be remotely cycled off for twelve minutes out of every half hour.

27 A 50% cycling strategy would raise the expected impact for each customer from 1.04 kW to 1.3 kw.
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Life-Cycle Avoided Emissions
Based on a 40% Cycling Strategy

Scenario co, CO no, PM10 so, HE

A/C Cycling - Variation 1
tons lbs lbs lbs lbs lbs

7,487 601 2,271 160 74 0.03
A/C Cycling - Variation 2 14,721 1,183 4,465 314 145 0.06
A/C Cycling - Variation 3 17,624 1,416 5,345 376 173 0.07
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Benefit-Cost Analysis and Program Recommendations

5.2.5  ES TIMATED EMIS S IONS  IMP ACTS

The A/C Cycling program va ria tions  ana lyzed above a ll res ult in net lower emis s ions  over the life
of time programs.

Fgzzre 76

5 .2 .6  RECO MMENDATIO NS

Afte r re vie wing the  inte re s t of AP S  hom e owne rs  a nd the  corre s ponding Be ne fit-Cos t ra tios
de rived from  re s ea rch conducted re la ted to dis  S tudy, it is  re com m ended tha t AP S  purs ue  a
Res identia l A/C Cycling progra m.

5.3 RESIDENTIAL MISCELLANEOUS LOAD CONTROL

5 .3 .1  O VERVIEW  O F RES IDENTIAL MIS CELLANEO US  LO AD CO NTRO L

Mis ce lla neous  loa d control progra m s  a re  s im ila r in na ture  to the  A/C Cycling progra m  lis ted
a bove , howeve r, they would incorpora te  othe r a pplia nces  or equipm ent. For e xa m ple ,  loa d
control de vice s  could  be  pla ce d on wa te r he a te rs ,  pool pum ps , or e le c tric  he a ting. Thes e
programs  a re often combined with the A/C Cycling programs  in wha t amounts  to a  multi-end-us e
DLC progra m .

5 .3 .2  CURRENT P ROGRAMS  IN OTHER J URIS DICTIONS

Ha wa iia n Ele ctric  Com pa ny ("HECO") ha s  one  of the  fe w wa te r he a ting-only DLC progra m s
offe re d  by a n inve s tor owne d  utility, ca lle d  the E l e v S rouzi I-IECO's  $3 pe r m onth wa te r he a te r
DLC ince ntive  is  roughly double  the  $18 a ve ra ge  incre m e nta l wa te r he a te r a nnua l ince ntive
offe red by the  other utilities  whos e  DLC progra ms  incorpora te  wa ter hea te rs . HECO's  progra m
s ta rted in 2005, but they ha ve  a lrea dy enrolled 15% of e ligible  cus tomers . HECO ins ta lls  a  free
"ENERG YS CO UT" n e a r th e  c u s to m e r's  wa te r h e a te r. During s ys te m  e m e rge ncie s ,  the
ENERGYS COUT tempora rily turns  off die  e lectricity to the  wa te r hea te r. Hot wa te r in the  ta nk
would s till be  a cces s ible , a nd the  wa ter hea te r typica lly would not be  inte rrupted for more  tha n
one hour at a  time.28

A number of smaller water heater pilot efforts have been initiated around doe country as well.
Rural cooperatives in particular have embraced water heater control as a means of engaging
customers in helping to reduce peak system loads. Control periods vary dramatically from one

pa.Yeehttp: / /www.heco.com /vcmcontent/FileScan/PDFConvert/scoutsixznup,pd£
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Bene8t-Cost Analysis and Program Recommendations

progra m to a nother. An e lectric coopera tive  in the  Wes tern United S ta tes  experimented with 2-
hour, 4-hour, a nd 5-hour control, both in the  m orning a nd evening. The  length of the  control
pe riod did not s ignifica ntly a lte r the  dem a nd s a vings ; however, the  tim e  of da y d ie  even t was
ca lled did have an impact, with the ea rly morning hours  providing more kW reductions  Man other
time periods.29

Electric space heating DLC programs are rare. Portland General Electric ("Pordand"l conducted
a small pilot program in 2003 dirt included 77 participants. The control technology was
programmable thermostats which controlled participants' space heating use for two hours per day.
The average demand savings was 0.73 kW per participant from rpm to rpm, and 0.48 kW from
rpm to rpm. Portland terminated Me program at the conclusion of the pilot period due to a poor
Benefit-Cost Ratio.30 Florida Power 8: Light ("FP&L") has the nation's largest Residential DLC
program with roughly 800,000 participants, and includes water heading, residential heating, and
pool pumps, in addition to A/C Cycling, in its On Cal/ program.31

5.3.3 AP P LICABILITY TO AP S

A wa ter hea ter-s pecific progra m does  not s pecifica lly Et AP S 's  needs . The AP S  s ys tem is  mos t
cons tra ined in s ummer monda ys  in the Phoenix Va lley a nd Yuma . During the periods  of extreme
tempera tures  Ma t coincide wide s ys tem pea k (typica lly between 4-5pm1, it is  unlikely tha t wa ter
hea ters , typica lly loca ted in ga ra ges , require  long run times  to ma inta in their pres et tempera ture
levels , During winter months , when wa ter hea ters  would neces s a rily run more  often, AP S  would
ass ign much les s  va lue for such a  resource, indeed, the avoided capacity cos t would be negligible.
If AP S  were  to initia te  a  Res identia l A/C Cycling progra m, however, the  incorpora tion of wa te r
hea ter cycling could provide additiona l kW impacts  for margina l cos t increases . For this  reason, a
com bine d A/C a nd Water Heater Cycling program has  been ana lyzed.

Re s ide ntia l cus tom e rs  with  pools  M the ir ya rds  provide  a nothe r dim e ns ion to  DLC. In  th e
res identia l survey conducted ea rlier this  yea r, APS a lso queried cus tomers  on whether or not they
ha d pools , a nd if s o, whether or not they were  on timers . Almos t one  out of three  Low Country
homeowners  indica ted they ha d a  s wimming pool, a nd 95% of thes e  indica ted their pool pumps
were  on a  timer. Clea rly, the  high pa rticipa tion on res identia l TOU ra tes  ha s  led to cus tomers
s eeking wa ys  to s chedule  high energy cons uming loa ds  on their own a nd Mere is  no jus tifica tion
or need for APS to focus  on pool pump timers .

5.3.4 BENEFIT-COS T TES T RES ULTS

As  wa s  due  ca s e  previous ly, the  progra m cos ts  a nd a s s ocia ted loa d impa cts  were  provided by
Summit Blue . Two va ria tions  to a  combined A/C plus  wa ter hea ter progra m were  a na lyzed: one
ba s ed on a  40% cycling meda odology a nd one  ba s ed on a  50% cycling methodology. In ea ch
ca s e, the  res ults  were  compa red to a nd incrementa l from the ba s e ca s e  A/C only progra m us ing

29 Summit Blue Consulting, based on a water heater program evaluation conducted for an electric cooperative in the
Western United States .

30 Portland General Electric Co.,Direct Loud Control Pilotfzr E/mink .Ypare Heat' Pilot Evaluation and It/rpariMeasure/nenL Revised
October 22, 2004.

31 .Yeehttps: / /app.fp1.com/secure/forms/onca1l.sht1n1.
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AC Only AC+WH AC Only AC + WH
40% Cycling Strategy 50% Cycling Strategy

Participants 65,000 26,000 65,000 26,000
Expected Reduction (kW) per Customer 1 .04 0.24 1.3 0.3
Total Program Size (MW) 67.60 6.24 84.50 7.8
Technology Cost per Unit (including installation) $325 $60 $325 $60
Program Development Costs $150,000 $25,000 $150,000 $25,000
Annual Program O&M Costs $175,000 $0 $175,000 $0
One-time Rebate (per participant) $0 $0 $0 $0
Annual Incentives per Customer $30 $20 $30 $20

Benefits
Avoided Capacity $35.5 M $38.8 M $44.4 M $48.5 M
Avoided Energy $1.6 M $1.8 M $2.0 M $2.2 M

Costs
Technology $24.9 M $26.7 M $24.9 M $26.7 M
Program Costs $3.3 M $3.3 M $3.3 M $3.3 M
Rebates/I incentives $13.5 M $17.1 M $13.5 M $17.1 M

PAC Test
Benefits (1 +2) $37.1 M $40.6 M $46.4 M $50.7 M
Costs (3+4+5) $41 .7 M $47.1 M $41 .7 M $47.1 M
Benefit-Cost Ratio (6/7) 0.89 0.86 1.11 1 .08

Total Resource Cost Test
Benef its(Ji2 $37.1 M $40.6 M $46.4 M $50.7 M
Costs (3+4) $28.2 M $30.0 M $28.2 M $30.0 M
Benefit-Cost Ratio (9/10) 1 .32 1 .35 1.65 1 .69

T\1T¢"fvfA\TT\ D19QDrw1\TQw R T rAn T\/fAT\TA flF`1vTT-TT\T"|" Durwcn A M Q*rr wav

Benefit-Cost Analysis and Program Recommendations

the  va ria ble s  provide d by S urnrnit B1ue .32 It wa s  a s s ume d dirt a ny cus tome r pa rtic ipa ting in  the
A/C progra m dirt ha d  a n  e le c tric  wa te r he a te r would  a ls o  a llow die  Compa ny to  re mote ly contro l
tha t a pplia nce  a s  we ll. Ba s e d on in te rna l re s e a rch numbe rs , th is  would  a mount to  a pproxima te ly
40% of the  e xpe cte d pa rtic ipa nts  (26,000 of d ie  65,000 A/C cycling pa rtic ipa nts  would a ls o  ha ve
die ir wa te r he a te rs  cycle d. The  re s ults  a re  a s  follows :

(1)
(2)

(3)
(4)
(5)

(6)
(7)
(8)

(9)
(10)
(11)

Note 1 Technology costs include both capital and O&M
Note 2 PAC Test costs assume APS pays for all technology
Note 3 Programs analyzed over a 15 year life
Note 4 Costs and expected reductions for AC + WH program are incremental to Ac Only program
Note 5 Total Resource Cost Test plus the emissions information to follow equals the Societal Cost Test

Faure 77

The  A/C p lus  wa te r he a te r p rogra ms  p rovide  a n  inc re me nta lly be tte r TRCT Be ne fit-Cos t Ra tio ;
howe ve r, in  both  ca s e s  the  P AC Te s t Be ne fit-Cos t Ra tio  is  ma rgina lly wors e . This  is  like ly due  to

s tra tegy) expected from the  wa te r hea te rs  compared to the  necessa ry incentive  of $20.

5 .3 .5  E S TIMATE D E MIS S IO NS  IMP AC TS

A combine d  A/C a nd  wa te r he a te r cyc ling  progra m a s  a na lyze d  a bove  would  re s u lt in  ne t lowe r
emis s ions  on the  AP S  s ys tem ove r the  life  of the  program.

32 It is expected that the results from the other variations depicted in the A/C Cycling section would provide comparable
results.
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Life-Cycle Avoided Emissions
Based on a 40% Cycling Strategy

Scenario con CO no, PM10 so, HE
tons lbs lbs lbs lbs lbs

A/C & WH Cycling 8,178 657 2,480 174 80 0.03
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Figure 78

5.3 .6  RECOMMENDATIONS

Based on the  numbers  above , it appea rs  a  prope rly s tructured incrementa l wa te r hea te r program
could provide  a  ne t be ne fit to the  APS  sys te m if done  in ta nde m wide  a n A/C Cycling progra m.
The re fore , it is  re comme nde d tha t a ny A/C Cycling progra m provide  fle xibility to cons ide r the
addition of a  water hea te r or other incrementa l appliance .

5_4 COMMERCIAL & INDUSTRIAL DLC

5 .4 .1  OVERVIEW OF COMMERCIAL & INDUS TRIAL DLC

C&I DLC progra ms a re  s imila r in na ture  to the  Misce lla ne ous  Loa d Control discusse d a bove  in
tha t dire  a re  multiple  e nd-use  a pplica tions  a t C&I cus tome r prope rtie s  tha t ca n be  ta ppe d into
for loa d re ductions . S ome  la rge  comme rcia l fa cilitie s  a re  a lre a dy e quippe d with EMCS  tha t
monitor a nd control HVAC sys te ms, lighting, a nd othe r building functions . Auto-DR is  de s igne d
to link fa cility EMCS  with e xte rna l utility-ge ne ra te d price  or e me rge ncy s igna ls . The  s igna ls
initia te  pre -progra mme d, cus tome r-de fine d s tra te gie s  to s hift, re duce  or s he d loa d for brie f
pe riods  of time . P re -de fining a nd a utoma ting the  cus tome r re sponse  through the  cus tome r's
EMCS  ca n  s ubs ta ntia lly re duce  cos t a nd  comple xity while  provid ing  a  more  re lia b le  loa d
re duction. Incre a s ingly, th ird-pa rty a ggre ga tors  a re  be ing  us e d  to  coord ina te  cus tome r
participa tion and insta ll turnkey solutions where  EMCS are  not ava ilable .

