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In the Matter of the :

Application of Duke Enexrgy:

Ohio, Inc., for Approval

of an Alternative Rate : Case No. 07-590-GA-ALT
Plan for its Gas :

Distribution Service.

In the Matter of the :

Application of Duke Energy:

Ohio, Inc., for Approval : Case No. 07-591-GA-AAM
to Change Accounting :

Methods.

before Mr. Richard Bulgrin and Ms. Greta See,
Attorney Examiners, at the Public Utilities
Commission of Ohioc, 180 Bast Broad Street, Room 11-C,
Columbusg, Ohio, called at 9 a.m. on Wednesday, .

March 5, 2008.
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The following exhibii(s) were prefiled and can be located with the
pleadings:

Exhibits Date Filed

COMPANY EXHIBITS

§ Direct Testimony of

Roger A. Morin % // /RC’O 7
I

10 Direct Testimony of

_ James A. Riddle : 3’// /2007
11 Direct Téﬁtimony of :
Paul G. Smith 9/// /%07
13 Direct Testimony.of
Dorald L. Storck 9/’/3007
14 Direct Testimony of
Patricia K. Walker : 5774 /;%6%717

15 Direct Testimony of '
William Don Wathen, Jr. : 7

16 Direct Testimony of

James E. Ziolkowski - - gr// /7—00 -7

17 Supplemental Testimony of
Gary J. Hebbler

) 1 [30/2005

18 Supplemental Testimony of

Rog?r A. Morin - //365‘2@5 %

COMFANY EXBIBITS

19 Supplemental Testimony of

Paul G. Smith {/3 0[&008’
20 Supplemental Testimony of r

Donald L. Storck [ /30 /;(068/
21 Supplemental Testimony of

William Don Wath=n, Jr. / /36 /ﬂoog

22 Second Supplemental Teatimony of
Donald L.Storck

onald L. Alaa /200y
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STAFF EXHIBITS
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| LARRY SAUER - FW. FW: Annual Residential Usage - Staff Request #17-075
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Page 1|

From: "Finnigan, John" <john.finnigan@duke-energy.com>

To: "LARRY SAUER" <SAUER@occ.state.oh.us>

Date: 1/10/2008 3:58:09 PM

Subject: FW: FW: Annual Residential Usage - Staff Request #17-075
Larry,

Here is our respanse to your informal question relating to budget billing.

Thanks,
John

John J. Finnigan, Jr.

Associate General Counsel

Duke Energy Shared Services, Inc.,
(513) 419-1843

(513) 419-1846 fax

John. Finnigan@duke-energy.com

Confidentiality Notice:

The preceding e-mail message (including any attachments) contains information that may be confidentizl,
may be pratected by the attorney-client or other applicabie privileges, or may constitute nan-public
information. It is intended to be conveyed only to the designated recipient(s). i you are not an intended
recipient of this message, please notify the sender by replying to this message and then delete it from your

system. Use, dissemination, distribution, or reproduction of this message by unintended recipients is not
authorized and may be uniawful.

-----Criginal Message-—--

From: Ziolkowski, Jim

Sent: Thursday, January 10, 2008 3:35 PM

To: Finnigan, John

Cc: Storck, Don; Berg, Kelly

Subject: FW: FW: Annual Residential Usage - Staff Request #17-075

John,

Per Kelly's message below, DE OH has 73,757 residential gas customers on budget billing, as of today.

Jim Ziolkowski
513 419-5337

----- Origina! Message-———-

From: Berg, Kelly

Sent: Thursday, January 10, 2008 3:31 PM

To: Ziolkowski, Jim

Subject: RE: FW: Annual Residential Usage - Staff Request #17-075

As a snapshol in time (today) there are 73757 Ohio residential gas customers on BBP.

Keily


mailto:john.finnigan@duke-en6rgy.com
mailto:SAUER@occ.state.oh.us
mailto:John.Finnigan@duke-energy.com

| LARRY SAUER - FW: FW: Annual Residential Usage - Staff Request #17-075 o Page 2 |

—---Qriginal Message--—

From: Ziolkowski, Jim

Sent: Thursday, January 10, 2008 9:02 AM

To: Berg, Kelly

Cc: Storck, Don

Subject: FW: FW: Annual Residential Usage - Staff Request #17-075

Kelly,
As we discussed, here's the data request from the OCC:
"Can you tell me how many of Duke's residential natural gas customers are currently on budget billing?"

Since this is from the OCGC and is related to the OH gas case, we should provide them with the number of
DE OH residential gas customers that are on budget billing.

Thanks,
Jim Z.

-----0Original Message-----

Fram: Finnigan, John

Sent: Thursday, January 10, 2008 8:14 AM

To: Ziolkowski, Jim; Smith, Paut - Rates

Subject: FW: FW: Annual Resigential Usage - Staff Request #17-075

Jim,
Could you please provide this data for me, and Il forward to Larry?

Thanks,
John

John J. Finnigan, Jr.

Assaciate General Counsel

Duke Energy Shared Services, Inc.
(513) 419-1843

(513) 419-1846 fax
John.Finnigan@duke-energy.com

Confidentiality Nofice:

The preceding e-mail message (including any attachments) contains information that may be confidential,
may be protected by the attorney-client ar other applicable privileges, or may constitute non-public
information. It is intended to be conveyed only to the designated recipient(s). If you are not an intended
recipient of this message, please notify the sender by replying to this message and then delete it from your

system. Use, dissemination, distribution, or reproduction of this message by unintended recipients is not
authorized and may be unlawful.

-----Original Message----


mailto:John.Finnigan@duke-energy.com
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From: LARRY SAUER [mailto:SAUER@¢occ.state.oh.us)

Sent: Thursday, January 10, 2008 8:10 AM

To: Finnigan, John

Cc: KATHY HAGANS

Subject: Re: FW: Annual Residential Usage - Staif Request #17-075

John,

Can you tell me how many of Duke's residential natural gas customers are currently on budget billing?
Thank you.

CONFIDENTIAL NOTICE:

THIS COMMUNICATION IS INTENDED ONLY FOR THE PERSON OR ENTITY TO WHICH IT IS
ADDRESSED AND MAY CONTAIN CONFIDENTIAL AND/OR PRIVILEGED LEGAL, GOVERNMENTAL
MATERIAL.

ANY UNAUTHORIZED REVIEW, USE, DISCLOSURE OR DISTRIBUTION |S PROHIBITED. IF YOU
ARE NOT, OR BELIEVE YOU ARE NOT, THE INTENDED RECIPIENT OF THIS COMMUNICATION, DO
NOT READ IT. PLEASE REPLY TO THE SENDER ONLY, AND STATE THAT YOU HAVE RECEIVED
THIS MESSAGE. THEN IMMEDIATELY DELETE THIS COMMUNICATION AND ALL COPIES OF THIS
COMMUNICATION. THANK YOU,

Larry S. Sauer

Assistant Consumers' Counsel
10 West Broad Street

Suite 1800

Columbus, Chio 43215-3485
(614) 466-1312

>>> "Finnigan, John" <john finnigan@duke-energy.com> 1/9/2008 5:31 PFM
el )

Larry,

Please see Paul Smith's message below, and the attached data request.

This relates to the issue we discussed at yesterday's meeting about the numbers of customers at higher
usage levels. Please let me know whether the OCC would be willing 1o consider a SFV rata design with
different usage blocks than the Staff recommended. '

Also, as to revenue decoupling, we'd like to know what amaunt of an increase in the customer charge the
OCC would agree to.

Thanks,

John


mailto:SAUER@occ.state.oh.us
mailto:john.finnigan@duke-energy.com
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John Finagangiduke-snergy.com
September 17, 2007 John ). Finvigan, .

Associate Ganeral Counsel
Mr, William Wright
Assistant Attomey General
The Public Utilities Commission of Qhio
180 East Broad Street

Columbus, Ohio 43255-0573

Re:  Inthe Matter of the Application of Duke Energy Ohio, Inc. for an Increase in Gas
Rates

PUCO Case No. 07-0389-GA-AIR

In the Matter of the Application of Duke Energy Ohio, Inc. for Approval of an
Alternative Rate Plan for its Gas Distuibution Service
PUCO Case No, 07-0590-GA-ALT

In the Matter of the Application of Duke Enetgy Ohio, Inc. for Approval to
Change Accounting Methods

PUCO Case No, 07-0591-GA-AAM

Dear Mr. Wright:

Enclosed is Duke Energy Ohio, Inc.’s response to No. 16 of the PUCO’s Third Set of

Staff Data Requests in the above-referenced cases. In addition, I have sent a copy to you
via email,

Should you have any questions, please call me at (513) 287-3601.
Thank you.

Sincerely,

I¢hh J. Finnigan, Jr. Z

ASsociate General Counsel

JIF/bil

cc: Michael L. Kurtz (w/encl. and by email)

David F. Boehm (w/encl. and by email)

John M. Dosker (w/encl. and by email)

David C. Rinebolt (w/encl. and by email)

Larry S. Sauer (w/encl. and by email)

Colleen L. Mooney (w/encl. and by email) C
John W. Bentine (w/encl. and by email) - O ¢
Thomas J. O’Brien (w/encl. and by email)

Steve Puican (w/encl. and by email)

} 217540

www. Guke-eneigy.com



PUCO Staff Data Requests

Duke Energy Ohio, Ine.

Case No. 07-589-GA-AIR

Date Received: Angust 27, 2007
Response Due: September 12, 2007

STAFF-DR-03-016

REQUEST:

For each applicable rate schedule, provide the monthly Order Granted Base Revenues that would

result from approval of the application. Provide the methodology for calculating these monthly
Order Granted Base Revenues.

How would these initial Order Granted Base Revenues account for the proposal 1o phase in the
elimination of inter-class “rate disparities” over three years?

For each applicable rate schedule, provide a projection of annual Rider SD rate lcvels and total

revenues generated for the first five years the rider would be in effect. Provide the customer and
usage forecasts upon which that projection is based.

RESPONSE:

See Attachment Staff-DR-03-016(a), which provides monthly Order Granted Base Revenues that
would result from approval of the application for Year 1 (Phase 1), Year 2 (Phase 2) and Year 3
(Phase 3). Base Revenues consist oft (1) a customer charge calculated by multiplying the
number of customers times the proposed monthly customer charge; and (2) a commodity charge,
which is calculated by multiplying Mcf sales times the appropriate rate per Mcf,

These initial Order Granted Base Revenues if approved as filed would result in the elimination of

the inter-class rate disparities by shifting revenue among classes over a three year period as
explained in Mr. Storck’s testimony.

Sec Atachment Staff-DR-03-016(b) for a projection of annual Rider SD for rates RS/RFT and

GS/FT for the first five years the rider would be in effect. Staff-DR-03-016(b), pages 3 through
14 provide the customer and usage forecasts.

WITNESS RESPONSIBLE: Donald L. Storck




PUCO Stalf Daia Requevis
Duka Energy Oitla, inc.

Case No. 0T-800-GA-AIR
Stelf-DR-83-018 (b}
Page 10f 14
Rider SO Catculation
Rste RS ! RFT
2008 - 2012
Ling
No. Description Buo- Jum-wn uwa 2011 2012 Source
$ $ )
1 Actual Base Ravenues 138,132,151 144,492,990 151,003,829 151,711,413 152,331,740 Foracast
2 Waeather Normaiizstion 0 0 [ 1] 0
3 Add: DSM Lost Revenues (1] 0 a ) 0 [+]
4  Weather Normmalized Actual Base Revenues 138,132,151 144 492 990 151,003,629 151,711,413 152,331,740
8 Order Granted Basa Revenues 143,214,782 (1) 149310888 () 155200, 17 (3) 15524127 (% 15520217 (3) WPE-4h
6  Add: Customar Growth Base Revenves o 1,580288 3,298,734 081 138 5,688,517 8,230,267
7 Adjusted Order Granted Bass Revenues 144,795,017 152615422 160,322,358 161,929,734 163 471,474
8 Saies Decoupliing Revenue - INCresse / (Decreans) 6,662,666 B, 122 432 9,318,726 10,218,321 11,130,734 {LineG-Line )
L] Annual Increasse / (Decrease) per Customar $ 1878 3 20.24 $ 2288 $ 2495 $ 2695
Change In Base Revenue Dus to Customer Growth
10 Actust Customer Count 386,931 401,287 405,849 409514 413413 Forecast
" Order Granted Customer Gourt nz 302,399 392,509 392,588 302,509 WPE-4d
12 Customer Growth 4332 4,688 12,850 18,913 20814
13  Order Grantad Base Revenus per Customer $ 384.79 H 38033 $ 395.42 $ 30542 395 .42 fLine 4/ Line 10}
14 Customer Growth Base Revenue s 1,580,255 $ 3288734 $ 5081138 $ Bgo8sS/T $ 820, (Line 11 ™ Line 12}

{1) Year 4 - 33% subsidy / exoeas reduction.
{2) Year 2 - 57% subsidy / excess raduction.
)] Yew 3 - 100% subsidy 7 excess reduction.




® ~

PUCO Stalf Dats Requasts
Duke Energy Ohio, Inc.
Case No. 07-880-GA-MR
Stalf-DR-03-818 (b)
Page 2 0f 14
Rider SD Calcuistion
Rate GS/FT
2008 - 2012
Lina
No. __ Descripion 2008 2000 2010 201 2012 Source
_ $ ] [ [ [ ]
1 Actual Base Revenues $0,690,008 54,523,447 49,023,487 49,184,024 40,124 674 Forecast
2  Weather Nomalizstion 0 0 0 g 0
3 Weather Normalized Actual Base Revenues 80,690,008 54,523 447 45,023 487 49,184 024 49124574
4  Order Granied Base Revenves 59544040 (1) S3TUSSZI (2) 48,223,781 (3} 48223781 (3] 482237681 (3) WPEah
5  Add: Customer Growth Bass Revenues 301,676 1,074,727 1,524,855 1,832 567 2,277,168
€  Adjusted Order Granted Bese Revenues 59,938,078 54,873,948 40,748,718 50,186,348 “80.500.828
7  Sales Dacoupling Revenue - incraase f (Decreass’ (753,9982) 349,001 725,229 §72.324 1,376,355 {Lin® 8 - Line 3)
B Annust increase / (Decresss) per Customer $ (22.78) $ 1043 $ 21.38 _ $ 28.42 $ 39.98
Change In Base Revenue Due to Customer Growth
8  Actual Customer Count 33,104 33,545 33,828 34,208 34 441 Forecast
10 Order Granted Customer Count 32,888 12 888 _ 32,888 32,888 32,888 WPE-4d
11 Customer Growth 218 &7 1,040 1,318 1,563
12  Order Granted Base Revenue per Customer ] 1,810.54 $ 163581 $ 140830 $ 1488.30 $ 148830 (Line & 7 Line 10}
13 Customer Growth Base Revenus $ 381,078 $ 1074727 § 1524058 § 1932587 3 2577.168 (Line 11 * Lina 12)

{1} Year 1 - 33% subsidy / excess reduction.
(2) Year 2 - 87% subsidy / excess raduction.
(3} Year 3 - 100% subsidy / excess reduction.
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Ohile Consumers’ Counsel

Fourth Set Interrogatories

Duke Eaergy Ohio, lnc.

PUCO Case No. 07-589-GA-AIR
PUCO Case No. 07-590-GA-ALT
PUCO Case Ne. 07-591-GA-AAM
Date Recelved: August 29, 2007
Response Due: September 13, 2007

OCC-INT-04-094
REQUEST:

94.  Referring to the testimony of witness Ziolkowski, Attachments JEZ-4, page |,

does the “Total Cuntomm ammmt uu:lude both mportatlon and sales
residential customers? e s

e ————

RESPONSE:

The “Total Customers” amount shown on this attachment includes only Rate RS (sales)
customers.

WITNESS RESPONSIBLE: James E. Ziolkowski

pCC




Ohio Consumers’ Counsel

Fourth Set Interrogntories

Duke Energy Ohio, Ine.

PUCO Case Na. 07-589-GA-AIR
PUCO Case No. #7-590-GA-ALT
PUCO Case No. §7-591-GA-AAM
Date Received: Aagust 29, 2007
Response Due: September 18, 2007

OCC-INT-34-098
REQUEST:

95.  If the response to the Interrogatory No. 94 is affirmative, what is the reason for

such a large difference between the number of total residential customers reported

in DE-Ohio’s Anmual Report to the PUCQ, Schedule 33 of 180,774 and 142,507
as used on Attachment JEZ-4, page 1?

RESPONSE:

The residential customer count shown in Attachment JEZ-4, page 1 excludes Residential

Firm Transportation customers. The total number of sales and transportation customers
from workpaper WPE-4d is 392,599,

Sce Attachment OCC-INT-04-095 for a revised version of Attachment JEZ-4, page | that
includes both sales and transportation customer counts is shown below.

WITNESS RESPONSIBLE: James E. Ziolkowski



Case No. (7-533-GA-AIR
Attachmemst OCC.INT-04-095

Page § of 1 7
DUKE ENERGY OHIQ
CASE NO. 07-580-GA-AIR
RESIDENTIAL SERVICE
CUSTOMER CHARGE ANALYSIS / MINIMUM BILL RATIONALE
12 MONTHS ENDING DECEMEBER 11, 2007

DATA: 3 MONTHS ACTUAL & 0 MONTHS ESTIMATED SCHEDULE E-3.1

TYPE OF FILING: “X" ORIGINAL UPDATED REVISED PAGE10OF 3

WORK PAPER REFERENCE NO(S).: SCHEDULE €-3.20, WPE-4d WITNESS RESPONSIBLE:

J. E. ZIOLKOWS K1
LINE
NQ DESCRIPTION AMOUNT

1 Rats Base 215512417
2 Cperging Expense . __. e L ILIRGAT
3 Retun @ 8.73% 18,814,234
4 Operaling Expense plus Refum D0.508,771
5 Lass Revenus Cradits 155410
a Customer Cost Component (Revanue Reguirement) aamm
7 Total Customers 362 569
8 Arrwual Revanue / Cusiomer $ 22888
- Monthly Revenua / Cusiomar s 1888






FOXNews.com - Time Warner Cable Tests Data-Usag

1ofl

Time Warner Cable Tests Data-Usage Rate Structure

Thursday , January 17, 2008

Asnocialed Piong

NEW YORK —
ADVERTISEMENT
Time Warmer Cable will experiment with a new pricing TRAVEL DEALS
structure for high-speed Intemet access later this R EALS
year, charging customers based on how much data
they download, a company spokesman said
Wednesday.

Shermans Top 25

The company, the second-largast cable provider in
the Linited Siates, will starl a trial in Beaumont,
Texas, in which it will sell new Internet customers
tiered leveis of service based on how much data they
download per month, rather than the usual fixed-price
packages with unlimited downloads.

Company spokesman Alex Dudiey said the trial was
aimed at improving the network performance by
miaking it more costy for heavy users of large
downloads.

» Click here for FOXNews.com's Parsanal Technology
Center.

Dudley said that a small group of super-heavy users of downloads, around 5 percent of the customer base, can
account for up to S0 percent of network capacity.

Dudley said he did not know what the pricing tiers would be nor the dewnload limits. He said the heavy users
were likely using the network 12 download large amounts of video, most likely in high definition.

It was not clear when exactly the trial would bagin, but Dudley said it would likely be around the second quarter.
Tha tiered pricing would only affect new customers in Beaumont, not existing ones.

Time Wamner Cahle is a subsidiary of Time Warner Inc., the world's largest media company.

SEARCH GO

Click here for FOX News RSS Feeds

Advertise on FOX News Channal, FOXNews.com and FOX News Radio
Jobs at FOX News Channel.
Internships At Fox News (Summer Application Deadline is March 15, 2007)
Ferms of use. Privacy Statement. For FOXNews.com comments write to
foxnewsonline@foxnews.com; For FOX News Channet comments write lo
commants@foxnews.com
D Associated Press. All rights reserved.
This material may rot be published, broadcast, rewritten, or redistributed.

Copyright 2008 FOX News MNetwork, LLC. All rights reserved.
ANl markel data defayed 20 minutes,

e Rate Structu... hitp://www foxnews.com/printer_friendly story/0,3566,323551,00.htm
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OCC Exhibit 3

Ohio Cousumers’ Comasel

Eighth Set Production of Decumients
Duke Energy Ohio, Inc.

PUCO Case No. 07-589-GA-AIR
PUCO Case No. 07-590-GA-ALT
PUCO Case No. 07-591-GA-AAM
Date Received: November 16, 2007

Response Due:
December 65 m’

OCC-POD-48-119
REQUEST:

Please provide a copy of any reports of surveys in the Company’s possession aver the last
25 years that contains information regarding the number of residential customers by

housing unit (single family, apartment, multi-family, etc.) and sized (square foot) of
dwelling.

RESPONSE:

Duke Energy Ohio does not routinely perform such surveys and does not have any such

surveys in its current files. The Company has not performed a search of all closed files
for such customer surveys because it would be extremely time-consuming and unduly
burdensome to do so.

WITNESS RESPONSIBLE: James E. Ziolkowski
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NEWS RELEASE
Duke Energy Corporation
P.O. Box 960
Cincinnati, Ohio 45201
Feb. 28, 2008 CONTACT: Steve Brash

Phona: 513-419-5966
24-Hour: 704-382-8333

Duke Energy Ohio Announces Settlement in Gas Rate Application

CINCINNATI — Duke Energy Ohio announced today that it has reached a settlement
agreement with the Staff of the Public Utilities Commission of Ohio (PUCO) and all
intervening parties on its request for an increase in natural gas base rates.

