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8 Direct Testimony of 
Roger A. Morin 

10 Direct Testimony of 
James A. Riddle 
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K 111^0 7 

ho/^ ^00^ 

/•i6Uod r" 

COMPANY EXHIBITS 

19 Supplemental Testimony of 
Paul G. Smith 

20 Supplemental Testimony of 
Donald L. Storck 

2i Supplemental Testimony of 
William Don Wathen, Jr. 

22 Second Supplemental Testimony of 
Donald L.Storck 

llo/lQ^S. 

I IJOIMO^ 

I IdAh^K 

XIIIITOO"^ 



Case Number /57- t;^ / ^ C ^ - n-ffi^ 

The following exhibit(s) were prefiled and can be located with the 
pleadings: 

Exhibits Date Filed 

COMPANY EXHIBITS 

23 Second Supplemental Testimony of 
Roger A. Morin 2 /xz/^^ 

24 Supplemental Testimony of 
Gary J. Hebbler ^ I ^ U Z . I C i ^ 

25 Supplemental Testimony of 
James h . '^xddlB 

26 Second Supplemental Testimony of 
William Don Wathen, Jr. 

2.1'xJo'^ 
glXX-lQC/ 

27 Direct Testimony of 

Mathew Smith Xl^'^^loS/ 

;8 Direct Testimony of 
C. James O'Connor ;^J7.zlo'^ 

:9 Settlement Supporting Testimony of / 

Paul G^Jmith 2/X2.fO^ 

STAFF EXHIBITS 

1 Staff Report 

2 Prefiled Testimony of J. Edward Hess 
\2,l20l^0t>7 
2/^^IM>OS 

3 Prefiled Testimony of Stephen E. Puican 

4 Blue Ridge consulting R e p o r ^ _ _ 1 ^ / ^ . 0 ( ^ l O O J 
,2/uhooi<' 

JOINT EXHIBIT 

1 S t i p u l a t i o n and Reconoaendation ^k'^kcid^ 



Case Number O l ' ^ i ' & f t - Jf/ttlA 

The following exhibit(s) were prefiled and can be located with the 
pleadings: 

Exhibits Date Filed 
COMPANY EXHIBITS 

1 Direct Testimony of 
Keith G. Butler 

2 Direct Testimony of 
Cari J. Council, Jr, 

3 Direct Testimony of 
Brian P. Davey 

4 Direct Testimony of 
Stephen G. De May 

5 Direct Testimony of 

7 Direct Testimony of 
David W. Mohler 

8 Direct Testimony of 

9 Direct Testimony of 
Laura Gwen Pate 

^!iUn09^ 

f / ' / ^OQ'^ 

^ / / / ^ D O ^ 
Direct Testimony of ,. 
Stephen G. De May J ? / / /v?/>/5 ^ 

Gary J. Hebbler _ ^If/lOO^ 

6 Direct Testimony of / . 

Sandra P. Meyer _ '^///^C/)^ 

^ / / / ^ n c ^ 
Direct Testimony of I / s 
Roger A. Morin g / / /ZOQ K 





LARRY SyŜ UER - FW: FW: Annual Residential Usage - Staff Request #17-075 Page 1 

From: "Finnigan, John" <john.finnigan@duke-en6rgy.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 response 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 confidential, 
may be protected by the attorney-client or 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— 
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 residwitial g m customers on budget bWftig. as of b K ^ i 

Jim Ziolkowski 
513 419-5337 

—Original 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 snapshot in time (today) there are 73757 Ohio residential gas customers on BBP. 

Kelly 

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 _ ^ _ _ _ ___^^^_ Page 2 

—Original 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 ted me how many of Duke's residential natural gas customers are currently on budget billing?" 

Since this is from the OCC 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. 

Original Message 
From: Finnigan, John 
Sent: Thursday, January 10, 2008 8:14 AM 
To: Ziolkowski. Jim; Smith, Paul - Rates 
Subject: FW: FW: Annual Residential Usage - Staff Request #17-075 

Jim, 

Could you please provide this data for me, and I'll forward to Larry? 

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 confidential, 
may be protected by the attorney-client or 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


LARRY SAUER - FW: FW: Annual Residential Usage - Staff Request #17-075 Page 3 

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 - Staff 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 IS 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, Ohio 43215-3485 
(614)466-1312 

> » "Finnigan, John" <john.finnigan@duke-energy.com> 1/9/2008 5:31 PM 
» > 
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 to consider a SFV rate design with 
different usage blocks than the Staff recommended. 

Also, as to revenue decoupling, we'd like to know what amount 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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f39&GtRMftf?Stoet, A ZSATff 
PO. SIM96D 
CmcnrMt^ DM) 49201-0960 
re^5f3-W-3A0f 

VIA ELECTRONIC MAIL AND OVERNIGHT DELIVERY fiw 5i3W^to 
" John Finnnan^d>ifcfl*nflrQv.CQm 

September 17,2007 John j Fiinov. Jr. 
AssocMe Ganem Counfot 

Mr. William Wright 
Assistant Attorney General 
The Public Utilities Commission of Ohio 
180 East Broad Street 
Columbus, Ohio 43255-0573 

Re. In the Matter ofthe Application of Duke Energy Ohio, Inc. for an Increase m Gas 
Rates 
PUCO Case No. 07-0589-GA-AIR 

In the Matter of the Application of Duke Enei^ Ohio, Inc. for Approval of an 
Alternative Rate Plan for its Gas Distribution Service 
PUCO Case No. 07-Q590-GA-ALT 

In the Matter of the Application of Duke Energy 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. 

Hhti J. Finnigan, Jr. ^ 
Associate General Counsel 

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

David F. Boehm (wyencl. and by email) 
John M. Dosker (w/encl. and by emaiJ) 
David C. Rinebolt (w/encl. and by email) 
Larry S. Sauer (w/encl. and by email) 
Colleen L. Mooney (w/encl. and by email) n Q 
John W. Bentine (w/encl. and by email) Q C 
Thomas J. O'Brien (w/encl. and by email) 
Steve Puican (w/encl. and by email) 

217 540 ^ „ # , duke-enefgy com 



PUCO Staff Data Requests 
Duke Energy Ohio, Inc. 

Case No. 07-5S9-GA-AIR 
Date Received: Aogust 27,2067 

Response Dne: September 12« 2007 

STAFF-DR-03-016 

REQUEST: 

For each applicable rate schedule, provide the monthly Order Granted Base Revenues tliat would 
result &om approval of the application. Provide the methodology for calculatii^ these monthly 
Order Granted Base Revenues. 

How would these initial Order Granted Base Revenues account for the proposal to 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 levels 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 Sta£r-DR-03-016(a), which provides monthly Order Granted Base Revenues that 
would result from approval ofthe application for Year 1 (Phase 1), Year 2 (Phase 2) and Year 3 
(Phase 3). Base Revenues consist of: (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 £Q)propriate 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. 

See Attachment Staff-DR-03-Ol6(b) for a projection of annual Rider SD for rates RS/RFT and 
OS/FT for the first five years the rider would be in effect. Sta£F-DR-03-016(b), pages 3 through 
14 provide the customer and usage forecasts. 

WITNESS RESPONSIBLE: Donald L. Storck 
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î  
00 ? 
• ' 1 ' ( J ^ 

^ « 
s?^ 
;A1 1 -

Q U U 
9 

^ 

lllll lilllilil 
IJIlliJillJlill 

) 



a S 3 

ft ^ 

^ 1 

Eg 

E l 

rr 3 

El 

s s s « ^ I 2 5 ^ 3:5 a S 2 « 
•n a A 

^ M oo • • r« ^ 

5 R P i « « S ^ S S S g R a 2 < = ' " 
t - 4 B r l ( ^ ^ 9 > - v v i n p - • 

si a " - ^' s" 

? ; s 8 « « S = S S S P a S 2 « 
• n * S ^ ^ » ^ « 9 v » — 

a a* - '- K 

sa ' " - '̂ 5' 

as»«sass5gRS2 
I - . » , «-| » ^_ ^ Wl O, * -
r^ 9B — r . • * 

s a * - •"' ts' 

' . "T. 1^ » *. • K B\ — 

ir a 

5 § H 

--is y Ul P ^ 
s« w « c 

2 < =• 5 
fl u u ?. 

1 ^ 

i il^lS 11^1il£l! 
1̂  11 





^ 
Ohto Coosaaen' Counsd 
Fourth Set iDterrogfttorkt 

Duke Entrff Ohio, Inc. 
PUCO Cue No. 07*589-G A-AIR 
PUCO Cue No. 07-599-G A-ALT 

PUCO Cue No. 07-591-GA.AAM 
Date Received: Augiut 29,2007 

Response Due: September 18,2007 

OCC-INT-04-094 

REQUEST: 

94. Referring to the testimony of witness Ziolkowski, Attachments JEZ-4, page I, 
does the 'Total Customers'* amount include both transportation and sales 
residential customers? ~ ~ ' " — — -

RESPONSE: 

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

& 

WITNESS RESPONSIBLE: James £. Ziolkowski 

(3 



% 

o 

Ohio Consumers* Counsel 
Fourth Set Interrogiitoriea 

Duke Energy Ohio, Inc 
PUCO Cau No. 07-S89-G A-AIR 
PUCO Case No. 07-590-GA-ALT 

PUCO Case No. 07-S91-G A-AAM 
Date Received: August 29,2007 

Response Dur. Septemb«-18,2007 

OCC-INT-04-09S 

REQUEST: 
95. If the response to the Interrogatory No. 94 is affirmativê  what is the reason for 

such a large difference between the number of total residential customers reported 
in DE-Ohio's Anmud Report to the PUCO, Sdiedute 33 of 380,774 and 342^07 
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 nimiber of sales and transportation customers 
from workpaper WPE-4d is 392,599. 

See Anachment OCC-INT-04-095 for a revised version of Attachment JEZ-4, page I that 
includes bodi sales and transportation customer counts is shown below. 

WITNESS RESPONSIBLE: James E. Ziolkowski 
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CaieNo.07-389-GA.Am 
Attachmcm OCC-rNT-04-093 

Page 1 of I 

DUKE ENERGY OHIO 
CASE NO. 07-589-aArAlR 
RESIDENTIAL SERVICE 

CUSTOMER CHARGE ANALYSIS / MINIMUM BILL RATIONALE 
12 MONTHS ENDING DECEMBER 31. 2007 

o 

9 

DATA: 3 MONTHS ACTUAL & 9 MONTHS ESTIMATED 
TYPE OF FILING. "^-ORIGINAL UPDATED REVISED 
WORK PAPER REFERENCE NO(S).: SCHEDULE E-3.2b, VVPE-4d 

LINE 
NO 

1 

Z 

3 

4 

5 

6 

7 

8 

9 

DESCRIPTION 

RateSasa 

OperaenaExMcue ___ _ _ .. _. 

Return Q 8.73% 

Ofwratino Expense plus Return 

L M S Revenue CredHs 

Cuttomer Cost Cgmponent (Revenue RecMrement) 

Total Customen 

Annual Revenue / Customer 

Monthly Revenue / Customer 

SCHEDULE E-3.1 
PAGE 1 OF 3 
WIT1CSS RESPONSIBLE. 
J. E. ZK3LK0WSKI 

AMOUNT 

215.512.417 

71J72,537 

18.814.234 

90.580.771 

1,594.102 

88.902.660 

392.590 

$ 220.68 

S I f l f lB 

# ® 





FOXNews.com - Time Warner Cable Tests Data-Usage Rate Stnictu... http://www.foxnews.com/printer_friendly_story/0,3566,32355l,OO.htm 

Time Warner Cable Tests Data-Usage Rate Structure 

Thursday , January 17,2008 

NEWYORK — 

Time Wamer Cable will experiment with a new pricing 
structure for high-speed Intemet access later this 
year, charging customers based on how much data 
they download, a company spokesman said 
Wednesday. 

The company, the second-largest cable provider In 
the United States, will start a trial in Beaumont. 
Texas, in which it will sell new Intemet customers 
tiered levels of service based on how much data they 
download per month, rather than the usual fixed-price 
packages with unlimited downloads. 

Company spokesman Alex Dudley said the trial was 
aimed at improving the network performance by 
making it more costly for heavy users of large 
downloads. 

• Click here for FOXNews.com's Personal Technology 
Center. 

ADVERTISEMENT 

^ 3 & up <;ft^»,iHii?^rttefireg 

$47g» 7-fifcftt B^>aitea mns m M M 

$14CME ÎII«^ IMffl?^jf>M!Jifreffflt$ 

Take Off Today 

JOI£^ 

Dudley said that a small group of super-heavy users of downloads, around 5 percent of the customer base, can 
account for up to 50 percent of network capacity. 

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

It was not clear when exactly the trial would begin, but Dudley said it would likely be around the second quarter. 

The tiered pricing would only affect new customers tn Beaumont, not existing ones. 

Time Wamer Cable is a subsidiary of Time Wamer Inc., the world's largest media company. 

SEARCH GO 

Click here for FOX News RSS Feeds 

Advertise on FOX News Channel, FOXNews.com and FOX News Radio 
Jobs at FOX News Channel. 

Internships Al Fox News (Summer Application Deadline is March 15. 2007) 
Terms of use. Privacy Statement. For FOXNews.com comments write to 
foxnewsonline@foxnews.com; For FOX News Channel comments write to 

comments@foxnews.com 
©Associated Press. All rights reswved. 

This materia) may not be published, broadcast, rewritten, or redistributed. 