5 .4 .2  CURRENT P ROGRAMS  IN OTHER J URIS DICTIONS

Many different types of C841 DR programs are offered diroughout die United States by varying
entities, including Independent System Operators, utilities, and dairy-party aggregators. The
aggregators, as mentioned above, offer turn-key solutions for utilities by securing a portfolio-
based load curtailment capability from a mix of customers, often from different industries with
varying consumption patterns. The utilities then treat DR as a resource and call upon it when
needed. For example, Pacific Gas & Electric ("PG&E") recency signed five agreements with DR
aggregators who collectively committed to provide load curtailments of at least 35 MW in August
2007, ramping up to as much as 149 MW from 2009 to 2011.33

Load impacts from C&4 DR programs can vary widely depending on die types of customers
participating in the program. LBNL performed interviews with various entities to assess due state
of DR in 2006. Overall, the respondents felt that the reliability-based DR resources, of which

as Pacific Gas and Electric Company,Applimz'ionforApproua! afDemandRzlpome Agrwmentf,PreparedTefti//loqy, February 28,
2007; California Public Utilities Commission, Order Approving the Applications of Pacific Gas and
Electric Company and Southern California Edison Company for Approval of Demand Response Agreements, Decision 07-
05-029, May 3, 2007.
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DLC is a part, performed well. System operators and aggregators planned on load reductions of
less than 100% of enrolled loads, results met or exceeded expectations, with some programs
realizing load responses of 800/0 or more of enrolled resources.34

Pre liminary results  from an LBNL/PG&E pilot Auto-DR program using critica l peak prices
showed that participants were able to achieve 14% demand savings on average. Most of die
customers involved controlled dleir HVAC system as part of the Auto-DR solution, while a few
customers controlled their lighting and a small number controlled odder equipment such as non-
critical processes. Many different sectors were involved in the study. A previous LBNL study
found that savings per square foot varied widely, but that many facilities were able to reduce loads
by approximately 0.5 watts per square foot, or 50 kW for a 100,000 square foot building."

5.4.3 AP P LICABILITY TO AP S

In spring 2007, APS commissioned Summit Blue to do a preliminary review of the different forms
of DR that could be pursued by the Company. Based on the nature of die APS system and its
customer base, Summit Blue recommended that the Company move forward aim a C&I DR
program. In October 2007, APS issued a targeted RFP for C&I DR and LM via a third-party
aggregator. The RFP specified the scope and parameters for the DR proposals, as described
below:

o

O

Turn-key proposal where the respondent would be responsible for customer marketing,
recruiting, and services, communication protocols, product installation, operations and
maintenance, and measurement and verification.

Minimum load management size: 10 MW. The proposals sought required availability
during die summer months of May through September, APS did entertain proposals for
other durations. Load reductions are required to be in effect no later than 24 hours after
APS notification of a demand reduction event.

O

o

Operation must begin no later than May 1, 2010, and can ramp up over time.

Respondent must provide on-going real-dine data on availability and event performance
to APS.

O Any customer in Respondent's  offe ring must be  an APS C&I customer physica lly
located within eider the Greater Phoenix Metropolitan load area or doe Yuma load area.

The Company received proposals in December 2007 from multiple vendors. There was wide
variation in the proposals received, including phased-in capacity, wide a range of 2 - 40 MW in
2009, and increasing to a  maximum of approximate ly 200 MW by 2013. The  numbe r of
anticipated customers participating in the  programs varied widely, from 100 to over 10,000.
Proposed contract durations ranged from 5 - 15 years. The proposals included maximum callable
hour limits between 40 - 100 hours during peak load times.

5.4.4 BENEFIT-COST TEST RESULTS

Bas ed upon the res pons es  provided,  APS c alc u lated Benef i t -Cos t  Rat ios  f or  the PAC T es t  of

between 0.4 and 1.1. Due to the nature of  the bids, APS was unable to calculate a TRCT Benef it-

34 The Summer of 2006: A Milestone in the Ongoing Maturation of Demand Response, LBNL, N. Hopper et al, May 2007.

35 Finding.r]9on¢ t/ye 2004 Full/ Autwnaled De/nund Rmponfe Test; in Lm8e Fad/flier,M.A. Piette el al, September 2005.
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Cos t Ra tio for each proposa l, a s  the exact amount of reba tes  and incentives  being passed a long to
cus tom ers  we re  not known, howeve r, it ca n be  s urm is ed tha t the  re s ults  of a  TRCT for e a ch
propos a l would be  grea ter tha n the  res ults  for the  PAC Tes t. Beca us e there  were  bids  s ubmitted
dla t pa s s ed the PAC Tes t, die  Company felt comfortable wide moving forward in the negotia tions
proces s  with a  short-lis t of vendors .

5 .4 .5  RECO MMENDATIO NS

Currency, doe  Compa ny ha s  on-going contra ct negotia tions  with die  s hort-lis t of vendors . The
Compa ny's  empha s is  in dies e l negotia tions  - purs ua nt to Decis ion No. 69663 - is  to deve lop a
cos t-effective program tha t is  mos t beneficia l to body cus tomers  and the APS electric sys tem. As
a  re s u lt,  the  Com pa ny is  rigo rous ly ne go tia ting  fo r c le a r m e a s u re m e n t,  ve rific a tion  a nd
performa nce  requirements , including cus tomer s ervice  metrics . AP S  a nticipa tes  tha t contra ct
negotia tions  will end in the  nea r future . If s ucces s ful, the  Compa ny will file  with die  Commis s ion
s pecific informa tion, including progra m pa ra meters  a nd cos ts . The  Compa ny is  optimis tic tha t
die  res ult will be  a  via ble  C&I DR progra m tha t is  cos t-effective a nd benefits  both cus tomers  a nd
die APS electric sys tem.
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SCHEDULED LOAD MANAGEMENT

6.1 OVERVIEW OF SCHEDULED LOAD MANAGEMENT

SLM is a class of programs dirt require pre-planned load reductions on behalf of the customer.
Customers agree to and schedule load reductions at pre-determined times and in pre-determined
amounts. These programs are codified as contractual obligations which specify, well in advance, die
specific days, times, or situations when load reductions are to be scheduled. Due to this advance
notice, utilities do not typically have die ability to call on dis load for curtailment purposes on short
notice. Based on dais, some researchers view SLM as an energy efficiency strategy rather dean a DR
prograrn.5**

6.2 THERMAL ENERGY STORAGE

6.2.1 OVERVIEW OF  THERMAL ENERGY S TORAGE

TES progra ms typica lly a ss is t cus tome rs  in a cquiring a nd ins ta lling ice  or chille d wa te r s tora ge
sys te ms  tha t a re  use d to shift a ir conditioning loa d to off-pe a k hours  on a  da ily ba s is . This  is
a ccomplishe d by us ing die  e xis ting chille r e quipme nt to tidie r ma ke  ice  or chille d wa te r in die
off-peak hours , and then using this  the rma l ene rgy to cool the  customer s ite  during die  on-peak
hours  in lie u of running die  chille rs . This  e ffe ctive ly shifts  the  cooling loa d for a  building to the
nighttime  hours  whe n it is  le s s  e xpe ns ive  for die  utility to ge ne ra te  e le ctricity. TES  is  mos t
applicable  to la rge  commercia l facilitie s or to district cooling systems and a re  fixed asse ts Mat do
ncjre quire  ongoing progra m inte ra ction once  ins ta lle d a nd ope ra ting. One  e xa mple  is  the
dis trict cooling system insta lled a t Chase  Fie ld, which se rvices  much of downtown PhoenN<.37
S ma lle r s ys te ms  a pplica ble  to  re s ide ntia l a nd s ma ll comme rcia l cus tome rs  a re  be coming
increasingly ava ilable . In some  circums ta nce s , s iring s tora ge  e quipme nt is  ofte n a  ba rrie r to
insta lla tion a t existing facilitie s .

6.2.2 CURRENT P ROGRAMS  IN OTHER J URIS DICTIONS

Few investor-owned utilities are presendy offering TES programs to daeir customers. Xcel
Energy, in Minnesota, has offered customer incentives for TES systems in one font or another
for 20 years as part of its Custom Solutions energy efficiency program. For these, the utility
offers rebates of up to $200/kW reduced. This program has resulted in less than fifty total TES
systems being installed in the Xcel service area.38

In se ve ra l jurisdictions  in Ca lifornia , due  Ice  Be a r sys te m is  be ing ins ta lle d will some  succe ss ."
Ice  Bea r is  an ISAC system designed for use  with 5-20 ton rooftop or split system A/C. Ice  Bea r

36 fee "Demand Response: An Introduction" by the Rocky Mountain Institute (April 30, 2006) at pp. 6-7.

37 For more information, :hehttp:/ /www.apses.com /district energy.aspx.

38 Deriuedfrafn: Summit Blue interview with Xcel Energy, February 2007; Xcel Energy 2005-2006 CIP Filing; Xcel Energy
2005 CIP Status Report.

L

39 Ice Bear is produced by Ice Energy. More information can be found at www.ice-cnergycom. As of June 2008, their
products are only available for commercial customers in California, Nevada, Hawaii, and Colorado.
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a nd a n  a ir-coole d  conde ns e r ma ke  ice  during  the  off-pe a k pe riod . During  pe a k hours , Ice  Be a r
func tions  a s  the  conde ns e r, c ircu la ting  ice -conde ns e d  re frige ra n t with  a  100-wa tt re frige ra n t
p u mp . Unlike  more  comple x TES  s ys te ms , the  Ice  Be a r s ys te m ca n  be  ins ta lle d  by a  ce rtifie d
HVAC  c o n tra c to r,  d e u s  re d u c in g  c o s ts . S o m e  e xa m p le s  o f th e  a p p lic a tio n  o f Ic e  Be a r
te chnology in  Ca lifornia  include :

O In  2 0 0 4 , th e  C ity o f An a h e im  in s ta lle d  C a lifo rn ia 's  firs t Ic e  Be a r s ys te m  in  a  c ity fie
s ta tion . The  unit a chie ve s  a  95% re duction in  pe a k de ma nd a nd a  5% ove ra ll re duction
in ene rgy consumption.40 Ic e  Be a r is  c u rre n c y d ie  o n ly p ro d u c t a p p ro ve d  fo r a  TE S
ince ntive  progra m offe re d by Ana he im.

O In December 2006, PG&E, Southern California Edison ("SCE"), and San Diego Gas &
Electric ("SDG&E") contracted with Ice Energy within the Emerging Technology
program. SDG&E arranged for eight pilot installations. PG&E offers upfront rebates,
annual incentives, and TOU rates in its Shift and Save program, which includes
technologies like Ice Bear. SCE proposes for 2008 a permanent load shifting program
that includes ISAC systems like Ice Bear.

Ac c o rd in g  to  Ic e  E n e rg y's  we b s ite , a s  we ll a s  a  p re s e n ta tio n  g ive n  b y th e m to  th e  DRCC, a
sys tem tha t would be  ins ta lled to avoid 10 kW of A/C load has  an ins ta lled cos t of $15,000, ha s  a
peak itself of only 0.3 kw, and has  a  15- to 30-year des ign life.