The settlement calls for an annual revenue increase of $18.2 million overall, or 3
percent, compared with the company’s original application of $34.1 million, or 5.8
percent. In addition to the Staff, intervenors joining in the agreement are the City of
Cincinnati, Direct Energy, Integrys Energy Services, Interstate Gas Supply, the Kroger
Co., the Office of Consumers’ Counsel, Ohio Energy Group, Ohio Partners for
Affordabie Energy, People Working Cooperatively and Stand Energy.

The agreement will permit continued recovery of costs through 2018 for Duke Energy
Ohio’s accelerated main replacement program, which will improve the reliability and
safety of the natural gas delivery system by replacing cast iron and bare steel mains,
some of which were installed more than 130 years ago. The settlement also allows for
recovery of costs of an additional safety program to replace certain types of risers that
connect the gas service line to the gas meter.

"This application was required to continue the existing funding mechanism for

investment in the gas delivery system so that we can improve its reliability and safety,”

said Sandra Meyer, president of Duke Energy Ohio. “We are about halfway through our
- more -

www. duke-energy.com
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accelerated main replacement program and have already seen a 21 percent reduction
in leaks on our system.”

The settlement does not resolve the proposal of the company and PUCO Staff to move
the fixed charges of providing gas service, such as capital investment in pipes and
regulating equipment, billing and meter reading, to a monthly fixed charge rather than
including them in the per unit charges. This design helps lower costs associated with
usage and will minimize bills during times of extreme weather. This issue will be litigated
in an evidentiary hearing at the PUCO in March.

For a residential customer using 10,800 cubic feet of natural gas, the proposed -
movement of the fixed chargés out of the usage rate results in no increase to the
current bill of $145.71. The actual amount of the bill will depend on the cost of natural
gas at the time the increases take effect and the final rates approved by the PUCO,
Natural gas costs are billed to customers at the company's cost or at the customer's
agreed upon price with an altemative supplier, in either case without profit to Duke
Energy Chio.

‘Duke Energy Ohio provides several resources to help customers manage their energy
bills,” said Meyer. “These include rebates on high-efficiency gas furnaces, energy
audits, conservation tips and payment assistance programs.” Under the settlement,
funding for the low-income weatherization program would increase by 50 percent from
$2 million to $3 million annually. More information is available on these programs at
www.duke-energy.com.

If the settliement is approved, a pilot program will provide a $4 credit against the monthly
fixed charge for low income customers at or below 175 percent of the federal poverty
guideline who do not participate in the Percentage of income Payment Plan. The credit
would result in most of these customers seeing a reduction from their current bill. The
pilot will be limited to the first 5,000 income-qualified customers to enroll.

- more -

www.duke-enargy.com


http://www.duke-energy.com
http://www.duke-energy.com

-3-
Another benefit to customers under the settlement is that Duke Energy Ohio will take
over responsibility for the individual service line from the gas main in the street to the
meter. Previously, customers were responsible for the costs of repairing any leaks or
damage that occurred to the service line. With this new approach, Duke Energy Ohio,
rather than customers, will handie such repairs.

To foster gas customer choice, Duke Energy Ohio has also agreed to move
approximately $5 million of carrying costs associated with gas inventory from the base
rate to the Gas Cost Recovery mechanism. This prevents customers who have
switched to alternate suppliers from paying these costs twice, once to their suppliers
and a second time to Duke Energy Ohio, because all customers pay the base delivery

rate. Currently, more than 94,000 Duke Energy Ohic customers receive their gas supply
from an alternate supplier.

The settlement is subject to the review and approvat of the PUCO. Duke Energy Chio
and the parties to the agreement may withdraw it if the PUCQO alters the settlement in a
manner unacceptable to them.

Duke Energy's Ohio operations deliver safe, reliable and competitively priced electricity

to more than 680,000 electric customers and natural gas service to approximately
420,000 customers.

Duke Energy, one of the largest elactric power companies in the United States, supplies
and delivers energy to approximately 4 million U.S. customers. The company has
approximately 36,000 megawatts of electric generating capacity in the Midwest and the
Carolinas, and natural gas distribution services in Ohio and Kentucky. In addition, Duke
Energy has more than 4,000 megawatts of electric generation in Latin America, and is a
joint-venture partner in a U.S. real estate company. Headquartered in Charlotte, N.C.,
Duke Energy is a Fortune 500 company'traded on the New York Stock Exchange under

the symboil DUK. More information about the company is available on the internet at:
www.duke-energy.com.

i www. duke-energy.com
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PUCO Staff Data Requests

Duke Energy Ohio, Inc.

Case No. 07-589-GA-AIR

Date Received: November 17, 2007
Response Due: December 18, 2007

STAFF-DR-17-075

REQUEST:

For years 1, 2 and 3, using rates as provided below and using usage data based on January
through December 2006 data, provide a breakdown of how many bills fall into usage levels for

each class including the percentage of total customers (residential and non-residential) for those
applicable usage levels.

a. Year 1 - Residential & Residential Firm Transpiration Fixed Rate 20.00, volumetric rate
1.539416

Year 2- nooonow 25-00’ M on on " 99103
Year3 - oo ow 2800 " " " 733022

b. Year 1 -General Service & Firm Transportation Fixed Rate 61.25, volumetric rate 1.535269

Year 2- "o vU7850," " " " 99052
Year3 - "oMoMo79.50," "t " 731475
RESPONSE:

See Attachment Staff-DR-17-075. Without knowing the planned rate design for IT customers,
the Company is unable to determine the exact breakdown of usage levels for IT customers.

WITNESS RESPONSIBLE: James E. Ziolkowski
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1. Executive Summary

This impact evaluation focuses on the 2003 Program Year (PY03) of Ohio’s Home
Weatherization Assistance Program (HWAP, the Program).

Program Overview

HWAP is designed to accomplish three primary objectives:

s Increase the energy efficiency of dwellings owned or occupied by low-income persons

e Reduce participants’ total residential energy expenditures

e Improve participants’ health and safety
Since 1977, HWAP and its predecessor programs have been implemented by the Ohio
Department of Development (ODOD). In 1991, the Office of Energy Efficiency (OEE) was
created within ODOD to oversee the implementation of HWAP. Ohio’s HWAP is delivered
through a network of 58 community and local government organizations (Agencies). Households

with incomes of 150% or less of the Federal Poverty Level are cligible to receive the following
services:

e An inspection or audit to determine what energy-efficiency measures are appropriate

e Client energy education to empower HWAP recipients to take specific actions

e Installation of weatherization and any necessary health and safety measures

e Final inspection of the measure installation
Since 1981, Ohio has supplemented Department of Energy (DOE) Weatherization Assistance
Program (WAP) funds with 15% of the Low Income Home Energy Assistance Program
(LIHEAP) funds. Those funds are distributed to Ohio by the U.S. Department of Health and

Human Services (HHS) for its Home Energy Assistance Program (HEAP). Ohio was the first
state to legislatively mandate the 15% set-aside for weatherization.

Evaluation Overview

This impact cvaluation was conducted in conjunction with a Program process evaluation and
training evaluation, which have been completed and are reported on separately. All three studies
were performed by Quantec, LLC. The last evaluation of Ohio’s HWAP addressed the PY94
Program.
This evaluation was designed to answer specific questions in the following categories:

o Impacts of HWAP only

¢ Impacts of HWAP implemented in conjunction with other programs

o HWAP cost and cost effectiveness

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 1



+ Non-energy benefits of HWAP

To address these questions, the impact evaluation plan was developed with the following
components: ' '

« Billing analysis to evaluate Program impacts on consumption of natural gas (and other
fossils fuels) and electricity

¢ Payment analysis to examine whether the Program made bill payment easier for '
participants

¢ Disconnection and collection action analysis to determine whether parucnpants were less
likely to have utility service disconnected

o Non-energy benefit analysis to evaluate environmental, economic, and healﬂl benefits of
the Program -

o Benefit-cost analysis to assess Program cost effectiveness

» Site visits to explore what factors might have contributed to the poor energy performance
of a sample of homes participating in the Program

Major Findings

Cost-Effectlveness |

Qur evaluation determined that the Program is cost-effective overall, from both a Program
perspective and societal perspective. This was determined by evaluating benefit-cost ratios from
both these perspectives for selected home and fuel types as well as the Program overall, with
administration costs distributed equally across all homes weatherized, The Program perspective
benefit-cost ratio was 1.10 and the sacietal perspective ratio was 1.87. Although the benefit-cost
ratio was less than one for certain groups of participants, the overall ratios for all participants
were greater than one. The net benefits from the Program perspective were $3,039,742 and they
were $26,872,722 from the societal perspective. The majority of individual measures mstalled
through the Program were also found to be cost-effective.

Natural Gas Savings

Gas savings were determined by analyzing gas usage data from four utilities — Columbia Gas,
Dominion, Cincinnati Gas and Electric (Cinergy), and Vectren — representing 98% of gas heated
participanis.

We determined that HWAP participants reduced their gas consumption an average of 326 therms
per year for single-family homes (including mobile homes), or 25% of their pre consumption.
The non-participant group reduced their usage 58 therms, or approximately 5% of their pre
consumption. The non-participant savings were likely due in part to the large increase in gas
rates between the pre and post Program period, i.c., between 2002 and 2004/2005. The
participant gross savings compare favorably with the 315 therm (23% of pre) savings estimated
in the 1994 evaluation. Net savings for participants” were calculated by subtracting the non-

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 2



participant savings from the gross participant savings resulting in net savings of 268 thermns per
year.

For the one utility where we were able estimate energy savings for customers receiving joint
utility-HWAP weatherization to those receiving HWAP only the net natural gas savings

increased by 90 therms per year for the jointly treated homes, or about a 30% increase in the
energy savmgs

Electricity Savings

The electricity savings analysis approach was similar to that used for gas-heated homes. This
analysis included both homes heated with electricity and those heated with fuels other than
clectricity. For electrically-heated homes, we obtained data from American Electric Power
(AEP), which accounted for 74% of the electrically-heated homes. For homes not heated wnth
electricity, we obtained billing data from AEP and Cinergy.

The net savings for electrically heated single-family homes were 1,473 kWh per year and
multifamily homes saved 572 kWh. Single-family gas-heated homes had net savmgs of 303 kWh
and multifamily homes saved 201 kWh.

Payment Behavior

Payment data were provided by all utilities. We examined the effect of the Program on
participation in the Ohio Percentage of Income Payment Plan (PIPP). The customer net shortfali
(payment shortfall before accounting for fuel assistance funds) for PIPP participants declined
53% and for non-PIPP participants it declined 16%. The results of our analysis are consistent
with the PY94 findings, where there was a 47% reduction in the net customer shortfall for
regular PIPP, a 42% for intermittent PTPP, and a 28% reduction for no PIPP, The PY03 resuits
are higher for the PIPP group, and lower for the non-PIPP group. Overall, HWAP participation
resulted in a 19% net reduction in the houscholds with bills over 10% of their income. Hence, it

appears that, due to HWAP Propram participation, the number of participants that needed to stay
on PIPP declined.

Non-Energy Benefits

HWAP provides numerous non-energy benefits in the areas of economic impact, environmental
benefits, forced mobility, and health and safety benefits. Our economic impact analysis
concluded that for PY03, the Program created about 403 net job-years of employment and added
$17.7 million to the Ohio economy. Though these numbers are small compared to Ohio’s
economy and work force as a whole, this analysis shows that HWAP has a positive effect on
Ohio’s economy. In measuring environmental benefits, we assigned dollar values to the three
most substantial air emission reductions based on relevant market values as of December 2005.
As markets for emission reductions continue to emerge, values should continue to rise, so

assuming a constant value for emissions provides a conservative estimate for societal beneﬁts
Over the life of weatherization, the societal benefit in 2003 was $2,533,447.
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Causes of Poor Performance

One objective of this study was to examine what factors might be contributing to the poor
performance of some homes in the Program. We identified and conduct site visits to homes that
saved less than predicted, with the hypothesis that factors such as poor quality of work, some
unanticipated failure of a measure, measures that were not identified for installation that could
have been effective, or unusual occupant behavior could be identified to explain the poor
performance.

For the homes we visited, we found that inadequate measure installation was a primary factor
causing poor performance. Where measures were not fully or adequately installed, actual savings
would have fallen below estimates of expected savings. In terms of missed opportunities and the
number of technician’s comments, air sealing ranked at the top of the list of possible reasons for
low energy savings. Many cases of inadequate or missing air sealing were reported.

Comparison to Other Programs

The results from this evaluation compare favorably to similar studies of other WAP evaluations
from around the United States for gas-heated, single-family homes. Half of the programs with
higher savings also had higher pre-use, which tends to drive up savings. We concluded that Ohio
has one of the most successful programs in the nation in terms of energy savings when compared
with recent studies from lowa, Wisconsin, and Illinois. The results of this evaluation are also
close to the national meta evaluation estimates of 23% savings and 305 therins saved for gas-
heated single-family homes.

Recommendations

As a result of the findings presented in this report, recommendations were generated with regard
to the questions posed for the study. These recommendations are intended to provide a guide to
OEE on potential Program improvements to maximize the impact of HWAP dollars.

Obtaining Applicant Energy Histories

Many studies have shown (including this one) that pre-consumption is the biggest factor in
energy savings potential through weatherization. In light of this, it would be worthwhile for OEE
to acquire applicant energy usage histories and group them based on pre-consumption with the
highest consumers being the top priority.

Measure Installation Based on Pre-Consumption

All HWAP measures, except furnace tune-up, are worth installing in high-usage houses when
deemed necessary; however, fewer measures are cost effective for medium- and low-
consumption homes. Furnace replacement, tune-up, and other measures (water heater and duct
insulation) were not found to be cost effective for medium consumption homes and only air
leakage reduction and wall and attic insulation were found to be cost effective for low
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consumers. By following this guide to measure installation, OEE should be able to maximize
energy saved per dollar spent.

Combo Job Tracking

It is currently extremely difficult to determine if a weatherization job received money jointly
from HWAP and a utility program. Data must be received from both OEE and the given utility
and then merged together based on household data (account number, social security number,
etc.). Altering the Building Weatherization Report (BWR) to include either a “combo job”
checkbox or a field to capture the utility name would allow for much easier tracking of these
jobs. This information could be stored in the Program database (OATS) and would be readily
available to compare joint weatherization to HWAP-only weatherization.

Labor Cost Tracking

In order for an accurate calculation of measure cost effectiveness, the full cost of a measure’s
installation must be tracked. Currently, the BWR records material costs by measure, but all labor
costs are combined. In this evaluation, a regression was required to estimate labor costs by

installed measure, but the need for such an approach could be avoided with measure-level labor
cost tracking.
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2. Introduction

This report presents an impact evaluation of Ohio’s implementation of the national
Weatherization Assistance Program for Low-Income Persons (or WAP), commonly referred to in
Ohio as the Home Weatherization Assistance Program (HWAP, the Program) The report
focuses on Program Year 2003.

Program Overview

HWAP is implemented in accordance with regulations promulgated by the U.S. Department of
Energy (DOE) in 10CFR Part 440. According to the purpose and scope of the Program, it is
designed to accomplish three objectives:

« Increase the energy efficiency of dwellings owned or occupied by low-inéome persons
s Reduce participants’ total residential energy expenditures
¢ Improve participants’ health and safety
DOE regulations (10 CFR Part 440, Section 440.16(b)) further provide that efforts to aocoﬁlplish

these objectives shall ensure that priority is given to five specific particularly vulnerable
populations of low-income energy users:

o The clderly

» Persons with disabilities

s Families with children

s High residential energy users

o Households with high encrgy burdens

HWAP has provided weatherization services to low-income households in Ohio since 1977,
Since 1992, HWAP has been implemented at the state level by the Office of Energy Efficiency .
(OEE) in the Ohio Department of Development (ODOD).

Eligibility for HWAP services in Ohio is based on household income. The state uses 150% of the
Federal poverty guidelines as the upper income limit for eligibility; this is higher than the
minimum of 125% established by DOE, allowing more households to qualify. DOE's regulations

permit states to seta hlghet level based on the Home Energy Assistance Program (HEAP)
eligibility requirements.’

Since the inception of Ohio’s HWAP, the primary source of funding has been DOE. Since 1981,
Ohio has supplemented DOE funds with 15% of the funds that the U.S. Department of Health

This program is usually referred to as the Low Income Home Energy Assistance Program (LIHEAP) at the
Federal level.
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and Human Services (HHS) distributes to Ohio for HEAP? Ohio was the ﬁrst state to
legislatively mandate the 15% set-aside for weatherization,

HWAP services are provided at no cost to qualified households and include: |

e An inspection or audit to determine what energy efficiency measures are appropriate and
if other repairs are necessary before weatherization can be conducted

s Client energy education to help empower HWAP recipients to take specific actions that
will result in increased control of their energy consumption, energy costs, and comfort

o Installation of weatherization and any necessary health and safety measures
» Final inspection of the measure installation '-

Utilities also offer programs that expand the overall weatherization activities in the state.

OEE is the central HWAP organization in Ohio. It provides overall guidance, requirements (for
example, through the Weatherization Program Standards), policy, and oversight; secures and
distributes federal funds; and provides the interface with the federal funding agencies.

Ohio’s HWAP is delivered through a network of community and local government
organizations. These include Community Action Organizations (CAOs), local government
entities and community-based non-profit organizations (CBOs). OEE disburses the funds to these
groups (hereafier, Agencies), which then have the responmblhty of delivering the weatherization
services. Some Agencies (“grantees™) contract with OEE and, in turn, subcontract to other
Agencies (delegates) that implement weatherization. The actual services are delivered by
implementing Agency staff and, in some cases, private contraciors hired by the Agency. -

The Agencies are responsible for meeting specific targets in delivering the HWAP services.
These targets include production (number of housing units weatherized) and average cost per
weatherized unit,

HWAP requires skilled staff to implement weatherization effectively, so training is an important
component of the Program. The Ohio Weatherization Training Center (OWTC) provides training
to Agency weatherization staff. The Corporation for Ohio Appalachian Development (COAD)
runs the center. OEE staff also provides training through their Training and Technical Assistance
(T&TA) activities.

For several years, HWAP funds have been allocated to Agencies based on a stability factor that
takes into account the allocation the Agency received in 1994, In addition, the allocation takes
into account two elements: the percent of households that are income-quatified for HWAP and
the percent of qualified households that spend more than 25% of their income on energy (their
energy burden). These percentages are based on census data for the Agency’s service area.

! HEAP is administered by the Office of Community Services, a separate office within ODOD.
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Evaluation Overview

In August 2004 the OEE released a request for proposals (RFP) for an impact evaluation and
process evaluation of HWAP’s 2003 Program Year (PY03). The last evaluation was conducted
on the 1994 Program Year (PY94) and this RFP was issued to evaluate whether the Program had
improved, remained static, or regressed since the previous evaluation.

The key questions to be answered in this impact evaluation are:

HWAP Only
* What is the impact of HWAP on the gas and electric usage of participants?

¢ What is the impact of HWAP on participants in the Ohio Percentage of Income Payment
Plan (PIPP) ability o avoid service disconnection?

s How do the impacts of HWAP compare to previous evaluations and to other
weatherization efforts in Ohio and nationally?

o  What potential does HWAP have for collecting consumption histories for its customers?
How effectively is this potential being used? Would it be an effective system for
identifying households (based on usage information, customer shortfall, etc.) who have
the most to gain from participation in the program?

HWAP and Utility Programs

¢ How do energy savings differ for houses jointly treated with utility funding vs. HWAP-
only houses?

* What percentage of HWAP completions during PY03 rececived multiple services?

Cost and Cost Effectiveness

s Is HWAP cost effective and how do the costs of the PY(03 HWAP compare to costs
identified in previous evaluations and to other weatherization efforts in Ohio and
nationally?

»  What effect does HWAP have on the need for PIPP subsidies?

Non-Energy Benefits

¢  What impact does HWAP have on the economy of Ohio in terms of job creation and
avoided energy imports?

» What are the environmental impacts associated with the energy savings produced by
HWAP?

¢ What other non-energy benefits does HWAP provide?

To address these questions, this impact evaluation plan was developed with the following
components:

o Billing analysis to evaluate Program impacts on electricity and gas consumption
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o Payment analysis to examine whether the Program made bill payment easier for
participants

¢ Disconnection and collection action analysis to determine whether participants were less

likely to have utility service disconnected

¢ Non-energy benefit analysis to evaluate envnonmental economic, and health beneﬂts of

- the Program
e Benefit-cost analysis

e Site visits to explore persistence of measures, quality of weatherization and missed
opportunities in poorly performing weatherized homes

Report Contents

Chapter 3 describes HWAP PY03 in terms of budget, homes weatherized, and participant
charactenstics. Chapter 4 presents the results of the gas billing analysis. Chapter 5 presents the
results of the electric billing analysis. Chapter 6 analyzes HWAP’s effect on payment behavior:
customer shortfall, disconnections, collections, and PIPP participation. Chapter 7 explains the

. non-energy benefits of HWAP and calculates the societal benefits. Chapter 8 analyzes the
success of the Program from the perspective of cost effectiveness. Chapter 9 presents the
findings from home site visits that were performed to examine reasons for low savings among

certain participants. Chapter 10 compares the results from this study to those from other studies.