Copyright 2008 FOX News Networit. LLC. All rights resen/ed. 
All market data delayed 20 minutes. 

G ^ 

1^ 

lo f 1 3/4/2008 10:07 AM 

http://FOXNews.com
http://www.foxnews.com/printer_friendly_story/0,3566,32355l,OO.htm
http://FOXNews.com
http://FOXNews.com
mailto:foxnewsonline@foxnews.com
mailto:comments@foxnews.com
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EXHIBIT 



OCCExlulBt 6 

9 
Ohio Consamera* Conasd 

Eighth Set Prodactioii of Docaments 
Dulw Energy Ohio, l a c 

PUCO Case No. 07.S89^A-AIR 
PUCO Case No. 07.S9«-GA-ALT 

PUCO Case No. 07-S91^A-AAM 
Date Received: Novemher 1«, 2007 

RespoDse Dae: 
December 6,2007 

OCC-POD-e8>119 

REQUEST: 

Please provide a copy of any reports of surveys in the Company's possession over the last 
23 years that contains infonnation regarding the number of residential customers by 
housing unit (single femily. apartment, muiti-fomily, etc.) and sized (square foot) of 
dwelling. 

RESPONSE: 

Duiw Energy Ohio does not routinely perform such surveys and does not have any such 
surveys in its current files. Hie Company has not perfonned a search of all closed files 
for such customer surveys because it wouM be extremely time-con^miing and unduly 
burdensome to do so. 

WITNESS RESPONSIBLE: James E. Ziolkowski 



EXHIBIT 



^ 

9 
NEWS RELEASE 

Duke Energy Corporation 
P.O. Box 960 
Cincinnati, Ohio 45201 

Feb. 28, 2008 CONTACT: Steve Brash 
Phone: 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, interveners 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 

Affordable 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 



- 2 -

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 custonrrer using 10,800 cubkJ feet of natural gas, the pfopbsec^ 

movement of the fixed charges out ofthe 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 alternative supplier, in either case without profit to Duke 

Energy Ohio. 

"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 settlement 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-energy.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 handle 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 Ohio customers receive their gas supply 

from an alternate supplier. 

The settlement is subject to the review and approval of the PUCO. Duke Energy Ohio 

and the parties to the agreement may withdraw it if the PUCO 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 ofthe largest electric 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 symbol DUK. More information about the company is available on the Intemet at: 

www.duke-energy.com. 

### www.duke-energy.com 

http://www.duke-energy.com
http://www.duke-energy.com
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ficc'T' 
PUCO staff Data Requests 

Duke Energy Ohio, Inc. 
Case No. 07-589-GA-AIR 

Date Received: November 17,2007 
Response Due: December 10» 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 &11 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 Finn Transpiration Fixed Rate 20.00, volumetric rate 
1.539416 
Year 2- 25.00, .99103 
Year 3 - " " " 28.00,' " .733022 

b. Year 1 -General Service & Firm Transportation Fixed Rate 61.25, volimietric rate 1.535269 
Year 2- 78.50, .99052 
Year 3 - " " " 79.50, .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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Report 

Ohio Home Weatherization 
Assistance Program impact 
Evaluation 

Prepared for: 
Ohio Office of Energy Efficiency 

July 6, 2006 

quanfec Msisa^Mf i m m t l M l i ^ f ^ 



Prepared by: 
M. Sami Khawaja, Ph.D. 

Allen Lee. Ph.D. 
Matei Perussi 

Eli Morris 
Anne West 

Quantec, LLC 
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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: 

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

• Reduce participants' total residential energy expenditures 

• 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 dehvered 
through a network of 58 community and local govemment organizations (Agencies). Households 
with incomes of 150% or less ofthe Federal Poverty Level are eligible to receive the following 
services: 

• An inspection or audit to detennine whot energy-efficiency measures are appropriate 

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

• Installation of weatherization and any necessary health and safety measures 

• Final inspection ofthe measure installation 

Since 1981, Ohio has supplemented Department of Energy (DOE) Weatherization Assistance 
Program (WAP) funds with 15% ofthe Low Income Home Energy Assistance Program 
(LIHEAP) fim^. Those fimds 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 evaluation 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 perfonned 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: 

• Impacts of HWAP only 

• Impacts of HWAP implemented in conjunction with other programs 

• HWAP cost and cost effectiveness 

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 



• 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 wheth^ participants were less 
likely to have utility service disconnected 

• Non-energy benefit analysis to evaluate environmental, economic, and health benefits of 
the Program 

• Bencfit^cost analysis to assess Program cost effectiveness 

• Site visits to explore what factors might have contributed to the poor energy p«rformance 
of a sample of homes participating in the Program 

Major Findings 

Cost-Effectiveness 

Our evaluation determined that the Program is cost-effective overall, from both a Program 
perspective and societal perspective. This was detennined by evaluating benefitsx)st ratios fix)m 
both these perspectives for selected home and fiiel 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 societal perspective ratio was 1.87. Although tiie 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 fi'om the Program perspective were $3,039,742 and tiiey 
were $26,872,722 fi'om the societal perspective. The majority of individual measures installed 
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 
participants. 

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, llie non-participant savings were likely due in part to the laige mcrease in gas 
rates between the pre and post Program period, i.e., between 2002 and 2004/2005. The 
participant gross savings con^>are fevorably with the 315 therm (23% of pre) savings estimated 
in the 1994 evaluation. Net savings for participants' were calculated by subtracting the non-
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participant savings fi'om the gross participant savings resulting m net savings of 268 therms 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 tfie jointiy treated homes, or about a 30% mcrease in the 
energy savings. 

Electricity Savings 

The electricity savings analysis approach was similar to tiiat used for gas-heated homes. This 
analysis included both homes heated with electricity and those heated with fuels other than 
electricity. For electrically-heated homes, we obtained data fix>m American Electric Power 
(AEP), which accounted for 74% ofthe electrically-heated homes. For homes not heated with 
electricity, we obtained billing data fix)m 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 savings of 303 kWh 
and multifamily homes saved 201 kWh. 

Payment Behavior 

Payment data were provided by all utilities. We exammed the effect ofthe Program ask 
participation in the Ohio Percentage of Income Payment Plan (PIPP). The customer net shcut&Il 
(payment shortfall before accoimting for fuel assistance funds) for PIPP participants declined 
53% and for non-PIPP participants it declined 16%. The results of our analysts are consistent 
with the PY94 findings, where there was a 47% reduction in tiie net customo: sh<Mtfall for 
regular PIPP, a 42% for intermittent PIPP, and a 28% reduction for no PIPP. The PY03 results 
are higher for the PIPP group, and lower for the non-PIPP group. 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 participation, the number of participants that needed to stay 
on PIPP declined. 

Non-Energy Benefits 

HWAP provides niunerous non-energy benefits in the areas of economic impact, environm^tal 
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 enq)loyinent and added 
$17.7 million to the Ohio economy. Though these numbers are small con:q)ared 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 explam the poor 
perfonnance. 

For the homes we visited, we found that inadequate measure installation was a primary factor 
causing poor performance. Where measm-es were not fiilly 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, ah sealing ranked at the top ofthe list of possible reasons for 
low energy savings. Many cases of inadequate or missing air sealmg were reported. 

Comparison to Other Programs 

The results fix)m 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 ofthe most successful programs in the nation in terms of energy savings when compared 
with recent studies fix)m Iowa, Wisconsin, and Illinois. The results of this evaluation are also 
close to the national meta evaluation estimates of 23% savings and 305 therms saved for gas-
heated single-family homes. 

Recommendations 

As a result ofthe 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 hnpact of HWAP dollars. 

Obtaining Applicant E n e i ^ 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 InstaUation Based on Pre-Consumption 

All HWAP measures, except fumace tune-up, are worth installing in high-usage houses when 
deemed necessary; however, fewer measures are cost effective for medium- and low-
consumption homes. Fumace replacement, tune-up, and other measures (water heater and duct 
insulation) were not found to be cost effective for mediiun 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 tiiis guide to measure mstallation, OEE should be able to maximize 
energy saved per dollar spent. 

Combo Job Tracking 

It is currently extremely difficult to determme if a weatherization job received mcmey jomtly 
from HWAP and a utility program. Data must be received fix)m both OEE and the given utility 
and then merged together based on household data (accoimt number, social security number, 
eto.). Altering tiie Building Weatiierization Report (BWR) to include eitiier 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 tiie 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 
mstalled 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 ofthe national 
Weatherization Assistance Program for Low-Income Persons (or WAP), coimnonly referred to in 
Ohio as the Home Weatherization Assistance Program (HWAP, the Program). The rqK>rt 
focuses on Program Year 2003. 

Program Overview 

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

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

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

• The elderiy 

• Persons with disabilities 

• Families with children 

• High residential energy users 

• Households with high energy 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) m tiie Ohio Department of Development (ODOD). 

Eligibility for HWAP services in Ohio is based on household income. The state uses 150% ofthe 
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 set a higher level based on the Home Energy Assistance Program (HEAP) 
eligibility requirements.* 

Since the inception of Ohio's HWAP, the primary source of fimding has bewi DOE. Since 1981, 
Ohio has supplemented DOE funds with 15% ofthe fimds that tiie 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: 

• An inspection or audit to determine what energy efficiency measures are ap|»opriate and 
if other repairs are necessary before weatherization can be conducted 

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

• Installation of weatiierization and any necessary healtii and safety measures 

• Final inspection ofthe measure installation 

Utilities also offer programs tiiat expand the overall weatherization activities m 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 witii tiie federal funding ageiuiies. 

Ohio's HWAP is delivered through a network of community and local govemment 
organizations. These include Community Action Organizations (CAOs), local govemment 
entities and community-based non-profit organizations (CBOs). OEE disburses the funds to these 
groups (hereafter, Agencies), which then have the responsibility of dehvering the weatherizaticm 
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 contractors hired by the Ag/emcy. 

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 p ^ 
weatherized unit. 

HWAP requires skilled staff to implement weatherization effectively, so training is an important 
component ofthe 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 fimds have been allocated to Agencies based on a stability Victor that 
takes into account the allocation the Agency received in 1994. In addition, the allocati(m takes 
into account two elements: tiie percent of households that are income-qualified for HWAP and 
the percent of qualified households that spend more than 25% of their income on e n ^ ^ (tiieir 
energy burden). These percentages are based on census data for the Agency's s^vice area. 

HEAP is administered by the Office of Commuaity 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: 

HWAPOnfy 

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

• What is the impact of HWAP on participants m the Ohio Percentage of Income Payment 
Plan (PIPP) ability to avoid service discormection? 

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

• 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, eto.) who have 
the most to gain from participation in the program? 

HWAP and UtUity Programs 

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

• What percentage of HWAP completions during PY03 received multiple services? 

Cost and Cost Effectiveness 

• Is HWAP cost effective and how do the costs ofthe PY03 HWAP compare to costs 
identified in previous evaluations and to other weatherization efforts m Ohio and 
nationally? 

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

Non-Eftergy Benefits 

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

• AVhat 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: 

• Billing analysis to evaluate Program impacts on electricity and gas consumption 
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• 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 environmental, economic, and healtii benefits of 
the Program 

• Benefit-cost analysis 

• 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 
characteristics. Chapter 4 presents the results ofthe gas billing analysis. Chapter 5 presents the 
results ofthe electric billing analysis. Chapter 6 analyzes HWAP's effect on payment behavior: 
customer shortfall, disconnections, collections, and PIPP participation. Chs^ter 7 explains the 
non-energy benefits of HWAP and calculates the societal benefits. Chapter 8 analyzes the 
success ofthe Program from the perspective of cost effectiveness. Chapter 9 presents the 
findings from home site visits that were perfonned to examine reasons for low savings amoi^ 
certain participants. Chapter 10 compares the results from this study to those fix>m otiier studies. 
Chapter 11 presents the recommendations resulting fix)m this evaluation. Appendix A: {Mfesents 
the results of a geographic information system (GIS) study we conducted to examine the 
relationships among geographic and demographic characteristics and the Program. Appendixes B 
through E present more details on our analysis methodologies. 
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3. Program Description 

Program Funding History and Participant Cliaracteristics 

Program funding and the number of completed units for 2000-2004 are shown in Figure I .̂  
Although Program funding rose for most of this period, an increase in the maximum allowed cost 
per home caused tiie number of homes weatherized to fall and then stay nearly constant. 

Figure 1. Program Spending and Production 
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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 1 shows participant characteristics across housing types. 

For detailed fimding information see Process Evaluation. 
The nimiber of homes differs from the number shown in Figure 1 because ofthe way multi&mily hon^s are 
tracked. If a multiplex has one eligible participant, but has shell work done, then all units are counted towards 
the PY03 6,773 total shown 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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Tab le 1 . Pa r t i c i pan t Charac ter is t i cs b y Hous ing T y p e 

Charactertstte 

Total Units 
Home Characteristics 
Living Area (sq. ft.) 
Built pre-1939 
Forced Air Heat DIstritxjtion 

Demographics 
Renter 
Mean Annual Income 
Household Size 
Senior 
Person w/ Disability 

Si te^ut t ' 
Single-Famfhr. 

3,803 

1.440 
78% 
89% 

16% 
$12,268 

2.52 
35% 
32% 

Mobile Hom«>̂  

1.401 

938 
0% 

97% 

9% 
$10,825 

2.21 
29% 
36% 

MultifaR# 

1.207 

856 
77% 
77% 

100%* 
$8,455 

1.50 
34% 
35% 

A H p ^ 
6,411 

1,220. 
42% 
89% 

30% 
$11,235 

2.3 
33% 
34% 

* Ownership is not tracked fbr multifamlty homes, though it c^ t>e assumed that dose to 100% are renters. 