6.2.3 AP P LIC ABILITY TO  AP S

In  1985 , AP S  be ga n  its  S TEP  progra m to  e ncoura ge  the rma l e ne rgy ins ta lla tions  in  its  s e rvice
te rrito ry. At th a t time , o n ly a  fe w s ma ll TE S  s ys te ms  we re  in  p la c e . Be c a us e  o f the  limite d
numbe r o f e xis ting  s ys te ms , the  re la tive ly ne w te chno logy re qu ire d , a nd  the  be ne fit o f s h ifting
HVAC loa d from pe a k to  off-pe a k, AP S  de cide d to  purs ue  a n a ggre s s ive  ma rke ting ca mpa ign to
encourage  TES  sys tems . Fe a tu re s  o f the  o rig ina l p rogra m we re  two  s pe c ia l time -of-da y ra te s ,
fina ncia l ince ntive s , a nd te chnica l a s s is ta nce  to  pros pe ctive  c lie nts . Ince ntive s  we re  pa id  ba s e d
on  d ie  kW  s h ifte d  a t the  time  of the  cus tome r's  pe a k. Cthe r te chn ica l re qu ire me nts  we re  fa irly
libe ra l, s inc e  the rma l s to ra ge  wa s  s till a  ne w te c hno logy a nd  little  ope ra ting  in fo rma tion  wa s
a va ila b le . The  ince n tive  ra te s  we re  $250 /kW  fo r d ie  Ers t 500  kW  s h ifte d  a nd  $115 /kW  fo r a ll
kW  s h ifte d  the re a fte r. During  da is  time fra me , o the r u tilitie s  we re  o ffe ring  ince n tive s  ra ng ing
from $60 to  $425/kW s hifte d. By J a nua ry 1990, a  tota l of e ighte e n TES  s ys te ms  we re  ope ra ting
unde r the  S TEP  p rog ra m. AP S  h a d  p a id  c a s h  in c e n tive s  o f a p p ro xima te ly $ 2  millio n  fo r a n
a ve ra ge  of $235/kW s hifte d . Mos t cus tome rs  s a w le s s -tha n-a ntic ipa te d  s a vings , but d id  re a lize
e xce lle nt s ys te m a va ila bility.

As  of  the end of  1994,  th i r t y s ix ins tal lat ions  had been per f ormed,  wi th  the las t  ins tal lat ion

providing jus t  over 2 MW  in demand reduct ion. In 1995, STEP ceased to exis t  as  a s tand-alone

program, as die Company began focusing on other energy ef f ic iency ef forts .

6.2.4 BE NE F IT-C O S T TE S T R E S ULTS

C o s t a n d  p a rtic ip a tio n  le ve ls  fo r a  TE S  p ro g ra m  we re  d iffic u lt to  o b ta in . S u m m it Blu e
de te rmined, ba sed on the  re sea rch died pe rformed on beha lf of AP S , tha t the re  may be  le s s  Dian
100  curre n tly e lig ib le  cus tome rs  who  would  pa rtic ipa te  in  a  TES  progra m. Th is  is  due  to  TES

40.Sleehttp:/ /www.a.uaheim.net/utilities /news Ia.rtide.asp?id=739. 95% reduction applies to the reduced A/C load
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Small-Scale TES Large-Scale TES
Participants 1 1
Expected Reduction (kW) per Customer 10 200
Total Program Size (MW) 0.01 0.20
Technology Cost per Unit (including installation) $15,000 $160,000
Program Development Costs $0 $0
Ongoing Program O&M Costs $0 $0
One-time Rebate $7,500 $80,000

Benefits
Avoided Capaci $9,221 $184,419
Avoided Energy $3,456 $69,128

Costs
Technology $21 ,604 $230,447
Program Costs $0 $0
Rebates/I incentives $6,953 $74,163

PAC Test
Benefits (1 +2) $12,677 $253,547
Costs 4+5 $6,953 $74,163
Benefit-Cost Ratio (6/7) 1 .82 3.42

Total Resource Cost Test
Benefits (1 +2) $12,677 $253,547
Costs (3+4) $21 ,604 $230,447
Benefit-Cost Ratio (9/10) 0.59 1.10
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making better economic sense on a new-build facility where the HVAC system could be
underbuilt to save on costs. In addition,'there are severe space restrictions for most TES
systems that would further limit the number of customers who could install TES. For this
reason, APS has chosen to analyze TES applications on a customer-by-customer basis. The
assumption here is that APS would incorporate a TES rebate program as part of its ongoing
energy efficiency and customer service program offerings. If a customer installed a TES system,
an APS representative or contractor would calculate die net capacity reduction from doe
technology, and die customer would be given a rebate check from APS. By making this
assumption, APS can study a TES program based solely on the cost of the technology, widiout
layering in any estimates on internal fixed costs to implement a larger scale program. Finally,
APS analyzed these as if there was no net change in the energy consumption for the customer.
There is no f i rm empir ical  evidence point ing to net savings or net addi t ional  energy
consumption. While the City of Anaheim did note approximately 5°/o net energy savings, Xcel
Energy's experience in Minnesota is just the opposite.

(1)
(2)

(3)
(4)
(5)

(6)
(7)
(a)

(9)
(10)
(11)

Note 1
Note 2
note 3
Note 4
Note 5

Technology costs include both capital and O&M
PAC Test costs assume Customer pays for all technology
Programs analyzed over a 15 year life
Total Resource Cost Test plus the emissions information to follow equals the Societal Cost Test
All Benefit and Cost figures are based on a NPV to 2009 dollars

.Figure 79

The s ma ll-s ca le  TES , which provides  a  loa d s hift of a pproxima te ly 10 kW per cus tomer, ha s  a
TRCT Be ne fit-Cos t Ra tio  we ll be low 1 . This  is  ca us e d  by d ie  h igh  te chnology cos t for a
rela tively small amount of capacity savings . The la rge-sca le TES, which has  an expected demand
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Scenario
Life-Cycle Avoided Emissions

coz CO no, PM10 so, HE
tons lbs lbs lbs lbs lbs

Small-Scale TES (1 part.) 40 (3) 24 0 0 0.00
Large-Scale TES (1 part.) 795 (66) 476 3 8 0.00
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re duc tion  o f 200  kw, ha s  a  TRCT Be ne fit-Cos t Ra tio  o f 1 .1 .41 In  b o th  c a s e s , th e  P AC Te s t
results  a re very favorable. For the PAC Tes ts , APS would incur only ha lf of the technology cos ts
in the form of reba tes  to time cus tomers , whereas  in the TRCT the full va lue of the technology is
accounted for.42

6.2.5 ES TIMATED EMIS S IO NS  IMP ACTS

Both TES  a pplica tions  a na lyzed a bove  would re s ult in ne t lower em is s ions  for a ll polluta nts
except CO. This  is  likely the  res ult of the  increa s ed off-pea k cons umption needed to cha rge the
TES  units .

Faure 20

6.2.6 R E C O MME NDATIO NS

On its surface, TES seems to be a very good it in Arizona. As rnendoned earlier, approximately
44.5% of peak demand requirements for C&I customers is HVAC load. However, there is some
concern that TES systems would have to be built for greater capaciw than needed in the Phoenix
market to account for Me higher ambient temperatures that the unit would have to bade while
making chilled water or ice.

Becaus e of the s eemingly na tura l fit of TES on the APS s ys tem and the potentia l for bill s avings
tha t could offs e t s ome of die  long-te rrn cos ts  of doe  progra m for cus tomers , the  Compa ny is
looking into the  fea s ibility of ins ta lling TES  units  on one  or m ore  new a nd exis ting Com pa ny
fa cilities  over the  next s evera l yea rs . By doing a Ns , AP S  could tes t die  performa nce  of TES  in
the  des ert clima te  a nd could ga ther better da ta  on potentia l bill s a vings . If it is  determined tha t
da is  technology can function well and provide s avings , a  Societa l Cos t Tes t will be revis ited and
die viability on the APS sys tem will be determined.

6.3 SCHEDULED WATER PUMPING

6.3.1 O VE R VIE W  O F  S C HE DULE D W ATE R  P UMP ING

Scheduled Water Pumping programs  involve any agreement, described above, for a  pre-planned
load reduction, where Me utility and its  cus tomer agree in advance to specific, modified pumping

41 The installed cost for a large-scale TES system of $800/kW was taken from Anenvnenl of Long-Tami, Jjftet/1-£Vide Potential
for Demand-_fide and Other $4>_P/emem'a/ Retourmz. Appendirey, Prepared for PacifiCorp by Quantec, LLC, in col laboration with
Summit Blue Consulting and Nexant, Inc. (]fly 11, 2007) at Table B.12.

42 It is important to note that neither of die tests performed above account for potential rate savings from installing a TES
unit.
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sche dule s  to shift pumping de ma nd a wa y from on-pe a k time  pe riods . The  downs ide  to such
programs is  tha t they may not coincide  with time  pe riods  when die  utility system needs the  load
reduction, e idie r for economic or re liability purposes.

6.3.2 CURRENT P ROGRAMS  IN OTHER J URIS DICTIONS

There are two large Scheduled Water Pumping programs in Idaho, conducted by PacifiCorp and
Idaho Power. These programs are very similar in most respects. Both programs started at
roughly the same time (2003 or 2004), and offer similar customer incentives of between $5.50
and $13 per kW reduced per year, depending on the frequency of load reductions. Both
programs have achieved very similar participation rates of 24-25% of eligible customers, and use
automatic dimers to reduce loads at pre-set times dirt customers agree to when they sign up for
the program each year. For the Idaho utilities, administration of the programs has been relatively
easy, however, recruitment has proven difticult.43 SCE has a similar agricultural and interruptible
program that pays an incentive of approximately 1 cent/kWh, rather than a demand-based
incentive/'4 Given the nature of agricultural industries using irrigation, owners and farmers are
often different entities, and the farmer who agrees to limit watering may be at a different site in
subsequent years. This can lead to annual re~recruitment efforts.

6.3.3 AP P LICABILITY TO AP S

APS curre ncy ha s  two progra ms in pla ce  via  its  Commiss ion-a pprove d Time -of-Use  a nd Time -
of-We e k ra te  options  for its  Wa te r P umping S e rvice , Ra te  S che dule  E-221.45 The se  options
provide  an incentive  to customers to shift usage  to specific time  frames.

The  Time -of-We e k ra te  option a llows for the  cus tome r to ne gotia te  a  spe cific "Control Pe riod"
tha t cove rs  a  thirte e n-hour pe riod from ra m to 10pm for one  da y during the  we e k Monda y to
Frida y). During the  Control Pe riod, cus tome rs  a re  re wa rde d for limiting powe r consumption. If
the  me a sure d kph during the  Control Pe riod is  2 kph pe r kW or le ss , the  cus tome r re ce ive s  a
discount of 350.00693 pe r kph for a ll usage  during tha t billing pe riod; howeve r, if die  measured
kph is  grea te r than 8 kph pe r kw, they a re  a sse ssed a  pena lty of $000347 pe r kph for a ll usage
during the  billing pe riod.

The Time-of-Use rate, E-221-8T, creates a customer-specific on-peak period covering a

consecutive 8-hour period between ram and 10pm each and every day, mutually negotiated by

the customer and APS. This rate puts a heavy emphasis on the demand component of the
customer's bill. Compared to due flat $1.660 per kW found under E-221 both standard and
Time-of-Week options), E-221-8T charges $3.950 per on-peak kW and $2.360 per off-peak kw.

The usage charges for the time periods ($0.08454 and $().04547, respectfully) are discounted
from the standard rates.46

43 Summit Blue interview with Idaho Power, April 3, 2007.

44 Flex Your Power Now,Cal9%mia DetnandRmponfePmgrafm,Table of Programs (updatedjune 23,2006) .

45 As these rates are cost-justified and inherently designed to be revenue neutral, no benefit/cost analysis is being
performed. All rates discussed are those currently in effect.

46 The standard energy charge is a combination of the following: 350.10311 per kph for the inst 240 kph, plus $00701 per
kph for the next 275 kph per kw, plus $005755 per k'9Vh for all additional k\1Vh.
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When compa ring the  two ra te  options  tha t promote  s cheduled s hifting of cons umption to doe
s tandard plan, it is  apparent dirt the average cus tomer saves  money if they a re capable of shifting
us a ge . Cus tomers  on thes e  TOU options  ha ve  res ponded to the  embedded price  s igna ls  a nd
managed to save on their bills  compared to the s tandard ra te.

6.3.4 R E C O MME NDATIO NS

While  it a ppea rs  dirt the re  is  e conom ic jus tifica tion for cus tom ers  to s witch onto one  of the
above-mentioned ra te  options , die  actua l pa rticipa tion for thes e ra tes  is  les s  than 5% combined.
The re fore ,  AP S  re com m e nds  inve s tiga ting  the  re a s ons  why irriga tion  a nd wa te r pum ping
cus tomers  ha ve  not s witched to the  TOU ra te  options . Concurrent to da is  S tudy, AP S  is  a ls o
cons idering a  wa ter pumping tes t and repa ir pilot program for irriga tion cus tomers  dirt would be
rolled out la te r da is  yea r. The  ma in purpos e  of this  pilot progra m is  to he lp cus tomers  identify
ltes tl and ultima tely achieve (repa irs  electric s avings  on their wa ter pumping sys tems . If pursued,
this  would provide a  good forum to discuss  with these cus tomers  their awareness  level rela ted to
the  TOU ra te  options . If pos s ible , the  Compa ny would then identify thos e  cus tomers  currency
on the  s ta nda rd pla n who a re  ca pa ble  of a nd would bene fit from  s witching to a  TOU option,
and migra te them away from the s tandard plan.