Chapter 11 presents the recommendations resulting from this evaluation. Appendix A: presents
the resulis of a geographic information system (GIS) study we conducted to examine the
relationships among geographic and demographic characteristics and the Program. Appendixes
through E present more details on our analysis methodologies.

Quantec — Ghio Home Weatherization Assistance Program Impact Evaluation
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3. Program Description

Program Funding History and Participant Characteristics
Program funding and the number of completed units for 2000-2004 are shown in Figure 12

Although Program funding rose for most of this period, an increase in the maximum allowed cost
per home caused the number of homes weatherized to fall and then stay nearly constant.

Figure 1. Program Spending and Production
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2000 2001 2002 2003 2004

All participant information is tracked in the OEE Activity Tracking System (OATS) database. In
PY03, the Program provided weatherization services to 6,411 housing units in 5,609 buildings
representing 15,093 people.! Table | shows participant characteristics across housing types.

3 For detailed funding information see Process Evaluation.

*  The munber of homes differs from the number shown in Figure 1 because of the way multifamily homes are
tracked. If 2 multiplex has one eligible participant, but has shell work done, then ali vnits are counted towards
the PY03 6,773 total shiown in Table 1. However, only 6,411 eligible participants were served, so this is the
number that will be used for total participants throughout this report.
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Table 1. Participant Characteristics by Housing Type

30 Charctbrsli glé-Fary .
Total Units 3,808 1,401 1,207 6,411
Home Characteristics

| Living Area (sq. .} 1,440 938 856 1,220,
Built pre-1939 78% 0% 7% 42%
Forcad Air Heat Distribution B9% 97% 7% 35%
Demographics
Renter 16% 9% 100%* 0%
Mean Annual Income $12.268 $10,826 $8.455 $11.235
Household Size 252 221 1.50 23
Senior % 2% 4% 33%
Parson w! Disahility 32% 3B8% 35% 4%

* Ownership is not tracked for multifamily homes, though it can ba assumed that close to 100% are rentars.

Heating fuels by home type are shown in Figure 2. For site-built and multifamily homes, gas and

electric comprise almost all space heating (89% and 100%, respectively), while only 67% of
mobile homes are heated by one of these fuels.

Figure 2, Space Heating Fuel Distribution by Home Type
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Figure 3 shows the distribution of participants by home type and space heating fuel, where all
fuels besides gas and electricity have been combined into “other.” As in the 1994 evaluation,
single-family gas heat accounted for almost half of the participants, and thus provided most of

S Although such homes built after 1974 should be called “manufactured homes™ based on the National

Manufactured Home Construction and Safety Standards Act of 1974, the term “mobile home” is used to be
consistent with the previous evaluation.
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the data for the gas analysis. Conversely, mobile home and multifamily electric accounts
represented 70% of all electrically heated homes, and played a large role in that analysis. -

Figure 3. Space Heating Fuel Distribution by Home Type and Fuel
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Program Treatments

All job costs for a home are recorded on a Building Weatherization Report (BWR) and entered
into the OATS database, allowing for measure tracking across Program homes. Figure 4 shows
the percent of homes that received given measures across building types.® The data in Figure 4
are based on cases where any funds on individual jobs were listed in the measure category
shown. Measure installation rates for site-built and multifamily homes are similar, but rates for
mobile homes differ greatly for wall, window, and floor procedures, and they receive more
health and safety work.

It was not possible to compare these results with those from the PY94 evaluation because the
way the measures were counted in the study was not defined in the report. Measure costs are
presented in Chapter 8 of this report. '

§ Multifamily measures are reported at the building level, not the unit level,
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Figure 4. Percentage of Homes Receiving Given Measure by House Type
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Utility Weatherization Programs

Many Ohio utilities offer weatherization programs in addition to HWAP. For an eligible home,

an Agency can use both HWAP and utility funds to cover the cost of weatherization.
Weatherization data were obtained from Columbia Gas for those homes that were jointly treated -
through HWAP and the WarmChoice program and this information was used to closely exarmine
savings and measures for jointly treated homes.’

WarmChoice provides more specific data on health and safety problems than OATS, and Table 2
compares the frequency of these problems to PY94. Since 1994, occurrences of all of these
health and safety problems have remained constant or decreased.

Table 2. Utility Weatherization Programs WarmChoice Health and Safety Problems

Gas Leagk

Combustion Venting Problems

Cracked Heat Exchanger 21% 18%
One or More of the Above 60% 50%
Carbon Monoxide >150ppm in Flue 8% <1%
Unsale Wiring 10% 10%
Any of the Above Safety Problems 64% __55%

7  We requested utility program participation data from all wtilities, but only received data from Columbia Gas on
their WarmChoice program regarding participation .
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4. Gas Savings

The weather-adjusted (normalized) annual energy consumption for the 2003 HWAP participants
and a matching group of non-participants was estimated using a modeling approach similar to the
PRInceton Scorekaegmg Method (PR.ISMTM) A fixed reference temperature base of 65°F was
used in this analysis.” House level savings (difference in normalized annual consumption,
DNAC) are then calculated as the difference between normalized pre-annual consumption
(PRENAC) and normalized post-annual consumption (POSTNAC).

We obtained gas usége data from four utilities — Columbia Gas, Dominion, Cincinnati Gas and
Electric (Cinergy), and Vectren — representing 98% of gas heated pariicipants (see Appendix B
Figure A.1 for more detail). Approximately 79% of these accounts were matched with utility
records,

Almost two thirds of these matched accounts had sufficient data in the pre and post period for

b:lhng analysis and provided reasonably reliable results (see Appendix B for more details on data
screening and attrition).

After the weather notmalized usage was obtained, non-participants were matched at the utility
level to quartiles of participants’ pre consumption. The non-participant selection process is
described in detail in section E of Appendix B.

Findings

Table 3 below summarizes the results of the gas billing analysis. HWAP participants saved an
average of 326 therms per year for single-family bomes (including mobile homes), or 25% of
their pre consumption, The non-participant group saved 58 therms, or approximately 5% of their
pre consumption. The non-participant savings are likely due in part to the large increase in gas
rates from 2002 to 2004-2003 (see Table 4). The participant gross savings compare favorably
with the 315 therm (23% of pre) savings in the 1994 evaluation. However, the net savings of 268
therms are about 20% lower, because of the reduction in consumption observed for non-
participants.

The multifamily savings are considerably lower than estimated in the PY94 analysis, which
showed average gross annual savings of 213 therms (20% of pre). The gross savings are now 101
therms (13% of pre), and the net savings are 83 therms (11% of pre). The main factor in the
lower savings is that the pre consumption for multifamity homes is considerably lower for the
PYO03 participants (756 therms vs. 1,049 therms in the PY94 evaluation). The multifamily houses
in the PY03 analysis are also smaller (856 sq. ft, vs. 952 sq. ft. in the PY94 evaluation).
Moreover, the homes in the current evaluation were more efficient to begin with, using

In the 1994 analysis, the PRISM reference temperature (1) was allowed to take on any valune, If the reference
temperature (1) is not fixed, then PRISM can produce unrealistic values as low as 40°F and as high as 30°F. To
alleviate this problem, we opted for this simpler specification, because it generally provided similar savings
estimates to PRISM. The regression model used in our analysis is equivalent to a PRISM model with fixed .

Quantac — Ohio Home Weatherization Assistance Program Impact Evaluation 15



0.88 therms per square foot, while the 1994 evaluation homes were using 1.10 therms per square
foot.

Table 3. Gas Usage and Savings Summary Results

Single-Family Houses

Participants 1,625 1,260 964 326 (+4%) 25.3% 300%

Non-Participants 3,520 1,288 1,230 58 (+10%) 4.5% 54%

Nef Savings? 268 (£5%) 20.8% 24.7%
Muttifamily (per unit)

Participants 514 756 655 101 (£21%) 13.4% 17.8%

Non-Participants ' * , 18* 24% |

Net Savings 83 {+23%) 11.0% | 14.6%

The precisions of these estimates are also listed in parentheses. For the single-family estimate the
relative precision is 5% at the 90% confidence level. For multifamily homes the precision is 23%
at the 90% confidence level.

A separate multifamily non-participant group was not available becanse the HEAP database did
not contain building type information for non-participants. We applied the savings percentage for
single-family non-participants to estimate the comparison group multifamily savings of

18 therms.'” As shown in the table, this approach gives an estimate of multifamily non-
participant savings of 2.4%. This appeared to be reasonable given the relationships we found
between home pre usage, home size, and energy savings that are discussed later.

The temperature-dependent savings summarize the savings as a percentage of the weather
sensitive load. These savings are estimated to be the percent of space heating end use, although
some water heating usage is also likely included. Thus, the single-family gross savings represent
about 30% of temperature dependent usage, while the net savings represent nearly 25%.

The single-family gross savings percentage is higher than the 1994 evaluation (25.3% vs.
22.6%), but the net savings percentage is lower due to the adjustment for non-participant
savings, In the 1994 evaluation, non-participants increased consumption from pre to post.
However, as Table 3 shows, in this evaluation, non-participants actually decreased gas usage
from pre to post. The most likely explanation for this difference is the rise in utility gas rates
from the pre to the post period. Table 4 shows a comparison of average gas rates between the pre

Single family includes both site-built homes and mobile homes, Site-built homes saved 282 therms, or 21.2% of
pre consumption, and mobile homes saved 90 therms or 11.4% of pre consumption.

The non-participant savings are obtained from the single family savings ratios of non-participants to
participants, i.e., (58/326) * 101 = 18 therms, :
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and post period for major Ohio utilities."" It is clear that rates rose substantially between the pre

and post periods. Averaged over the utilities shown, rates increased by 71%.

Table 4. Utility Rates in Pre and Post Periods

[ Cokimbia Gas 50,60 $0.91 "~ 53%

Dominion $0.48 $0.89 %
Veciren $0.50 $0.78 57%
Cinergy $0.42 $0.75 79%
Average $0.49 $0.83 71%

Visual representations comparing the pre and post usage and savings for single-family
participants are presented in Figure 5 through Figure 7. The y-axis represents the frequency of
customers in each consumption/savings group. As can be seen in Figure 5, the distributions in
the non-participant and participant groups matched very closely. This was a direct result of the
strategy used to select non-participants.

Figure 5. Comparison of Single-Family Pre-Period Usage (PRENAC)
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Figure 6 shows post-petiod usage. The participant group has shifted consumption much more

than the non-participants. The savings distribution is found in Figure 7, and shows the increased

savings from participation.

' Baged on data from Ohio Consumers’ Counsel
12 The pre period was from February 2002 to February 2003; the post period was from Apnl 2004 to April 2005.
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Figure 6. Comparison of Single-Family Post-Period Usage (POSTNAC)
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Figure 7. Comparison of Single-Family Savings (DNAC)
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Figure 8 presents the distribution of single-family percent savings. The largest percent of homes
saved 20% to 30% of pre-period consumption, followed by an almost equal group that saved
10% to 20%. About 5% of participants saved more than 50% of pre-period consumnption; less
than 10% of participants increased consumption.
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Figure 8. Distribution of Single-Family Gross Gas Savings
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Figure 9 summarizes the pre-period consumption distribution and the PIPP mix in single-family
homes. The average pre-period consumption was 1,290 therms, and the median was

1,200 therms. About 29% had usage under 1,000 therms. About 17% of participants have usages
over 1,800 therms. As can also be seen from this chart, as consumption increases the PIPP share
of the homes increases noticeably.
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Figure 9. Distribution of Pre Usage by PIPP Status (Single-Family Participants)
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Utility-Specific Results

Figure 10 shows the utility-level net participant savings estimates. The single-family savings
range from 231 therms for Cinergy customers to 282 therms for Columbia Gas customers

- (including Warm-Choice) and include the effects of HWAP and utility weatherization. Sample

sizes of single-family participants by utility ranged from 88 to 748 (see Table 5). The
multifamily savings could not be separated by utility because of large error bands in estimation
due to small sample sizes.

Figure 10. Net Savings by Utility
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Figure 11 presents the net percent savings estimates for participants by utility. The net savings
range from 20% to 22%, with an average of 21%. The Columbia Gas percent savings are highest,
primarily because they include savings from joint weatherization through WarmChoice.

Figure 11. Net Percent Savings by Utility
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Table 5 gives more details on the utility specific estimates. As can be seen from this table, the
pre-consumption values for participants and non-participants are almost identical at the utility
level because they were matched by usage quartiles. Cinergy and Vectren HWAP participants
bad the smallest pre-period usages and the lowest net savings estimates (231 therms and

241 therms, respectively). These two utilities also had the smallest sample sizes and largest error
bands.
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Table 5. Gas Usage and Net Savings Summary by Utility
T 2 B

Single-Family Houses (Columbia Gas)
Participants 681 1274 918 358 (+6%) 27.9% 32.9%
Non-participanis 1,108 1,269 1,195 74 {£14%) 5.8% 6.9%
Net Savings 282 (£9%) 22.1% 26.1%
_Single-Family Houses (Dominlon}
Participants 748 1337 1,024 113 (£5%) 23.4% 28.1%
Non-participants 1,218 1,338 1,269 49 (+18%) 37% 4.5%
Net Savings 264 (£7%) 19.7% 23.5%
Single-Famlly Houses {Cinergy)
Participants 108 1,147 883 254 (£17%) 22.1% 25.8%
Non-participants 176 1,146 1,123 23 {(£109%) 2.0% 2.3%
Net Savings 231 (+20%) 20.1% 23.4%
Single-Famlly Houses (Vectren)
Participants 88 1,180 850 290 (£19%) 24.6% 28.9%
Non-participants 142 1,181 1,132 49 (145%) 4.2% 4.9%
Net Savings 241 (+26%) 20.4% 24.1%
Single-Family Houses {Qverall) )
Participants - 1,825 1,290 064 326 (24%) 25.3% 30.0%
Non-participants 3,520 1,288 1,230 58 {210%} 4.5% 5.4%
Net Savings 268 &5%) 20.8% 24.7%

Factors Associated with Savings

One of the study objectives was to assess patterns in usage and savings to help provide insight
into what causes high or low savings. Table 6 summarizes the characteristics of high and low
savings of single-family gas heated participants, High savers are defined as the top quartile of
savings (savings greater than 482 therms/year) and low savers are defined as the bottom quertile
(savings less than 107 therms/year).

The high savers had much higher pre usage (1,811 therms) than the low savers (951 therms). The
high savers had gross savings of 767 therms, or 42% of their pre. The low savers had no savings
on average. The high savers had a higher proportion of measures installed, particularly for wall
insulation and furnace replacement — two of the measures associated with highest savings. The
blower door percent reduction was 39%!> for high savers and 27% for low savers. Moreover,
the high savers had leakier houses to begin with (as shown by the air leakage per square foot
values). They also received more utility weatherization, and none of the high savers are in the
mobile home category. The measure instatled cost is double that of the low savers.

1 (5089-3111)/5089 = 39% reduction
' (3286-2383)/3286 = 27% reduction
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Table 6. Characteristics of High and Low Savers

B raclarl' B igh e o Low®
Pre-Use {therms/yr) 1.811 951
Savings (therms#yr) 787 -2
Savings (% of total pre-uge) : 42% 0%
Square Footage 1,485 1,290

| Pre-Use per Sqft 1.34 0.79
Attic insulated 89% 65%
walls Insulated T1% N%
Fumace Replaced 4% 17%

| Alr Leakage Pre-CFM5) 5,088 3,286
Alr Leakage Post-CFM50 3m 2,383
Air Leakage Pre-CFMY0 per sqit 3.82 2.77
Air Leakage Post-CFM50 per sqft 2.3 201
Utility Weatherization 5% 3%
Mobile Homes 0% 16%
Total Job Costs!t $3,833 $1.934

In order to examine the differences between high savers and low savers in more detzil the two
groups were further separated into high- and low-usage categories.

As Table 7 shows, in homes in the high usage group (over 1,800 therms), the highest savers
tended to have more measures installed. A large proportion (46%) of high savers in the high
usage group also received a new heating system, while only 8% of the lowest quartile savers
received a heating system. Also, high savers received more wall insulation. Results showed
leakage decreased 40% between pre and post blower door tests in those homes categorized as
high usage-high savers, but decreased to only 28% for the high usage-low savers. Thus, houses
with larger leakage reductions were associated with higher savings.

In the low usage group (under 1,000 therms) those that saved most tended to have a higher
proportion of wall insulation, and the heating system was replaced more often. Also 20% of the
lowest savers were mobile homes.

5 From BWR datz and WarmChoice exchiding administration costs.
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Table 7 Characteristlcs of High and Low Savers hy Usage Group

Pre-Use (ccflyr) 2,188

Savings {cofivr) 189 310 £
Savings (% of total pre-use) % 3% 8%
Square Footage 1,706 . 1,197 1,156
Pra-Use per Sqft 369 2.94 282
Aftic Insulated 9% B3% 60%
Walls Insutated 54% 52% 2%
Furnace Replaced 8% 20% 17%
Air Leakage Pre-CFMS0 5825 3,185 2,940
Air Leakage Post-CFM50 4,167 2,156 2247
Air Leakage Pre-CFM50 per sqft 268 1.98 207
Air Leakage Post-CFMS0 per sqft 1.38 0.82 0.67
Utility Weatherization 50% 51% 7%
Mebile Homes 0% : 8% 18%
Tofal Job Costs $3.007 32,699 $1,581 -

Figure 12 shows how net gas savings varied with several key variables. The results are presented
in more detail in Table 8 The participants that received utility weatherization saved an additional
90 therms on average.'® The participants that were also on PIPP saved 318 therms vs, 233 therms
for non-PIPP. The main driver for the higher savings is the higher pre consumption for PIPP.

Mobile homes saved considerably less (90 therms) compared to site-built homes (282 therms).
Based on usage groups, customers with the highest usage (above 1,800 therms) saved the most
(580 therms), customers with medium usage (1,000-1,800 therms) saved 284 therms, and
customer in the low usage group (under 1,000 therms) saved only 98 therms.

With regard to weatherization measures, those houses receiving wall insulation saved on average
approximately 333 therms versus 192 therms for those that did not. This cannot be interpreted
necessarily to mean that wall insulation alone produces these additional savings since other
measures could be associated with the addition of wall insulation or the characteristics of houses
receiving wall insulation could be different. Similarly, homes that received furnace replacements
saved more than those without heating system replacements (350 therms vs. 241 therms).

**  This is based only on WarmChoice participation.
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Average Savings (hermsiyeas)
g
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Utility Weatherization!”?

Joint Treatment wiltility 47% 1,309 A0 (£9%) 26.0%

HWAP only 53% 1,243 250 (£10%) 20.1%
PIPP Participation

PIPP Parlicipation 26% 1,480 318 (£9%) 21.5%

Never PIPP 74% | 1291 233 (5%) 19.2%
Mobile Homes vs. Site-Built

Site-Bullt Houses 3% 1,330 282 (+4%) 21.2%

Mobile Homes 7% . 783 90 (+19%) 11.4%
Pre-Treatment Usage

High Usa {>1800) 16% 2,245 : 580 (£6%] 259%

Mid Use (1000-1800) 51% 1,336 L 284 (x4%) N2%

Low Use(<1000) 4% 714 98 (+9%) 12.7%
Wall Insulation

Walls Insulated 54% 1,408 333 (25%) 2.7%

No Wall Insulation 48% 1,155 192 (£7%) 16.6%
Furnace Replacement

Fumace Replaced 32% 1,342 350 (£8%) %.1%

Furnace not Replaced 68% 1,273 241 (£5% 19.0%

The net savings by pre-usage groups are summarized in Figure 13, In this chart the net savings
are calculated as the difference between the participants and non-participants within each usage

subgroup.

7 An evaluation of Columbia Gas’s 1997 WarmChoice Program (Impuact Evaluation of the 1997-1998
WarmChoice Program, Tom Zimmer and Richard Sims, Columbia Gas of Ohio, July 2000} estimated savings
for jointly treated homes of 33.7% as opposed to 14.5% for jobs only receiving HWAP work. However, the pre
consumption for the HWAP-only sample in that study was about 400 therms (nearly 30%) less than either the
WarmChoice-only or jointly treated sample pre consumption, thus suggesting there were some fundamental
differences between the homes in the samples. Furthermore, there were only 30 homes in the HWAP-only
sarmple in that study, whereas our sample was comprised of nearly 9040 homes. Consequently, we do noi believe
those results can be compared directly with our estimates.

Noie that the distribution by joint treatment and HWAP-only is based only an Columbia Gas customers so these
results cannot be used to estimate the sevings across all utilities,
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Figure 13. Single-Family Net Savings by Pre-Usage (Average Savings=268 therms)
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Measure Savings Estimates

Figure 14 shows the relationship between energy savings and the installed measure cost. Average
savings are associated with measure installation costs of $2,000 to $3,000. Since measure cost is
likely to be higher for larger homes and larger homes are likely to have higher pre usage levels,
higher measure costs would be expected to be correlated with higher savings.