Heating fuels by home type are shown in Figure 2. For site-built and multifemily 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 Heatii^ 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 ahnost half of the participants, and thus provided most of 

Although such homes built after 1974 should be called "manu&ctured 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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tiie data for the gas analysis. Conversely, mobile home and multifamily electric accounts 
represeaited 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 Buildmg 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 m the measure category 
shown. Measure installation rates for site-built and multifamily homes are similar, but rates for 
mobile homes differ greatiy for wall, window, and floor procedures, and they receive more 
health and safety work. 

It was not possible to compare these results with those &om 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 

Multi&mily 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 m 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 obtamed from Columbia Gas for those homes tiiat were jointiy treated 
through HWAP and the WarmChoice program and this information was used to closely examine 
savings and measures for jointly treated homes.^ 

WarmChoice provides more specific data on health and safety problems than OATS, and Table 2 
compares tiie frequency of these problems to PY94. Smce 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 
Comparison between 1994 and 2003 

Gas LeaK 
Combustron Venting Problems 
Cracked Heat Exchanoer 
One or More of the Above 
Carbon Monoxide >150ppm in Rue 
Unsafe Wiring 

Anv of the Above Safety Problems 

•— • 1994 : i va i ua i iB i | l 
17% 
39% 
21% 
60% 
6% 

10% 
64% 

^-'-fiiiiiiraittiitf^ 
12% 
33% 
18% 
50% 
<1% 
10% 

. 55% 

7 We requested utility program participation data from all utilities, 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 usmg a modeling approach similar to the 
PRInceton Scorekeeping Method (PRISM™). A fixed reference temperature base of 6 5 ^ was 
used in this analysis. House level savings (difference in normalized annual consumption, 
DNAC) are th^a calculated as the difference between normalized pre-annual consumption 
(PRENAC) and normalized post-annual consun^tion (POSTNAC). 

We obtained gas usage data from four utilities - Columbia Gas, Dominion, Cincinnati Gas and 
Electric (Cinergy), and Vectren - representing 98% of gas heated participants (see Appendbc B 
Figure A.1 for more detail). Approximately 79% of these accounts were matehed witii utility 
records. 

Almost two thirds of these matehed accounts had sufficient data in the pre md post period for 
billing analysis and provided reasonably reliable results (see Appendix B for more details on data 
screemng and attrition). 

After the weather normalized usage was obtained, non-participants were matehed 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 ofthe gas billing analysis. HWAP participants saved an 
average of 326 thenns per year for single-family homes (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 mcrease in gas 
rates from 2002 to 2004-2005 (see Table 4). The participant gross savings compare fev<aably 
with the 315 therm (23% of pre) savings in the 1994 evaluation. Howev^, the net savings of 268 
therms are about 20% lower, because of the reduction in consumption observed for noa-
participants. 

The multifamily savings are considerably lower than estimated m 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 &ctor in the 
lower savings is that the pre consumption for multifrmiily homes is considerably lower for the 
PY03 participants (756 therms vs. 1,049 therms in tiie 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 (T) was allowed to take cm any value. If the ref^cnce 
temperature (T) is not fixed, then PRISM can produce unrealistic values as low as 40% and as high as %(fP. 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 T. 
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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 

V 

PneThermt Port 
Themi 

Sdvlnga fTTienns) 
(90%CQnfiden» 

leveiPBlalivs 

prec»ion> 

^-Tampeishwi^; 

Single-Family Houses 1 

Participants 
Nan-Partidpants 
NetSavinQS» 

1.625 
3,520 

1.290 
1.288 

964 
1,230 

326 (±4%) 
58 (±10%) 
268(±5%) 

25.3% 
4.6% 

20.8% 

30.0% 
5.4% 

24.7% 
Multifamily (per unit) 1 

Participants 
Non-Participants 
NetSavinQs 

514 
* 

756 
* 

655 
t 

101 (±21%) 
18* 

83(±23%} 

13.4% 
2.4% 

11.0% 

17.8% 

14.G% 

The precisions of these estimates are also listed m parentheses. For the single-fanuiy estimate tiie 
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 because 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 multifrmiily 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 ofthe weather 
sensitive load. These savings are estimated to be the percent of space heatii^ 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 savmgs 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 fix>m 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-buih homes saved 282 themm, or 21.2% of 
pre consumption, and mobile homes saved 90 thenns or 11.4% of pre consumption. 

'° The non-participant savings are obtained from the sii^e 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. UtiUty Rates in Pre and Post Periods" 

Utility 

Columbia Gas 
Dominion 
Vectren 
Cinergy 
Average 

$rtherm Average d u n n g P e t t e ^ ^ ^ f f l 
Prt 

$0.60 
$0.46 
$0.50 
$0.42 
$0.49 

. IW 
$0.91 
^ . 8 9 
$0.78 
$0.75 
$0.83 

^ %ciiimi;... 
53% 
94% 
57% 
79% 
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 matehed very closely. This was a direct result ofthe 
strategy used to select non-participants. 

Figure 5. Comparison of Single-Family Pre-Period Usage (PRENAC) 

i"™'"Pirticip«nit ^*^Honparttelpwtt 

Figure 6 shows post-period usage. The participant group has shifted consuniption much more 
than the non-participants. The savings distribution is found in Figure 7, and shows the increased 
savings from participation. 

' ^ Based on data fiom Ohio Consumers* Counsel 

" The pre period was from February 2002 to February 2003; the post period was from April 2004 to April 2005. 
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Figure 6. Comparison of Single-Family Post-Period Usage (POSTNAC) 

Figure 7. Comparison of Single-Family Savings (DNAQ 

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 consumption; less 
than 10% of participants increased consumption. 
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Figure 8. Distribution of Single-FamOy Gross Gas Savings 

25% T T 4 0 0 

% Savings Bin 

Figure 9 summarizes the pre-period consumption distribution and the PIPP mix in single-^muly 
homes. The average pre-period consumption was 1,290 thenns, 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 fix)m this chart, as consumption increases the PIPP share 
ofthe homes increases noticeably. 
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Figure 9. Distribution of Pre Usage by PIPP Status (Smgle-FamUy 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 tiierms for Columbia Gas customers 
(including Warm-Choice) and include the effects of HWAP and utility weatherization. S^nple 
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 

Columbia G M 
(including Wwm 

Cholc*) 

Cin«roy 

Utility 

A H O M H M t 

[•aingia FamBy •MuWtemHy | 
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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 bluest, 
primarily because they include savings from joint weatherization through WarmChoice. 

Figure 11. Net Percent Savings by Utility 
25% 

VwtWi A I O M H M I 

Chokw) 

IMIHy 

Table 5 gives more details on the utility specific estimates. As can be seen fijom this table, the 
pre-consumption values for participants and non-participants are almost identical at the utility 
level because they were matehed by usage quartiles. Cinergy and Vectren HWAP participants 
had 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 «Tor 
bands. 
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Tab le 5. Gas Usage and Ne t Savings S u m m a r y b y U t i l i t y 

#Unto Pre Therms Post 
Therms 

• 

Savings (Thenns) 
(90%Confidem 
iMiRelaive 

Precision 

V . 

^ %Savln9t \ 
Tempenbn 
Dependirtk 

SavlnQpj . 

Single-Family Houses (Columbia Gas) 1 
Participants 
Non-participants 
Net Savings 

681 
1.108 

1,274 
1^9 

918 
1,195 

356 (±6%) 
74 (±14%) 

282 ( ± m 

27.9% 
5.8% 

22.1% 

32.9% 
6.9% 

^ 1 % 

Single-Family Houses (Dominion) 1 
Participants 
Non-participants 
Net Savings 

748 
1.218 

1.337 
1.338 

1.024 
1.289 

313 (±5%) 
49 (±18%) 
264 (±7%) 

23.4% 
3.7% 

19.7% 

28.1% 
4.5% 

23.6% 
Single-Family Houses (Cinergy) 1 

Participants 
Non-participants 
Net Savings 

108 
176 

1,147 
1,146 

893 
1.123 

254 (±17%) 
23 (±109%) 
23U±2im 

22.1% 
2.0% 

20.1% 

25.8% 
2.3% 

23.4% 
Single-Family Houses (Vectren) 

Participants 
Non-participants 
Net Savings 

86 
142 

1,180 
1.181 

890 
1.132 

290 (±19%) 
49(±45%) 

241(±2m 

24.6% 
4.2% 

20.4% 

28.9% 
4.9% 

24.1% 
Single-Family Houses (Overall) 

Participants 
Non-participants 
Net Savings 

1.625 
3,520 

1.290 
1.288 

964 
U30 

326 (±4%) 
58 (±10%) 

268 (±5%) 

25.3% 
4.5% 

20.896 

30.0% 
5.4% 

24.7% 

Factors Associated with Savings 

One ofthe study objectives was to assess patterns in usage and savings to help provide insist 
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 quartile 
(savings less than 107 therms/year). 

The high savers had much higher pre usage (1,811 thenns) than the low savers (951 tiierms). 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 fumace replacement - two ofthe 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 ofthe high savers are in the 
mobile home category. The measure installed cost is double that ofthe low savers. 

(5089-3111)/5089 = 39% reduction 
(3286-2383)73286 = 27% reduction 
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Table 6. Characteristics of High and Low Savers 
CharacterlstiG< 

Pre-Use (therms/yr) 
Savings (thenns/yr) 
Savings (% of total preHJse) 
Sauare Footage 
Pre-Use per Sqft 
Attic insulated 
walls Insulated 
Fumace Replaced 
Air Leakage Pre-CFM50 
Air Leakage Post-CFM50 
Air Leakage Pre-CFM50 per sqft 
Air Leakage Post-CFM50 per sqft 
Utility Weatherization 
Mobile Homes 
TotalJobCosts^^ 

mth^msm 
1.811 

767 
42% 

1.485 
1.34 
89% 
71% 
34% 

5.089 
3.111 
3.82 
2.31 
57% 
0% 

$3,833 

*iii^l«ir^ 
951 

-2 
0% 

1.290 
0.79 
65% 
33% 
17% 

3.286 
2,383 
2.77 
2.01 
37% 
16% 

$1,934 

In order to examine the differences between high savers and low savers in more detail 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 m the high 
usage group also received a new heating system, while only 8% ofthe 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 thenns) those that saved most tended to have a higher 
proportion of wall insulation, and the heating system was replaced more often. Also 20% ofthe 
lowest savers were mobile homes. 

From BWR data and WarmChoice excluding administration costs. 
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Tab le 7. Character is t ics o f H i g h 

Characteristics 

Pre-Use (ccf/yr) 
Savings (ccf/yr) 
Savings (% of total pre-use) 
Square Footaqe 
Pre-Use per Sqft 
Attic Insulated 
Walls Insulated 
Fumace Replaced 
Air Leakage Pre-CFM50 
Air Leakage Post-CFMSO 
Air Leakage Pre-CFM50 per sqft 
Air Leakage Post-CFMSO per sqft 
Utility Weatherization 
Mobile Homes 
rofaf Job Costs 

and L o w Savers b y Usage G r o u p 

High Usage (>1800 thermit 

HighSaveim 
2,471 
1.284 
52% 

1.555 
4.53 
87% 
70% 
46% 

6,205 
3.616 
2.57 
1.61 
68% 
0% 

$4433 

Low S a v ^ ' 
2.188 

189 
9% 

1.706 
3.69 
79% 
54% 
8% 

5.825 
4,167 
2.68 
1.38 
50% 
0% 

$3,007 

low Usage {<tOO(J«»f iaC^: l 
HlghSavers^ : 

875 
310 
35% 

1.197 
2.94 
83% 
52% 
29% 

3.185 
2.155 

1.98 
0.82 
51% 
8% 

$2,m 

>vim$i^im^>. 
715 
-&> 

-8% 
1,156 
2.82 
60% 
27% 
17% 

2.940 
2.247 
2.07 
0.67 
37% 
19% 

$ 1 ^ 

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 PIJPP 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) con:q)ared 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 tiierms) saved 284 therms, and 
customer m the low usage group (under 1,000 therms) saved only 98 therms. 

With regard to weatherization measures, those houses receiving wall insulation saved on avenge 
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 fumace 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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Figure 12. Net Savings by Key Variables (Average Savings=268 therms) 
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Table 8. Net Savings DetaOs by Key Variables 

Group %ofUntt$ Pre-Uw ^ 

Net Savings (thenns) 

Precision^ i 

Utility WeatherizationiT-^8 1 
Joint Treatment w/Utility 
HWAP only 

47% 
53% 

1.309 
1.243 

340 (±9%) 
250 (±10%) 

26.0% 
20.1% 

PIPP Participation 1 
PIPP Participation 
Never PIPP 

26% 
74% 

1.480 
1,211 

318 (±9%) 
233 (±5%) 

21.5% 
19.2% 

Mobile Homes vs. Site-Bum 1 
Site-Built Houses 
Mobile Homes 

93% 
7% 

1,330 
• 783 

282 (±4%) 
90 (±19%) 

21.2% 
11.4% 

Pre-Treatment Usage 
High Use (>1800) 
Mid Use (1000-1800) 
LowUse(<1000) 

16% 
51% 
34% 

2.245 
1.336 

774 

580 (±6%) 
284 (±4%) 

98 (±9%) 

25.9% 
21.2% 
12.7% 

Wall Insulation 1 
Walls Insulated 
NoWalllnsulatbn 

54% 
46% 

1.406 
1.1S5 

333 (±5%) 
192 (±7%) 

23.7% 
16.6% 

Furnace Replacement 1 
Fumace Replaced 
Fumace not Replaced 

32% 
68% 

1,342 
U73 

350 (±8%) 
241 (±5%) 

26.1% 
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 tiie participants and non-participants within each usage 
subgroi^). 