6 . 4  B ATTE R Y S TO R AG E

6.4.1 OVERVIEW OF BATTERY sTooGE

Battery Storage, often referred to as Energy Storage, provides an electrically rechargeable storage
technology dirt can be cycled on a regular basis for long periods of time. Battery Storage
applications are Used frequency for power quality and reliability purposes and prOVide "ride-
throughs" during outages or other system disturbances. Battery Storage can also be used in
conjunction with renewable energy resources to better help intermittent resources, such as solar
photovoltaic and wind, to align their output with utility peak demand requirements.47 There are
many different types of Battery Storage technologies, each with characteristics that could
translate into customer-owned DR capacity. Three of the main technologies are discussed
below.

6 .4 .1 .1  LEAD-ACID BATTERIES

Lead-Acid Batteries are the oldest rechargeable battery technology, invented in 1859.
They have relatively low energy-to-weight and energy-to-volurne ratios, but do provide
high surges of power. The expected lifetime for these batteries degrades significantly
with operating temperature, as depicted in the following graph:4**

47 .Yuhttp: / /e1ectfidtystorage.org/technologies applicationshtm.

48 The EPRI-DOE Handkaok of Enevgl/ Storage for Tran:/eziniofe and Diftfibufian App5eati0nJ' (2003), originally from Staiionag/
Bullegy Guide: Design, AppéeezM, and Mainfenanee, Revision 2 of TR-700248,EPRL Palo Alto, CA:2002, 7006757 ("EPRI-DOE
Handbook").
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In a ddition, Le a d-Acid Ba tte rie s  ha ve  short life time s  if use d for de e p cycling

Ga ia  P ower Technologies  produces  a n 11 kW Lea d-Acid P ower Tower, which ca n be
built with  10  to  30  kph  of s to ra ge  ca pa c ity.  Both  d ie  NYS ERDA a nd  the  CEC a re
funding projects  us ing this  technology."

6.4.1 .2 F LO W BATTE R IE S

A Flow Battery is a rechargeable battery in which liquid electrolyte is pumped through a
power cell dart converts the chemical energy in the electrolyte into electrical energy.
Flow batteries have a smaller energy and power density than other more  traditional
rechargeable batteries. Three types of Flow Batteries are currency in production: Zinc
Bromide (ZnBrl, Vanadium Redon, and Polysulfide Bromide (PSB).

The  CEC ha s  pa rtne re d wid 'l the  S a cra m e nto Municipa l Utility Dis tric t ("S MUD") to
ins ta ll a  20 kw/180 kph va na dium  re do ba tte ry from  VRB P owe r S ys te m s  Inc . This
ba ttery will be  us ed for s ix hours  of loa d s hifting a nd a n a dditiona l three  hours  of ba ck-
up powe r. The  tota l cos t for the  s ys te m  wa s  $300,000 with a n e s tim a te d life tim e  of
10,000 cycles , a n equipment cos t of $450-700 per kph (for s izes  grea ter tha n 500 kW
with 8 hours  of s torage), and a  roundtrip efficiency of 65-750/0.50

The  CEC ha s  a ls o pa rtne red with P G&E to ins ta ll a  2 MW/2 MWI1 utility-s ited pea k
s having s ys tem us ing Zinc Bromide technology from ZBB Energy.51 The s ys tem will be
com pris e d of four 500 kW/500 kph Zinc Brom ide  ba tte rie s ,  e a ch conta ining te n 50

49 Jae,http: / /www.9iapowcrtechnolo§cs.com /ncws.html baud
http: //wwwgaiapowenechnologics.com /news /CalifomiaEncrgyCircuit.pd £

50 Seehe): / /www.vrbnower.com/technology/faus.htm1for additional specifications.

51 .Yeehtrpz/ /www.zbbcnergy.com/pdf/ZBB Brochure.pd£
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kph modules . The  EP RI-DOE Ha ndbook es tima tes  a  2006 price  of $162,500 for a  250
kw/500 kph module  (ma nufa ctured by ZBB Energy), including the  ba tte ry control a nd
ma na gement s ys tem, DC circuit brea ker, exte rior enclos ures , environmenta l controls ,
and technica l support for sys tem integra tion, ins ta lla tion, and s ta rtup. Lifetimes  of 1,500
cycles  or more a re expected, and have been confirmed by initia l projects .

6 .4 .1 .3  S O DIUM S ULFUR

Sod ium Su l f u r  (NaS)  bat ter ies  us e mol ten  s u l f u r  and  mol ten  s od ium as  elec t rodes ,

separated by a solid beta alumina ceramic electrolyte. Only die pos it ive sodium ions can

go dmrough the elec trolyte.  Operat ing temperatures  of  300-350°C must be maintained,
but  die charge/discharge ef f ic iency is  high at  approximately 90°/0. T he mater ials  are

non- toxic  and the bat ter ies  have a long l i f e. Output  c an exc eed f ive t imes  the rated

capac i ty f or  up to 30 seconds ,  providing both power  qual i ty and peak shaving/demand

response capabil i t ies . T h i s  t ec h n o l og y  w as  o r i g i n a l l y  d eve l op ed  b y  F o r d  M o t o r

Company in die 1960s for an electr ic  vehic le.

The  EP RI-DOE Ha ndbook e s tim a te s  a  2006 price  for a  Na S  50 kW/400 kph s ys tem
of $75,000. A cycle life  of approxima tely 6,000 is  es tima ted a t a  70% depdi of dis cha rge
a nd 4,000 a t a  90% depda  of dis cha rge . NYS ERDA is  s pons oring a  de m ons tra tion
project of a  1 MW/7.2 MWI1 s ys tem for na tura l ga s  compres s ors  a t the  Metropolita n
Tra ns porta tion Authority's  Long Is la nd bus  ma intena nce  fa cility in Ga rden City, New
J e rs ey. This  project is  currently unde r deve lopm ent. In Februa ry 2008, Xce l Ene rgy
a nnounced it will develop a  wind fa rm energy s tora ge  ba ttery ba s ed on 20-50 kW Na S
ba tte ries  from NGK Ins ula tors , LTD. The  80 ton, two s emi-tra ile r s ized s ys tem will be
capable of 7.2 MWh of capacity a t a  charge and discharge ra te of 1 MW.52

6.4.2 AP P LICABILITY TO  AP S

APS is currently testing Zinc Bromide Flow Batteries at the STAR Center. The Zinc-Flow 45
battery system technology is manufactured by Premium Power Corporation." The Company
has configured it for Telecom applications,54 with a nominal storage value of 45 kph. The
enclosure for the battery system is outdoor-rated with a self-contained heat pump for tempering
hot and cold extremes. The Zinc-Flow 45 battery system is currently undergoing a long-term
float voltage test. During the summer of 2008, the system will be tested in extreme temperature
discharge/charge cycles.

6.4.3 R E C O MME NDATIO NS

Be ca us e  of die  re la tive  ne wne s s  of this  type  of te chnology for DR purpos e s , AP S  doe s  not
re com m e nd m oving forwa rd with a  progra m  a t a Ns  tim e . The  Com pa ny pla ns  to  continue
te s ting the  ins ta lla tion a t the  S TAR Cente r a nd, if the  te chnology proves  e ffective , AP S  will

52

information on this technology, seehttp: / /www.ngk.co.jp/ English /products /power/nas /index.l;tml.

So http: / /www.businessg1een.com/business-green/news/7211044/x9-m -uial-wMd-newer. For additional

53 .Yeehim:/ /www.orcmiumDoweI.com/.

54 The APS Telecom facilities mentioned here help maintain the communications and control network for the Company's
power plants and transmission system, and, as Audi, they require significant amounts of reliable battery backup.
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cons ide r the  next s teps  for a Ns  technology. AP S  will a ls o m onitor othe r indus try e fforts  a nd
technology cos ts  with rega rds  to Ba ttery S tora ge  to look for new opportunities  in the  future  for
its  incorpora tion.
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7. CUS TOMER LOAD RES P ONS E

7.1  OVE RVIE W OF CUS TOME R LOAD RE S P ONS E

Customer Load Response  re fe rs to DR programs where  die  utility offe rs incentives to customers to
take  action on the ir own initia tive . This  diffe rs  from Direct Load Control programs in tha t the  utility
doe s  not ha ve  e xplicit control ove r shutting off proce sse s  or loa ds . While  die  loa d re ductions  a re
a ctua te d by the  cus tome r, the y ma y s till us e  a utoma te d proce s s e s , loa d s witche s , or othe r
technologies to effectuate  the  curta ilment.

7.2 CURTAILABLE LOAD /INTERRUPTIBLE RATES

7.2.1 OVERVIEW OF CURTAILABLE LOAD & INTERRUP TIBLE RATES

Curta ilable  Load and Inte rruptible  Ra te  programs typica lly ta rge t medium and la rge  customers.
P a rticipa nts  a gre e  to firm loa d re ductions  whe n notifie d by the  utility, some time s  will a s  lithe
advance  notice  as 10 minutes prior to an event. Curta ilment can be  e ither manual (the  customer
initia te s  die  re duction by s hutting off e quipme nt), or a utoma te d, via  e ithe r a  DLC de vice
described ea rlie r or unde r-frequency re lays connected to specific customer loads. Customer
incentives for Curta ilable  Load programs can include  monthly capacity credits, option payments,
or per event credits. Interruptible  Rates utilize  a  ta riff with reduced capacity charges in exchange
for the  cus tome r's  obliga tion to curta il loa d upon the  re que s t of the  utility. Both type s  of
programs normally include  financia l penalties for underperformance or non-performance.

7.2.2 CURRENT P ROGRAMS  IN OTHER J URIS DICTIONS

In a  study conducted for die  Inte rna tiona l Energy Agency, it was de te rmined tha t more  than ha lf
of the  forty North Ame rica n utilitie s  surve ye d we re  offe ring Curta ila ble  or Inte rruptible  Ra te
programs to the ir C&I custorne rs .55 Utilitie s  offe ring progra ms  in 2004 include d a lmos t a ll
ma jor utilitie s  in Ca lifornia , Illinois , India na , Iowa , Minne s ota , a nd Wis cons in, a s  we ll a s
Allegheny Energy, Colorado Springs Utilities, and Kansas City Power & Light.

Mos t utilitie s  re quire  re la tive ly s m a ll m inim um  de m a nd re ductions  to  be  e lig ible  for the
programs, ranging from 50 kW for Xce l Ene rgy in Minnesota , up to 250 kW for MidAmerican
Ene rgy. Minnesota  P ower, howeve r, limits  the  program e ligibility to customers  with an annua l
peak demand of 10 MW or greater, effectively limiting the program to its large steel plants.

P rogram ra te  discounts  va ry conside rably, from Commonwea lth Edison's  ("CosEd") $7-10 pe r
kW reduced pe r yea r, to Alliant Ene rgy's  $56 pe r kW reduced annua lly. P rogram pa rticipa tion
does not appear to be  significantly influenced by the  magnitude  of ra te  discounts. For example ,
lV[id.American Energy offers a  $39 per kW annual ra te  discount and has approximately 7% of its
tota l C&I customers peak demand participating, while  Xcel Energy's ra te  discount of $41 per kW
annually achieves approximately 8.6% of tota l C&I customer peak demand participating.

Roughly 20% of die  utilitie s  surveyed in the  s tudy lis ted above  reported program impacts  tha t
amount to 15% or more  of the ir C&I peak demands, however, many of these  utilitie s  reported

55 North American Utility Demand Response Survey Results, Summit Blue Consulting for the International Energy Agency
Demand Side Management Programme, Task XIII - Demand Response Resources, March 2005 ("lEA Su1:vey").
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that doe majority of their reducion comes from steel plants, which comprise a significant portion
of the utilities' C&I peak demand. An additional 13% of die utilities surveyed reduce their C&I
peak demands by 10-14% though the Curtailable Load/Interruptible Rate programs. Nearly half
of the utilities surveyed, however, realize C&I peak demand reductions of 4°/o or less.

7.2.3 AP P LICABILITY TO AP S

AP S  ha s  some  e xpe rie nce  with Inte rruptible  ra te s . From the  la te  1970s  until the  summe r of
2000, AP S  ha d s e ve ra l contra cts  with cus tome rs  for Inte rruptible  s e rvice . Ea ch of die s e l
contracts  provided e idie r a  specia l Fixed price  or a  demand cha rge  discount for a llowing APS to
inte rrupt a ll or a  portion of the ir load. The  seven customers  a im which APS had the se  contracts
provide d a nywhe re  from 2.5-51 MW of loa d curta ilme nt on no more  tha n thirty minute s  notice .
V(/hile  APS ha s  e nte re d into da e l type s  of a rra nge me nts  in the  pa s t, dire  a re  curre ncy no re ta il
cus tome rs  with which the  Compa ny ha s  a n inte rruptible  s e rvice  a gre e me nt in pla ce . APS
historica lly se ldom inte rrupted the  se rvice  of diode  contracts , which led to discounted payments
for some customers with no associa ted loss of load.