Figure 14. Net Savings by Total Measure Cost (Average Savings=268 therms)
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We conducted analyses to attempt to further disaggregate the savings by measure, by pre
consumption level using two methods: a standard regression based approach, and a Monte Carlo
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regression sirulation. The reader should note that in the remainder of this report we use the
terms “floor insulation,” “sidewall insulation,” and “attic insulation” to refer to the categories
used in the BWRs for floor, sidewall, and attic measures, respectively. Though the
weatherization measures in these categories usually included insulation, some of the measures
implemented in the floor, wall, and attic components were more limited. The data did not
specify, however, whether the measures included insulation or not so we adopted the convention
of using the term “insulation” to refer to any measure implemented in the individual bmldmg
shell components,

The standard regression model approach was reliable for measures with low installation rates

(duct insulation, floor insulation, and furnace replacement). This approach, however, was not

reliable for measures with high installation rates (air leakage reduction, attic insulation, furnace
tune-up and repair, wall insulation) because the models were unable to disaggregate measure

impacts due to collinearity (i.c., several measures were installed together in over 80% of the
homes)."?

For the measures where collinearity was a problem in the standard regression models, we used a
Monte Carlo regression simulation approach to hetter disaggregate the measure savings
estimates. This consisted of drawing 500 random samples from the groups installing 2 measure.
Separate samples were drawn by measure and by pre consumption level group. For each of the
500 sub-samples, the same dummy variable regression model was run on the sample subset with
all measures accounted for in the regression, The average of the S00 coefficients for the measure
of interest was used to obtain the measure-specific savings estimate. This led to more reasonable
savings estimates for those measures with high installation rates.

Table 9 summarizes the results of the savings results of the regression / Monte Carlo regression

simulation analysis for site-built homes. See Appendix E: for information about the Monte Carlo
methodology.

Table 9, Measure Level Savmgs by Pre Gmup

Air Leakage Reduction ! 9.1% 1.5%
Attic Insulation* 52 3.6% 8.0%
Duct Insulation 6 0.7% -29 -1.7% 2.7%
Floor Insulation 1 1.3% 46 3.7T% 4.2%
Fumace Replacement 74 8.8% 118 9.4% 27 11.1%
Fumace Tune-Up & Repair” £ {0.7% 35 2.8% 64 3.3%
Wall Insulation® 78 9.4% 169 13.6% 252 7.2%
Water Heater nsulation™ -16 -2.0% % 2.1% 0 0%

*  Monte Carlo sub-sampla regression approach was used.
** Moente Carlo sub-sample regression approach yielded unreasonable values so standard regression approach weas used instead.
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Regression model results can be found in Appandix E.
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The relative installation rates were combined with the estimates in Table 9 to provide average
savings per participant (i.c., accounting for penetration rates of each measure). Results are
summarized in Figure 15. In the low usage group most of the savings are achieved in homes that
install air leakage measures (36%), attic insulation {27%), and wall insulation (22%). These
account for 85% of the total savings in this group. Furnace replacement measures account for
most of the remaining savings. Similarly, in the middle and high usage groups, most of the
savings arc from air leakage reduction, attic insulation, and wall insulation.

Figure 15. Percent Savings Contribution by Measure and Pre Usage Group

PIPP Usage and Savings

We analyzed PIPP results using an approach similar to that used for the 1994 analysis. PIPP
participants saved 35% more and used 20% more energy than non-PIPP participants.

The PIPP group has changed in composition since the PY94 report. It appears that because of
large gas uiility rate increases even lower usage customers are turning to PIPP for assistance.

Comparing the PIPP and non-PIPP participants, the PIPP participants:
» Have 30% leakier houses based on blower door tests
e Have more occupants (2.6 vs. 2.1) |
» Are less likely to have senior occupants (13% vs. 43%)
s Are 13% less likely to live in mobile homes
s Have lower incomes (10% less)

Quantec — Chio Home Weatherization Assistance Program Impact Evaluation : 29



¢ Are slightly more likely to install wall insulation (56% vs. 51%0)

These differences are not as large as they were in the 1994 analysis.

Sample Representativeness

Table 10 compares the final single-family analysis sample with the attrition group (i.e., the
participants dropped from the analysis from screens such as unreasonable PRISM parameters
insufficient data, and unavailability of data). Generally, the sample participants installed more
measures. For example, 54% installed wall insulation vs. 45% in the attrition group. The air
leakage reduction was similar for the two groups. Utility weatherization was more common in
the analysis sample. The average measure costs are fairly similar between the two groups.

It is likely that most of the differences are associated with the smaller proportion of mobile
homes in the analysis sample. There are fewer mobile homes in the final analysis sample (7%)
than in the sample of homes that were dropped (18%). Our analysis showed that mobile homes
tended to be smaller, consumed less energy, had fewer measures installed, and saved less energy
than site-built houses. However, the data and analysis screens we used dropped a larger share of
them from our analysis sample so they were underrepresented in the analysis sample and
overrepresented in the atirition group. When we estimated Program savings, however, these
differences introduced no bias because our estimated savings were developed by housing type
and the overall savings estimates reflected the population shares of each housing type.

Table 10. Characteristics of the Sample and
Atmﬁon Gronps (Smgle-Famlly Gas Heat)

# Units

Attic Insulatad 79% 69%
Walls Insuiatad 54% 45%
Fumace Replaced 24% 2%
Air Leakage Pre CFM50 4033 3,983
Air Leakage Post CFMS0 2698 2,636
Utility Weatherization 47% 3%
Mobile Homes % 18%
Job Costs (HWAP measures only) $1.897 $1.774
Job Costs {HWAP Health/Safety) $1,528 $1,373
Total Job Costs (HWAP) $2,389 $2 218

Air Leakage and Energy Savings by Agency

To be consistent with the 1994 analysis, we examined the relationship between average percent
air leakage reduction and average percent energy savings at the Agency level. Figure 16 presents
the results of our analysis. These results are presented for illustrative purposes and, as would be
expected, show a correlation between air leakage reduction and energy savings. A similar trend
was observed in the PY94 Program evaluation. The data show that the average leakage reduction

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 30



varies widely — from about 15% to over 40%. Average energy savings range from about 10% to
a little more than 40%. :

Figure 16. Agency Level Air Leakage Reduction and Percent Gas Savings
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5. Electricity Savings

This chapter presents our analysis and findings on Program impacts on electricity usage. The
approach was similar to that used for gas-heated homes. Our analysis included both homes
heated with electricity and those heated with fuels other than electricity.

For electrically heated homes, we obtained data from American Electric Power (AEP). For
homes not heated with electricity, we obtained billing data from AEP and Cinergy.

Findings

Electric billing data for elecirically heated homes were obtained from AEP only. This utility
accounted for 74% of the electrically heated homes. For the gas heating model, electric billing
data were received from AEP and Cinergy. Billing data were not available directly for First
Energy and Dayton Power & Light. We were, however, able to obtain billing data for PIPP
participants from the HEAP database. With the inclusion of these accounts, about 50% of the
gas-heated home accounts were matched up for the electricity analysis.”

Figure 17 below summarizes the net electricity savings results by utility and space heating fuel.
Electrically heated single-family homes saved 1,473 kWh per year and multifamily homes saved
572 kWh. Single-family gas-heated homes saved 303 kWh and multifamily homes saved

201 kWh. Results were unreliable at the utility level for gas-heated homes, and the standard
errors for these estimates are quite large so no conclusions should be drawn about how savings
varied by utility, The overall average is the best estimate of gas-heated electric savings.

?  Some participants and non-participants also received services under the Electric Parnership Program (EPP). All
HWAP electric savings estimates exchxle any savings that are due to EPP.
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Figure 17. Electricity Savings Summary by Utility
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Electricity Savings in Electrically Heated Homes

Electricity savings in electrically heated homes were obtained by using PRISM heating and
cooling models,

The electric heat savings are summarized in Table 11, The gross savings estimates for the single-
family participants are nearly 2,500 kWh. This is a considerably higher estimate than the 1994
analysis. The non-participants, however, are saving 1,016 kWh in the post period.”' The net
gsavings are 1,473 kWh, which is lower than the 2,002 kWh estimate from the 1994 report.

The estimate of net savings for multifamily homes is 572 kWh, lower than the 895 kWh estimate
from the 1994 report. Again, the gross savings are acinally higher than in 1994; however, after
the non-participant savings are accounted for, the net savings are lower.

The sample sizes in the electric heat analysis are rather low, hence there is a larger error band in
the estimates.

Figure 18 shows the distribution of participant and non-participant total savings.

' Electricity prices did not rise between the pre and post Program periods as they did for natural gas because an

electricity rate freeze was in effect. Consequently, changes in electricity prices would not account for the
observed savings in non-participant homes. The savings presented are also net of EPP participation. Regardless
of the cause, it is important to control for changes in the energy use of the non-participants.
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Table 11, Elect

ricity — Electric Heat Usage and Savings Summary Resulis

£l
| Single-family Houses ‘ .

Parlicipants 213 22,282 19,793 2,489 (£15%) 11.2% 22.7%
Non-Participants 105 22136 21,120 1,016 (+38%) 4.6% 9.7%
Net Savings?2 1,473 (248%) 6.6% 13.0%

Multi Family (per unit -
Participants 77 14,728 10,761 987 (+33%) 8.2% 16.8%
Non-Participants * * * KL

Net Savings 572 {£33%) 4.9% 8.7%

* Home type is not available for non-participants. Single-family participant to non-participan savings pemm used,

Figure 18. Electric Heat Savings Participant and Non-Participant Comparison

Ravings Jy

Electricity Savings in Gas-Heated Homes

A pooled fixed-effects model was used to estimate the electric savings for gas-heated homes.
PRISM could not be used since temperature-dependent usage was not expected. This model is
described in more detail in section D of Appendix B.

In Table 12, participants in single-family homes saved approximately 139 kWh; however, the
non-participants with gas heat actually increased consumption. It is possible that the non-

2 Single-family includes both site-built homes and mobile homes. Site-built homes saved 1,251 kWh ar 5.8% of

pre consumption, and maobile homes saved 1,584 kWh or 7.0% of pre consumption.
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participant increase of 164 kWh was caused by a stronger reliance on electric backup heat to
counteract higher gas prices in the post period. As a result, participants saved a net of 303 kWh
from HWAP participation.

For multifamily units, there was a gross reduction of 92 kWh, although the error band on the
estimate is large. Again, applying the single-family participant savings percentage to multifamily
non-participants, we estimated that the multifamily non-participants with gas heat increased
cansumption by 109 kWh. Adding these two values provides the net savings estimate of

201 kWh for multifamily homes.

Table 12. Gas-Heated Homes Electricity Usage and Savings Summary Resuilts

| Single-Family Houses
Parficipants 839 9,635 9,496 139 {£64%) 1.4%
Non-Participanis 1,425 9,587 9,761 -164 (£39%) -1.7%
Net Savings# 303 (£36%) 3.2%
Multifamily untt

Parficipants 237 6,362 6,268 92 1.4%
Non-Pariicipants * * * -109*

Net Savings 201 3.2%

*  Home type is nol available for non-participants. Single-family pariicipant fo non-participant savings percent used.

\g g Lﬂg‘“
A /,/ o

a"‘f 3
s _}'{‘

.K..

3 Single-family includes both site-built homes and mobile homes. Site-built homes saved 326 kWh or 3.4% of pre

consumption, and mobile homes saved 105 kWh or 1.2% of pre consumption.
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6. Payment Behavior

Bills, Payments, Customer Shortfall and PIPP Shortfalls

Payment data were provided by all utilities. The Cinergy payment data were received, but they
could not be included in the payment analysis because they did not include billed amounts, and
some of the additional assistance payment amounts were missing. This analysis could not be
separated out for electricalty heated customers because of small sample sizes.

The payment data were merged with the final sites from the billing analysis. This allowed fora
better non-participant match to the participants.

Under PIPP, if a customer heats with gas, he pays only 10% of his monthly household income to
the gas company and 5% to the electric company.

There is a drop-off of fuel assistance funds used by non-participants from the pre to post periods
for the PIPP group.®* This tends to exaggerate the net savings. A mote reliable indicator is the
customer shortfall estimate based on payment amounts and billed amounts only, without taking
into account fuel assistance.

In Table 13, we can see that for PIPP:

¢ Pre-period bills were similar: $1,255 for HWAP participants and $1,280 for non-
participants

¢ In the post period, there is actually a reduction in bills to $1,184 for participants, even
with the higher rates. The effects of the rate increase are more than offset by participation
in the Program.

¢ For the non-participants, however, the bills have gone up significantly to $1,512, mainly
due to the increase in rates.

o The customer payment amounts are similar between participants and non-participants in
the pre period, and both groups are paying more in the post period.

¢ Interms of percentage paid, participants paid 56% of their pre period bill, and this
improved to 62%, excluding other fuel assistance. The non-participants, on the other
hand, paid 53% of their bill in the pre period and this decreased to 47% in the post period.

*  We were not able to separate the PIPP group into regular PIPP and intermittent PIPP, as in the 1994 evaluation,
because this type of detail was not available for all utilities. Customers with PIPP status unknown sre not
mcluded m the payment analysis.
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e The gross customer shortfall for the participants with PIPP was $102, or a 19%
improvement, but, taking into account the changze in the shortfall for non-participants, the
net reduction was $290, or & 53% improvement.

For non-PIPP customers;

¢ The pre period retail bills for participants and non-participants were similar at about
$1,000. : '

e The participant post period bills decreased to $940, but the non-participants’ bills went
up. ' '

e In terms of percent of bill paid, the participants paid 77% in the pre period, and 85% in
the post period. ‘

¢ Non-participants were also able to keep up with their bills, paying 74% of their bills in
the pre period and 82% of their bills in the posi period. As a result, the net customer
shortfall reduction is only $36 (2 16% reduction).

These results are consistent with the PY94 findings, where there was a 47% reduction in the
customer shortfall for regular PIPP, a 42% reduction for interraittent PIPP, and a 28% reduction
for non-PIPP customers, The FY03 results are higher for the PIPP group, and lower for the non-

PIPP group.

Table 13. Annual Bill and Payment Impacts of HWAP by PIPP Status

Part!

PIPP (541 Participants, 798 Non-participants)
Full Retall BE) $1,256 1,184 $71 $1.280 $1.512 $232 $303
Customer Payments $708 $737 $31 $674 $718 $44 $13
Customar Shortfall $549 $447 $102 $606 $74 -§188 $290
Fuel Assistance $132 $141 -$9 $im $148 $23 -$31
Net Shorifal $417 $306 $110 $435 $646 -$211 $321
NON-PIPP (964 Participants, 1426 Non-participants)
Full Retail B8 $1.017 $940 877 $46 $1.046 $100 $177
Customer Payments §788 $801 513 3704 $558 $154 $141
Customer Shortfall $229 $139 $90 $242 $188 $54 $38
Fuel Assistance $94 $39 $5 $123 $122 $1 4
Net Shorifall $135 $50 $85 $119 $66 $53 $32

The socictal benefit of payment impacts is a one-time decrease in the participant shortfall. After
weighting based on PIPP participation, the total customer shortfall benefits are $649,819.

% The percent improvement is even more pronounced if fuel assistance is included; however, as mentioned above,

this is not such a relinble indicator becanse non-participants received less assistance in the post.
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Disconnections and Collections

The effects of the program on disconnection and collection actions for participants and non-
participants are summarized in Table 14. In the pre period, about 6% of all participants had
disconnections. The disconnection rate was reduced to 5% in the post period, or a 16% reduction.
The non-participants, on the other hand, had disconnections increasing from 5% to nearly 7%, or
a 34% increase. Adjusting for the disconnection rate changes of non-participants, the net impact
was an average decrease of about 50% in the disconnections experienced by participants.

While disconnection data were available for all utilities except Dominion, collections data were
available for only one utility (Vectren), and the data seemed questionable. Both participants and
non-participants received more collections notices in the post period. In addition, collection
actions were much more frequent among the participants than the non-participants during the pre
period. Overall, there was a net decrease of 55% in collection actions associated with Program
participation. However, for the reasons mentioned here, we did not consider this to be a very
reliable estimate,

Tab

pw——

le 14. Disconnections and Collections Actions

‘Casen L P eductl
Disconnections (% cases with disconnections)
Participants 111 6.0% 50% 1.0% 16.4%
Non-Participants 1,660 5.2% 6.9% -1.7% -33.7%
Net Reduction 2,mM o 50.1%
Collection Actions (% cases with action)
Parficipants 209 49.6% 65.9% -16.3% -32.8%
Non-Participants 306 17.4% 2.7% -15.3% -88.2%
Net Reduction 515 55.4%

For the purpose of valuing disconnection and collection benefits, we assumed a societal benefit
value of $100 per avoided disconnection with a benefit lifetime of ten years and attributed no
benefits to the change in collection actions. This method is consistent with the 1994 evaluation,
Using this approach, the total lifetime societal benefit is $162,724.

HWAP and PIPP Participation Rates

Table 15 summarizes the percent of customers with gas heat whose gas bills exceed 10% of their
income. As expected, the proportion among PIPP customers is much larger, so they are less able
to pay their higher bills.?® The table shows that for PIPP customers the proportion of HWAP

participants with bills exceeding 10% of their income dropped between the pre and post periods,

Note that the gas bill amount used in this table is based on the amount that would be due if customers were not
in PIPP. Since those customers identified as PIPP participants were flagged in the database as participants at
some unspecified point in time and could have been unquatified at other tirpes or dropped out of PIPP, the
percent of PIPP participants with bills greater than 10% of income can be less than 100%.
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even with the large increase in natural gas rates. The percent of non-participants that had bills
exceeding 10% of their income, on the other hand, increased substantially.

For the non-PIPP group, similar patterns were observed. The percent of HWAP participants with
high bills relative to their income declined, and the percent of non-participants rose.

Overall, HWAP participation resulted in a 19% net reduction in the households with bills over

10% of their income. Hence, it appears that, due to HWAP Program partlclpatlon, the number of
participants that needed to stay on PIPP declined.

Table 15. Households with Gas Bills More Than 10% of Income, |
HWAP Participants V8. N on-Participants

PIPP (n=798) Non-participants 73.9% 80.2% . 9%
PIPP (n=1339) Nat % Readuction 14%
Navar PIPP (r=064) Parficipants 39.5% 35.7% 10%
Never PIPP (n=1426} Non-Participants 44.5% 51.4% ~15%
Never PIPP (n=2390) Net % Reduclion 25%
| All Cases (n=1505) Participanis 49.6% 45.0% 7%
All Cases (n=2224) Non-Participants £5.0% 61.7% ' -12%
All Cases (n=3729) Net % Reduction 19%
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7. Non-Energy Benefits

In addition to the benefits already discussed in Chapters 4 through 6 of this report, HWAP also
provides numerous non-energy benefits. This chapter identifies these benefits and expiains the
analysis performed to quantify these benefits. For the purpose of valuin, ng benefits, the life of
weatherization is assumed to be 20 years, with a discount rate of 3.2%.

Economic Impacts

HWAP affects the economy in several ways:

= It uses tax money to pay salaries and buy products used in the weatherization process.

e Participants have lower energy bills and are able to use the extra money to purchase
goods and services in other economic sectors.

¢ Utilities receive less revenue due to lower energy bills for participants,

Input-output modeling was used to quantify the effect of each of these monetary sluﬁs
individually, as well as the impact on the Ohio economy as a whole.? This method of modeling
allows for an in-depth look at individual economic segments, as well as the effect that the entire
economy sees. The economy is represented as a matrix that relates industries to each other so
that effects of events can be tracked. In this case, these events are Program spending, changes in .
household spending, reduced utility revenue, etc. When an event is specified, the matrix tracks
all direct, indirect, and induced effects on the economy. For example, the direct effect of .
participants having lower energy bills is effectively an increase in household income. The
indirect effects are the redistribution of this income across the economy, thus creating more jobs
in the industries where households are spending money. These new jobs create another increase
in household income for the new employees and the induced effects are the redistribution of this

new income across the economy. For the purpose of this evaluation, direct, indirect, and induced
benefits have all been used to determine the benefits to the Ohio economy.

Table 16 summarizes the events that are caused by HWAP. Because the funding to pay for
Program activities ultimately comes from tax dollars, this has been modeled as a decrease to
household income. This money is then distributed to certain industries that provide the materials
and labor for weatherization. Modeling participant utility bill savings and utility lost revenue is
somewhat more complex, because they do not completely offset one another. Although the
participants’ savings are equal to their full avoided utility payments, this amount is not all lost
revenues to the utility because reduced sales to customers are offset by the amount that the utility
reduces its purchases of required fuel or energy. Because the total energy savings are small in
comparison to total energy sales in Ohio, it is assumed that this will have no effect on ratepayers’
payments towards the utilities’ fixed costs and that the portion of rates that are fixed is lost
revenue 1o the utilities. To be consistent with the 1994 evaluation, we assume that 30% of natural

7 These assumptions are consistent with the Oak Ridge meta evaluation.
¥ IMPLAN Professional 2.0 was used for this analysis, utilizing state-level data for Ohio from 2002.
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gas, propane, and fuel oil rates and prices are due to fixed costs, while 70% of electricity rates
are assumed due to fixed costs.