An evaluation of Columbia Gas*s 1997 WamiChoice Program {Impact Evaluation ofthe 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 diat study was about 400 thenns (nearly 30%) less than either the 
WarmChoice-only or jointly treated san^le pre consumption, thus suggesting there were some fundamental 
differences between the homes in the san^les. Furthermore, there were only 30 homes in the HWAP-only 
sample in that study, whereas our sample was comprised of nearly 900 homes. Consequently, we do not believe 
those results can be compared directiy with our estimates. 
Note that the distribution by joint treatment and HWAP-only is based only on Columbia Gas customers so these 
results cannot be used to estimate the savings across all utiUties. 
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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) 

Total Installed 

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 simulation. The reader should note that in the remainder of this report we use the 
terms "floor insulation," "sidewall insulation," and "attic msulation" 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 msulation, some ofthe 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 conventiwi 
of using the term "insulation" to refer to any measure implemented in the mdividual building 
shell components. 

The standard regression model approach was reliable for measures with low installation rates 
(duct insulation, floor insulation, and fumace replacement). This approach, however, was not 
reliable for measures with high installation rates (air leakage reduction, attic insulation, fumace 
tune-up and repair, wall insulation) because the models were unable to disaggregate measwe 
impacts due to collinearity (i.e., several measures were installed together in over 80% ofthe 
homes).'^ 

For the measures where collinearity was a problem in the standard regressi<Mi models, we used a 
Monte Carlo regression simulation ^proach to better disaggregate the measure savings 
estimates. This consisted of drawing 500 random samples from the groups installing a measure. 
Separate samples were drawn by measure and by pre consumption level groi^. For each ofthe 
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 ofthe 500 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 ofthe savings results ofthe regression / Monte Carlo regression 
simulation analysis for site-built homes. See Appendix E: for information about the Monte Carlo 
methodology. 

Table 9. Measure Level Savings by 

Air Leakage Reduction* 
Attic Insulation* 
Duct Insulation 
Floor Insulation 
Fumace Replacement 
Fumace Tune-Up & Repair * 
Wall Insulation* 
Water Heater Insulation** 

LowUsas i -^ : 
Saving* 

70 
52 
6 

11 
74 
-6 
78 

-16 

%<^m 
8.5% 
6.3% 
0.7% 
1.3% 
8.8% 

•0.7% 
9.4% 

-20% 

Pre Group 

Medium Usas i '> 
Savings 

113 
45 
•21 
46 

118 
35 

169 
26 

% o f W 
9.1% 
3.6% 

-1.7% 
3.7% 
9.4% 
2.8% 

13.6% 
2.1% 

K ' v M f l h l 

Savfwit. 
144 
153 
51 
78 

217 
64 

252 
0 

Jsagti • 

%OfPl» 

7.5% 
8.0% 
2.7% 
4.2% 

11.1% 
3.3% 
7.2% 
0% 

* Monte Carlo sub-sample regression approach was used. 
" Monte Carlo sub-sample regression approach yielded unreasonable values so standard regression approach was used Instead. 

Regression model results can be found in Appendbc E. 
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The relative installation rates were combined with the estimates in Table 9 to provide average 
savings per participant (i.e., accounting for penetration rates of each measure). Results are 
summarized in Figure 15. In the low usage group most ofthe savings are achieved m homes that 
install air leakage measures (36%), attic insulation (27%), and wall insulation (22%). These 
account for 85% ofthe total savings in this group. Fumace replacement measures account for 
most ofthe remaining savings. Similarly, in the middle and high usage groups, most of Ihe 
savings are from air leakage reduction, attic insulation, and wall insulation. 

Figure 15. Percent Savings Contribution by Measure and Pre Usage Group 
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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 m composition since the PY94 report. It appears that because of 
large gas utility rate increases even lower usage customers are tuming to PIPP for assistance. 

Comparing the PIPP and non-PIPP participants, the PIPP participants: 

• Have 30% leakier houses based on blower door tests 

• Have more occupants (2.6 vs. 2.1) 

• Are less likely to have senior occupants (13% vs. 43%) 

• Are 13% less likely to live in mobile homes 

• Have lower incomes (10% less) 

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 29 



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

These differences are not as large as they were m 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 m 
the analysis sample. The average measure costs ^:e fairly similar between the two groups. 

It is likely that most ofthe 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 attrition group. Wh^i 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 ofthe Sample and 
Attrition Groups (Single-Family Gas Heat) 

Characterfetlct - - • 
# Units 
Attic Insulated 
Walls Insulated 
Fumace Replaced 
Air Leakage Pre CFMSO 
Air Leakage Post CFMSO 
Utility Weatherization 
Mobile Homes 
Job Costs (HWAP measures only) 
Job Costs (HWAP Health/Safety) 
Total Job Costs (HWAP) 

Anab^:^pl« 
1.625 
79% 
54% 
24% 

4.033 
2.698 
47% 
7% 

$1,897 
$1,528 
$2,369 

AttHtik>n6raNift 
1,965 
69% 
45% 
21% 

3.983 
2,636 
35% 
18% 

$1,774 
$1,373 
$2,218 

Air Lealtage and Energy Savings by Agency 

To be consistent with the 1994 analysis, we exanained 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 ledcage reduction and energy savii^s. A similar trend 
was observed in the PY94 Program evaluation. The data show that the average leakage reduction 
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varies widely - from about 15% to over 40%. Average energy savings range from about 10% to 
a littie 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 electrically heated homes were obtained from AEP only. This utility 
accounted for 74% ofthe 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 tiie 
gas-heated home accounts were matched up for the electricity analysis.̂ ** 

Figure 17 below summarizes the net electricity savings results by utiUty and space heating fiiel. 
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 utiUty. The overall average is the best estimate of gas-heated electric savings. 

Some participants and non-participants also received services under the Electric Partnership Program (EPP). AM 
HWAP electric savings estimates exclude 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 
savings are 1,473 kWh, which is lower than the 2,002 kWh estimate from tiie 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 actually 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 tfaey did for natural gas because an 
electricity rate freeze was in effect. ConsequenUy, 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 
ofthe cause, it is important to control for changes in the energy use ofthe non-participants. 
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Table 11. Electricity - Electric Heat Usage and Savings Summary Results 

# U i ^ r rekWh 

l ' ^ Savings(kWK) 
Pn.*L.wh ' (9(fi&Confdenca 
' ^ * ' " ' * " " Uve lRe la lw 

r ' Precision) | 

' 1 
* ' 

Savfngi 

i 

/Tempenrtiw.^ 
:,.Dependent : 

Single-family Houses 1 
Participants 
Non-Participants 
NetSavings22 

213 
105 

22.282 
22,136 

19.793 
21.120 

2,489 (±15%) 
1,016 (±38%) 
1,473 (±48%) 

11.2% 
4.6% 
6.6% 

22.7% 
9.7% 

13.0% 
Multl Family (per unit) 

Participants 
Non-Participants 

Net Savings 

77 
* 

11,728 
* 

10.761 
n 

967 (±33%) 
395* 
572 (±33%) 

8.2% 

4.9% 

16.8% 

9.7% 

Home type is not available for non-partKipants. Single-^m3y participant to non-partidparrt savings percent used 

Figure 18. Electric Heat Savhngs Participant and Non-Participant Comparisoi 

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-

^̂  Single-&tnily includes both site-built homes and mobile homes. Site-built homes saved 1,251 kWh or S.8% of 
pre consumption, and mobile homes saved 1,584 kWh or 7.0% of pre consun^<m. 
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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 eiror band on the 
estimate is large. Again, applying tiie single-family participant savings percentage to multifemily 
non-participants, we estimated that the muhifamily non-participants witii gas heat increased 
consumption 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 Results 

# Units PrekWh PostkWh 

Savings (kWt^ 
, (90%Confidenci 

Level Relatw 
Preaskxi) 

% Saving! 
1 

Single-Family Houses I 
Participants 
Non-Participants 

NetSavin j^^ 

839 
1.425 

9.635 
9,597 

9.496 
9.761 

139 (±64%) 
-164 (±39%) 
303 (±36%) 

1.4% 
-1.7% 
3J2% 

MultlfamlW (per unit ! 
Participants 
Non-Participants 
Net Savings 

237 
• 

6.362 
* 

6,268 
* 

92 
-109' 
201 

1.4% 

3.2% 

Home type is not availat)le for non-participants. Single-fomily participant to non-participant savings percent used. 

V * 

c. - ^ 
^ 

^ 
^ ^ 

' ^ ^ ' i/r 

^̂  Single-fanuly 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 consun^tion. 
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6̂^ 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 tiiey did not include billed amounts, and 
some ofthe additional assistance payment amounts were missing. This analysis could not be 
separated out for electrically heated customers because of small sample sizes. 

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

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

There is a drop-off of ftiel assistance funds used by non-participants from the pre to post periods 
for the PIPP group.̂ * This tends to exaggerate the net savings. A more 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 ofthe 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, maudy 
due to the increase in rates. 

• 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. 

• In terms 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 tiie pre period and this decreased to 47% in tiie post period. 

24 We were not able to separate the PIPP group into regular PIPP and intermittent PIPP, as in the 1994 evahiation, 
because this type of detail was not available for all utilities. Customers with PIPP status unknown are not 
included in the payment analysis. 
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• The gross customer shortfall for the participants with PIPP was $102, or a 19% 
improvement, but, taking into account the change in the shortfrtll for non-participants, the 
net reduction was $290, or a 53% improvement.̂ ^ 

For non-PIPP customers; 

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

• The participant post period bills decreased to $940, but the non-participants' bills w^it 
up. 

• 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 post period. As a result, the net customer 
shortfall reduction is only $36 (a 16% reduction). 

These results are consistent with the PY94 findings, where there was a 47% reduction in tiie 
customer shortfall for regular PIPP, a 42% reduction for intermittent PIPP, and a 28% reduction 
for non-PIPP customers. The PY03 results are higher for the PIPP groiqi, and lower for the non-
PIPP group. 

Tab le 13. A n n u a l B i l l and Paymen t Impac ts o f H W A P b y P I 

^' Partlclpatrtif > ~ ~^... '̂ Non-ParticlEan 

P P Status 

ts 

P r e l 1 P o s t ! t SSaved Pre$ } PostS | SSaved 
Nets 1 

Savings 

PIPP (541 Participants. 798 Non-participants) 
Full Retail Bill 
Customer Payments 
Customer Shortfell 
Fuel Assistance 
Net Shortfall 

$1,255 
$706 
$549 
$132 
$417 

$1,184 
$737 
$447 
$141 
$306 

$71 
-$31 
$102 

-$9 
$110 

$1,280 
$674 
$606 
$171 
$435 

$1,512 
$718 
$794 
$148 
$646 

-$232 
-$44 

-$188 
$23 

-$211 

$303 
$13 

$290 
-$31 
$321 

NON-PIPP (964 Participants, 1426 Non-participants) 1 
FullRetaHBIH 
Customer Payments 
Customer Shortfeyi 
Fuel Assist^ce 
Net Shortfall 

$1,017 
$788 
$229 
$94 

$135 

$940 
$801 
$139 
$89 
$50 

$77 
-$13 
$90 
$5 

$85 

$946 
$704 
$242 
$123 
$119 

$1,046 
$858 
$188 
$122 
$66 

-$100 
-$154 

$54 

$1 
$53 

$177 
$141 
$36 
$4 

$32 

The societal benefit of payment impacts is a one-time decrease in the participant shorten. 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 inchided; however, as mentioned above, 
this is not such a reliable indicator because non-participants received less assistance in the post 
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Disconnections and Collections 

The effects ofthe 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 vrere 
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. 

Table 14. Disconnections and Collections Actions 
1 # CaiW^P- î̂ l̂ -rtl'̂ "'"" } 9 o S ^ ' ' : V ^ ^ W ^ ^ ^ ^ 9 W ^ S ^ K : 

Disconnections (% cases with disconnections) 
Participants 
Non-Participants 
Net Reduction 

1,111 
1,660 
2.771 

6.0% 
5.2% 

5.0% 
6.9% 

1.0% 
-1.7% 

16.4% 
-33.7% 
50.1% 

Collection Actions (% cases with action) 1 
Participants 
Non-Participants 
Net Reduction 

209 
306 
515 

49.6% 
17.4% 

65.9% 
32.7% 

-16.3% 
-15.3% 

-32.8% 
-88.2% 
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 often 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 exceedmg 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 unqualified at other times 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 tiieir 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 participation, the number of 
participants that needed to stay on PIPP declined. 