One  progra m APS doe s  ha ve  in pla ce  curre ntly is  APS Powe r Pa rtne rs .56 Powe r Pa rtne rs  is  a
voluntary program a imed a t C&l customers. When tempera tures exceed 110 degrees, APS sends
a  notice  to pa rticipa nts  re que s ting tha t the y curta il. In 2007, 58 orga niza tions  in P hoe nix a nd
Yuma participa ted as Power Partners. As Power Partners, customers pledge  to: turn the rmosta ts
up two degrees higher than normal, turn off unnecessa ry lights and equipment, and shift energy-
using ta sks to morning or evening hours.

7.2.4 R E C O MME NDATIO NS

AP S  doe s  not re comme nd pursuing a  Curta ila ble /Inte rruptible  progra m a t this  time . AP S  ha s
entered into these  agreements in the  past, and due to various circumstances, they were  a llowed to
te rmina te  widiout e xte ns ions . Als o , a ny cus tome rs  who would  cons ide r e nte ring  in to  a n
inte rruptible  agreement would be  e ligible  to pa rticipa te  in the  planned C&I DLC program, which
would provide  ince ntive s  ba se d on pa rticipa tion a nd the  le ve l of loa d tha t wa s  droppe d ra the r
than the  negotia tion of a  separa te  contract providing discounted ra tes tha t would require  specific
Commission approval, or due  Critica l Peak Pricing Pilot discussed la te r in this Study.

7.3 DEMAND BIDDING/BUYBACK

7.3.1 OVERVIEW OF DEMAND BIDDING/BUYBACK

DBB programs encourage  customers to reduce  loads by bidding a  load reduction amount (e ithe r
kph or a  pe rcentage  of the  base lines to the  utility in exchange  for an ene rgy payment. The  price
for da is  re duction ca n e ithe r be  se t by the  cus tome r (die  price  a t which the y would a gre e  to
c u rta il) o r b y th e  u tility lie  p ric e  a t wh ic h  th e  u tility wo u ld  b e  willin g  to  p a y fo r a  lo a d
reduction). Typica lly, the  incentive s  a re  tied to spot marke t e lectricity price s . DBB programs a re
ofte n  d rive n  by a n  in te rne t p la tfo rm whe re  the  u tility ca n  pos t p rogra m e ve n ts , a nd  d ie
customers can bid in load reduction amounts by hour. Using a  base line  load curve , die  utility can
estimate  the  actua l amount of load dirt was reduced for each hour of the  event. These  programs
are  best suited for la rger customers.

as Inhttp: / /www.aps.corn /main /services /business /partners /default.hrmL
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7.3.2 CURRENT P RO G RAMS  IN O THER J URIS DICTIO NS

The lEA Survey revea led tha t DBB progra ms  a re  es tima ted to provide the  la rges t pea k dema nd
im pa cts  for a bout 25% of the  utilitie s  s urveyed, a nd s eve ra l a dditiona l utilitie s  a ls o e s tim a te
s ignifica nt dema nd reduction impa cts  from their DBB progra ms . The top-performing progra ms

the s e  im pa cts  we re  re porte d s e ve ra l ye a rs  a go (2000 - 2002 tim e fra m e ) whe n s pot m a rke t
elecMcity prices  were higher Dian died have been M recent years .

In 2007, s ix utilitie s  tha t reported high DBB progra m  im pa cts  we re  re -inte rviewed.57 Thes e
utilities  genera lly res trict e ligibility for die ir DBB progra ms  to la rge  cus tomers  who ca n reduce
loa ds  by a t lea s t 500-1,000 kW during pea k periods . Of the  s ix utilities  interviewed, only Cos Ed
ha s  a  low m inim um  re duction crite ria  s e t a t 10 kw. Na tura lly, progra m pa rticipa tion is
s ignifica ntly influenced by this  minimum reduction criteria  - Cos Ed ha s  over 3,700 pa rticipa nts ,
which is  more than 100 times  a s  many as  a ll but one of die other five utilities  interviewed.

7.3.3 AP P LICABILITY TO  AP S

AP S  does  not view DBB a s  a  via ble  DR progra m a t dlis  time. DBB works  bes t in a  region with
vola tile  da y a hea d or hourly ma rket price  s igna ls , s imila r to wha t is  found in RTOs /IS Os . DBB
progra m s  re ly on  s uch  m a rke t price s  to  provide  the  e conom ic  ince ntive  for cus tom e rs  to
pa rtic ipa te .  AP S  is  not curre ntly in  a n  RTO/IS O m a rke t tha t would  provide  hourly m a rke t
clea ring price s igna ls  tha t would be able to incant a  cus tomer to participa te.

7.3.4 R E C O MME NDATIO NS

Currency, a nexus does not exist between the actions APS would request customers to undertake
and the pricing mechanism under which they would be paid. In addition, customers who would
likely participate in a DBB program are already being captured in the planned C&I DLC program
discussed earlier, or the CPP Pilot discussed in the next section. For these reasons, mc Company
does not recommend moving forward with DBB at aNs time.

7.4 DISTRIBUTED GENERATION

7.4.1 O VE R VIE W  O F  DIS TR IBUTE D G E NE R ATIO N

For purposes of this Study, DG can be broken into two specific categories: Renewable DG and
Standby Generation. Currency, Renewable DG involves providing customers incentive
payments to encourage Me development of DG resources powered by renewable energy. APS is
required to acquire a specific percentage of energy each year pursuant to the RES Rules,5**
therefore, this Study will focus on Standby Generation.59

57 North American Utility Demand Response Survey Results, Summit Blue Consulting for the International Energy Agency
Demand Side Management Programme, Task XIII: Demand Response Resources, March 2005.

58 A.A.C. R14-2-1801 through 1816.

59 Over the course of the next year, APS will be conducting a study on Renewable Distributed Generation technologies and
integration.
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Bene8t-Cost Analysis and Program Recommendations

Standby Generation programs utilize customer-owned standby units, typically run on diesel fuel
or natural gas, which are called upon by the utility to reduce loads. These programs encourage
the installation of new units and/or provide incentives for existing units to participate. The
utility has the ability, under certain system conditions, to call upon the customer to begin
production from their DG unit, dais having the same effect as reducing that customer's load
requirements. Standby Generation, specifically when located widain a load pocket, provides the
added benefit of increasing the electric system's reliability by reducing the stress on grid
components, supporting local voltage levels, and increasing the diversity of power supply.

7.4.2 CURRENT P ROGRAMS  IN OTHER J URIS DICTIONS

S ta ndby Ge ne ra tion progra ms  a re  not pre va le nt in the  Unite d S ta te s , howe ve r, da re ve ry
diffe rent utility programs illustra te  how it can be  used as a  Dispa tchable  DR resource .

Portland has a  Dispa tchable  Standby Genera tion program dra t is  geared toward encouraging the
de ve lopme nt of ne w dis tribute d ge ne ra tion a t cus tome r s ite s . This  S ta ndby Ge ne ra tion ca n be
dispa tched by the  utility up to 400 hours  annua lly to mee t peak power demands. The  customer
must purchase  the  gene ra tor (minimum 250 k w , but Portland pays for a ll equipment necessa ry
for pa ra lle l inte rconne ction with the  utility grid a s  we ll a s  a ll ma inte na nce  a nd fue l e xpe nse s .
Once  ope ra tiona l, the  s ta ndby ge ne ra tors  ca n be  monitore d a nd dispa tche d from P ortla nd's
control ce nte r. The y ca n a lso provide  ba ckup powe r during a n outa ge . An a dditiona l be ne fit to
the  cus tome r re la tive  to typica l ba ckup ge ne ra tion is  die  se a mle ss  tra ns ition to a nd from the
ge ne ra tor without the  usua l mome nta ry powe r inte rruption. The  grid-synchronize d conne ction
a lso me a ns  dla t Portla nd ca n use  the  ge ne ra tors  for some  a ncilla ry se rvice  functions . P rogra m
participants pay standard e lectric ra tes, regardless of whether it is  be ing genera ted by Portland or
the ir onsite  genera tor. Portland not only pays the  fue l costs  for the  standby genera tors  during an
outa ge , but a lso for up to 15 hours  pe r ye a r during which the  custome r choose s  to ope ra te  the
unit_60 As  of De ce mbe r 2007, Portla nd ha d 44 MW e nrolle d M Mis  progra m, re pre se nting 37
gene ra tors  a t 22 unique  loca tions . Anothe r 17 MW a re  unde r deve lopment, and Portland ha s  a
long-te rm goa l of 150 MW.61

P ro g re s s  En e rg y Ca ro lin a s  ("P EC") c u rre n c y h a s  a  P re m ie r P o we r ta riff u n d e r wh ic h
a pproxima te ly 17 MW of P EC-owne d DG units  a re  loca te d a t the  s ite s  of a pproxima te ly te n
pa rdcipa dng cus tome rs  with e spe cia lly high re lia bility ne e ds . The  cus tome r re ce ive s  ons ite
gene ra tion capability during system outages  in exchange  for paying a  moodily fee  consis ting of
both leve lized capita l costs and opera tion and maintenance  costs.62 PEC is investiga ting the  use
of these  genera tors  and othe r PEC- or customer-owned genera tion to reduce  peak demands for
up to 100 hours pe r yea r.63 Although these  systems a re  te sted pe riodica lly a t full load, PEC has
ne ve r ta ppe d into this  idle  re source  in re sponse  to supply cons tra ints  or high ma rgina l supply
costs.

so .So http: / /www.portlandgeneraI.com /business /large industrial /dispatchable generation.asp?bhcp=1

information.
for additional

61 Summit Blue interview with Portland program manager, December 14, 2007.

62 .Yee httnz/ /wwwnrogres s -ene rgy.com /aboutene rgy/ra te s /NC P rem ie r P owenpdf.

63 .Yee Progress Energy Carolinas Resource Plan, North Carolina Utilities Commission, Docket No. E-100,

(September 2006) at p. 26.
Sub 109,
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Benefit-Cost Analysis and Program Recommendations

SDG&E ha s  contra cted wider EnerNOC Inc., a  dema nd res pons e  a ggrega tor, on its  Clea n Gen
progra m. This  progra m is  des igned to utilize  25 MW of exis ting ba ckup genera tors  to s upport
the ir tra ns m is s ion s ys tem  during pe riods  of high dem a nd. Ene rNOC a nd S DG&E coopera te
with the  S a n Diego County Air P ollution Control Dis trict to ens ure  tha t the  emis s ions  expected
from  us e  of the s e  ge ne ra tors  com ply with Me ir a ir pe rm its .  This  is  ofte n done  by ins ta lling
Dies e l P a rticula te  Filte rs  to reduce  the  pa rticula te  m a tte r by ove r 85% a nd a ls o s ignifica ntly
reduce  ca rbon monoxide  a nd hydroca rbon emis s ions . By a ll a ccounts , this  progra m ha s  been
successful. On Octobe r 24, 2007, the  Cle a n Ge n progra m  s ucce s s fully s upplie d 17 MW of
genera tion to the  grid during a  Ca lifornia  Independent Sys tem Opera tor s ta te  of emergency. In
this  program, EnerNOC pays  a ll equipment upgrades , fuel cos ts , and ma intenance cos ts  and in
return receives  a  capacity and energy payment from the udlity.64

7.4.3 AP P LICABILITY TO  AP S

One of the  ma jor is s ues  for S ta ndby Genera tion in the  metropolita n Phoenix a rea  is  emis s ions .
Portions  of Ma ricopa  County ha ve been des igna ted "nona tta inment" for da re  polluta nts : PM10,
CO a nd ozone .65 Ozone  is  crea ted by a  chemica l rea ction be tween NOt a nd Vola tile  Orga nic
Com pounds  in the  pre s ence  of s unlight. Ground-le ve l ozone  is  the  prim a ry cons titue nt of
smog.66 Any progra m  involving S ta ndby Ge ne ra tion in  P hoe nix, the re fore ,  m us t ta ke  into
a ccount die  pote ntia l im pa ct of NOt e m is s ions . Inva ria bly, citing new genera tion s im ila r to
wha t Portla nd is  promoting could prove difficult due to thes e  res trictions . APS  ha s  a  number of
cus tomer-owned s ta ndby genera tors  on its  s ys tem, the  ma jority of which a re  dies e l-powered.
According to die  Santa  Ba rba ra  County Air Pollution Control Dis trict, typica l s tandby genera tors

Ba s e d on this  inform a tion, the  m os t fe a s ible  wa y for AP S  to a pproa ch a  progra m  involving
S ta ndby Genera tion is  to a na lyze the  utiliza tion of exis ting, s ited s ta ndby genera tors , s imila r to
die  Cle a n Ge n progra m  de ve lope d by S DG&E. AP S  be lie ve s  tha t ca pita lizing upon e xis ting
cus tom e r-owne d ge ne ra tors  could  provide  the  com pa ny with  a  s ignifica nt s ource  of loca l
genera tion ca pa bility, however, the  is s ue  of NOt emis s ions  ca nnot be  ignored. Therefore , it is
recommended tha t for da is  progra m AP S  would propos e  to pa y the  cos t to re trofit the  exis ting
cus tomer-owned genera tors  with die  la tes t emis s ion-controlling technology to dra s tica lly reduce
die  em is s ion of NOt into the  environm ent. AP S  would a ls o pa y a  portion of the  Opera tion 8:
Ma intena nce  cos ts , fue l cos ts , a nd inte rconnection cos ts  (if a pplica ble ). By d o in g  s o ,  it  is
a ntic ipa te d tha t cus tom e r pa rtic ipa tion could be  m a xim ize d while  m inim izing die  im pa ct of
harmful emiss ions  from these genera tors .