Table 16. Economic Input Summary

Admin and Support Labor

Insulation Materials

General Weatherization Materials
Space Heating System Malerials
Window and Door Materials

Total Program Spending
Change in Household Income to Fund Program
Lifetime Avoided Gas Payments
Lifetime Avoided Electric Payments
Lifetime Avoided Propane Payments
Lifetime Avoided Fuel Oil Paymenis
Total L ifetime Avoided Payments
Lifetime Gas Provider Lost Revenue

Lifetime Propane Provider Lost Revenue Y
Lifetime Fuel Oil Provider Lost Revenue 04
Change in Fusl Provider Revenue . -11.3
*  Difflerences batween sume and totals are dus o rounding

When all of these inputs ﬁre run through the model, the output is expressed in value added to the
Ohio economy and job-years created. Table 17 provides a detailed summary of the economic
benefits of HWAP.

s = i

ERR e e i e 5

| Program Spending 24.7 449
Reducad Household Expenditures -194 =360
Fue! Provider Lost Revenue 9.0 -79
Increased Household Expenditures 214 39
Total ) 1.7 403

"These results show that in 2003, the Program created about 403 net job-years of employment and
added $17.7 million to the Ohio economy. Though these numbers are small compared to Ohio's
economy and work force as a whole, this analysis shows that HWAP has a positive effect on
Ohio’s economy.
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Environmental Benefits

Reducing participants’ energy consumption also reduces the amount of pollution created by -
electricity generation and fuel use. In order to determine the total amount of avoided pollution
and assign a dollar value to this environmental benefit, four steps were necessary:

1. Calculate the total Program energy savings by fuel

2. Apply Ohio electricity generation statistics to determine the amount of fuel that was
saved because of avoided electricity demand

3. Use Clean Air and Climate Protection Software to calculate the avoided emissions
atiributable to the Program

4. Obtain dollar values by pollutant to determine societal benefit

To accomplish the first task, gas and electric savings by building type were summed across all
HWARP participants. For participants heating with oil or propane, savings were assumed to be the
same as gas and a conversion was performed to determine the quantity of these fuels saved.
Similarly, it was assumed that electric savings for oil and propane participants was the same as
for gas participants.

Next, the Environmental Protection Agency’s Emission and Generation Resource Integrated
Database (eGrid v2.01) was used to obtain Ohio-specific electric generation data. Table 18
shows both the amount of each fuel saved by participants and the amount saved due to avoided
electric generation.

Table 18. Total Energy Savings by Fuel Type

waf P
Total Electricity {(MWh) 2,605 .- 2,805 52,005,200
Natural Gas (therms) 994,815 1422 996,239 19,524,758
Propane {galions) _ 90,206 as 90,208 1,604,126
Fuel Oil {gallons) 50,174 448 50,821 1,012,428
Coal {tong) 518 818 16,364

Dollar values were assigned to the three most substantial air emission reductions based on
relevant market values as of December 2005, and are summarized in Table 19. As markets for
emission reductions continue to emerge, values should continue to rise, so assuming a constant
value for emissions provides a conservative estimate for societal benefits. Over the life of
weatherization, the societal benefit in 2003 was $2,533,447.
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Table 19. Avoided Emissions and Societnl Benefits '

Carbon Dioxide 188,064 $267,164
NOx 4 $817,258
S0x 1,140 $1,400,475
Carbon Monoxide 140

Yolatile Organic Compounds 20

Partlculate Matter 100 -
Total 52 533,447

8 Value from the Chicago Climate Exchange: December 2, 2005
b Value fram Seattie NOx price curve: December 3, 2005
¢ Vale from Seattle SOx price curve: December 9, 2005

Forced Mobility

Because of the energy burden on low income houscholds, when bills get unmanageable, families
are often left with no choice but to move to a new home. Weatherization programs can have an
effect on this “forced mobility” because of the reduction in monthly energy bills. A 2002 study
by Oak Ridge National Laboratory estimated that the benefitto a famﬁy of not havmg to move
could be as high as $1,460.7

To determine whether participants moved less frequently than they would have had their homss
not been weatherized, an analysis was done based on 2003 HEAP participants. This analysis
investigated whether a participant moved between the pre and post period. The database was,
therefore, pared down to those households that participated in HEAP every year from 2002 to
2004. For participants meeting this requirement, addresses were compared between 2002 and
2004. Using this method, it is not possible to know how many times a participant moved in this
span, only whether or not a move occurred. Once it had been determined if a move occurred,
HWAP participants were compared to non-participants to sec if there was a difference in
mobility. About 20% (19.9%) of non-participants moved in this period, compared to 12.6% of
participants. This indicates a net difference of 7.3%, or 466 HWAP participants who avoided
moving as a result of the Program.

Renters are far more likely to move than owners and any differences in the home ownership rates
between the HWAP and HEAP samples could affect these results. Because the HEAP database
did not contain data indicating whether a participant owned or rented, it cannot be determined
whether the home ownership percentage differed between HWAP participants and the HEAP
participants. Because of this, the decrease in mobility cannot confidently be attributed to HWAP
and to be conservative, the value of this benefit will be left out of the cost effectiveness analysis.

¥ Non-energy benefits from the weatherization assistance program: a summary of findings from the recent
literature, Oak Ridge National Laboratory, April 2002
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Health and Safety Benefits

It is extremely difficult to quantify and assign dollar values to health and safety benefits. As in
the 1994 evaluation, the assumption was made that if the benefits of the health and safety work
did not at least equal the costs, the work would not have been performed. Therefore, the benefits
and the costs are assumed to be equal, providing a conservative estimate of health and safety
benefits. :
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8. Cost Effectiveness

Cost effectiveness is a crucial component in determining whether a program was successful. The
question in this case is: Do the benefits of HWAP outweigh its costs? By summing up all
Program benefits and dividing this number by the corresponding costs, a Benefit-Cost (BC) ratio
is obtained. If this ratio is greater than one, then the Program’s benefits outweigh its costs and
the Program is said to be cost effective.

Program Benefit-Cost Analysis

To determine Program costs, it is not sufficient to merely look at the amount that the state of
Ohio spends on HWAP. Because many HWAP jobs receive a combination of funding from Ohio
and a utility, it is important to include the money that utilities spend on HWAP jobsina
calculation of the total cost of the Program.

Program benefits are analyzed in Chapters 4 through 7 of this report. They include the direct and
indirect effects of the reduction of participant energy consumption and the economic effects of
HWAP spending. Table 20 summarizes all costs and benefits of the PY03 HWAP that we were
zble to estimate.

Table 20 PY(B Program Costs and Benefits

"HWAP Actual Expenditurs

$28.709,1722
Columbia Gas WarmCholca $1,448,668
Dominion Housewarming $624,.266

_ Total

$30,702,1

Llfelime Participant Avolded Energy Payments $33,827,838
Economic $17,747,363
Heatth and Salely $2,739,626
Environmental $2,533,447
Impacis on Arrears $649.819
Disconnections $162,7244
Total $57,660.818

a The budget is broken into its components in Table D.1.

b Adetailed summary of participant savings is provided in Tabla D.2.

¢ The soclatal benefit of payment impacts & a ong-time decrease in participant shortfall

d Asocietal benefit valua of $100 per avoidad disconnection with a benefit Jifetime of 10
years was assumed. This method is consistent with the 1994 evaluation, Soacrupteﬂ
for in-depth disconnection analysis.

Benefit-cost ratios were calculated from two different perspectives:

o The Program Perspective considers only the discounted value of energy savings and total
Program costs
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¢ The Societal Perspective considers all benefits, including non-energy, and total Program
costs

Table 21 presents the benefit-cost ratios from both these perspectives for selected home and fuel
types as well as the Program overall, with administration costs distributed equally across all

homes weatherized. This table shows that HWARP is cost effective overall from both

perspectives, with both BC ratios greater than one. Weatherization of single-family homes is cost
effective in all cases, except from the Program perspective for those heated with electricity. From
the Program perspective, weatherization of mobile homes is not cost effective for any heating

fuel type; from the societal perspective, however, weatherization of mobile homes is cost

effective for all space heating types. Weatherization of multifamily homes is cost effective in all
cases from the societal perspective, but not from the Program perspective.

Table 21. Benefit-Cost Ratios and Net Benefits by Home and Fuel Type

Single-family 1.2 $4,087,715 1.85 $15,767.954
Mobile Home 0.58 -$838,680 1.52 $1,083,328
Muttifarmily 0.62 -$1,375.450 161 $2,196,662
Electric Single-family 0.70 -$240,887 201 $802,306
Mobile Home 0.83 -$218,272 208 . $1.407.133
Multifamily 082 $155,124 269 _§684039
Propane Single-family 2.54 $1,301,623 3.31 $1,955,565
Mobile Home 0.82 -$120,965 1.80 $1,205 820
Fuel O Single-famity 1.63 $769,570 2.27 $1,652,032
Mobile Home 0.66 $171.787 1.48 $247 794
Overail 1.10 $3,039.742 1.87 $26,872,722

Measure Level Benefit-Cost Analysis

In Chapter 4, an analysis of gas savings by measure was presented, and these numbers can be
combined with measure costs to calculate BC ratios at the measure level. Because the OATS
database doesn’t track labor costs at the measure level, a regression model was employed to
disaggregate labor to the measure level. This model used total labor cost as the dependent
variable, and measure installation variables (1=installed, 0= not installed) as the independent

variables. Table 22 sumumarizes average cost components by usage group for site-built single-
family gas heated homes.
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i rnbarahd & ot Lk 53R (20 UL - g T : 31 S ] o
Air Leakage Reduction $96 $113 $209 §107 $91 3198 $141 $224 $365
Aftic Insulation $385 $254 $610 $403 $354 $757 $454 $526 $980
Duct Instlation $35 $124 $159 534 $104 5137 $37 $114 $151
Floor Insulation $193 $207 $400 $141 $151 $292 $130 $140 $270
Fumace Replacement $1,045 $551 51,596 | $1,125 $813 $1,938 | $1278 | $1.144 $2422
Furnace Tune-Up & Repair $187 $283 $470 $197 $347 $544 $222 $489 $711
Wall Insulation $248 $426 $674 $324 $469 $793 $394 $632 $1,026
Water Heater Insulation $e1 $62 $83 $19 $168 $187 $19 $163 $182

Because savings and costs are so dependent on home size and usage group, the cost-benefit
analysis was performed by usage group, and the BC ratios are show in Figure 19.%° Here are the
key findings from this analysis: .

Air leakage measures are cost effective in all cases, although they are even more so for
homes with higher usage.

Attic insulation measures are typically cost effective.”!
Wall insulation measures are cost effective for all usage groups.

Floor insulation is not cost effective for site-built homes with small usage (less than
1,000 therms per year), but highly cost effective otherwise,

Furnace replacement is cost effective only for high use homes.
Furnace tune-up is not cost effective for any group.

Other measures (duct insulation and water heating wrap) are not cost effective, however
they are most cost-effective for the highest usage group.

% A $1.00 per therm rate was assumed in the benefit-cost calculations.

k1|

We note that the attic insulation measures installed in medium-usage homes did not meet the cost-effectiveness

test, primarily because the estimated measure-level energy savings for these homes were tess than the savings in
either Jow- or high-usage homes. We conducted additional analyses with this group, but could net fully explain
this result. It is likely that the collinearity effects conld not be completely eliminated, even with the Monte Carlo
approach emplayed. Without further analysis, we note that this finding is more likely to be aitributable to the
problem of separating out the effects of nltiple measures than poor performance of sttic insulation measures in
medium-i1sage homes.
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Figure 19. Site Built Single-Family Mcasure-Level Cost Effectiveness
by Natural Gas Usage Categoryj2
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A different way to look at how well the measures are performing relaiive io their cost is to
examine the payback period of the measures. Figure 20 summarizes the payback period and
assumed measure life for each measure by usage category. All measures except furnace tune-up
pay for themselves before they expire for high users. In addition, most measures pay for
themselves in low- and medium-usage households, with some notable exceptions being floor
insulation in low usage and fumace replacement for both low and medium usage levels.

¥ Thig figure includes site-built homes only.
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Figure 20. Site Built Single-Family Measure Payback Time
by Natural Gas Usage Category”
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Examining the results of this analysis may be an effective way of maximizing encrgy savings if
the pre-consumption category is known at the time of weatherization.

¥ This figure includes site-built homes only. The bars for low usage furnace tune-up and other measures are not
shown in this figure because the savings are negative,
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9. Causes of Poor Performance

One objective of this study was to examine what factors might be contributing to the poor
performance of some homes in the Program. We used the analysis described in Chapter 4 to
identify and then conduct site visits to homes that saved less than predicted. Three screens were
used to identify homes for the sample. Our hypothesis was that factors such as poor quality of
work, some unanticipated failure of a measure, measures that were not identified for installation
that could have been effective, or unusual occupant behavior could be identified to explain the
poor performance.,

Once we had selected poorly performing homes, a telephone screening process was used to
identify and exclude homes that had been remodeled to increase the size or where additional
people had moved in since the time of weatherization. These factors could cause increased
energy use but were exogenous changes that were unrelated to the Program. Very few homes
were screencd out using these criteria. We offered households $30 as an incentive to participate
and in the end, 52 homes received site visits, Visits were made in three phases and included
homes in Columbus, Dayton, Toledo, Cleveland, Akron, Springfield, Marion, and Findlay.

Inspection tasks included measure installation verification, an assessment of the quality of
workmanship, identification of missed energy saving opportunities, and an assessment of the
relative energy saving potential of the missed c:ppnormnities."'4 A blower door test was conducted
and results were compared with the original test results.

For the homes we visited, we found that inadequate measure installation was a primary factor
causing poor performance. The expected energy savings were computed based on all measures
being fully installed that were reported installed. Therefore, where measures were not fully or
adequately installed, actual savings would have fallen below estimates of expected savings.

In terms of missed opportunities and the number of technician’s comments, air sealing ranked at
the top of the list of possible reasons for low energy savings. Many cases of inadequate or
missing air sealing were reported. Likewise, if a measure was listed as installed, it was assumed
to be fully installed. Qur technicians’ comments about the quality of work identified areas where
insulation, for example, was not fully installed. Where measures were not completely installed (a
missed section of floor, wall, or attic, for example), lower energy savings would result.

The estimates of expected savings alzo assumed that other measures in the home were in good
operating condition, including windows and heating systems. While window replacements were
rarely qualified measures under the Program, windows that were broken, leaky, or otherwise in
poor condition at the time of the site visit impacted the amount of savings the home was able to

For the purposes of this review, we defined missed opportunities as measures thet were not listed as installed in
each home, but that our field technicians believed would have been applicable. Note that some missed
opportunity window and door measures were not eligible under the terms of the Program, but they were
identitied during the site visits because of their potential impacts and effect on factors such as air leakage.
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achieve. Heating systems that required repair, replacement, or a tune-up also lowered the home’s
ability to save energy.

Overall, the quality and completeness of the measures installed were factors leading to fewer
energy savings than originally estimated, based on the measures installed,

Overall Findings

The quality of each measure and its installation were rated on a scale from 1 to 5, with 1 being
low and 5 being high quality. Missed opportunities were recorded and the relative value of the
missed energy savings ranked on a scale from 1 to 5, with 1 being low savings potential and 5
being high savings potential. That is, if the factor was given a rating of 5, its potential to save
energy was high if it had been specified and installed properly. The ranking was subjective and
determined by our experienced field technicians. The objective was to rate the potential benefits
of installing the measures that were not originally listed as installed so that the relative savings
potential could be compared across measures.

The field technicians rated the performance of installed measures at the ttme of the field
verification. In most cases, the ratings reflected the quality of the original weatherization work.
However, in a few cases (for example, instances of broken windows), the condition could have
deteriorated since weatherization occurred. Under these circumstances, it was not possible to
determine whether the savings opportunity had been missed originally or the condition had
deteriorated since weatherization took place. Regardless of the situation, our primary purpose
was to identify what factors were contributing to poor energy performance so these cases were
all documented and reported.

The site verification identified and documented factors that we believe could have contributed to
the poor performance of these homes. In some cases, occupant actions could have contributed to
poor performance and we made notes of obvious cases, but the focus was on physical
characteristics of the building when the site visit was conducted. All of these homes were under-
performing and we strived to identify causes related to weatherization that could explain their
poor performance. -

Table 23 shows that 202 measures were listed as installed in the 52 homes. We were able to
verify the installation of 182, or 90%, of the measures., This table orders measures from most to
least number installed as reported in the Program tracking database.

Figure 21 shows the distribution of the number of measures installed per home. Twenty-seven
percent of the homes in the sample had three measures installed and 23% had five.
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Alr Leakage 46 45 98%
Water Heater Insulation 42 36 B6%
Tune-Up and or Repairs 35 29 83%
Aftic Procedures 29 28 0%
Sidewall Procedures 14 13 9%
Duct Insulation 13 11 85%
Heating Sysiem Work 10 9 80%
Floor Procedures 8 7 __B8%
Secondary Window Procedures 2 2 100%
Repiacement Door 2 2 100%
Reptacement Sash Window Unit 1 1 100%
Total 202 182 0%

Note: “Numbar of Measures Installed” is the quantity reported in the Program tracking database. Qur
sample included §2 homes.

Figure 21. Number of Measures Installed

30% 28.9%

Percent of homes

1 2 3 4 5 6
Number of Measures Installed

As noted earlier, we defined missed opportunities as weatherization measures that were not listed
as installed in a home, but, in the judgment of our field technicians, would have been effective if
installed. As stated earlier, some of the measures we identified were window and door measures
that might not have met the Program’s qualification criteria. This issue is discussed below.

Figure 22 shows the distribution of the number of missed opportunities per home. Ten homes
(19%) had no missed opportunities that we were able to identify that could cause the poor
performance observed in the analysis. Nineteen homes (37%) had one, and 13 (25%) had two
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opportunities for efficiency improvements that were not selected for the homes and could be
contributing to poor performance. '

Figure 22. Number of Missed Opportunities

40% 36.5%

Percent of homes

Number of missed opportunities per home

Our field technicians also rated the potential energy savings of each missed opportunity
identified on a scale from 1 to 5, with 5 being the largest energy savings potential. The
assessment was a subjective judgment based on professional experience. Table 24 shows the
number of missed opportunities and their energy-saving potential. Although the number of
missed attic insulation performance measures was small, they had the highest mean rating for
potential savings. Air sealing, heating system, sidewall*® and floor insulation measures followed
as the next four highest ranking missed opportunities. Of these four, however, only heating
system performance factors that could lead to reduced savings occurred very frequently (27% of
the homes).

Table 24 includes window sash replacement and secondary window replacements missed
opportunities although some might not have been qualified under the terms of the Program,
When the prime window is intact, window replacements are not an allowable measure under
HWAP. The Program permits replacements only where window sashes cannot be repaired or are
missing. Similarly, replacement doors rarely qualify under HWAP. We elected to include these
measures in our assessment, however. The counts for these measures are based on the ,
technician’s observations that replacements could have been completed and could possibly have
caused poor energy performance in these homes.

% Sidewall insulation was observed with an infrared camera, The objective was to identify voids, and not to
determine the density of the insulation installed. |
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Table 24. Savings Potential Ranking of Missed Opportunities

axi
Attic Insulation 3 4 5 43
Air Sealing 4 2 4 35
Heating System 14 2 5 34
Floor Insulation 7 2 5 27
Sidewall Insulation 8 1 4 2.3
Duct Insulation 5 1 3 240
Tune-Up or Repairs 2 2 2 20
Replacement Window 17 1 2 1.7
Water Heater Insulation 4 1 2 1.7
Replacement Sash Window 12 1 2 1.5
Replacement Door 14 1 3 1.3

The field technicians recorded comments about the conditions observed for measures that were
installed and reasons that might have led to low energy savings. Comments were recorded for
each measure examined. Some comments referred to more than one problem for each measure.
For example, if air sealing was inadequate for rim joists and was not present around a chimney
bypass, the comment was recorded under both rim joists and air sealing.

Table 25 summarizes comments and groups them by topic. The most common comments (42)
were about air sealing. Typical air sealing problems included air sealing missing or inadequate
around chimney and plumbing bypasses, wall tops, windows, and kneewall bottoms. These
comments help to explain the quality rating for each measure discussed later.

Table 25. Field Technician Comments

Alr sealing inadequate or not Instalied: chimney?aypass, pluing bypass, attle wa kneewall bottoms,

attic hatch, duct boots. Leaky windows or windows with inadequats air sealing 42
Fumace old & inefficient, would benefit from replacement 15
Windows broken {4) or singie pane windows thet coudd have had a storm window installed {11} 15
Rim joist insulation missing or inadequate 14
Doors in poor condition : 14
Weatherstripping missing or poorly instalied 10

Flocr insulation inadequate, not installed, or improperly installed
Sidewall insulation voids, missing altogether, or impropery installed
Aftic insulation missing or inadequate

Duct leaks, incomplete duct insulation, no duc sealing

Water healer insulation improperly installed, tape problems
Tune-up & repair-no evidence

Kneewalls nol insulated, or inadequate insulation

O [OR |G | |~ o
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Findings by Measure

The following sections discuss site visit findings for each measure at these selected poorly
performing homes. The measures are discussed in the order listed in Table 23, starl:mg with the
measures most commonty installed,

Discussions for each measure include the count of the measures installed and verified, factors
that could lead to poor performance, and the ranking for energy savings potential from these
factors. The graphs summarize the information for cach measure. The values shown for “%
Missed Opportunity” are based on our field technicians’ estimates of the number of homes that,
in their judgment, could have benefited from including the measure even though it was not listed
as one of the measures installed in the home through the Program. For each measure, the
discussion and quantification are based on the measure as a whole. Comments recorded by the
field technician are also provided.

Air Leakage and Blower Door Findings

Figure 23 shows that air leakage measures were listed as installed in 88% of the homes. We were
unable to verify that the measures had been installed in about 5% of the homes. On a scale from
1 to 5, the average rating for the air leakage work quality was just average at 2.6. Three (6%) of
the homes in our sample were identified as additional homes that could have benefited from air
leakage measures. The potential for energy savings in the missed opportunity cases was
relatively high, a 3.5 average on a scale from 1 to 5.