Table 15. Households with Gas Bills More Than 10% of Income, 
HWAP Participants vs. Non-Participants 

PIPP (n=541) Participants 
PIPP (n=798) Non-participants 
PIPP (n=1339) Net % Reduction 
Never PIPP (n=964) Participants 
Never PIPP (n=1426) Non-Partidpants 
Never PIPP (n=2390) Net % Reduction 
All Cases (n=1S05) Participants 
All Cases (n=2224) Non-Partidpants 
All Cases (n=3729) Net % Reduction 

% with Gds Bills >10% of Incomfl | 

Pffr 
66.5% 
73.9% 

39.5% 
44.5% 

49.6% 
55.0% 

> ^ Pott 
63.3% 
80.2% 

35.7% 
51.4% 

46.0% 
61.7% 

'uRcductfon 

5% 
-9% 
14% 
10% 

-15% 
^ % 
7% 

-12% 
19% 
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7. Non-Energy Benefits 

In addition to the benefits aheady discussed in Chapters 4 through 6 of this report, HWAP also 
provides numerous non-energy benefits. This chapter identifies these benefits and explains tiie 
analysis performed to quantify these benefits. For the purpose of valuing benefits, the hfb of 
weatiierization 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. 

• 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 shifis 
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 enthe 
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 Hacks 
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, tiius 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 tiiis 
new income across the economy. For the purpose of this evaluation, direct, indirect, and induced 
benefits have all been used to detennine tiie benefits to the Ohio economy. 

Table 16 summarizes the events that are caused by HWAP. Because the fimding to pay for 
Program activities ultimately comes from tax dollars, this has been modeled as a d^n'ease to 
household income. This money is then distributed to certain industries that provide the materials 
and labor for weatherization. Modeling participant utility bill savmgs and utility lost revenue is 
somewhat more complex, because they do not completely of^et one another. Althou^ 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 of&et by the amount that tiie utility 
reduces its purchases of required fiiel 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 ratepay^^* 
payments towards the utilities* fixed costs and that the portion of rates that are fixed is lost 
revenue to the utilities. To be consistent with the 1994 evaluation, we assume that 30% of natural 

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 
arc assumed due to fixed costs. 

Table 16. Economic Input Summary 

Installation Lab(K 

Admin and Support Labor 
Insulation Materials 
General Weatherization Materials 
Space Heating System Materials 
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 Payments 
TotSl Lifetime Avdded Paymenis 
Lifetime Gas Provider Lost Revenue 

Lifetime Propane Provider Lost Revenue 
Lifetime Fuel Oil Provider Lost Revenue 
Change in Fuel Provider Revenue 

Value 
(2003 dollars SMilHon) 

18.0 
7.3 
2.0 
1.9 
1.6 
0.1 

30.8 
-30.8 
24.1 
4 i 
3.4 
2.2 

33.8 
-7.2 

-07 
-04 

-11.3 
Differences tietween sums and totals are due to raunding 

When ail of these inputs are 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 ofthe economic 
benefits of HWAP. 

Table 17. Economic Output 

Program Spending 
Reduced Household Expenditures 
Fuel Provider Lost Revenue 
Increased Household Expenditures 
Total 

Value Added (2003 $Mlllionl 

Personal 
Income 

16.8 
-10.6 
•3.8 
12.0 
14.4 

Property 
Income 

6.7 
•6.9 
-3.9 
7.3 
3.1 

indirect 
BuslneM 

Taxes 

1.3 
-1.9 
-1.2 
2.0 
0.2 

Total 

24.7 
-19.4 

-9.0 
21.4 
f7.7 

Employment 

1 

449 
-360 
-79 
393 
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 werc necessary: 

1. Calculate the total Program energy savings by fuel 

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

3. Use Clean Air and Climate Protection Software to calculate the avoided emissions 
attributable 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 
HWAP 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 tiie 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 

Fuel Type 

Total Electricity (MWh) 
Natural Gas (thenns) 
Propane (gallons) 
Fuel Oil (gallons) 

Coal (tons) 

Annual Partlctparit. 
Savings 

2,605 
994,815 

90^06 
50.174 

---

.AnnualAvoided > 
?^ \ Fuel Use«» 
" ' " Genenrte 

Electricity 

1,422 

448 
818 

AnnuaT 
Total Saving! 

2,605 
996,238 

90,206 
50,621 

818 

LHetlme 
SavlnBe 

52,095,290 
19,924.758 
1,804.126 
1,012,426 

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, tiie societal benefit m 2003 was $2,533,447. 
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Table 19. Avoided Emissions and Societal Benefits 

MliAsdi 

Cart)on Dioxide 
NOx 
SOx 
Cartjon Monoxide 
Volatile Organic Compounds 
Particulate Matter 

Total 

Lifetime Avoided 
Emission (tons^ 

1.88.060 
420 

1.140 
140 
20 

100 

— 

Vafue Per Toil iS) 

$1.81« 

$1,950^ 
$1.630c 

" ̂ *^^ffl 
$257,164 

$617,258 
$1,400,475 

$Z533M7 
a Value from the Chicago Climate Exchange: December 2.2005 
b Value from Sealtle NOx price cunre: December 9.2005 
c Value from Seattle SOx pHce curve: December 9,2005 

Forced Mobility 

Because ofthe energy burden on low income households, 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 ofthe reduction in monthly energy bills. A 2002 study 
by Oak Ridge National Laboratory estimated that the benefit to a family of not having to move 
could be as high as $1,460.^' 

To determine whether participants moved less firequentiy than they would have had their homes 
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 whetiier or not a move occurred. Once it had been determined if a move occurred, 
HWAP participants were compared to non-participants to see 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 ofthe Program. 

Renters are far more likely to move than owners and any differences m 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 detennined 
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 ofthe cost effectiveness analysis. 

^ Non-energy benefits from the weatherization assistance program: a summary of findings from the recent 
literature. Oak Ridge National Laboratory, Apnl 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 ofthe health and safety woik 
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. 

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 45 



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 jobs in a 
calculation ofthe total cost ofthe Program. 

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

Table 20. PY03 Program Costs and Benefits 
leSl t ^ ^'"}:^,... : ~ ^ ^ . ^ •̂ .̂. t - ^ ^ ^ ^ i i a - . ^ ^ : ^ . , . 1 ^ ^ 

HWAP Actual Expenditure 
Columbia Gas WannChoice 
Dominion Housewarming 
Total 

$28,709,172* 
$1,448,669 

$624,266 
$30,781107 

fSeiif ifc r:'.\'.. ' - ^ \ - " - . ^ ^ ' J * . . ^ . ' . ^ , . 4 ^vv^^ .̂̂  

Lifetime Participant Avoided Energy Payments 
Economic 
Health and Safety 
Environmental 
Impacts on Arrears 
Disconnections 
rote/ 

$33,827,839" 
$17,747,363 

$2,739,626 
$2,533,447 

$649,819' 
$162,724<' 

$$7M0.818 
a The budget is btok&n into its components in Table D.l. 
b A detailed summary of participant savings is provided in Table D.2. 
c The societal benefit of payment impacts is a onetime decrease in participant shortfall. 
d A societal benefit value of $100 per avoided disconnection with a benefit lifetime of 10 

years was assumed. This method is consistent vrith the 1994 evaluation. See Chapter 7 
for in^depith dtsconnecUon analysis. 

Benefit-cost ratios were calculated from two different perspectives: 

• The Program Perspective considers only the discounted value of energy savings and total 
Program costs 
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• The Societal Perspecdve 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 HWAP 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 muhifamily homes is cost effective in all 
cases fixim the societal perspective, but not from the Program perspective. 

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

Fuel Type 

Gas 

Electric 

Propane 

Fuel at 

Overall 

Home Type 

Single-family 

Mobile Home 
Multi^mily 
Single-family 
Mobile Home 
Multifamily 
Single-family 
Mobile Home 
Sinqle-famHy 
Mobile Home 

Program Perspectivt^^'^ ' 
BC Raffed> 

1.22 
0.58 
0.62 
0.70 
0.83 
0.62 
2.54 
0.92 
1.63 
0.66 
1.10 

Net Benefits 
$4,087,715 
.$836,680 

-$1,375,450 
-$240,887 
-$218272 
-$155,124 

$1,301,623 
-$120,965 
$769,570 

-$171J87 
$3,039,742 

^ - ^$o;m?x^^^m 
^^^s^^mm^mm 

1.85 
1.52 
1.61 
2.01 
2.08 
2.69 
3.31 
1.80 
2.27 
1.48 
1.87 

$15,767,954 
$1,053,326 
$2,196,662 

$802 , ^ 
$1,407,133 

$684,039 
$1.^.566 
$1.2(^320 
$1,552,032 

$247,794 
$26,87^722 

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 tabor 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 (l=installed, 0= not installed) as the independent 
variables. Table 22 summarizes average cost components by usage group for site-built single-
family gas heated homes. 

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 46 



Table 22. Measure, Labor, and Total Installed Costs by Usage Category, 
Slte-BuUt Gas Heated Homes 

• * 

Air Leal̂ age Reduction 
Atticlnsulatlon 
Duct Insulation 
Floor Insulation 
Fumace Replacement 
Fumace Tune-Up & Repair 

Walllnsulation 
Water Heater Insulation 

Low Usage 
Materials 

$96 
$355 
$35 

$193 
$1,045 

$187 
$248 

$21 

Labor 
$113 
$254 
$124 
$207 
$551 
$283 
$426 
$62 

Total 

$209 
$610 
$159 
$400 

$1,596 
$470 
$674 
$83 

Medium Usage 

Materials 
$107 
$403 
$34 

$141 
$1,125 

$197 
$324 
$19 

Labor 
$91 

$354 
$104 
$151 
$813 
$347 
$469 
$168 

Total 
$198 
$757 
$137 
$292 

$1,938 
$544 

$793 
$187 

Nteterta^ 
$141 
$454 
$37 

$130 
$1,278 

$222 
$394 
$19 

High Usage 
Labor 
$224 

$526 
$114 
$140 

$1,144 
$489 
$632 
$163 

=- . -'' , '• 

rm .' 
$365 
$980 
$151 
$270 

$2,422 
$711 

$1,026 
$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 fmdings 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. 

• Fumace 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. 

30 A $1.00 per therm rate was assumed in the benetit-cost calculations. 
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 less than the savings in 
either low- or high-usage homes. We conducted additional analyses with this group, but could not fiilly explain 
this result. It is likely that the collinearity effects could not be completely eliminated, even with the Monte Carlo 
approach employed. Without turther analysis, we note diat this finding is more likely to be attributable to die 
problem of separating out the effects of multiple measures than poor performance of attic insulation measures in 
medium-usage homes. 
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Figure 19. Site Built Single-Family Measure-Level Cost Effectiveness 
by Natural Gas Usage Category^^ 

AirLeakag* Attic Insulation Floor InsulaUon Furnace Furnace Tune^Jp W r i Imitat ion 
Replacement 

Other 

IBLOW •Medium DHigh I 

A different way to look at how well the measures are performing relative to their cost is to 
examine the payback period ofthe 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. 

This figure includes site-built homes oidy. 
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Figure 20. Site Built Single-FamUy Measure Payback Time 
by Natural Gas Usage Category^^ 

(•LowWMedium QHigh DMeasure Lffiatime 

Examining the results of this analysis may be an effective way of maximizing energy savings if 
the pre-consumption category is known at the time of weatherization. 

^̂  This figure includes site-built homes only. The bars fbr low usage fumace 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 ProgranL 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 screened out using these criteria. We offered households $30 as an mcentive to particulate 
and in the end, 52 homes received site visits. Visits were made m three phases and included 
homes in Columbus, Dayton, Toledo, Cleveland, Akron, Springfield, Marion, and Findlay. 

Inspection tasks included measure installation verification, an assessment ofthe quality of 
workmanship, identification of missed energy saving opportunities, and an assessment ofthe 
relative energy saving potential ofthe missed opportunities.^ 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 factOT 
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 fiilly or 
adequately installed, actual savings would have fallen below estimate of expected savings. 

In terms of missed opportunities and the number of technician's comments, air sealing ranked at 
the top ofthe 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 fiilly installed. Our technicians' comments about the quality of work identified areas where 
insulation, for example, was not fully installed. Where measures were not con^letely installed (a 
missed section of floor, wall, or attic, for example), lower energy savings would result 

The estimates of expected savings also 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 tiie time ofthe site visit impacted the amount of savings the home was able to 

^̂  For the purposes of this review, we defined missed opportunities as measures that 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 ofthe Program, but diey were 
identified 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 ofthe 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, wifli 1 being 
low and 5 being high quality. Missed opportunities were recorded and the relative value ofthe 
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 tiie 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 time of tiie field 
verification. In most cases, the ratings reflected the quality ofthe 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 ofthe 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 ofthe 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 m the 52 homes. We were able to 
verify the installation of 182, or 90%, ofthe measures. This table orders measures from most to 
least number installed as reported in the Program tracking database. 

Figure 21 shows the distribution ofthe number of measures installed per home. Twenty-seven 
percent ofthe homes in the sample had three measures installed and 23% had five. 
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Table 23. Number of Measures Installed and Verified 

w •• 

Air Leakage 
Water Heater Insulation 
Tune-Up and or Repairs 
Attic Procedures 

Sidewall Procedures 
Duct Insulation 
Heating System Work 
Ffoor Procedures 

Secondary Window Procedures 
Replacement Door 
Replacement Sash Window Unit 

Total 

No. Measures 
instalfed 

46 
42 
35 
29 
14 
13 
10 
6 
2 
2 
1 

202 

N a M e a s i m v 
Verifie*^'^ -

45 
36 
29 
26 
13 
11 
9 
7 
2 
2 
1 

f82 

K^^^M 
98% 
86% 
83% 
90% 
93% 
85% 
90% 
68% 

100% 
100% 
100% 

90% 
Note: "Number of Measures Installed" is the quantity reported in the Program tradting database. Our 

sample included 52 homes. 