7.4.4 BENEFIT-CO S T TES T RES ULTS

In orde r to a dequa te ly produce  a  Benefit-Cos t ra tio for a  S ta ndby Genera tion progra m , AP S
conta cted a  third-pa rty provider of s ta ndby genera tors . This  compa ny a ls o performs  re trofits  to

64 .Yee "Aggregated Backup Generators Help Support San Diego Grid," Power Magazine (February 2008) and
htrmz//www.enen1oc.com/resources/EnerN()C (IA (Ilean(1en FAo.nd£

as .Yeehttp: / Iwww.maricopa.gov/aq /divisions /planning analysis / state implementation planaspx.

as .feehttp: / /www.epa.gov/air/ozonepollution /.

67 _feehttp://www.sbcapcd.org/generatorshtm. For comparison purposes, Redhawk and Sundance produce 0.07 and 0.20
pounds of NOt per megawatt hour, respectively.
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Benefit-Cost Analysis and Program Recommendations

reduce the  emis s ions  from s ta ndby genera tors . Ba s ed upon this  informa l dis cus s ion, APS  wa s
a ble  to  de te rm ine  the  a pproxim a te  cos t for re trofitting a  2 MW s ta ndby ge ne ra tor,  plus  die
expected O&M cos ts ." Beca us e  of die  vola tility in fue l prices , two ca s es  were  run with die s e l
cos ts  per ga llon of $3.50 and $450.69 Fina lly, the S tandby Genera tion program is  being ana lyzed
with a  tota l pea k ca pa city of 50 MW, which the  Compa ny fee ls  ma y be  a tta ina ble  if a  progra m
such a s  dis  were implemented.

[This  Space Intentiona lly Left Blank]

68 For simplistic purposes, it is assumed that APS would bear all emissions control, O&M and fuel costs.

69 Per the Energy Information Administration's \weekly Retail Gasoline and Diesel Prices website, the average price of
diesel on April 14, 2008 was $4.06 per gallon. _Yeehttps/ /tontocia.doegov/dnav/pet/pet pry god deus nus w.htm.
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Standby Generator
Program ($3.50

Diesel)

standby Generator
Program ($4.50

Diesel)
Participants 29 29
Expected Reduction (kW) per Customer 1750 1750
Total Program Size (MW) 50.75 50.75
Technology Cost per Unit (including installation) $550,000 $550,000
Program Development Costs $50,000 $50,000
Ongoing Program O&M Costs Variable (see notes) Variable see notes
Rebates/Incentives $0 $0

Benefits
Avoided Capacity $46.1 M $46.1 M
Avoided Energy $5.8 M $5.8 M

Costs
Technology $41.6 M $45.3 M
Program Costs $0.0 M $0.0 M
Rebates/Incentives $0.0 M $0.0 M

PAC Test
Benefits (1 +2) $51.9 M $51.9 M
Costs (3+4+5) $41.6 M $45.3 M
Benefit-Cost Ratio (6/7) 1 .25 1.15

Total Resource Cost Test
Benefits (1 +2) $51.9 M $51.9 M
Costs (3+4) $41.6 M $45.3 M
Benefit-Cost Ratio (9/10) 1.25 1.15
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Benefit-Cost Analysis and Program Recommendations

(1)
(2)

(3)
(4)
(5)

(6)
(7)
(8)

(9)
(10)
(11)

Note 1
Note 2
Note 3
Note 4

Variable annual fuel and O&M costs apply
APS assumes all technology costs and pays for all fuel and O&M
Assumes total program size of 50 MW with average load avoidance of 1.75 MW
Programs analyzed over a 15 year life

Faure 22

The  Benefit-Cos t te s t re s ults  indica te  dra t the  a s s umed cos t of dies e l fue l over the  life  of Me
project ha s  a n impa ct on the  cos t-e ffectivenes s  of a  S ta ndby Genera tion progra m, but from a
TRCT s tandpoint S tandby Genera tion could be beneficia l to the APS s ys tem. The res ults  for the
PAC Tes t and the TRCT a re the same because, under the program des ign proposa l s tudied, APS
would  no t .pa y re ba te s  o r ince n tive s  to  Me  cus tom e r,  ra the r,  the  Com pa ny pa ys  fo r a ll
technology, fuel, and O&M expenditures . Therefore, both tes ts  show the s ame results .

7.4.5 ES TIMATED EMIS S IO NS  IMP ACTS

The estimated emissions impact from a Standby Generation program shows a net increase in
emissions for the pollutants that APS was able to get data on. The values for CO and NOt are
based on the new government reqMements that all standby generators must meet by 2011.70
The CON values are estimates based on the current emissions from an example generator. If
APS were to pursue a Standby Generation program, more research into the estimated emissions
impact would have to be performed.

10 Jaehttp: / /www.cumminspower.com /www /literature/technicdpapers IF-1564-EPAEmis sionsRegu.1ations.pdf.
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Scenario
Life-Cycle Avoided Emissions

con CO no, PM10 so, HE
tons lbs lbs lbs lbs lbs

Standby Generation (16,282) (621 ,045) (609,740) N/A N/A N/A

D E M A N D PWQPMNQE 9. Lt*;°*,D b,La1\&AJ1H}.4E1\TT PPJWRAM CUT TRY

Benefit-Cost Analysis and Program Recommendations

Note: Data on PM10, S02 and Hg for standby generators are not available

Faure 23

7.4.6 RECOMMENDATION S

The  pre liminary results  of die  Benefit-Cost ana lysis  described above  indica te  tha t the re  may be  a
potentia l benefit to APS and its  customers from pursuing a  Standby Genera tion program in load-
cons tra ine d a re a s . Be ca use  APS  ha s  to da te  only ha d informa l discuss ions  with one  pote ntia l
ve ndor in  orde r to  a s s e s s  the  cos ts  o f unde rta king  a  S ta ndby Ge ne ra tion  progra m, it is
re comme nde d a t this  time  tha t AP S  conduct a dditiona l re se a rch ove r the  coming months  to
be tte r a ssess the  ta le  costs  of deve loping a  Standby Genera tion program. APS will put pa rticula r
focus  on the  le ve l of e miss ions  dirt would be  e xpe cte d a nd the  te chnology cos ts  of re trofitting
these  genera tors with advanced emissions control equipment, as well as APS's ability to ca ll upon
the  dispa tch of these  gene ra tors  in emergency s itua tions, when the  customers  would othe rwise
be  like ly to run die  ge ne ra tion on Me n own initia tive . If the  re sults  of this  a dditiona l re se a rch
indica te  tha t a  Standby Genera tion program may be  feasible , the  Company will assess whether or
not to pursue  such a  program a t tha t time .

7.5 VEHICLE-TO-GRID TECHNOLOGY

7.5.1 O VE R VIE W O F  VE HIC LE -TO -G R ID TE C HNO LO G Y

VZG technology re fe rs  to e lectric vehicles or PI-IEVs tha t can both rece ive  power from and push
powe r ba ck onto the  powe r grid. The  two-wa y plug ca pa bility a llows a  utility to ta ke  a dva nta ge
of the  extra  e lectrica l storage  capacity in the  vehicle  ba tte ries to mee t peak demand, provide  grid
support se rvice s , or re spond to powe r outa ge s . During pe riods  whe re  utilitie s  fa ce  high powe r
price s , it ma y ma ke  e conomic se nse  to pa y commute rs  to plug the ir ve hicle s  in while  a t work,
a nd a llow die  utility to dra w from the ir ba tte rie s . V2G te chnology ha s  the  pote ntia l to work a s
follows:71

[This  Space  Intentiona lly Left Blank]

71 PreJ°entalionJ9'om Vebif/e to Grid Paz:/erAna§/nk Jemzhar, @/ Wt//el? Kefnpton, University/ zfDe/aware, at NREL, Sqbletnber 2005.
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O

NREL comple te d a  s tudy on the  pote ntia l e ffe c t of P HElps  for Xce l Ene rgy.72 The  NREL
Study ran production COst mode ls  to s imula te  the  impacts  of PHEVs on hourly demand, ba sed
on four ve hicle  cha rging ca se s : Uncontrolle d Cha rging, whe re  ve hicle  owne rs  cha rge  the  ca rs
e xclus ive ly a t home  in a n uncontrolle d ma nne r, De la ye d Cha rging, which is  s imila r to the  Ers t
ca s e  e xce pt tha t the  initia tion of hous e hold cha rging doe s  not be gin until 10pm; Qff-P e a k
Cha rging, which a ssume s  the  utility ca n e xe rcise  some  control ove r the  off-pe a k hours  during
which the  cha rging occurs  to be s t ma tch with pe riods  of minimum de ma nd, a nd, Continuous
Cha rging, which a ssume s  tha t public cha rging s ta tions  a re  a va ila ble  whe re ve r the  ve hicle  is
pa rke d, re s ulting in the  P HEV cha rging whe ne ve r it is  not in motion. NREL de ve lope d the
following conclusions:

o Re pla cing 30% of the  ve hicle s  with PHEVs de riving 390/0 of the ir mile s  tra ve le d from
electricity resulted in an increase  in tota l load of less than 3%,

A la rge  pe ne tra tion of PHEVs pla ce  incre a se d pre ssure  on pe a king units  if cha rging is
comple te ly uncontrolled,

Modest a ttempts to optimize  charging results  in no additiona l capacity requirements,

On Xce l's  system, na tura l gas is  used for margina l genera tion most of the  time , re sulting
in na tura l gas prices driving the  cost of PI-IEV charging.

There  a re  currency no PHElps ava ilable  for purchase  in the  United S ta te s , with the  exception of
one  compa ny tha t ma ke s  PHEV school buse s . The re  a re , howe ve r, se ve ra l ca r ma nufa cture rs

O

O

72 Cost: and E//liffions Axfodated with P/ag-In Hybrid EleMi: Vehif/e C/nzging in the Xm/ Enemy Colorado _ferwife Tervitog/, K. Parks,
P. Denhokn, and T. Markel, NREL, May 2007 ("NREL Study").
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Automaker
Description and summary of official
statements Status of production

AFS Trinity
Prototype of lithium battery +
supercapacitor combination for licensing
by carmakers

With Ricardo, three prototype conversions of Saturn
Vue mild hybrid

Apteral Futuristic lightweight $30,000 3-wheel
vehicles in development

Taking deposits on hybrid version to follow electric
version in 2009.

Audi
Volkswagen-owned company exploring
PHEVS

Metroproject Quattro Sub-compact PHEV Concept
Car shown October 2007

BYD
BYD Automobile Company, Shenzhen,
China

Plan F6DM $20-$30,000 PHEV with 60-mile range
for sale in China late 2008

Chrysler Chrysler launching electric vehicle division Renegade/zeo/Eco-Voyager concept cars

Daim lerChrys ler Joint DaimlerChrysler program managed
by Daimler after separation of companies

Several dozen PHEV prototypes on 15-passenger
Sprinter van since 2004 (nickel-metal and lithium);
no production commitment.

Fis ker Partner with Quantum Technologies for
$100,000 PHEV

Taking deposits for small production runs in 2009
and 2010.

Ford

Five to 10 years away. Small long-term
evaluation program, including modeling of
vehicle-to-grid benefits and economics,
with Southern California Edison. Batteries
not ready.