Figure 23. Air Leakage Results

100%

%Listed % Verified % Missed Avg Quality AvgMissed
instalied  Installed Opportunity Savings

The main factor lowering the installation quality score was rim joist problems. Fourteen of the
homes were determined to have rim joist sealing problems, usually missed sealing at
penetrations. The second most common quality problem was weather stripping; six houses were
identified where weather stripping was either incomplete or poorly done. Five of the homes had
problems associated with windows and air leakage. The problems included broken windows and
poor sealing around windows. Only one house was observed that had duct leakage problems.
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Results from the original blower door tests were available for 47 of the 52 homes. We were able
to conduct follow-up tests on 40 of these homes to compare leakage rates now with those
measured earlier. The follow-up blower door tests were conducted with the home in the same
configuration as the original pre and post tests. Where both basement-door-open and basement-
door-closed tests were conducted, the door-open resulis were used to compute the percent change
from the original pre-test,

Table 26 shows cases where data were available for both the original and follow-up tests. When
the weatherization work was done, the blower door tests showed a 31% reduction in CFM50 on
average. In our follow-up tests, blowcr door results showed, on average, a 21% reduction from
the original pre-weatherization result.”® The Program also establishes leakage reduction targets
called OVERALLS based on our tests, 22 of the 40 homes met these targets when we tested
them,

¥ A blower door is used to test how leaky a home is. CFM50 is the airflow, measured in cubic feet per minute,
needed to create n change in building pressure at 50 pascals. The larger the CFMS3D, the more airflow through
the building. Leakiness is often computed as the number of air changes per hour. Air changes per hour at 50
pascals is computed as (CFM30 x 60) / building volume in cubic feet.
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Table 26. Pre-Weatherization and Post Blower Door Results

Criginal Blower | Follow-up Blower Daor |Percent Changa In cfm50
Door Tests Tasts from Originel Pre Test COVERALLS
Basement | Basement | Original Pre | Original Pre | Does follow-up

Pre Test | Post Test { Door Open |Door Closed| to Original | to Follow- test moeot

¢im 50 cfm 50 ¢fm 50 cfm 50 Post Test |up Post Test] OVERALLS?
7054 23z8 5625|. £7% -20% No
2001 1738 1700|. -13% -15% . Yes
3855 2712 3800|. -26% 4% No
4090 4106 36001, 0% -12% Ne
1499 985 2030|. -34% 35% . Yes
2704 2240 2700|. -17% 0% Yes
2066 1921 2000]. <% -3% Yos
1800 1497 2000|. 17% 11% Yos
6930 5441 6800}. 21% 0% No
6683 3578 4250|. 46% -36% No
3651 1135]. 3100 -69% -15% No
4030 1980]. 2000 51% -50% Yos
1215 10924 1250 -10% 3% Yoz
4826 3743 4400 3750 -22% 4% No
7012 5182 6400 5800 -26% % No
2617 2528 2150 2300 55% €2% Yos
3780 2587]. 1920 -32% -49% Yes
3122 1893 1950 1830 -39% 8% Yas
3038 2226, 2200 27% -28% No
2450 1907 1650 1575 22% -33% Yes
4480 2980 4800 4200 3% 3% No
4829 3076 3800 2900 -36% 21% No
4215 3412 2800 2400 -19% -34% Yes
1914 1395 1400]. 27% -27% Yas
3009 2610 2000]|. -13% -24% Yoz
3038] 2501 2300 2340 15% 24% No
8125 23 6500 5500} -11% -20% No
2598 1382 2075 1720 47% 15% Yas
1990 1555 16001. 22% -20% Yos
12063 4919 5100|. -59% -58% Yos
3107 2423 2500 2230 22% -20% Ne
5271 2119 2300{. 60% -56% Yes
377 2376 2200]. -25% 31% Yes
2635 2311 2300]. -12% -13% Yes
4339 3418 33007. 21% 24% No
3038 2635 3100]. -13% 2% No
37134 2455 2240 2100 -34% -40% Yos
5764 2009 6100 5300 £66% 8% Mo
9503 5255 6000 5800 -45% 37%| . No
4196 1798 1550]. -57% 3% Yes
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To better understand what factors might have contributed to an increase in leakage, we reviewed
the technician’s comments for the 25 homes where the blower door results degraded. For most of
these homes, the comments identified missed air sealing opportunities. In other homes, windows
and knee wall hatches were not closing properly. One home had open windows in the
conditioned attic and the thermostat was set to 85 degrees. Another home had a hole in the
ceiling, The fireplace damper was missing at one home and there was significant leakage around
the glass doors. At other homes where the blower door readings degraded there were no apparent
explanations; the work was done well, or there was minimal work to do.

Table 27 shows the percent reduction in 10% ranges of the blower door results from the pre-
weatherization to the post weatherization periods. The “Original” column refers to the change in
the blower door reading just after weatherization work was done on the home. The “Follow-Up™
column refers to the measurements during our site visits and shows the change from the pre-
weatherization result to the follow-up site visit result. The data suggest overall that the leakage in
the homes had gradually increased since the original tests were done after weatherization. The
table includes all homes with both the original and follow-up test results.

Table 27. Original and Follow-Up Blower Door Reslllta

~Reduction in.CFMS0 Reading-} ==
<=10%

>10% and <=20%
> 20 and <= 30%
> 30 and <= 40%
> 40 and <= 50%
> 50 and <= 60%
> 6i) and <= 70%
Total

Water Heater Insulation Findings

Figure 24 shows that 81% of the homes in our sample were listed as having had water heater
insulation installed. We verified water heater insulation was present in 69% of the homes. The
average quality of the work was rated quite high at 4.2 on the 5-point scale. An additional 8% of
the homes were determined to have missed opportunities in water heater insulation, but the likely
energy savings were considered to be relatively small.

A small number of wrapped water heaters exhibited problems with the tape holding the blanket
coming off either partially or completely. Only part of the water heater was wrapped in other
installations. In a couple of homes, the technicians noted that the water pipes were wrapped as
well.
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Figure 24. Water Heater Insulation Results
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Tune Up and Repairs

Figure 25 shows that 67% of the sample homes (35) were reported to have tune ups or repairs
done to the heating system, We verified that procedures were completed in 56% of the sample
(29 homes). Where the tune up or repair could not be verified, the field technician noted there
was no evidence of work being done. Where the procedure could be verified, the average quality
of the work was rated 3.1 on a scale of 1 to 5. In one case the field technician recorded health
and safety concerns noting the existing chimney needed modification. There were no missed
opportunities identified.

Figure 25. Tune Up and Repalr Procedures Results

100% 5.0
40"

50% § 3.0
20

0% o 10

% Listed % Verified % Missed Avg Quality Avg Missad
Installed  instalied Opportunity Savings

Attic Procedures Findings

A little over half (56%) the homes we visited were listed as having attic measures (basically
ceiling insulation) installed. As shown in Figure 26, we were able to verify that exactly half the
homes had ceiling insulation installed. The average quality of the work was a little above
average. We found an additional 6% that, in our technicians’ judgment, could have benefited
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from ceiling insulation. The energy savings potential was considered to be relatively high (4.3 on
a 5-point scale).

Figure 26. Attic Procedures Results
100%

50%
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Although most of the field technician's comments about the quality of the attic work were
positive, there were a few problems identified. There was no pattern to the defects observed. In
one case, knee walls were not insulated. In another, the insulation was observed to not be
uniform in the attic. There were a couple cases with poor overall work quelity. In one case of
especially shoddy work, the crew blew insulation about 4 to 6 inches above the floor without
moving anything and put holes in the knee walls and did not repair them. One homeowner
reported that they had refused to let the workers insulate the attic since the installers had left a

big mess from their other work. In some cases, the weather stripping was not adequately installed
around access hatches. .

Sidewall Procedures Findings

Figure 27 shows that about one-fourth of our sample homes were reported to have sidewall
measures. As noted earlier, sidewall insulation was observed with an infrared camera. The
objective was to identify voids, and not to determine the density of the insulation installed. We
verified installation in ali but one of the cases. The one exception was a home with solid brick
walls where wall insulation was impossible, and there was no evidence of rim joist insulation.
Overall, the quality of the sidewall work was rated to be above average. In 17% of the homes,
our field technician identified sidewall missed opportunities. The average estimated energy

savings benefits associated with these potential missed opportunities were ranked relatively low,
however, at 2.4 on the 5-point scale.
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Figure 27. Sidewall Procedures Results
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Although the sidewall procedures work received above average quality ratings, we identified
specific defects in 5 of the 13 homes with wall insulation added. Our technicians used an infrared
camera to identify voids in the insulation. Two had gaps near windows and the others had voids
in a variety of locations, including, for example, the upper portion of a second floor wall.

Duct Insulation and Duct Sealing Findings

As shown in Figure 28, 25% (13) of the homes in our sample were reported to have duct
insulation instalied. Duct insulation was verified in 20% of the homes; we were unable to verify

installation in three homes. Qverall the average rating for the quality of the work was only 2.5 on

the 5-point scale. An additional 10% of the homes were identified as having missed opportunities
for instatling duct insulation. We estimated that for those cases where duct insulation was a
missed opportunity the probable savings from the measure were relatively low - an average of

2.0 on the 5-point scale.

Figure 28. Duct Insnlation Resnlts
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The main problem with duct insulation was incomplete work. For example, one home had the
ducts in the attic insulated, but those in the crawlspace were not. The field technicians did not

conduct duct leakage tests, but reported three cases where there was no duct sealing observed at
all.

Heating System Findings

As noted in the earlier discussion about energy savings in this report, heating system
replacements were much more likely among the high energy savers than the low savers. In our
sample of low savers, 19% were listed as having heating system work done including
replacements, as shown in Figure 29. We verified that 17% had heating system work completed.
The average quality of the work received a high rating of 3.8 on the 5-point scale. We identified
an additional 29% of the homes that, in our field technicians’ judgment, could have benefited
from heating system work and estimated that the savings from this measure would have been
relatively high, 3.4 on the 5-point scale.

Most of the cases identified where our field technicians observed that there were missed
opportunities with the heating system were homes with very old and inefficient heating systems.
One was described as “an old floor unit to heat the entire house”™ and another was described in
the field notes as follows: “Ancient gravity furnace. No blower.” The remaining missed
opportunities were cases where replacing the existing standard-efficiency furnace with a high-
efficiency unit would have been justified in the opinion of the technician who conducted the on-
site verification. '

Figure 29, Heating System Work Results
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Floor Procedures Findings

Figure 30 shows that floor procedures (typically insulation) were listed as installed in 15% of our
sample homes. We were able to verify the procedures in all but one home. Overall, the quality of
the work was below average. An additional 12% of the homes were identified as missed
opportunities that could have benefited from application of floor insulation procedures. For
example, our technician observed an uninsulated crawlspace and uninsulated cantilevered floors
in some cases. '
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Figure 30. Floor Procedures Results
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Most of the houses had one or more defects in the floor insulation. Most common was insulation
that was not installed over the entire floor area, often because of accessibility problems. In one
house with a basement, our field technician felt that the basement was not really part of the
conditioned space and should have been insulated. In another case, R-11 batts were installed
when R-19 would have been justified. In addition, the baits were installed incorrectly.

Secondary Window Procedures Findings

As Figure 31 shows, only 4% (2) of the homes in our sample were listed as having secondary
window procedures and we verified these during the site visits. Secondary window procedures
include repairs to broken windows or installation of storm windows on single-pane windows.
The verified installations received relatively high quality ratings. The field technicians noted that
they believed an additional 17 sites (33%) would have benefited from secondary window
procedures. Comments typically said that the existing windows in these cases were single-pane
wood framed windows. As noted previously, however, replacement of a window just because it
was single-paned was not a qualified measure under the Program. Average missed savings for
window missed opportunities were ranked low at 1.8 on a scaleof 1t0 5.
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Figure 31. Secondary Window Procedures Results
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Replacement Door Findings

As shown in Figure 32, door replacements occurred in only 4% (2) of the houses in our sample.
The work was considered to be of relatively high quality. Replacement doors rarely qualify for
replacement in the Program; however, we identified another 27% of the homes that could have
benefited from replacement doors based on our field technicians® observations. The likely energy
savings from replacement doots were relatively small.

The missed opportunities were mostly doors that were very old, in poar condition, and leaky. In
two cases, repairs had been made to the doors, but the repairs were inadequate.

Figure 32. Replacement Door Results
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Replacement Sash Window

As noted earlier, when the prime window is intact, window replacements are not an allowable
measure under HWAP, The Program permits replacements only where window sashes cannot be
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repaired or are missing. For the homes in our sample, one window sash was listed as replaced
and our technician verified the installation. However, the ficld technicians identified 12

- additional sites where windows were in poor condition and they belicved a case could have been
made for replacing them. Of course, the condition of these windows could have deteriorated
since weatherization had occurred; for purposes of our study, however, it was important to
identify these cases as possible contributors to poor energy performance.

The site visit results are shown in Figure 33. The 12 cases are shown as potential missed
opportunities, comprising 23% of our sample. Despite the large number of such cases, the
technicians rated the energy savings potential to be quite simall (1.6 on the 5-point scale). The
quality of the one window replacement was given a low rating.

Figure 33. Replacement Sash Window Results
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10. Comparison to Other Low Income Weatherization
Programs

This chapter summarizes HWAP results and compares them to similar programs in terms of
energy savings and cost effectiveness.

Gas Savings

Table 28 presents findings from other WAP evaluations from around the United States for gas-
heated, single-family homes.” The table shows that the results from this evaluation compare
favorably to similar studies and that half of the programs with higher savings also had higher
pre-use, which will tend to drive up savings.

Table 28. National WAP Gas Savings Results, Single-Family Homes

-

g T o i e
Current Evaluation 2003 268 21%
National 1989 3,873 1,334 173 13%
Qak Ridge National Meta Eveluation 1993-2003 n/a 1,330 305 23%
Colorado 1994 343 1,230 185 15%
linois 2003 2,056 1,551 198 13%
lowa 2004 £33 1,194 295 25%
Kansas 1993 166 1,283 191 15%
North Dakota 1992 182 1,200 160 13%
Ohio 1994 2,208 1,395 324 23%
Vermont 1998-2000 25 1,116 145 13%
Washington 1997 71 852 230 2%
Wisconsin 2001-2003 B,262 1040 156 15%

Figure 34 and Figure 35 provide graphical representations of percent net savings and absolute net
savings, respectively. These figures show again that Ohio has one of the most successful
programs in the nation in terms of energy savings. Due to the recent rise in gas rates, the best

comparisons are likely with the most recent studies, namely Jowa, Wisconsin (2001-2003), and
Illinois.

The results of this evaluation are also close to the national meta evaluation estimates of 23%
savings and 305 therms saved.

T Most of the vatues shown are from a presentation by Michae! Blasnik at the U.S. DOE National Weatherization

Conference in Atlanta, Georgia, December 12-16, 2005.
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Figure 34. Comparison of Gas Percent Savings in Current Evaluation to Other Programs
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Figure 35. Comparison of Gas Net Savings in Current Evaluation with Other Programs
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Electricity Savings

Table 29 summarizes total electric heat savings results from this ¢valuation as well as similar
programs. Single-family homes with electric heat saved 1,473 kWh or 7% of pre in the current
evaluation. Based on previous evaluations, the Ohio PY03 weatherization program single-family
electric savings (electrically heated) are lower than other evaluations both in terms of net percent
savings (Figure 36) and absolute net savings (Figure 37). However, the 7% percent savings
estimate is relatively close to the 9% estimated in the HWAP PY94 evaluation.

Table 29. Comparison of Electric Savings Results

) S

e

Current Evaluation 2003 213 22,282 1473 6.6%
National 1988 426 14,972 1,830 12.2% |
Qak Ridge National Meta Evaluation 1963-2003 nfa 19,919 2,153 10.8%
Ohio 1984 150° 21,542 2,002 9.3%

The estimates from our evaluation, are also lower than the National WAP Evaluation with an
estimate of 11% savings and 2,153 kWh saved. The savings are lower in magnitude than the
1,830 kWh estimated in the National Meta Evaluation conducted by Oak Ridge National

Laboratory study.

Figure 36. Comparison of Electric Percent Savings in Current Evaluation
with Other Programs
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Figure 37. Comparison of Electric Net Savings in Current Evaluation with Other Programs
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As described in Chapter 8, cost effectiveness was computed from several different perspectives.

Results for single-family gas-heated homes are compared to similar programs in Table 30. This

evaluation compares very favorably to the other studies, particularly from the program

perspective. The benefit-cost ratios are higher for the current Program than the estimates from
the 1994 evaluation based on both tests. From the societal perspective, the current evaluation
produced a lower benefit-cost ratio than the national meta evaluation. The current Ohio
evaluation showed both higher Program costs per home and larger energy benefits than the

national study.

Table 30, Comparison of Cost Effectiveness Results for Gas-Heated Single-Family Homes

Current Evaluation 2003 1.10
Oak Ridge Nationai Meta Evaluation 19932003 130 270
Ohio 1994 0.68 0.90°
Washington 1007 0.74 120

*  Includes only energy and disconnection benedits.
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11. Recommendations

As aresult of the findings presented in earlier chapters of this report, recommendations were
generated with regard to the questions posed in the RFP. These recommendations are intended to
provide a guide to OEE on potential Program improvements to maximize the impact of HWAP
dollars.

Obtaining Applicant Energy Histories

Many studies have shown (including this one) that pre-consumption is the biggest factor in
energy savings potential through weatherization, In light of this, it would be worthwhile for OEE
to acquire applicant energy usage histories and group them based on pre-consumption with the
highest consumers being the top priority. |

This would require some extra work on the part of OEE to contact utilities, but Quantec was able
to obtain a very high percentage of requested records from utilities, and the Ohio Department of
Development already tracks energy consumption for PIPP participants on HEAP.

In addition, OEE might consider proactively secking utility data for low-income families and
using this information to let agencies know which homes to target to maximize energy savings
through weatherization. The mechanism and implications of doing this should be investigated
further. -

Measure Installation Based on Pre-Consumption

Figure 38 (also presented in Chapter 8) displays the measure-level cost effectiveness by pre-
consumption for single-family gas homes and provides a guide for determining which measures
should be installed once billing histories are obtained. All measures, except furnace tune-up, are
worth installing in high-usage houses when deemed necessary, however, fewer measures are cost
effective for medium- and low-consumption homes. Furnace replacement, tune-up, and other
measures (water heater and duct insulation) were not found to be cost effective for mediom
consumption homes and only air leakage reduction and wall and attic insulation were found to be
cost effective for low consumers. By following this guide to measure installation, OEE should be
able to maximize energy saved per dollar spent.’®

% Please note that the results for attic insulation in medium-usage homes did not appear to be consistent with the

observed trends in the benefit-cost ratio, The low benefit-cost ratio resulted from the relatively low savings
estimated for this measure in medium-usage homes. We thoroughly reviewed these values and reestimated them
using different samples, but the results did not change. Although they appeared to be stable, we do not believe
they provide sufficient evidence to question the cost effectiveness of attic insulation in medium-usage homwes.
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| Figure 38. Measure-Level Cost Effectiveness
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Combo Job Tracking

It is currently extremely difficult to determine if a weatherization job received money jointly
from HWAP and a utility, Data must be received from both OEE and the given utility and then
merged together based on home data (account number, social security number, etc.). Altering the
BWR to include either a “combo job” checkbox or a field to capture the utility name would
allow for much easier tracking of these jobs. This information could be stored in the QATS
database and would be readily available to compare joint weatherization to HWAP-only
weatherization.

Labor Cost Tracking

In order for an accurate calculation of mgasure cost effectiveness, the full cost of 2 measure’s
installation must be tracked. Currently, the BWR records material costs by measure, but all labor
costs are combined. In this evaluation, a regression was required to estimate labor costs by
installed measure, but this estimation could be avoided with measure-level labor cost tracking.
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Appendix A: GIS Data by County

In an effort to provide a new perspective on HWAP, Quantec utilized ArcGIS, a geographic
information systems (GIS) mapping program. Using GIS, it is possible to assess the spatial
relationships of HWAP elements such as eligibility, participation, and Agency location.
Specifically, this aspect of the evaluation sought to understand where the need for HWAP
services is greatest, what percentage of those eligible have been served, and how the Program
Apency locations and service territories spatially relate to areas exhibiting high or low levels of
saturation. This section offers a series of county-level maps exploring these relationships, as well
as a brief analysis of the findings and suggestions for the future application of GIS.

Data

To develop maps, data from the following sources were utilized:

e OATS Database: The Program database provided historical data used to map
participation by county,

» 2000 United States Census: The Census was utilized to access county-level population,
income, and poverty information.

¢  GIS Data: These data provided geographical information for the state of Ohio, including
its counties, and cities.

Methodology

To calculate the percentage of eligible households HWAP has served to date, it was necessary to
first determine the number of households in each county that meet the Program’s income
eligibility requirements. While the 2000 United States Census identified the number of
households living at or below 100% of the Federal Poverty Guideline (FPG), precise Census data
are not available regarding the severity of houschold poverty at the Program's eligibility
threshold of 150%. To overcome this, Quantec utilized other Census data available on the
distribution of households by income stratum and average household size, to extrapolate the
number of households at 150% of the FPG for each county.