Figure 21. Number of Measures Installed 

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 ofthe 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 ofthe 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%) luid 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 

j i n * v '*'=* =•'*' 

(0 0 0 / 6 

1 30% 
i 25% 
5 20% -
1 15% 
1 10% -
^ 5% -
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xJ\J,%J /O 

H^l 
I ^ B 2b.0% 

19.2% ^ ^ M ^ ^ M 
^^H m i^^i 
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Number of missed opportunities per home 

- 1 . 9 % -
r i ^ ^ " J 

7 

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 secondaiy window replacements missed 
opportunities although some might not have been qualified under the terms ofthe Program. 
When the prime window is intact, window replacements arc 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 infiared camera. The objective was to identify voids, and not 
detennine the density ofthe insulation installed. 
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Table 24. Savings Potential Ranking of Missed Opportunities 

Attic Insulation 
Air Sealing 
Heating System 
Floor Insulation 
Sidewall Insulation 
Duct Insulation 
Tune-Up or Repairs 
Replacement Window 
Water Heater Insulation 

Replacement Sash Window 
Replacement Door 

No. Honfies-

3 
4 

14 
7 
8 
5 
2 

17 
4 

12 
14 

Minlmunt. 
' Ratlnfl^^ 

4 
2 
2 

1 

Maximum , 
Ratine' 

5 
4 
5 
5 
4 
3 
2 
2 
2 
2 
3 

•J R a t r i i i ^ 
4.3 
3.5 
3.4 
2.7 
2.3 
2.0 
2.0 
1.7 
1.7 
1.5 
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. Conunents 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 chinmey 
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 

Type of cornmain 

Air sealing inadequate or not installed: chimney bypass, plumbing bypass, attic wall tops, kneewall bottoms, 
attic hatch, duct boots. Leaky windows or windows with inadequate air sealing 
Fumace old & inefficient, would benefit fnam replacemerrt 
Windows broken (4) or single pane windows that could have had a storm window installed (11) 
Rim joist insulatbn missing or inadequate 
Doors in poor condition 
Weatherstrippinq missing or pooriy installed 
Floor insulation inadequate, not installed, or improperiy installed 
Sidewall insulation voids, missing altogether, or impn^periy installed 
Attic insulation missing or inadequate 
Duct leaks, incomplete dud insulation, no duct sealing 
Water heater insulation improperiy installed, tape problems 
Tune-up & repair-no evidence 
Kneewalls not insulated, or inadequate insulation 

^S 
42 
15 
15 
14 
14 
10 
8 
7 
7 
6 
6 
5 
4 
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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, starting with the 
measures most commonly installed. 

Discussions for each measure include the count ofthe measures installed and verified, factors 
that could lead to poor performance, and the ranking for energy savings potential fix)m these 
factors. The graphs summarize the information for each measure. The values shown for **% 
Missed Opportunity" are based on our field technicians' estimates ofthe number of homes that, 
in their judgment, could have benefited fix)m including the measure even though it was not listed 
as one ofthe 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 ah leakage measures were listed as installed in 88% ofthe homes. We were 
unable to verify that the measures had been installed in about 5% of the homes. On a scale fix)m 
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 tiiat 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 fiom 1 to 5. 

Figure 23. Air Leakage Results 
100% 

50% 

% Listed % Verified % Missed A\9 Quality Avg Missed 
Installed Installed Opportunity Savings 

The main factor lowering the installation quality score was rim joist problems. Fourteen ofthe 
homes were determined to have rim joist sealing problems, usually missed sealing at 
penetrations. The second most common qualify problem was weather stripping; six houses were 
identified where weather stripping was either mcomplete or poorly done. Five ofthe homes had 
problems associated witii windows and air leakage. The problems included broken windows and 
poor sealmg 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 ofthe 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 s^ne 
configuration as the original pre and post tests. Where both basement-door-open and basem^it-
door-closed tests were conducted, the door-open results 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, blower 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 ofthe 40 homes met these targets when we tested 
them. 

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

Original Blower 
Door Tests 

Pre Test 
CfmSO 

7054 

2001 

3655 

4090 

1499 

2704 

2066 

1800 

6930 

6683 

3651 

4030 

1215 

4626 

7012 

5617 

3780 

3122 

3038 

2450 

4480 

4829 

4215 

1914 

3009 

3038 

8125 

2695 

1990 

12063 

3107 

5271 

3177 

2635 

4339 

3038 

3713 

5764 

9503 

4196 

Post Test 

cfmSO 

2328 

1738 

2712 

4106 

995 

2240 

1921 

1497 

5441 

3578 

1135 

1990 

1093 

3743 

5183 

2529 

2587 

1893 

2226 

1907 

2980 

3076 

3412 

1395 

2610 

2591 

7231 

1382 

1555 

4919 

2423 

2119 

2376 

2311 

3418 

2635 

2455 

2009 

5255 

1798 

Follow-up Blower IDoor 

Tests 

Basement 

Door Open 
cfm50 

5625 

1700 

3800 

3600 

2030 

2700 

2000 

2000 

6900 

4250 

. 
, 

. 
4400 

6400 

2150 

. 
1950 

. 
1650 

4600 

3800 

2800 

1400 

2000 

2300 

6500 

2975 

1600 

5100 

2500 

2300 

2200 

2300 

3300 

3100 

2240 

6100 

6000 

1550 

Basement 

IDoor Oosed 
CfmSO 

3100 

2000 

1250 

3750 

5800 

2300 

1920 

1830 

2200 

1575 

4200 

2900 

2400 

. 

. 

2240 

5500 

1720 

. 

. 

2230 

. 

. 

. 

. 

. 

2100 

5300 

5800 

• 

Percent Change In cfmSO 
from Original Pre Test 

Original Pre 
to Original 
Post Test 

-67% 

-13% 

-26% 

0% 

-34% 

-17% 

-7% 

-17% 

-21% 

-46% 

-69% 

-51% 

-10% 

-22% 

-26% 

-55% 

-32% 

-39% 

-27% 

-22% 

-33% 

-36% 

-19% 

-27% 

-13% 

-15% 

-11% 

^ 7 % 

-22% 

-59% 

-22% 

-60% 

-25% 

-12% 

-21% 

-13% 

-34% 

-65% 

-45% 

^ 7 % 

Original Pre 
to Follow-

up Post Test 

-20% 

-15% 

4% 

-12% 

35% 

0% 

•3% 

11% 

0% 

-36% 

-15% 

-50% 

3% 

-9% 

-9% 

-62% 

-49% 

-38% 

-28% 

-33% 

3% 

-21% 

-34% 

-27% 

-34% 

-24% 

-20% 

15% 

-20% 

-58% 

-20% 

-56% 

-31% 

-13% 

-24% 

2% 

-40% 

6% 

-37% 

-63% 

O^/ERMIS 

Does fol low-up 
test meet 
CWERAUS? 

No 

Yes 

No 

No 

Yea 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

Yos 

No 
No 

Yos 

Yes 

Yes 

No 

Yes 

No 

No 

Yes 

Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

No 

Yes 

No 

No 

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 m 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 ofthe blower door results from tiie pre-
weatherization to the post weatherization periods. The "Original" column refers to tiie change in 
the blower door reading just after weatherization work was done on the home. The "Follow-Up" 
colunm refers to the measurements during our site visits and shows the change from the pre-
weatherization result to the follow-up site vish 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 Results 

Reductton in CFMSdReadM 
<=10% 
>10%and<=20% 
>20and<=30% 
>30and<=40% 
>40and<=50% 
>50and<=60% 
>60and<=70% 
Total 

^ i ^ i ^ ^i^FbilbM^S 
3 

10 
11 
6 
3 
5 
3 

41 

10 
6 
7 
8 
5 
4 
1 

41 

Water Heater Insulation Findings 

Figure 24 shows that 81% of the homes in our sample were listed as having had water heat^ 
insulation installed. We verified water heater insulation was present in 69% ofthe homes. The 
average qualify ofthe work was rated quite high at 4.2 on the 5-point scale. An additional 8% of 
the homes were detennined 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 t£q)e holding the blanket 
coming off either partially or completely. Only part ofthe water heater was wrapped in other 
installations. In a couple of homes, the technicians noted that the water pipes werc wr^ped 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% ofthe sample homes (35) were reported to have tune u^s or repairs 
done to the heating system. We verified tiiat procedures were completed in 56% ofthe 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 qualify 
ofthe work was rated 3.1 on a scale of 1 to 5. In one case the field technician recorded health 
and safety concems noting the existing chimney needed modification. There were no missed 
opportunities identified. 

Figure 25. Tune Up and Repair Procedures Results 
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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 exactiy half the 
homes had ceiling insulation installed. The average quality ofthe 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 <m 
a 5-point scale). 

Figure 26. Attic Procedures Results 
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Although most ofthe field technician's comments about the quahty ofthe attic work werc 
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 quality. In one case of 
especially shoddy woric, 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 refiised to let the woricers insulate the attic since the mstallers 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 werc reported to have sidewall 
measures. As noted eariier, sidewall insulation was observed with an infî ared camera. The 
objective was to identify voids, and not to determine the density ofthe insulation installed. We 
verified installation in all but one ofthe 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 tiie sidewall work was rated to be above average. In 17% of tiie homes, 
our field technician identified sidewall missed opportunities. The average estimated energy 
savings benefits associated with tiiese 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 

50% Uim^' 

0% " i ^ 
% Usted 
Installed 

% Verified % Missed Avg Quality Avg Missed 
Installed Opportunity Savings 

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 infi-ared 
camera to identify voids in the insulation. Two had gaps near windows and the others had voids 
in a variety of locations, mcluding, for example, tiic upper portion of a second floor wall 

Duct Insulation and Duct Sealing Findings 

As shown m Figure 28,25% (13) ofthe homes in our sample were reported to have duct 
insulation installed. Duct insulation was verified in 20% of tiie homes; we were unable to verify 
installation m three homes. Overall the average rating for the quality ofthe work was only 2.5 on 
the 5-pomt scale. An additional 10% ofthe homes were identified as havmg missed opportunities 
for installmg duct insulation. We estimated that for those cases where duct msulation was a 
missed opportunity the probable savings from the measure were relatively low - an average of 
2.0 on the 5-pomt scale. 

Figure 28. Duct Insulation Results 
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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 
an. 

Heating System Findings 

As noted in the earlier discussion about energy savings in this report, heating system 
replacements were much more likely among tiie 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 heatmg system work completed. 
The average quality ofthe work received a high rating of 3.8 on the 5-point scale. We identified 
an additional 29% ofthe 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 ofthe 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 ftimace. No blower." The remaining missed 
opportunities were cases where replacing the existing standard-efficiency fumace with a high-
efficiency unit would have been justified in the opinion ofthe 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% ofthe 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. 

Quantec — Ohio Home Weatherization Assistance Program impa(^ Evaluation 



Figure 30. Floor Procedures Results 
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Most ofthe 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 ofthe 
conditioned space and should have been insulated. In another case, R-l 1 batts were installed 
when R-l 9 would have been justified. In addition, the batts were installed incorrectly. 

Secondary Window Procedures Findings 

As Figure 31 shows, only 4% (2) ofthe 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 smgle-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 fix)m 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 scale of 1 to 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) ofthe 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% ofthe homes that could have 
benefited from replacement doors based on our field technicians' observations. The likely energy 
savings from replacement doors were relatively small. 

The missed opportunities werc mostly doors that were very old, in poor condition, and leaky. In 
two cases, repairs had been made to the doors, but the repairs werc 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 peraiits replacements only where wmdow sashes camwt 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 field technicians identified 12 
additional sites where windows were in poor conthtion and they believed 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, comprismg 23% of our sample. Despite the large number of such cases, the 
technicians rated the energy savings potential to be quite small (1.6 on the 5-poiQt scale). The 
quality ofthe 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 fmdings from other WAP evaluations fi^m 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. 

Tab le 28. Na t i ona l W A P Gas Savhigs Resul ts, S ing le-Fami ly Homes 

Study 

Cunent Evaluation 
National 
Oak Ridqe National Meta Evaluation 
Colorado 
Illinois 
Iowa 
Kansas 
North Daltota 
Ohio 
Vemiont 
Washinqton 
Wisconsin 

;.. Yem% 

2003 
1989 

1993-2003 
1994 
2003 
2004 
1993 
1992 
1994 

1998-2000 
1997 

2001-2003 

#Unittr.H; 
AnalvzeH 

1,825 
3,873 

n/a 
3.431 
2,056 

633 
165 
182 

2.209 
25 
71 

8,252 

Pi^Ust , 
fthwmfl̂ '-

1.290 
1,334 
1,330 
1.230 
1.551 
1.194 
1.283 
1,200 
1.395 
1.116 

852 
1040 

268 
173 
305 
185 
198 
295 
191 
160 
324 
145 
230 
156 

21% 
13% 
23% 
15% 
13% 
25% 
15% 
13% 
23% 
13% 
27% 
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 ofthe most successful 
programs in tiie 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 Iowa, 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. 

Most ofthe values shown are from a presentation by Michael Blasnik at the U.S. DOE National Weatherization 
Conference in Atlanta, Georgia, December 12-16, 2005. 

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 69 



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 evaluation 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 weatiierization 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 savmgs 
estimate is relatively close to the 9% estimated in the HWAP PY94 evaluation. 