First Escape PHEV delivered to SCE Nov 2007; 20 in
2008-2009. (Several after-market companies have
done PHEV conversions of the Ford Escape -- see
Where PHEVs Are.)

General Motors

Saturn Vue PHEV and Chevy Volt series
PHEV, which it calls "extended range
electric vehicle" (EREV), part of "E-Flex"
multi fuel platform. Intends to be first. For
Volt, insists on high 40-mile electric-only
range /lifetime battery/affordability
criteria.

Aims to get Saturn Vue on road in 2010; no
production goal. Aims for 30-60,000 Volts in first
year with late 2010 goal to begin production. Now
bench-testing first prototype battery packs.

Ho n d a

Sees PHEVs as having "unnecessary fuel
engine and fuel tank, promises ail-
electrics "assuming we can come up with
a really high-performing battery that we
are working on currently." Doubts PHEVs
have environmental benefits.

No known plug-ins being planned or on the road.

Hyundai Studying the idea. No known plug-ins being planned or on the road.

Nissan
Adding PHEVs to "development program,
but says it intends to build all-electrics not
pHElps.

No known plug-ins being planned or on the road.

Rocky Mountain
Institute

Nonprofit group aims to spin off
commercial venture to build lightweight
PHEVs, successor to late 1990s "Hypercar'
concept.

No schedule announced .

S a a b GM-owned company exploring PHEVs Joint Venture with Volvo and others to research
PHEVS

Toyota

Agrees on environmental and economic
benefits; says batteries need further
development before a commitment to
mass-production. Says demand and
whether people will plug in remain to be
proven.

Beginning with road-testing of a dozen "Plug-in HV"
Prius PHEVs in the US and Europe, will produce at
least 400 leased demonstration vehicles for
commercial fleet owners in 2009-2010. Promise
production by 2010 at the latest. (Several
aftermarket companies and organizations have
converted about 150 Priuses -- see Where PHEVs
AB-)
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Benefit-Cost Analysis and Program Recommendations

tha t plan on relea s ing PHEVs  a s  ea rly a s  2010. Toyota  has  one PHEV certified for use in J apan.
An overview of the development of PHElps  is  included in the table below:75

73 Taken from CalCars website:www.calcars.org/carmakershrmlon June 20, 2008.
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Venture Vehicles 3-wheel vehicle in development. No schedule announced.

Visionary
Vehicles

Team w/Malcolm Bricklin (who brought
the Subaru and the Yugo to America) is
"starting to build the proton/pe."

Plans to bring a series PHEV to market in 2010.

Volks wagen
Lead engineer wants release from
requirement to build hydrogen fuel cell
vehicles.

Space Up! Blue Concept PHEV Van with diesel or
hydrogen fuel cells and rooftop photovoltaic.

Volvo Ford-owned company exploring PHEVs
"ReCharge" flex-fuel series 60-mile concept PHEV
w/wheel motors. Joint Venture with Saab and
others to research PHEVs.

DEMAND RFS P ()NS E & LOAD MANAGEMENT P ROGRAM S TUDY

Benefit-Cost Analysis and Program Recommendations

P G&E is  currency re sea rching die  use  of P HEVs for regula tion and peak load management in
pa rtne rship with Tesla  Motors .74 The  compa nie s  pla n to s tudy V2G te chnology a nd sma rt
charging, which a llows remote  access to the  vehicle 's  cha rging power leve l via  communica tion
with die  utility.

7.5.2 RE COMME NDATIONS

Due  to die  la ck of comme rcia lly a va ila ble  P HEVs , a n AP S -sponsore d V2G progra m is  not
currency feasible . However, due  Company plans to continue  monitoring VZG efforts na tionwide
a nd  will look into the  pos s ibility of s ta rting V2G te s ting a t s uch time as  Mere is  prove n
technology available to APS and its customers.

14 .Yeehttp:/ /www.tes1amotors.com /media /press room.php?id=667.
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TIME-DIFFERENTIATED RATES

8.1 OVERVIEW OF TIME-DIFFERENTIATED RATES

Time-Differentiated Rates encompass all rate designs that contain multiple rate levels dependent
upon the time of the day energy is consumed. These rate designs can be fixed in nature, where the
customer knows that for certain times of each day their rate will be a specific amount higher Dian
other times of the day. Alternatively, Time-Differentiated Rates can fluctuate hour-by-hour, or can
increase subject to certain predetermined criteria (such as transmission system emergencies). As
discussed earlier in the Study, APS has a long history of offering customers Time of Use rates. In
addition, there are two new rate schedules before the Commission in the pending rate case filed in
Docket No. E-01345A-08-0172.75 Final approval of these rates would occur at the time the
Commission makes a final determination on Me general rate case. This section of the report will
serve to provide a brief summary of the two proposals contained in that rate case filing.76

8 .2  RES IDENTIAL S UP ER P EAK RATE

The Company is proposing a new Residential TOU rate that contains a Super Peak period during the
most critical summer hours. This rate will be similar to the ET-2 rate plan that has a seven hour on-
peak period (Noon to rpm). During the months of June through August, however, dais new rate
plan (currency named ET-SP) will have a Super Peak period from rpm to rpm on non-holiday
weekday afternoons. The Super Peak period will be priced substandMy higher than the current on-
peak period rate. This will be offset by reduced charges for the off-peak period. The graph below
compares ET-SP to the proposed ET-1 and ET-2 rates:

[This Space Intentionally Left Blank]

75 The Company has also filed a proposal to divide its main General Service rate, E-32, as well as the TOU option E-32-
TOU, into four separate groupings based on customer peak demand.

76 .Yee Direct Testimony of Charles A. Miessner, Docket No. E-01345A-08-0172 (lune 2008).
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Figure 25

The  Norm a lized P ea k Loa d line  portra ys  the  typica l loa d s ha pe  for a  Res identia l cus tom er. Ra te

S chedule  ET-2 covers  the  top 9% of cus tom er dem a nd with one  ra te . This  progra m , if a pproved,
would be ava ilable ro any Res identia l cus tomer currently served by an AMI meter.

8.3 CRITICAL PEAK PRICING PILOT PROGRAM

CP P  progra m s  a re  TOU ra te  pla ns  tha t provide  a n e xtre m e ly high price  s igna l during a  lim ite d
number of critica l hours  on critica l da ys . The  cus tomer is  notified a  da y in a dva nce  when a  critica l
da y will occur a nd  for which  hours  the  e ve nt will cove r. During thos e  hours , cus tom ers  m us t
respond by reducing consumption to avoid paying the increased price.

APS is  propos ing a  CPP pilot program for genera l s ervice and irriga tion cus tomers  in the genera l ra te
ca s e . The  pilot would be  lim ited to 100 pa rticipa nts  a nd would la s t for two yea rs . Ea ch cus tomer
m us t ha ve  die  a bility to reduce  dem a nd by a t le a s t 200 kW a nd ha ve  inte rva l m e te ring (but not,
neces s a rily, AMI) in order to pa rticipa te . The  pilot progra m would a llow the  compa ny to ca ll up to
18 CP P  events  s pa nning five  hours  ea ch (Zpm to rpm) during mc s ummer months  ofjune  through
September for a  tota l of 90 hours  ea ch yea r. During thos e  90 hours , pa rticipa nts  would be  cha rged
a n incrementa l $0.400 per kph. To offs et this  increa s ed cha rge, cus tomers  would receive a n energy
dis count of be tween $0.011755 a nd $0.014892 per kph for a ll cons umption during the  months  of
]ume through September, regardless  of any events  being called.77

77 The energy discount is dependent upon which rate schedule the participant is currently served under.
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8.4 REAL-TIME P RICING

RTP programs utilize prices that fluctuate hourly randier than being fixed far in advance. Utilities
tend to post these prices on a day-ahead basis, and are either applied to a customer's total usage or to
deviations in usage from an established customer usage baseline. In reviewing different rate concepts
prior to the  filing of die  a forementioned ra te  case , RTP appeared to be  less beneficia l to APS
customers than the two other Time-Differentiated Rate programs previously discussed, however,
APS will continue to monitor industry experience in this area. RTP tends to be more expensive to
implement and is better targeted to C&I customers who can manage their usage to reduce the risks
of hourly fluctuations in prices. RTP programs are also better suited for utilities with highly variable
hourly energy prices with a highly liquid and transparent hourly market, and based on the research
performed prior to Me rate case filing, are generally less effective in reducing peak load than eidier
CPP or TOU.
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GLOSSARY

Advanced Metering Infrastructure ("AMI"): Metering system that records customer consumption
at least hourly and that provides for frequent bi-directional communications and transmittal of
measurements over a communication network to a central collection point. AMI system firmware is
remotely upgradeable and extends the us]ity's network, providing a wireless Home Area Network at

the customer site.78

Critical Peak Pricing ( "CPP") : Time-of-Use rate plans that provide an extremely high price signal
during a limited number of hours on critical days.
Curtailable/Interruptible Load: Demand Response programs where the participant agrees to firm
load reduction when notified by the utility, many times on very short notice. These programs typically
involve a separate contract between the utility and the customer, often embodied in a tariffed rate filed
with the state Commission.

Customer Load Response: Demand Response programs where the customer takes action on their
own initia tive .

v. The percentage of an air conditioning unit's expected run-time that will be reduced
to effectuate a reduction in household demand.
Cycling Strategvz

Programs in which the utility encourages customers to
reduce loads by bidding a load reduction amount to the utility in exchange for a payment.

Dem and Response ("DR"): Mechanisms designed to provide incentives to customers to reduce their
load in response to prices, market conditions, or threats to system reliability.
Demand-Side Management ("DSM"):

Demand Bidding/Buyback ("DBB"):

. The  planning, implementa tion, and monitoring of activitie s
designed to encourage  consumers to modify pa tte rns of e lectricity usage , including the  timing and leve l
of e le ctricity de ma nd."
Dire c t Lo a d  Co n tro l ("DLC"): Demand Response  programs where  the  utility or a  third-pa rty
contractor can remote ly control customer-specific loads and reduce  or cycle  the  energy consumption
for a  specified pe riod of time .

Lo a d  Du ra tio n  Cu rve  ("LDC"): A graph tha t sorts  a  utility's  load from highest consumption hour to
lowest consumption hour, ra the r than chronologica lly.

Lo a d  Ma n a g e m e n t: A utility's  de libe ra te  action to reduce  peak demand or improve  opera ting
efficiency.
No n a tta in m e n t Are a : Any a rea  tha t does not mee t (or tha t contributes to ambient a ir qua lity in a
nearby area  tha t does not meet) due  na tional primary or secondary ambient a ir quality standard for a
spe cific polluta nt."

_ A hybrid vehicle  (running on both ba tte ry s torage
power and gasoline) tha t can be  plugged into a  normal 120-volt household e lectrica l outle t for charging
instead of charging from the  gasoline-powered engine  like  current hybrid vehicles.
P ro g ra m  Ad m in is tra to r Te s t ("P AC Te s t"}: An economic eva lua tion test Mat reviews the  benefits
and costs  of a  potentia l program tha t the  administra tor (i.e ., die  utility) would bea r. This  te st does not
take  into account any ne t benefits  to socie ty from implementing the propos ed program.

P lu g -in  Hvb rid  Ele c tric  Ve h ic le  ("P HEV"):

78 Taken from Federal Energy Regulatory Commission, "Assessment of Demand Response and Advanced Metering: 2007"
(September 2007) at p. A-1.

79 Id. at p. A-3.

80 .fee hrmz/ /www.er>a.9ov/oar/oaqos/grcenbook/de5ne.htrnl.
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Re a l-Tim e  P ric in g  ("RTP "): Re ta il pricing program where  the  utility's  costs  for gene ra tion fluctua te
on an hourly basis  ra the r dan be ing flxed in advance .
Ro u n d trip  Effic ie n c y:
recharge  e fficiency (the  ra tio of energy stored divided by the  tota l amount inputted into the  storage
system) and the  discharge  e fficiency (die  ra tio of the  energy de livered to the  applica tion divided by how
much was stored). For example , if a  ba tte ry recharge  system efficiency is 80% (including losses thru
the  AC/DC power conversion equipment) and the  ba tte ry discharge  e fficiency is 90%, then the
roundtrip e fficiency ca lcula tion is : 80% X 90% : 72%.