Results

Map 1, which presents the percentage of total households in each county meecting the Program’s
income eligibility standards, provides an overview of how poverty differs across the state, As
evident in the map, the percentage of eligible households ranges dramatically by county, with a
low of 11.6% in Delaware County and a high of 40.1% in Athens County. Generally, the highest
percentages of Program-eligible households were exhibited in the Appalachian counties of
southeastern Ohio. In addition, with the exception of Franklin County, each of the counties
containing larger metropolitan cities have Program eligibility rates exceeding 22.7%. A table
providing the precise eligibility rate for each county is provided at the end of this appendix.
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Map 1. Percent of Households Eligible for HWAP by County
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By combining the findings presented in Map 1 and data from OATS regarding participation from
1997 to 2004, it is possible to determine the percent of Program-eligible households served by
HWAP during this eight year period. Since valid data regarding their county of residence were
not available for 17% of the participants in the OATS database, participants without county data
were assigned to a county based on their Agency’s distribution of weatherization jobs by county.
Assuming the occurrence of missing data is equally distributed across counties at the Agency
level, this approach accounts for data deficiencies and calibrates the findings to represent the
actual level of service in each county. The results of this analysis are provided in Map 2.

Similar to Map 1, the percentage of eligible households served differs greatly by county, ranging
from 1.5% to 15.2%. To highlight this variation, Map 2 indicates counties exhibiting low
percentages of households served with warmer colors, such as red, orange, and yellow, and those
that have reached a greater percentage of such households with cooler colors, such as yellow and
green. Utilizing this color approach allows for quick identification of activity in each county and
also provides insight into the severity of the issue.

Generally, it appears that HWAP has been more successful reaching higher percentages of
eligible households in the state’s rural counties. While this makes intuitive sense since those

“counties have fewer eligible households, they are also more geographically dispersed, The

Program’s success in such counties constitutes a clear effort to reach the rural poor. Conversely,
there remains a higher percentage of un-served eligible households in more populated counties.
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In particular, there appears to be a cluster of counties in the northeast portion of the state that
exhibit lower levels of Program saturation. Similar to eligibility by county, a table providing the
exact percentage of eligible households served in each county is provided at the end of this
appendix.

Map 2. Program Saturation (1997-2004) by County
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To assess how levels of Program saturation relate to Agency location, each of the participating
agencies were added to Map 2. Once located, a 20-mile radius was generated around each
Agency to simulate that Agency’s approximate service territory. Agpgregating each of the Agency
radii yields an estimated assessment of the portion of the state within 20 miles of a participating
Agency. The aggregated radii can be geographically placed on top of Map 2. It should be noted
that metropolitan areas with multiple agencies within 20 miles will produce overlapping radii.

Overall, as seen in Map 3, the resulting Agency radii clearly cover a significant portion of the

state. While there appear to be few areas of low Program saturation not within 20 miles of an
Agency, there are also several areas outside the same range that are well-served.
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Map 3. Program Saturation (1997-2004) and Approximated Agency Coverage
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Potential Future Applications

As demonstrated, GIS offers a new perspective from which to assess this Program. GIS has
many possible applications for program evaluation. The following is a bricf list of possible uses
for this tool in evaluating HWAP:

» Investigate Program saturation and Agency coverage at a smaller scale in metropolitan
areas, utilizing geo-coding (block group or census tract level)

¢ Collect any additional historic Program data not included in the QATS database, and -
determine overall Program saturation

« Geographically represent other Program attributes, such as funding allocations,
participant types, and weatherization measures received

s Calculate the number of eligible homes within a specific distance of agencies

o Utilize Agency-specific radii for the creation of a more accurate assessment of Program
reach :

o Use maps to replace large, cumbersome tables for reporting and presentation, where
appropriate
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Adams 12,

Allen X 3

Ashiand 24.7% 3.0%
Ashtabula 2B.9% B.7%
AMhens 40.1% 6.1%
Auglaize 20.6% 4.8%
Beimont 3H.8% 7.2%
Brown 26 6% 9.9%
Butigr 19.7% 4.6%
Carroll 29.1% 37%
Champaign 21.7% 6.4%
Clark 24 6% 4.4%
Clermont 18.6% 4.3%
Clinton 236% 15.2%
Columbiana 305% 5.6%
Coshocton 28.8% 15.0%
Crawford 27.4% 6.6%
Cuyahoga 26.7% 5.7%
Darke 25.0% 9.0%
Defiance 19.7% 6.1%
Delaware 11.6% 45%
Erie 22.4% 4.5%
Fairfield 18.6% 5.0%
Fayetie 25.3% 12.8%
Frankiin 2.2% 4.4%
Fulton 18.5% 4.0%
Gallia 36.8% 7.3%
Geauga 134% 5.2%
Greene 19.5% 55%
Guemsey 35.4% 7.5%
Hamilion 25.1% 3%
Hancock 20,6% 6.8%
Hardin 30.6% 6.1%
Hanison 33.8% 74%
Henry 21.0% 6.7%
Highland 30.3% 8.4%
Hocking 3.0% 6.7%
Holmes .% L39%
Huron 234% 3.1%
Jackson 35.8% 9.8%
Jefferson J3.8% 5.7%
Knox 25.8% 5.3%
Lake 17.0% 1.4%
Lawrence 38.1% 8.3%
Licking 21.6% 6.1%
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Logan 23.4% T4%
Loraln 21.8% 4.0%
Lucas 27.9% 4.7%
Madison 20.8% 5.4%
Mahoning 30.1% 6.7%
Marion 254% 8.0%
Medina 14.4% 1%
Meigs 38.9% 10.5%
Mercer 220% 6.8%
Miami 20.8% 6.4%
Monroe H6% 5.7%
Montgamery 24.5% 3.9%
Morgan 38.3% 8.1%
Marrow 22.5% 5.2%
Muskingum 29.6% 6.5%
Noble 33.0% 8.7%
Ottawa 19.8% 57%
Paulding 22.6% 8.8%
Pemy 30.1% 84%
Pickaway 23.2% 6.5%
Pike 35.7% 10.9%
Portage 21.7% 5.1%
Preble 20.7% 5.5%
Putnam 20.8% 4.8%
Richland 26.9% 4.6%
Ross 28.3% £.6%
Sandusky 22.3% 9.7%
Scioto 38.9% 6.4%
Seneca 254% 4.7%
Shelby 19.9% 2.3%
Stark 246% 3.3%
| Summit 23.5% 3.9%
Trumbul 26.2% 4.3%
Tuscarawas 27.6% 5.0%
Union 16.9% 9.0%
Van Werl 21.3% 10.8%
Vinton 37.2% 1.2%
Warran 13.7% 8.0%
Washington 29.5% 6.5%
Wayne 22.5% 5.3%
Williams 22.2% 5.2%
Wood 22.0% 3.8%
Wyandot 22.5% 5.8%
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Appendix B: Methodology Details

The billing analysis methodology included the following steps:
A. Collect participant and non-participant billing data from utilities
Clean & prepare billing data & weather data
Establish pre and post periods
Weather-normalize consumption and aggregate to annual level

Mo oW

Select non-participant group by utility
F. Compare participants to non-participants to calculate Program savings

Each of these steps is described in more detail below.,

A. Collect Participant and Non-Participant Billing Data from Utilities

For the gas analysis, data were received from Dominion, Columbia Gas, Vectren, and Cincinnati
Gas & Electric (Cinergy). These utilities represented 98% of the gas billing data from the
utilities. Figure B.1 summarizes the distribution of gas-heated homes.

Figure B.1. Distribution of Gas Utilities for Gas-Heated Homes
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Electric
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11%
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Figure B.2 summarizes the distribution of electrically heated homes by electric utility. For the
electric (electrically heated) analysis, data was received from AEP and Cincinnati Gas & Electric
(Cinergy). The electric analysis was performed using the AEP customers, since this utility was
the only one that had sufficient non-participants for non-participant selection. AEP represents
74% of the eleciric billing data for electrically heated homes from the utilitics.
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Figure B.2. Distribution of Electric Utilities for Electrically-Heated Homes
Cincinnati Gas  Columbus
Dayton Power andBectric  Southem

and Light Power
6% 1%

First Energy
14%
ABP
74%

Figure B.3 summarizes the distribution of participating gas-heated homes by electric utility, For
the electric (gas-heated) analysis, we received data from AEP and Cinergy. These two utilities
represent only 33% of the gas-heated accounts. The analysis was, however, augmented with
HEAP billing data for PIPP participants for First Energy and Dayton Power & Light. This
allowed a 36% matching rate for Dayton and First Energy (i.e. 1,000 accounts out of 2,779
accounts requested). »*

Overall, electric billing data was available for 53% of gas heat accounts. Even with the small

percentage there are plenty of sites available for the analysis since natural gas heatingis
predominant - representing about 80% of electric accounts.

Figure B.3. Distribution of Electric Utilities for Gas-Heated Homes
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¥ The savings for this group was similar to the AEP/Cinergy savings.
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B. Clean and Prepare Billing Data

This is one of the most complex tasks of the billing analysis. It involves examining the billing
data, cleaning the data, imputing missing readings, examining vecancies, and estimating
readings.

The tasks below summarize tyj)ical data cleaning methods that were employed.
. Plot usages by account to find unusual readings
. Check for estimated readings

. Impute missing readings

1
2
3
4. Check for vacancies
5. Check for disconnections
6

. Test for completeness of billing data

In Test 1, the average daily consumption is plotted against time at the monthly level. If there are
outliers, missing readings (Test 3), prolonged vacant periods (Test 4), or periods of
disconnections (Test 5) then this check will find these readings.

Test 2 is a check of estimated readings. Sometimes a reading will be classified as an estimated
reading. These will usually cause a spike in usage relating to the estimated reading, after which
the subsequent reading may ¢ither be too low or too high. In order to solve this problem, the
estimated reading and the reading following were averaged. In effect, this is equivalent to
combining the two readings into one reading spanning approximately 60 days.

Test 3 is a fill with missing readings. If there were missing readings, typically they were filled in

with the average of the average daily consumption (ADC) of the readings before and after the
missing period.

Test 4 is a check for vacancies. Sometimes it is evident from the plots that there is a vacant
period. Such readings would show a large drop in usage in either the post or pre period
exaggerating or diminishing savings. These gaps in the data are assigned to missing values.

Test § is a test for disconnections, Sometimes a customer will be disconnected, or choose to be
disconnected. These readings may be coded either as 0 usages or gaps in the billing data. These
may confound the billing analysis results. A test was performed on the models, and an indicator
variable was included to test for the effects of disconnections. The savings were not affected by
disconnections.

Test 6 is to check for completeness of data. This is performed afier the data have been cleaned as
much as possible. There still may be extended missing periods in the pre or post periods. One of
the data atrition screens required all accounts to have at least 300 days in both the pre and post

periods. This is necessary, because, for example, if the entire winter usage bills are missing from

the pre period, this can cause the average normalized annual consumption (NAC) to be unusually
low — confounding the analysis.
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Weather Data. The daily weather data were obtained from weather stations for the period from
January 1999 through July 2005. Accounts were mapped to their nearest station based on zip

-code. We used the following 10 Ohio weather stations in our analysis: Akron, Cincinnati,

Cleveland, Columbus, Dayton, Findlay, Mansfield, Toledo, Youngstown, and Zanesville.

Base-65 heating degree days and cooling degree days were computed from the average daily
temperature. In the billing analysis, these were maiched to the billing data periods to obtain the
exact total for each billing period.

Thirty year normal weather data were obtained from the NOAA (TMY') database for the period
1961 through1990 for the weather stations used in our study.®

C. Assigning Pre and Post Analysis Period Dates

The recorded 2003 Program installation dates varied by participant from April 2003 to April
2004. Figure B.4 summarizes the definitions for pre and post that we used in our analysis.
Typically, billing data during a 60 day window before and after the recorded installation dates
are not used because of possible inaccuracies in the recorded installation dates. This was possible
for the pre period because billing data were obtained for at least a year prior to the beginning of
the PY03 Program. For the post period this was not always possible, however, since some of the

billing data were received early. As a result, we started the post period immediately after the last
installation for some of the utilities.*!

Our definition of pre and post periods assures perfect comparability between participants and
non-participants, which can be a problem with other methods of adjusting the pre and post
periods. : .

Figure B.4. Pre and Post Period Definitions

One Year April April April
Pre 2003 2004 200%
Pra Period
{2/02-2/103)
Insiallation period
{4/03-4/04) M
Post Period
{4/04-4/05)

#  Weused this historical weather data because we had a zip code mapping tied directly to these 1961-1990
normals. These normals are very close to the 1970-2000 normals. On average there is a only 0.5% difference
between the two series for the 10 Ohio Stations.

For some utilities where we received the billing data later, we were able to provide a 60 day window in the post
period as well. Even so, a small percentape of participants actually installed in 3/04, 4/04, so this is not a big
problemn to begin with. Since our non-participant group is not selected from previous or future year participants
as in the 1994 analysis, and pre and post periods are defined identically between participants and non-
participants, the post period differences of a few months should not affect the savings.

4
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D. Weather-Normalize Consnmption and Aggregate to Annual Level
The weather normalization models varied by fuel and heat source.

Gas - Gas Heat Moadel. For the gas modeling, our approach is equivalent to a PRISM model,
with the fixed heating reference temperature (tau) at 65 degrees. In this medeling approach -
account level models are run for the pre period and post periods. For each customer i and
calendar month t,

ADC = a; + BJAVGHDDy + £

Where,

e a;is the intercept for each participant (or non-participant). This represents the base load
(non-heating usage) in the pre or post period

e £, is the heating slope in the pre or post period
»  ADCyis the average daily consumption during the pre (post) program period

o  AVGHDD,, i3 average daily heating degree days (base 65) pre (post) pcriod based on
home location

®* g, is the error term

From the model above, the weather normalized annual consumption (NAC) for the pre or post
period is computed as follows:

NAC= a;* 365.25 +ﬁpLRHDD; + &

Where, for each customer i,

* @ is the base load for each participant (or non-participant). This represents the average
daily base load (non-heating usage) from the model

* f,is the heating slope in the pre or post period from the model
e NAC;is the pre(post) period normalized annual consumption
s LRHDD;, is the annual long run heating degree days (base 65) based on home location
¢ g is the error term
Electricity — Electric Heat Model. For the electricity, electric heat model we used a PRISM
heating and cooling model — with fixed tau at 65 degrees. This model is not as reliable as the

heating-only model because of the complexity in separating out the cooling and heating usage. If
the customer does not have cooling usage then the cooling coefficient will be nearly 0.

Again account level models are run for the pre period and post periods. For each customer i and
calendar month t,

ADC = oy + B1AVGHDD;+ B:AVGCDD;; + €4
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Where,

o is the intercept for each participant (or non-participant). This represents the base load
(non-heating usage) in the pre or post period

B s the heating slope in the pre or post period
B;is the cooling slope in the pre or post period
ADC;, is the average daily consumption during the pre (post) Program period

AVGHDDy, is average daily heating degree days (base 65) pre (post) period based on
home location

AVGCDDy, 1s average daily cooling degree days (base 65) pre (post) period based on
home location

& is the error term

From the model above, the weather normalized annual consumption (NAC) for the pre and post
periods is computed as follows:

Where,

NAC= 0;%365.25 + f;+ LRHDD* B + LRCDD,; + £

for each customer i,

oy is the base load for each pasticipant (or non-participant). This represents the average
daily base load (non-heating usage) from the model

B, is the heating slope in the pre or post period from the model

B2is the cooling slope in the pre or post period from the model

NACG;is the pre(post) period normalized annual consumption

LRHDD, is the annual long run heating degree days (base 65) based on home location
LRCDD,, is the annual long run cooling degree days (base 65) based on home location
& is the error term

Savings for the PRISM type models for a given participant (non-participant) are obtained as the
difference in NAC (DNAC) between the pre period or post period.

Electricity - Gas Heat Model. For the electricity gas-heat model, account level normalization
would not be appropriate since the PRISM models detect savings related to temperature-sensitive
components (heating and cooling), and these are not expected. Instead fixed effects pooled panel
models were developed by grouping together the participants and non-participants, and
accounting for overall weather differences in pre and post usages.

Using energy consumption during the post-installation period as the dependent variable and
weather and a pre post dummy as independent variables, this approach involves estimating a
regression model for both the participant and non-participant groups with the following
specification:
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ADC = & + $;4VGHDD; + 2 AVGCDD;, + BsPOST; + BEPP_POSTy + &4

Where, for each customer i and calendar month t,

* «;is a unique intercept for each participant (or non-participant), derived by estimating the
relationship using the ANCOVA (fixed-effects) procedure

* ADC; is the average daily consumption during the pre- and post-Program periods
+  AVGHDD,, is average daily heating degree days (base 65) based on home location
»  AVGCDDy is the average daily cooling degree days (base 65) based on home location

» POST, is a dummy variable that represents the savings - change in usage from pre to post
period is (1 in the post period, and 0 in the pre period). ‘

o EPP POST, is a dummy variable that accounts for savings due to participation in the EPP
program. This removes the EPP related savings from the POST variable - change in
usage from pre to post period for EPP customers is (1 for EPP customers in the post
period, and 0 otherwise).

* g is the error term

The net savings are then calculated as the difference between participant and non-participant
gavings.

E. Select Non-Participant Group by Utility

After the weather normalization was complete, the average pre usage for the non-participants
was found to be significantly different than the participant usage — even at the average level.
There was no opportunity to screen the non-participants initially to match the participants
because billing data were not available at the time of the data request.

In order to address this issue, single-family participants were assigned to quartiles at the utility
level based on their pre period NAC (PRENAC) or raw usage (gas heat in the case of electric
utilities). The non-participants then were assigned to the corresponding participant quartile.
Finally, a random sample of non-participants was chosen that then matched the usages in the
participant groups.

We note that the non-participant group may include some multifamily homes in the smallest
quartiles because home type is not identified in the HEAP database from which non-participants
were drawn and, thus we could not exclude them. This, however, is not likely to have had much
effect on the analysis, since the probability of selecting a multifamily home is relatively small.
We do have housing type for the participants and this group is composed of 81% single-
family/mobile home units.

Some of the characteristic differences between participants and non-participants are illustrated in

Table B.1. The process described above matched non-participants’ average pre usage almost
identically to participants’ average usage. The non-participants were different in other ways.
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There were some differences in the characteristics of the two groups: non-participants tended to
have fewer occupants, lower incomes, and a smaller percentage of people with a disability.

Tahle B.1. Comparison of Partlclpants to Fma] Non-Parﬂcipants, Gas Heating

# Units

Pre-Use (thermsiyr) 1, 290 1,288
Number of Occupants ] 2.25 : 1.84
Average Income $10,731 £0 454
% On PIPP program 20% 4%
% With Handicapped Occupant 2.7% 1.8%
% With Disability 16.6% 12.8%

F. Compare Participants to Non-Participants to Calculate Program Savings

After the non-participant matching was complete, the savings were obtained from the regression
maodels (either PRISM or the fixed effects model as described in section D of Appendix E:). The
gross savings were obtained straight from the models. Next, the gross participant savings were
adjusted for changes in non-participant usage to yield net savings estimates.

In most cases, we applied the overall non-participant net-to-gross ratio to calculate net savings
estimates. The only exceptions were in the case of utility-level results and the comparisons of pre
Program consumption by usage range. In both these situations, the data were available to make
the net-to-gross adjustment for the specific groups being investigated.

Furthermore, in order to develop the final electric savings estimates; regression models were run

that removed the impact of EPP. Otherwise the savings would be biased upwards by the eifect of
EPP on electricity usage.
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Appendix C:Data Collection, Cleaning, and Sample
Attrition

' Data attrition estimates were obtained for the three models. A balance between obtaining and
retaining good quality data and keeping the data as unmodified as possible was maintained. The
following screens were used in the analysis:

o Utility did not participate in the evaluation. Either the billing data were not avallahle, or
the utility data did not have enough accounts to merit a data request.

s Accounts were not maiched by the utility. In these cases, we requested the data, but never
received the data for the accounts because the utility could not find selected account
based on matches of account number, social security number, or address.

o Insufficient usage data in the pre or post period. Accounts with less than 300 days in
either pre or post periods were dropped (less than 10 months of data).

o Infeasible PRISM parameters or usage.” This screen includes negative heating slope,
negative cooling slope, or negative baseload (intercept). In the gas analysis NACs under
400 therms or aver 5000 therms were dropped. For electricity models with electric heat
NACs under 5000 kWh were dropped. For electricity analysis with gas heat any account
with raw annual usage over 30000 kWh was dropped.

o Outliers, defined as cases with percent savmgs more than 2.2 interquartile ranges (ie.,
the distance between the 75" and the 25" percentiles) from the median savings for the
analysis group. This is equivalent to a 3 standard deviations cutoff in normally
distributed datasets. For the electricity, gas heat model any accounts that showed savings

of more than 30% of pre were dropped instead, since normalized annual consumption
was not available.*

o Non-participants only — data matching to participant quartiles. These are non-
participants that were not matched with participant quartiles.

Tables C.1 and C.2 summarize the attritions for participants and non-participants. For the gas
heat analysis, almost half of participants are kept in the analysis. In Table C.1 about 25% of
eleciric gas heat participants remain, and 31% of electric: electric heat remain in the analysis.
Table C.2 drops many cases in the participant quartile matching process.