Table 29. Comparison of Electric Savings Results 

Study 

Cunent Evaluation 
National 

i Oak Ridqe National Meta Evaluation 
1 Ohio 

' y« f̂̂ \ 
2003 
1989 

1993-2003 
1994 

' # U n t t ^ . ^ : 

213 
426 
n/a 
150-

Pre-Use: 
(kWh)^ 

22.282 
14.972 
19.919 
21.542 

1,473 
1.830 
2.153 
2.002 

6.6% 
12.2% 
10.8% 
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 arc 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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Cost Effectiveness 

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 cunent 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-FamOy Homes 

Cun-ent Evaluation 
Oak Ridqe National Meta Evaluation 
Ohk) 
Washington 

2003 
1993-2003 

1994 
1997 

f Prograrn 
Perspective 

1.10 
1.30 
0.88 
0.74 

- Soclettrt m 
Perspective-"^; 

1.87 
2.70 
0.90-
1.20 

Includes only energy and disconnection tienefits. 
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11. Recommendations 

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

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 consun^tion for PIPP participants on HEAP. 

In addition, OEE might consider proactively seeking utility data for low-income ^miiUes 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 fumace tune-up, are 
worth installing in high-usage houses when deemed necessary, however, fewer measures are cost 
effective for medium- and low-consumption homes. Fumace replacement, tune-up, and oti^r 
measures (water heater and duct insulation) were not found to be cost effective for medium 
consumption homes and only ah 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 witii the 
observed trends in the benefit-cost ratio. The low benefit-cost ratio resulted from the relatively low savii^ 
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 homes. 
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Figure 38. Measure-Level Cost Effectiveness 
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Combo Job Tracking 

It is currently extrcmely 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, ete.). Altering the 
BWR to mclude 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 OATS 
database 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 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 ofthe evaluation sought to understand where the need for HWAP 
services is greatest, what percentage of those eligible have been served, and how the Program 
Agency 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 ofthe findings and suggestions for the future application of GIS. 

Data 

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

• OA TS 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 mformation 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% ofthe Federal Poverty Guideline (FPG), precise Census data 
are not available regarding the severity of household 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 tiie 
number of households at 150% ofthe FPG for each county. 

Results 

Map 1, which presents the percentage of total households in each county meeting 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% m 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 ofthe 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 fix)m 
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 werc 
not available for 17% ofthe participants in the OATS database, participants without county data 
werc 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 arc 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 rcached 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. Converaely, 
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 ofthe state that 
exhibh lower levels of Program saturation. Similar to eligibility by county, a table providing tiie 
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 

Ohio Weatherization Assistance Program 

To assess how levels of Program saturation relate to Agency location, each ofthe participating 
agencies were added to Map 2. Once located, a 20-mile radius was generated aroimd each 
Agency to simulate that Agency's approximate service territory. Aggregating each of tiie Agency 
radii yields an estimated assessment ofthe portion ofthe state withm 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 withm 20 miles will produce overlapping radii. 

Overall, as seen in Map 3, the resulting Agency radii clearly cover a significant portion of tiie 
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 
Ohio Weatherization Assistance Program 
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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 brief 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 tiie OATS database, and 
determine overall Program saturation 

• Geographically represent other Program attributes, such as fimding allocations, 
participant types, and weatherization measures received 

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

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

• Use maps to replace large, cumbersome tables for reporting and presentation, where 
appropriate 

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 76 



Table A.1. County Data 

County 

Adams 
Allen 
Ashland 
Ashtabula 
Athens 
Auglaize 
Belmont 
Brown 
Butler 
Camill 
Champaign 
Ciarit 
Clennont 
Clinton 
Columbiana 
Coshocton 
Crawford 
Cuyahoga 
Darke 
Defiance 
Delaware 
Erie 
Fairfield 
Fayette 
Franklin 
Fulton 
Gallia 
Geauqa 
Greene 
Guemsey 
Hamilton 
Hancock 
Hardin 
Hamson 
Henry 
Highland 
Hocking 
Holmes 
Huron 
Jacltson 
Jefferson 
Knox 
l^ke 
Lawrence 
Licking 

Percentage of Total r 
Households Eligible ft»t 

HWAP 
38.1% 
28.1% 
247% 

28.9% 
40.1% 
20.6% 
35.8% 
26.6% 
19.7% 
29.1% 
21.7% 
24.6% 
18.6% 
23.6% 
30.5% 
28.8% 
27.4% 
26.7% 
25.0% 
19.7% 
11.6% 
22.4% 
18.6% 
25.3% 
22.2% 
18.5% 
36.8% 
13.4% 
19.5% 
35.4% 
25.1% 
20.6% 
30.6% 
33.8% 
21.0% 
30.3% 
31.0% 
377% 
23.4% 
35.8% 
33.8% 
25.8% 
17.0% 
38.1% 
21.6% 

-̂̂  Percentage of EliglWil^;^'^ 
"^ Households Served:^'^ 

12.5% 
5.3% 
3.0% 
8.7% 
6.7% 
4.8% 
7.2% 
9.9% 
4.6% 
3.7% 
6.4% 
4.4% 
4.3% 

15.2% 
5.6% 

15.0% 
6.6% 
5.7% 
9.0% 
6.1% 
4.6% 
4.5% 
5.0% 

12.8% 
4.4% 
4.0% 
7.3% 
5.2% 
5.6% 
7.5% 
3.9% 
6.9% 
6.1% 
7.4% 
6.7% 
8.4% 
67% 
3.9% 
3.1% 
9.8% 
5.7% 
5.3% 
1.4% 
8.3% 
6.1% 
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County 
' 1 

Logan 
Lorain 
Lucas 
Madison 

iviahonlnp 
Marion 
Medina 
Meigs 
Mercer 
Miami 
Monroe 
Montgomery 
Morgan 
Monow 
Muskingum 
Noble 
Ottawa 
Paulding 
Perry 
Pickaway 
Pike 
Portage 
Preble 
Putnam 
Richland 
Ross 
Sandusky 
Scioto 
Seneca 
Shelby 
Stark 
Summit 
Tnimbull 
Tuscarawas 
Union 
Van Wert 
Vinton 
Warren 
Washinqton 
Wayne 
Williams 
Wood 
Wyandot 

Percentage of To ta r 
Households El igrblefbf ' 

HWAP^ ' 
23.4% 
21.8% 
27.9% 
20.8% 
30.1% 
25.4% 
14.4% 
39.9% 
22.0% 
20.8% 
34.6% 
24.5% 
38.3% 
22.5% 
29.6% 
33.0% 
19.8% 
22.6% 
30.1% 
23.2% 
35.7% 
21.7% 
20.7% 
20.8% 
26.9% 
28.3% 
22.3% 
38.8% 
25.4% 
19.9% 
24.6% 
23.5% 
26.2% 
27.6% 
16.9% 
21.3% 
37.2% 
13.7% 
29.5% 
22.5% 
22.2% 
22.0% 
22.5% 

, Percentage of Eligible 
, ; Households Servecf 

7.4% 

4.0% 
4.7% 
5.4% 
6.7% 
8.0% 
3.1% 

10.5% 
6.8% 
6.4% 
5.7% 
3.9% 
8.1% 
5.2% 
6.5% 
8.7% 
57% 
8.8% 
8.4% 
6.5% 

10.9% 
5.1% 
5.5% 
4.8% 
4.6% 
6.6% 
9.7% 
6.4% 
4.7% 
2.9% 
3.3% 
3.9% 
4.3% 
5.0% 
9.0% 

10.8% 
11.2% 
6.0% 
6.5% 
5.3% 
52% 
3.8% 
5.8% 
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Appendix B: Methodology Details 

The billing analysis methodology mcluded the following steps: 

A. Collect participant and non-participant billing data from utilities 

B. Clean & prepare billmg data & weather data 

C. Establish pre and post periods 

D. Weather-normalize consumption and aggregate to annual level 

E. 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% ofthe gas bilhng data from the 
utilities. Figure B, 1 summarizes the distribution of gas-heated homes. 

Figure B.l. Distribution of Gas Utilities for Gas-Heated Homes 

j Cincinnati 
Gas and 
Electric "\ 

9% \ 

Vectren _^^^^ -< 
11% ~ ~ ~ ^ H 

Columbia Gas_/ 
• 37% 

Other 
2% 

^ ^ " 

Dominion Gas 
r .,» 

• w 

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% ofthe electric billing data for electrically heated homes from the utihties. 

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 81 



Figure B.2. Distribution of Electric Utilities for Electrically-Heated Homes 
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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% ofthe gas-heated accounts. The analysis was, however, augmented with 
HEAP billing data for PIPP participants for Fust 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 heating is 
predominant - representing about 80% of electric accoimts. 

Figure B.3. Distribution of Electric Utilities for Gas-Heated Homes 
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39 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 ofthe most complex tasks ofthe billing analysis. It involves examining the billing 
data, cleaning the data, imputing missing readings, examining vacancies, and estimating 
readings. 

The tasks below summarize typical data cleanmg methods that were employed 

1. Pbt usages by account to find unusual readings 

2. Check for estimated readings 

3. Impute missing readings 

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 either 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 ofthe average daily consumption (ADC) ofthe 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 5 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 resuhs. 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 after 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 attrition 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 matched 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 through 1990 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 mstallation 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 ofthe 
billing data were received early. As a result, we started the post period immediately after the last 
installation for some ofthe 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 
Pr« 

^ Pre Period 
{2102-2103) 

April 
2003 

• ^ B 

• • 
Installation period 
(4/03^/04) 

April 
2004 

~ 

April 
2005 

Post Period ^ 
(4/04-4A)5) 

40 We used this historical weather data because we had a zip code mapping tied directiy to these 1961-1990 
normals. These nonnals are very close to the 1970-2000 nonnals. 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 percentage of participants actually installed in 3/04,4/04, so this is not a big 
problem to begin with. Since our non-participant group is not selected firom previous or fiiture year participants 
as in the 1994 analysis, and pre and post periods are defined identically between participants and non-
participants, the post period difTerences of a few months should not affect the savings. 
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D. Weather-Normalize Consumption and Aggregate to Annual Level 

The weather normalization models varied by fuel and heat source. 

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

ADC it= tti + pl AVGHDDit + s u 

Where, 

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

• fi} is the heating slope in the pre or post period 

• ADCit is the average daily consumption during the pre (post) program period 

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

• €it is the error term 

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

NACi= ai * 365.25 + fii *LRHDDi + €it 

Where, for each customer i, 

• tti is the base load for each participant (or non-participant). This represents the average 
daily base load (non-heating usage) fix)m the model 

• fil is the heating slope in the pre or post period from the model 

• NACi is the pre(post) period normalized annual consumption 

• LRHDDi, is the armual long run heating degree days (base 65) based on home location 

• €it 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 ofthe complexity in separating out the cooling and heating usage. If 
the customer does not have cooling usage then the cooHng 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, 

ADCi,= ai + fiiAVGHDDi& p2AVGCDDu + Su 
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Where, 

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

• fii is the heating slope in tiie pre or post period 

• fi2 is the cooling slope in the pre or post period 

• ADCit is the average daily consumption during the pre (post) Program period 

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

• AVGCDDu, is average daily cooling degree days (base 65) pre (post) period based on 
home location 

• €u is the error term 

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

NACi=- ai * 365.25 + fij *LRHDDi+ p2 *LRCDDi + Su 

Where, for each customer i, 

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

• fi] is the heating slope in the pre or post period from the model 

• fi2 is the cooling slope in the pre or post period from the model 

• NACi is the pre(post) period normalized armual consumption 

• LRHDDi, is the annual long run heating degree days (base 65) based on home location 

• LRCDDi, is the armual long run cooling degree days (base 65) based on home location 

• £if 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 i t=ai+ fiiA VGHDDu + fi2AVGCDDit + fisPOSTu + fi4EPPJ>0STu + Su 

Where, for each customer i and calendar month t, 

• tti is a unique intercept for each participant (or non-participant), derived by estimating tiie 
relationship using the ANCOVA (fixed-effects) procedure 

• ADCit is the average daily consumption during the pre- and post-Program periods 

• A VGHDDit, is average daily heating degree days (base 65) based on home location 

• A VGCDDit is the average daily cooling degree days (base 65) based on home location 

• POSTt is a dummy variable that represents the savings - change in usage fix)m pre to post 
period is (1 in the post period, and 0 in the pre period). 

• EPP POSTt 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). 

• eu is the error term 

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

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 mateh the participants 
because billing data were not available at the time ofthe data request. 

In order to address this issue, single-femily 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 ofthe characteristic differences between participants and non-participants are illustrated in 
Table B.l. 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 ofthe two groups: non-participants tended to 
have fewer occupants, lower incomes, and a smaller percentage of people with a disability. 

Table B.l. Comparison of Participants to Final Non-Participants, Gas Heating 

Characterlstlct 
# Units 

Pre-Use (lhenns(yr) 
Number of Occupants 
Average Income 
% On PIPP program 
% With Handicapped Occupant 

% With Disability 

SarnplePartffilparWi K N o r i - F ^ r t l ^ l ^ M I M 
1,625 
1.290 
2.25 

$10,731 
20% 
2.7% 

16.6% 

2.644 

1.288 
1.84 

$9,454 
24% 
1.8% 

12.8% 

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

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

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

• Accounts were not matched 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. 

• 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). 

• 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 thenns or over 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 armual usage over 30000 kWh was dropped. 