S c h e d u le d  Lo a d  Ma n a g e m e n t ("S LM"): A class of Demand Response  programs tha t require  pre-
planned load reductions on beha lf of die  customer.
Snapback Effec t: The  amount of energy tha t was not consumed during the  Demand Response  event
tha t will s till be  consumed, e idie r from pre -cooling or process shifting be fore  the  event or additiona l a ir
conditioning runtime  a fte r the  event. The  Snapback Effect is  wha t distinguishes Demand Response
from Demand-Side  Management, where  energy is  permanency reduced from efforts taken by the  utility
a nd/or consume r.
Soc ie ta l Cos t Tes t ("S C T"): A va ria tion of the  Tota l Resource  Cost Test dirt a ttempts  to extend the
quantifica tion of benefits and costs to socie ty as a  whole , ra ther than just the  customers for a  given
utility.
Standbv Genera tion : Customer-owned genera tion resources, typica lly diese l- or gas-fired, tha t
provide  customers with a  guaranteed source  of power in the  event tha t e ithe r power qua lity or
re liability issues occur with the ir loca l utility.
S upe r Pe a k Ra te : A fixed ra te  ta riff dirt va lues a  subse t of hours  in the  day much highe r than othe r
hours in die  day. The  super peak period is  typica lly a  subse t of the  on-peak hours in the  day where  the
utility's  demand is  highest.

Svsdtch:A remote -controlled device  s imila r to a  circuit breake r tha t can tempora rily turn off and on an
appliance a t a  customer site .
The rm a l Ene rgy S to ra ge ("TE S ") : TES systems utilize  a  storage  medium, such as chilled water or
ice , tha t is  "charged" during off-peak hours and then used as the  cooling energy source  during on-peak
hours, offse tting the  need to opera te  high-demand re frigera tion equipment.
Tim e -Diffe re n tia te d  Ra te s  - a ls o  re fe rre d  to  a s  Tim e -o f-Us e  ("TOU"): Ra te  plans dirt have
diffe rent tie red prices based on the  time of day, day of week, or season in which the  customer
consumes power.
To ta l Re s o u rc e  Co s t Te s t ("TRCT"): An economic eva lua tion test tha t measures the  ne t costs of a
potentia l program as a  resource  option based on die  tota l costs  of the  program, for both the  utility as
we ll a s  the  pa rticipant. The  e ffects  of the  program a re  quantified for both pa rticipants  and non-
participants, under the  assumption tha t a ll customers rece ive  a  benefit from die  pa rticipa tion of a
subse t of customers.

The  roundtrip e fficiency of an energy storage  system is  the  product of the

Ve h ic le -to -Grid  ("V2G") Te c h n o lo g y: Plug-in Hybrid Electric Vehicle s  or e lectric vehicle s  tha t can
both rece ive  power from and push power back onto the  power grid.
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TABLE OF ACRONYMS

A/C:Air Conditioning
A c c : Arizona Corporation Commission
AMI: Advanced Metering Infrastructure
A p s : Arizona Public Service Company
Auto-DR: Automated Demand Response

Commercial & Industrial customers
Combined Cycle

CEC: California Energy Commission
CO: Carbon Monoxide

Cog: Caroon Dioxide
ComEd: Commonwealth Edison
Commission: Arizona Corporation Commission
Company: Arizona Public Service Company
CPP: Critical Peak Pricing
§_'[8 Combustion Turbine
DBB: Demand Bidding/Buyback

Distributed Generation
DLC: Direct Load Control
DOE: Department of Energy

Demand Response
DRCC: Demand Response Coordinating Committee
DSM: Demand-Side Management
EHV: Extra High Voltage
ELCC: Effective Load Carrying Capability
EMCS: Energy Management Control Systems
EPRI: Electric Power Research Institute
FERC: Federal Energy Regulatory Commission
FP&L: Florida Power 8; Light
HECO: Hawaiian Electric Company
HS; Mercury
HVAC: Heating, Ventilation, and Air Conditioning

Interval Data Recorder
ISAC: Ice Storage Air Conditioning
QQ; Independent System Operator
!SLV_2 Kilowatt
LBNL: Lawrence Berkeley National Laboratory
LDC: Load Duration Curve

Load Management
M&V: Measurement & Verification
MHz: Megahertz

Megawatt
NaS: Sodium Sulfur
NOx: Nitrogen Oxide
NPV: Net Present Value
NREL: National Renewable Energy Laboratory
NYSERDA: New York State Energy Research and Development Authority
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O&M: Operation & Maintenance
PAC Test: Program Administrator Test
PEC: Progress Energy Carolinas
PG&E: Pacific Gas & Electric
PHEV: Plug-in Hybrid Electric Vehicle
PM10: Particulate Matter
Portland: Portland General Electric
PPA: Power Purchase Agreement
PSB: Polysulfide Bromide
RES: Renewable Energy Standard
RFP: Request for Proposal
RTO: Regional Transmission Operator
RTP: Real-Time Pricing
SCE: Southern California Edison
SCT: Societal Cost Test
SDG&E: San Diego Gas & Electric
SLM: Scheduled Load Management
SMUD: Sacramento Municipal Utility District
Snapback: Snapback Effect
SON:Sulfur Dioxide
STAR Center: APS Solar Test and Research Center
STEP: APS Storage of Thermal Energy for the Peak Program
Study: Demand Response & Load Management Program Study
Summit Blue: Summit Blue Consulting
TES: Thermal Energy Storage
TOU: Time-of-Use
TRCT: Total Resource Cost Test
V2G: Vehicle-to-Grid
ZnBr: Zinc Bromide
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ATTACHMENT II
Arizona  Public Se rvice  Company

Demand Response  Compliance  Filing
Docke t No. E-1345A-05-0816

Comme rc ia l & Indus tria l Loa d  Ma na ge me n t P rog ra m

Dire ct loa d control progra ms  would be  the  mos t a dva nta ge ous  re source  options  for Arizona
Public Se rvice  Company CAPS" or "Company") to pursue  a s  it begins  deve loping a  Demand
Re sponse  ("DR") portfolio. The se  re source s  a re  like ly to be  prude nt initia l inve s tme nts , a s
indica ted by the  success ful implementa tion and ope ra tion of such programs  in othe r s ta te s .
Dire ct loa d control ca n be  cos t e ffe ctive  a nd ca n ha ve  ma te ria l pe a k de ma nd impa cts .
Comme rcia l a nd indus tria l ("C&I") loa d ma na ge me nt progra ms  would offe r comme rcia l a nd
indus tria l cus tome rs  a n ince ntive  whe n the y pa rticipa te  to limit sys te m pe a k de ma nd. AP S
ha s  de te rmine d tha t a  "turn-ke y" or "a ggre ga tor" bus ine s s  mode l, whe re  a  third pa rty DR
aggrega tor would gua rantee  a  ce rta in number of megawa tts  during specified times , is  mos t
advantageous  under current circumstances . Give n tha t AP S  doe s  not curre ntly ha ve  a n
exis ting infra s tructure  for adminis te ring a  DR program and providing the  necessa ry technica l
a ss is ta nce , contra cting with a n e xpe rie nce d a ggre ga tor would e na ble  the  mos t e xpe ditious
ra mp-up of curta ila ble  loa d. The  Compa ny be lie ve s  tha t a n e xpe rie nce d a ggre ga tor will be
able  to address customer concerns and integra te  load control technology, which should assure
high cus tomer sa tis faction leve ls .

With a  turn-ke y progra m, AP S  would be  purcha s ing dispa tcha ble  ca pa city, which is  s imila r
in s tructure  to a  capacity ca ll option contract, making it comparable  to a  conventiona l supply-
s ide  re source . Outsourcings  for a  guaranteed quantity of DR capacity a lso ensures  tha t APS
would pay a  known price  per megawatt, as  opposed to the  uncerta in economics of deve loping
a  ne w progra m. In a ddition, AP S  would only pa y for ve rifie d ca pa city re ductions  a nd, a s
such, the  risk of program performance  shifts  to the  aggrega tor. The  aggrega tor would a lso be
re spons ible  for ma rke ting the  progra m us ing AP S -a pprove d ma rke ting ma te ria ls , ins ta lling
a nd ma inta ining a ll e quipme nt, a nd tra cking a nd re porting progra m re s ults . AP S  o r a
contra cte d, inde pe nde nt third pa rty would pe rform me a sure me nt a nd ve rifica tion of e ve nt
load reductions and customer sa tisfaction.

Search for Best Vendor: Request for Proposal

In Octobe r 2007, AP S  is sue d a  Re que s t for P roposa l for C&I DR progra ms  ("DR RFP ") with
gua ranteed ve rifiable  demand reductions . The  DR RFP  specified the  scope  and pa rame te rs
for the  DR proposa ls , as  described be low:

• Turn -ke y p ropos a l whe re  the  re s ponde n t wou ld  be  re s pons ib le  fo r cus tome r
ma rke ting, re cruiting a nd s e rvice s , communica tion protocols , product ins ta lla tion,
opera tions and maintenance , and measurement and verifica tion.
Minimum loa d ma na ge me nt s ize : 10 megawa tts . The  propos a ls  s ought re quire d
a va ila bility during the  summe r months  of Ma y through Se pte mbe r, APS  did e nte rta in
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•

propos a ls  for othe r dura tions . Loa d re ductions  a re  re quire d to be  in e ffe ct no la te r
than 24 hours  a fte r APS notifica tion of a  demand reduction event.
Opera tion must begin no la te r than May 1, 2010, and can ramp up over time .
Re s p o n d e n t mu s t p ro vid e  o n -g o in g  re a l time  d a ta  o n  a va ila b ility a n d  e ve n t
pe rformance  to APS.
Any cus tome r include d in  re s ponde nt's  offe ring  mus t be  a n  AP S  C&I cus tome r
phys ica lly loca te d within e ithe r the  Gre a te r P hoe nix Me tropolita n loa d a re a  or the
Yuma load area .

Proposals Received & On-going Negotiations

The  Company rece ived proposa ls  in December 2007 from multiple  vendors . The re  was  wide
va ria tion in the  proposa ls  rece ived, including phased-in capacity, with a  range  of two to forty
megawa tts  in 2009, and increa s ing to a  maximum of approxima te ly 200 megawa tts  by 2013.
The  number of anticipa ted cus tomers  pa rticipa ting in the  programs va ried wide ly, from 100 to
ove r 10,000. P ropos e d contra ct dura tions  ra nge d from live  to fifte e n ye a rs . The  propos a ls
include d ma ximum ca lla ble  hour limits  be twe e n forty a nd one  hundre d hours  during pe a k
load times .

Curre ntly, the  Compa ny ha s  on-going contra ct ne gotia tions  with the  s hort-lis t of ve ndors .
The  Compa ny's  e mpha s is  in the s e  ne gotia tions  .- purs ua nt to De cis ion No. 69663 - is  to
de ve lop a  cos t-e ffe ctive  progra m tha t is  mos t be ne ficia l to both cus tome rs  a nd the  AP S
e le ctric sys te m. As  a  re sult, the  Compa ny is  rigorous ly ne gotia ting for cle a r rne a sure rne nt,
ve rifica tion and pe rformance  requirements , including cus tomer se rvice  metrics .

Until ne gotia tions  ha ve  be e n s ucce s s fully comple te d, the re  re ma ins  unce rta inty a s  to the
specific paramete rs  of the  C&I DR program, such as  the  s ize , scope , and te rm of the  program.
Upon succe ss ful ne gotia tion for a  cos t-e ffe ctive  progra m, the  Compa ny will supple me nt this
filing with de ta iled program pa rame te rs  for approva l. Because  negotia tions  a re  on-going, it is
curre ntly unknown whe the r propos a ls  will be  cos t-e ffe ctive , howe ve r, in the  e ve nt tha t the
cu rre n t ne go tia tions  fo r a  C&I DR p rog ra m a re  no t fru itfu l,  the  Compa ny will file  a n
a lte rna tive  plan for DR.

S upple me nta l Filing

AP S  a nticipa te s  tha t contra ct ne gotia tions  will e nd s oon. As s uming thos e  dis cus s ions  a re
s ucce s s ful, the  Compa ny will s upple me nt this  filing with s pe cific informa tion, including
program pa rame te rs  and cos ts . The  Company is  optimis tic tha t the  re sult will be  a  viable  C&I
DR progra m tha t is  cos t-e ffe ctive  a nd be ne fits  both cus tome rs  a nd the  APS  e le ctric sys te m.
APS be lieves  tha t the  Demand S ide  Management Adjus tment Clause  ("DSMAC"), which was
approved in Decis ion No. 67744,1 is  the  appropria te  mechanism to recover program cos ts  for
the  C&I Loa d Ma na ge me nt progra m, including contra ct cos ts  a nd progra m imple me nta tion,
operational and management costs, and performance incentives .

1 Is sued April 7, 2005, Docket No. E-01345A-03-0437.
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