2 An R-gquare screen of 0,75, used in the 1994 evaluation, was not used in our analysis. In the current evaluation,

applying this screen causes 2 6% reduction in net savings, but drops 30% of the participants. This suggests that
this is a very restrictive screen. If the screen is relaxed to an r-square of 0.5, the savings are almost identical, but
about 10% of the participants are dropped. In the end, this screen was not employed, because this screen
removed too many accounts.

Since the measures only affect the baseload, it was very improbable that a 30% reduction in usage would occur.
Less than 5% of cases were dropped by this scraen,

43
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In peneral, most of the aitrition is caused by having insufficient data in the pre or post periods
due to missing data or vacancies. Not many cases, however, are dropped out as outliers or due to

infeasible PRISM parameters or usages.

Table C.1. Participant Attrition

5

5: Gas H v Hag
e el |- ‘Remalning
Population (total units)
Utility Not Requested or Bills Not
At e ity 247 | 4288 (95%) 1032 | 3508 77%) 07| 619(67%)
ﬁm‘;“g‘g Not Maiched by Utlity 869 | 3309 (75%) 500 | 3003 (66%) 86 | 533(56%)
‘;’js‘f“"‘e“t Biling Data Pre or 006 | 2409 (53%) 1798 | 1207 (27%) 12| 351 (38%)
Infeasible PRISM Paramelers 50 | 2344 (52%) 0| 1207 27%) a1 | 310 (33%)
Outlers 105 | 2149 (47%) 131 | 1076 (24%) 20 | 290 (31%)
Final Analysis Sample™ 2,149 (47%) 1,076 (24%) 290 (31%)

Table C.2. Non-Participant Attrition

Electrie: Gas

“Sample Requested (Total Units) B304 8,304 1,468 _

Utility Not Requested ar Bills Not 415 | 7,888 (95%) 1907 | 6,397 (77%) 486 980 (67%)
Available From Utility

Accounts Not Matched by Utility 557 | 7.332 (88%) 597 | 5,800 (70%) 191 789 (54%)
or Usage

Insufficient Billing Data Pre or 1744 | 5,588 (67%) 2934 | 2,866 (35%) 284 | 505 (34%)
Post

Infeasible PRISM Parameters 121 | 5,467 {66%) 0 | 2,868 (35%) 14 ] 491 (32%)
Ouiliers 627 | 4,840 (58%) 370 | 2,496 (30%) M 457 (31%)
Participant Usage Quarile 1320 | 3,520 (42%) 1071 | 1,425 (17%) 352 105 (7%)
Matching

Final Analysis Sample** 3520 (42%) 1425 (17%) 108 (7%)
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Appendix D: Benefit-Cost Analysis Tables

Table D.1 provides a detailed summary of PY03 actual state spending, not including utility

weatherization expenditures.

Table D.1. PY03 Spending

e e CostC ategorys . AMOURg
Agency Direct Admin $1,445975
Agency Indiract Admin $626,129
| Agency Addilional Admin $225,763
Agency Liability $236,051
| Agency Labor $15.264,062
Agency-Other Support $2,632,867
Agency Indiract $36,848
| Agency Materials - $3,544,508
| Agency T&TA $285,250
| Agency Single Audit §71,180
Légency Heglth and Safety $2,739,626
OWTC $542 517
QEET&TA $384,102
QEE Admin Costs $674,604
Total Program Spending : $28,709,172

Table D.2 presents the results of the monetary savings results of the billing analysis. Gas and
electric rates are based on monthly PUCO utility rate surveys, while propane and fuel oil rates

are from the Northeast-Midwest Institute,
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Table D.2. Summary of Participant Avoided Energy Payments

S B T e s e eingle-Family: | Mobile Home:|. Multifam

Number of Gas Heated Parhmpants 3,090 500 945

Net Gas Savings per participant (therms) 282 a0 83

Total Gas Savings {therms) 871,380 45,000 78,435 994,815
Lifetime Avoldad Gas Payments (2003 dollars) $24,070,580
Number of Non-Electrically Healed Participants 3,470 862 047 5,379
Electric Savings for Non-Electrically Heated Homes 326 105 201
Total Electric Savings for Mon-Elecirically Heated

kwh) 1,131,195 101,034 180,918 1,422 147
Lifetime Avoided Electric Payments for Non-Electric
Heat (2003 dollars) $2,269,010
Number of Electrically Heated Participants 278 430 222 926
Net Electric Savings per participant (KWh) 1,261 1,584 705
Total Electric Heated Electricity Savings (kWh) 345,189 680,919 156,510 1,182,618
Lifetime Avoided Electric Payments for Electric Haat

{2003 doliars) §1,886,845
Number of Propane Heated Participants 173 351 0 524
Net Propene Savings per participant (gallons) 38 101 93

Total Propane Savings (gallong) 54,753 35454 0 90,206
Lifetime Avoided Propane Payments (2003 dollars) 33,393,017
Number of Fuel Oil Heated Parlicipants . 207 11 2 320
Net Fuel Qi Savings per parficipant {gallons) 208 66 -~ 61

Total Fuel il Savings {gallons) 42,738 7.314 122 50,174
Lifetime Avoided Fugl Qil Payments {2003 dollars) $2,208,387
Total Lifetime Avoided Payments (2003 dollars) $33 827,839
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Appendix E: Regression Based Measure Level Results

Table E.1 summarizes the results of the regression model approach with dummy variables for
‘each measure. This approach tended to overstate the savings associated with air sealing and attic -
insulation. This problem occurs because the installation rates for these measures is relatively

high {over 80%), and the model cannot differentiate sufficiently among the effects of air sealing,
attic insulation, and wall insulation. This problem, known as collinearity, results from high
correlations between independent variables and leads to inaccurate savings cstimates and
increases the error of the estimates.

Table E.1. Measure Level Regression Savings Estimates by Pre Group

.Low Usa 2k Medil c Highid
1 Savings: b= %ol P | Savings g o
Air Leakage Reduction 4 8.6% 286 1 15.0%
Attic Insulation 50 6.1% 109 5%
Duct Insulation 8 0.7% 51 2.7% |
Floor fnsulation 11 1.3% 78 4.2% |
Heat Replacement 74 8.8% 217 11.1%
Fumace Tune-Up and Repair -4 0.5% 8]  24%
Wall insulation 61 T4% 105 - 55%
Water Heater Insulation -16 -2.0% 0 0.0%

The regression approach did not yield accurate measure savings impacts for measures such as air
leakage and air sealing, because the installation rate was over 85% for both of them, and the
model could not separate the effect for the two measures correctly due to collinearity.

To get around this problem, a Monte Carlo regression analysis approach was used to estimate the
measure level impacts for measures with high installation rates. In this approach, 500 (Monte
Carlo) random samples were drawn from the group of homes installing a measure for each usage
category. The sample size for each of the 500 samples of those installing a measure was equal to
the sample size of those that did not install the measure. Samples were drawn by measure and by
pre consumption level group. A separate measure level regression mode} was then run for each
of 500 sub-samples, and the coefficients were saved. Finally, the coefficients for the measure of
interest were averaged across the 500 samples to obtain the savings estimate.

As an example, in the high consumption group, there were 513 participants. Of these, 458 (89%)
received air leakage reduciion measures and 55 (11%) did not. The savings were developed by
running the measure-level regression model with all measure dummy variables included; the 55
who did not receive the air leakage measure were combined with a random sample of 55
participants that did receive the air leakage measure. This process was repeated 500 times by
varying the random sample of participants receiving the air leakage measure. We used the
average coefficient of the air leakage measure across the 500 samples as the Monte Carlo
regression estimate; this value was 286 therms.,
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Update Information

This is the twelfth edition of the Mode/ Documentation Report: Residential Sector Demand Module of

the National Energy Modeling System (NEMS). it reflects changes made to the module over the past
year for the Annual Energy Outicok 2007. These changes inciude:

«  Anew TV, set-top box, and VCR/DVD sub-module that includes stock-accounting methodology
and tracks TV use and type over time.

« Incorporating shell efficiency coefficients for new construction of multi-family housing based on
results from using new building simuiation software {(REM-Design).

» The addition of several new appliance categories, including: Ceiling fans, coffes makers,
microwave Dvens, spas, security systems, rechargeable slecironics, and home audio equipment.
Updates to the heating share algorithm for new construction.

Updates to the HVAC system choice algorithm for new construction.
Updates to the heating shares and square footage based on new Census Burzau data.
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1. Introduction

Purpose of this Report

This report documents the objectives, analytical approach, and structure of the National Energy
Modeling System (NEMS) Residential Sector Demand Module. The report catalogues and descabes

the model assumptions, computational methodology, parameter estimation techniques, and
FORTRAN source code.

This document serves three purposes. First, it is a reference document that provides a detailed
description for energy analysts, other users, and the public. Second, this report meets the legal
requirement of the Energy Information Administration (EIA) to provide adequate documentation in
support of its reports according to Public Law 93-275, section 57(b)(1). Third, it facilitates continuity
in model develepment by providing documentation from which energy analysts can underiake model
enhancements, data updates, and parameter refinements.

Model Summary

The NEMS Residential Sector Demand Module is currently used in developing long-term projections
and energy policy analysis over the time horizon of 2001 through 2030. The model generates
projections of energy demand, which is used interchangeably with the concept of energy
consumption in this document, for the residential sector by end-use service, fuel typs, and Census
Division. If the user defines altemative input and parameter assumptions, the policy impacts that
result from the introduction of new technologies, market incentives, and regulatory changes can be
estimated using the module.

The Residential Sector Demand Module uses inputs from the NEMS system to generate outputs
needed in the NEMS integration process. The inputs required by the Residential Sector Demand
Module from the NEMS system include energy prices and macroeconomic indicators. These inputs
are used by the module to generate energy consumption by fuel type and Census Division in the

residential sector. The NEMS system uses these projections to compute equilibrium energy prices
and quantities.
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The Residential Sector Demand Module is an analytic tool to address current and proposed
legislation, private sector initiatives, and technological developments that affect the residential
sector. Examples of policy analyses include assessing the potential impacts of the following:

+ New end-use technologies

= Changes in fuel prices due to tax policies

¢ Changes in equipment energy efficiency standards

= Financial incentives for energy efficiency investments

+ Financial incentives for renewable energy investments

Archival Media

The Residential Sector Demand Module has been archived as part of the NEMS production runs that
generate the Annuel Energy Outlook 2007 (AEC2007) on a compact disc.

Model Contact

John H. Cymbalsky

Office of Integrated Analysis and Forecasting
Demand and Integration Division

Phone: {202) 586 - 4815
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Report Organization

Chapter 2 of this report discusses the purpose of the Residential Sector Demand Module, with
specific details on the objectives, primary inputs and outputs, and relationship of the moduie to other
modules in the NEMS system. Chapter 3 describes the rationale behind the design, fundamental
assumptions regarding consumer behavior, module structure, and alternative modeling approaches.
Chapter 4 describes the NEMS Residential Sector Demand Module structure, including flowcharts
and major sub-routines.

Appendices to this report document the variables and equations contained in the FORTRAN source
code. Appendix A consists of a model abstract. Appendix B provides support to the mathematical
representation of the source code equations. Appendix C contains the key computations and
equations for the model. Appendix D catalogues the input data used to generate projections in list
and cross-tabular formats. Appendix E discusses the data quality issues. Appendix F is a
bibliography of reference materials used in the development process.
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2. Model Purpose

Module Objectives

The NEMS Residential Sector Demand Module has three fundamental objectives. First, the module
generates disaggregated projections of energy demand in the residential sector for the period of
2001 through 2030 by housing and fuel type, Census Division, and end-use servica. Second, itis a
policy analysis lool that can assess the impacts of changes in energy markets, buikling and
equipment technologies, and regulatory initiatives that affect the residential sector. Third, the module
is an integral component of the NEMS system, it provides inputs to the Electricity Market Module,
Natural Gas Transmission and Distribution Module, and Petroleum Market Module of NEMS, and
contributes to the calculation of the overall energy supply and demand balance.

The Residential Sector Demand Module projects residential sector energy demands in six sequential
steps. These steps produce information on housing stocks, technology choices, appliance stocks,
building shell integrity, distributed generation, and energy consumption. The module uses a stock-

vintaging approach that allows the user to monitor aquipment stock and equipment efficiency over
fime.

The module design aliows the user to conduct a variety of policy analyses. Technological
advancement in equipment design and efficiency, as well as first-cost incentive programs (such as
rebates used in demand-side management programs), can be modified at the equipment level.
Housing stock attrition and equipment retirement assumptions can be modified to reflect varying
equipment decay rates. Building sheli characteristics can be modified to reflect varying policy aptions
for building codes or the impact of energy-efficient mortgages.

Projected residential fuel demands generated by the Residential Sector Demand Module are used by
the NEMS system in the calculation of the demand and supply equilibrium state. in addition, the
NEMS supply modules use the residential sector outputs to determine the patterns of consumption
and the resulting prices for energy delivered to the residential sector.
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Module Input and Output

inputs
The primary module inputs include fuel prices, housing stock characteristics, housing starts,
population, and technology characteristics. The technology characteristics used in the module

include installed capital costs, equipment efficiency, and expected equipment lifetimes. The major
inputs by module component are as follows:

Housing Stock Component
Housing starts
Existing housing stock for 2001 (based on RECS 2001 data)
Housing stock attrition rates
Housing floor area trends {new and existing)

Technology Choice Component
Equipment capital cost
Equipment energy sfficiency
Market share of new appliances
Efficiency of retiring equipment
Appliance penetration factors

Appliance Stock Component
Expected equipment minimum and maximum lifetimes
Base year appliance market shares
Equipment saturation level

Buiiding Shell Component
Maximum level of shell integrity
Price alasticity of shell integrity
Rate of improvemeant in existing housing shell intagrity
Cost and efficiency of various building shell measures for new construction

Distributed Generation Componant

Equipment Cost
Equipment Efficiency
Energy Information Administration
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Solar Insolation Values
System Penetration Parameters

Energy Consumption Component
Unit energy consumption (UEC)
Heating and cooling degree-days
Expected fuel savings based upon the Energy Policy Act of 2005 (EPACTO5)
Population
Personal disposable income

Outputs

The primary module output is projected residential sector energy consumption by fuel type, end-use
service, and Census Division. The module also projects housing stock and energy consumption per
household. In addition, the module can produce a disaggregated projection of appliance stock and

efficiency for most of the major appliances used in a home. Tha types of appliances included in this
projection are:

Heat pumps (electric air-source, natural gas, and ground-source)
Furnaces (electric, natural gas, LPG, and distillate)

Hydronic heating systems (natural gas, disiillate, and kerosene)
Wood stoves

Air conditioners (central and room)

Dishwashers

Water heaters (electric, natural gas, distillate, LPG, and solar)
Ranges/Ovens {electric, natural gas, and LPG)

Clothes dryers (electric and natural gas)

Refrigerators

Freezers

Clothes Washers

Lighting (incandescent, fluorescent, torchiere)

Fuel Celis

Solar Photovoltaic Systems

Variable Classification
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The NEMS modules are designed to provide and use system data at the nine Census Division level
of aggregation. The input data available from the Residential Energy Consumption Survey (RECS)
performed by EIA (which forms the basis for the Residential Sector Demand Module) and other
sources are designed to be statistically significant at various levels, some of which are above the
nine Census Division level. Another factor that drives the level of aggregation of the module
variables is the technical constraints of the computing system required in order to run the NEMS
mode! within a reasonable turnaround time. The key variables in the NEMS Residential Sector
Cemand Module have the following dimensions:

Census Divisions End-Use Services Fuels
1 New England 1 Space Heating 1 Distillate
2 Middie Atlantic 2 Space Cooling 2 LPG
3 East North Central 3 Clothes Washers 3 Natural Gas
4 Waest North Ceniral 4 Dishwashers 4 Electricity
5 South Atlantic 5 Water Heating 5 Kerosane
6 East South Central € Cooking 6 Wood
7 West South Central 7 Clothes Drying 7 Geothermal
8 Mountain 8 Refrigeration 8 Coal
9 Pacific 8 Freazing 9 Solar
10 Lighting
Housing Types 11 Color TVs
1 Single-Family 12 Personal Computers
2 Multifarmily 13 Fumace Fans
3 Mobile Home 14 Other Appliances
15 Secondary Space Heating
16 Distributed Generation
Energy Information Administration
NEMS Resgidential Demand Module Documentation Report 2007 7



Relationship to Other Models

The Residential Sector Demand Module uses data from the Macroeconomic Activity Module (MAM)
of the NEMS system. MAM provides projected population, personal disposable income, and housing
starts by Census Division and housing type. The Residential Sector Demand Module uses fuel price
projections gencrated by the NEMS supply modules previously listed as key drivers to calculate
operating costs for tachnology selactions, existing buitding shell integrity improvements, and short-
term behavioral responses. The NEMS supply modules use the residential sector outputs to
determine the fuel mix and the resulting prices for energy delivered to the residentiai sector.
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3. Model Rationale

Theoretical Approach

The NEMS Residential Sector Demand Module is an integrated dynamic modeling system based on
accounting principles and residential consumer behavior issues that genetate projections of
residential sector energy demand, appliance stocks, and market shares.

The Residantial Sector Demand Module is a housing and equipment stock model. The stock of
households and the comesponding energy consuming equipment are tracked for each year of the
projection. The housing stock changes each projection year as houses are retired from the stock and
new construction is added. The equipment stock changes each projection year as appliances fail and
are replaced, through increases in the saturation of existing appliances, and as new technologles
enter the market. A togistic function' is used to estimats the market shares of competing
technologies within each service category. Market shares are determined for new construction
equipment decisions as well as for replacement decisions. The Technology Choice Componant of
the module weights the relative installed capital and operating costs of each equipment typs to
allocate the relative market share of the technolegy within the service, region, and housing type. This
approach is implementsd in new housing for the services of space conditioning (heating, cooling,
building shell), clothes washers, dishwashers, water heating, cooking, clothes drying, lighting, food
refrigeration, and food freezing. It is also implemented for replacement equipment in single family
housing for space heating, heat pump air conditioning, water heating, cooking, and clothes drying.
Color televisions, furnace fans, personal computers, set-top boxes, VCR/DVD, home audio
equipment, ceiling fans, microwave ovaens, spas, security systems, coffee makers, rechargeable
devices, distributed generation, and miscellaneous equipment choices are modeled based upon
alternative technology assumptions discussed below.

Base year information developed from the 2001 RECS data base forms the foundation of modeiing
changes to the equipment and housing stock over the projection period. Market share information
from RECS is used to estimate the number and type of replacements and additions to the equipment
stock. The choice between the capital cost and the first year's operating cost determines the market

“This function is described in depth in AppendixB.
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share within a given service. Market shares are also modeled as functions of the corresponding fuel
prices, expected level of equipment usage, and equipment efficiency characteristics.

Building shell integrity is also considered in the projection of end-use consumption. Building sheill
integrity in existing homes is sensitive to real price increases over base year price levels for space
conditioning fuels. Final residential sector energy consumption is determined as a function of the
equipment and housing sfock, average unit energy consumption, weighted equipment
characteristics, and building shell integrity improvements.

General Model Assumptions

The Residential Sector Demand Module assumes that the residential energy marketplace has the
following characteristics:

» Equipment lifetime is limited by a minimum and maximum number of years, All equipment is
assumed to survive a minimum number of years, and no equipment is assumed to survive
beyond the maximum number of years. The equipment retirement rate is defined by a linsar
decay-function,

+ The equipment contained In a retiring housing structure is assumed to retire when the
structure is removed from the housing stock. Zero salvage value for equipment is assumed.

¢ Space heaters, air conditioners, water heaters, stoves, and clothes dryars may be replaced
(up to an input percentage) with competing technologies in single-family homes. Switching is
based on a technology choice component, retail cost of new equipment, and switching cost.

» New housing stock building shell efficiency is a function of the life-cylce cost of competing
building shell packages.

e Life-cycle costs used in the cost calculations for new home HVAC systems are computed
over a 7-year time horizon with a discount rate of 20 percent.”

2 This assumption is currently under review for AEC 2008.
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Two housing vintages are assumed: pre-2002 (existing housing) and post-2001 (new
housing).

The type of fuel used for water heating and cooking in new housing units is assumedtobea
function of the main space heating fuel in most cases, For example, if natural gas is the main
space heating fuel, then it is assumed that natural gas wilt be the water heating fuel.
However, only 65 percent of those homes are assumed to use natural gas as the main
cooking fuel. This is based on recent RECs data. If an oil or electric furnace is installed as
the main space heating system, then electricity will be the water heating and cooking fuel.

The type of fuel used for cooking and water heating when replacing retiring equipment in
single-family homes is based on an input percentage of those who may switch and a

technology choice-switching algorithm. Replacements are with the same technology in
multifamily and mobile homes.

Housing units are removed from the housing stock at a constant rate over time. The survival
rates for housing stock types are assumed to be 99.7 parcent for single-family homes, 98.8
percent for multifamily homes, and 97.5 percent for mobile homes. These rates are based
on an analysis of historical household growth and housing starts.

It is assumed that a constant 1.2 percent of existing housing units are renovated each year,
increasing the square footage of the heated living area by about one-third.

Projected new home heating fuel shares are based on the Census Bureau's new

construction data and vary over time due to changes in life-cycle cost for each of the 11
heating system types.

It is assumed that the volumetric size of new construction is larger than existing homes,
which increases the heating and cooling loads in naw construction, all else equal.

Energy Information Administration
NEMS Residential Demand Module Documentation Report 2007 11