• Outliers, defined as cases with percent savings more than 2.2 interquartile ranges (i.e., 
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.̂ ^ 

• Non-participants only - data matching to participant quartiles. These are non-
participants that were not matched witii 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 l about 25% of 
electric 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. 

42 

43 

An R-square screen of 0.75, used in the 1994 evaluation, was not used in our analysis. In the current evaluaticm, 
applying this screen causes a 6% reduction in net savings, but drops 30% ofthe 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% ofthe 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 screen. 
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In general, most ofthe attrition is caused by having insufficient data m the pre or post periods 
due to missing data or vacancies. Not many cases, however, are dropped out as outiiers or due to 
infeasible PRISM parameters or usages. 

•• •• i ' r r " ""•" 

Population (total units) 
Utility Not Requested or Bills Not 
Available From Utility 
Accounts Not Matched by Utility 
or Usage 
Insufficient Billing Data Pre or 
Post 
Infeasible PRISM Parameters 
Outliers 
Final Analysis Sample** 

Table C l . Participant Attrition 

Gas: Gas Heat 
Removed | Remaining 

4.535 

247 

889 

996 

59 
195 

4288(95%) 

3399(75%) 

2403(53%) 

2344(52%) 
2149(47%) 

2.149(47%) 

Electric: Gas Heat* , 
Removed Remaining 

4,535 

1032 

500 

1796 

0 
131 

3503(77%) 

3003(66%) 

1207(27%) 

1207(27%) 
1076(24%) 

1.076(24%) 

Electric: Etectric Hear-^^ 
Removed^ j- Remainlnar-

926 

307 

86 

182 

41 
20 

619(67%) 

533(58%) 

351 (38%) 

310(33%) 
290(31%) 

290 31%) 1 

T a b l e C.2 . Non -Pa r t i c i pan t A t t r i t i o n 

/ 

Sample Requested (Total Units) 
Utility Not Requested or Bills Not 
Available From Utility 
Accounts Not Matched by Utility 
or Usage 
Insufficient Billing Data Pre or 
Post 
Infeasible PRISM Parameters 
Outliers 
Participant Usage Quartile 
Matchina 
Final Analysis Sample** 

Gas: Gas Heat ^ 
Removed 1 Remaining 

8.304 
415 

557 

1744 

121 
627 

1320 

3520 

7.889(95%) 

7.332(88%) 

5.588(67%) 

5,467(66%) 
4,840(58%) 
3,520(42%) 

42%) 

Electric: Gas Heal* . 
Removed 

8.C 
1907 

597 

2934 

0 
370 

1071 

Remaining 
104 

6.397(77%) 

5.800(70%) 

2.866(35%) 

2.866(35%) 
2.496(30%) 
1.425(17%) 

1425(17%) 

Electric: Electric Heat 
Remove^M Remiining 

1.466 
466 

191 

284 

14 
34 

352 

980(67%) 

789(54%) 

505(34%) 

491 (32%) 
457(31%) 

105(7%) 

105(7%) 
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Appendix D.Benefit-Cost Analysis Tables 

Table D.l provides a detailed summary of PY03 actual state spendmg, not including utility 
weatherization expenditures. 

Table D.l. PY03 Spending 
Cost Category' 

Agency Direct Admin 
Agency Indirect Admin 
Agency Additional Admin 

1 Agency Liability 
Agency Labor 
Agency-Other Support 

1 Agency Indirect 
Agency Materials 
Agency T&TA 
Agency Single Audit 
Agency Health and Safety 

j OWTC 
OEET&TA 
OEE Admin Costs 
Total Program Spending 

^ b i i i l - "̂  . ' 
$1,445,975 

$626,129 
$225,763 
$236,061 

$15,264,062 
$2,632,667 

$36,648 
$3,544,508 

$285,250 
$71,180 

$2,739,626 
$542,517 
$384,102 
$674,694 

$28,709,172 

Table D,2 presents the results ofthe monetary savings results ofthe 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 

Number of Gas Heated Participants 
Net Gas Savings per participant (therms) 
Total Gas Savings (thenns) 
Lifetime Avoided Gas Payments (2003 dollars) 
Number of Non-Electrically Heated Participants 
Electric Savings for Non-Electrically Heated Homes 
Total Electric Savings for Non-Electrically Heated 

Lifetime Avoided Electric Payments fbr Non-Electric 
Heat (2003 dollars) 
Numb^ of Electrically Heated Participants 
Net Electric Savings per participant (kWh) 
Total Electric Heated Electricity Savings (kWh) 
Lifetime Avoided Electric Payments for Electric Heat 
(2003 dollars) 
Number of Propane Heated Participants 
Net Propane Savings per participant (gallons) 
Total Propane Savings (gallons) 
Lifetime Avoided Propane Payments (2003 dollars) 
Number of Fuel Oil Heated Participants 
Net Fuel Oil Savings per participant (gallons) 
Total Fuel Oi! Savings (gallons) 
Lifetime Avoided Fuel Oil Payments (2003 dollars) 
Total Lifetime Avoided Payments (2003 dollars) 

Single-Family 
3.090 

282 
871,380 

3,470 
326 

1.131.195 

276 
1.251 

345.189 

173 
316 

54,753 

207 
206 

42,738 

^Mobile Home 
500 
90 

45,000 

962 
105 

101.034 

430 
1,584 

680,919 

351 
101 

35,454 

111 
66 

7,314 

ikiitifiniK 
945 
83 

78.435 

947 
201 

189,918 

222 
705 

156.510 

0 
93 
0 

2 
61 

122 

lli^^ildlnfl$'^ 
4.535 

994.815 
$24,070,580 

5,379 

1,422.147 

$2,269,010 
928 

1,182,618 

$1,886,845 
524 

90.206 
$3,393,017 

320 

50,174 
$2,208,387 

$33,827,839 
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Appendix E: Regression Based Measure Level Results 

Table E.l summarizes the results ofthe 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 ah sealing, 
attic insulation, and wall insulation. This problem, known as collinearity, results from higji 
correlations between independent variables and leads to inaccurate savings estimates and 
increases the error ofthe estimates. 

Table E.l. Measure Level Regression Savings Estimates by Pre Group 
.. - . 

t - " -

Air Leal<age Reduction 
Attic Insulation 
Duct Insulation 
Floo* Insulation 
Heat Replacement 
Fumace Tune-Up and Repair 
Wall Insulation 
Water Heater Insulation 

" ' l o w U s a g ^ ^ 
, Savings 

71 
50 
6 

11 
74 
-4 
61 
-16 

.%OfP» 
8.6% 
6.1% 
0.7% 
1.3% 
8.8% 

-0.5% 
7.4% 

-2.0% 

' Medium Usage^^ . ^ ' ^ ^ f High O s i g ^ ^ 
Savinga-

137 
51 
-21 
46 

118 
26 

108 
26 

^ %ofPi«#.-Savlng«M 
11.1% 
4.1% 

-1.7% 
3.7% 
9.4% 
2.1% 
8.8% 
2.1% 

286 
109 
51 
78 

217 
46 

105 
0 

^ ^ m 
15.0% 
5.7% 
2.7% 
4.2% 

11.1% 
2.4% 
5.5% 
0.0% 

The regression approach did not yield accurate measure savings impacts for measures such as air 
leakage and air sealing, because tiie 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 fix>m the group of homes installing a measure for each usage 
category. The sample size for each ofthe 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 model was then run for each 
of 500 sub-samples, and the coefficients were saved. Finally, the coefficients fw 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 reduction measures and 55 (11%) did not. The savmgs were developed by 
rurming 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 ofthe air leakage measure across the 500 samples as the Monte Carlo 
regression estimate; this value was 286 therms. 

Quantec — Ohio Home Weatherization Assistance Program Impact Evaluation 93 



EXHIBIT 



OPAE Exhibit No. / 

%HG [30] - NATURAL GAS LAST: 9.39 CHANGE: ^ 0.04 HI<̂ H: 9.5Q L O W r i ^ : :^^^^@KI8 

L M 
m m 

15.00 

14.00 

13.00 

12 OO 

1 1 J C M 3 

u.uu 

8.00 

7.00 

6.00 

5.00 

4.00 

3.00 

2.00 

;93 '94.__.'a5 '96 '97 '98 

5min 15min 30 min 

'00 '01 '02 '03 '04 '05 'OS '07 '08 Monthlj 

eomin Mix w îy ##A: 
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Update Information 
This is the twelfth edition of the Model 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 Outlook 2007. These changes indude: 

• A new TV, set-top box, and VCR/DVD sub-module that includes stock-accounting methodotogy 
and tracks TV use and type over time. 

• incorporating shell efficiency coefficients for new construction of muiti-famiiy housing based on 
results from using new building simulation software (REK/I-Design). 

• The addition of several new appliance categories, including: Ceiling fans, coffee makers, 
microwave ovens, spas, security systems, rechargeable electronics, and home audio equipment. 

• Updates to the heating share algorithm for new construction. 
• Updates to the HVAC system choice algorithm for new constmction. 
« Updates to the heating shares and square footage based on new Census Bureau 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 describes 

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 development by providing documentation from which energy analysts can undertake mode) 

enhancements, data updates, and parameter refinements. 

Model Summary 

The NEMS Residential Sector Demand Module is currently used in developing long-temn 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 type, 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 k̂ een archived as part of the NEMS pnDduction njns that 

generate the Annual Energy Outlook 2007 {AEO200Ti 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 module 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 soun:e 

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 sen îce. Second, it Is a 

policy analysis tool that can assess the impacts of changes in energy markets, building and 

equipment technologies, and regulatory initiatives that affect the reskJential 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 equipment stock and equipment efficiency over 

time. 

The module design allows the user to conduct a variety of policy analyses. Technological 

advancement in equipment design and effrclency. 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 shell characteristics can be modified to refiect varying policy options 

for building codes or the impact of energy-efficient mortgages. 

Projected residential fijel 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 pattems of consumption 

and the resulting prices fbr 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 efficiency 

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 

Building Shell Component 

Maximum level of shell integrity 

Price elasticity of shell integrity 

Rate of improvement in existing housing shell integrity 

Cost and efficiency of various building shell measures for new construction 

Distributed Generation Component 

Equipment Cost 

Equipment Efficiency 
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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 (EPACT05) 

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. The 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, distillate, 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 

Clotties Washers 

Lighting (incandescent, fluorescent, torchiere) 

Fuel Cells 

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 Resklential Energy Consumption Sun^ey (RECS) 

performed by EIA (which forms the basis for the Residential Sector Demand Module) and other 

sources are designed to be statistically signiflcant 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 tiie technical constraints of tiie computing system required in order to run the NEMS 

model within a reasonable turnaround time. The key variables in the NEMS Residential Sector 

Demand Module have the following dimensions: 

Census Divisions 

1 New England 

2 Middle Atlantic 

3 East North Central 

4 West North Central 

5 South Atiantic 

6 East South Central 

7 West South Central 

8 Mountain 

9 Pacific 

Housing Types 

1 Single-Family 

2 Multifamily 

3 Mobile Home 

End-Use Services 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Space Heating 

Space Cooling 

Clothes Washers 

Dishwashers 

Water Heating 

Cooking 

Clothes Drying 

Refrigeration 

Freezing 

Lighting 

Color TVs 

Personal Computers 

Furnace Fans 

14 Other Appliances 

15 Secondary Space Heating 

16 Distributed Generation 

Fuels 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Distillate 

LPG 

Natural Gas 

Electricity 

Kerosene 

Wood 

Geothennal 

Coal 

Solar 

Energy Information Administration 
NEMS Residential Demand Module Documentation Report 2007 



Relationship to Other Models 

The Residential Sector Demand Module uses data from the Macroeconomic Activity Module (MAM) 

ofthe 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 generated by the NEMS supply modules previously listed as key drivers to calculate 

operating costs for technology selections, existing building 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 residential sector. 
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3. Model Rationale 

Theoretical Approach 

The NEMS Residential Sector Demand Module is an integrated dynamk; modeling system based on 

accounting principles and residential consumer behavtor issues that generate projections of 

residential sector energy demand, appliance stocks, and market shares. 

The Residential Sector Demand Module is a housing and equipment stock model. The stock of 

households and the corresponding energy consuming equipment are tracked for each year of the 

projection. The housing stock changes each pTOjection year as houses are retired firom the stock and 

new construction is added. The equipment stock changes each projection year as appliarK:es fail and 

are replaced, through increases in the saturation of existing appliances, and as new technologies 

enter the market. A logistic function^ is used to estimate the market shares of competing 

technologies within each service category. Market shares are detennined for new construction 

equipment decisions as welt as for replacement decisions. The Technology Choice Component of 

the module weights the relative installed capital and operating costs of each equipment type to 

allocate the relative market share of the technology within the sen/ice, region, and housing type. This 

approach is implemented in new housing for the sen/ices 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 ovens, spas, security systems, coffee makers, rechargeable 

devices, distributed generation, and miscellaneous equipment choices are modeled based upon 

alternative technology assumptions discussed below. 

Base year infonnation developed from the 2001 RECS data base fomns the foundation of modeling 

changes to the equipment and housing stock over the projection period. Market share information 

fi'om 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 detennines the market 

This function is described in depth in Appendix B. 
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share within a given service. Market shares are also modeled as functions of the conesponding fijel 

prices, expected level of equipment usage, and equipment efficiency characteristics. 

Building shell integrity is also considered in the projection of end-use consumption. Building shell 

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 functk)n of the 

equipment and housing stock, 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 linear 

decay function. 

• The equipment contained in a retiring housing structure is assumed to retire when tiie 

stmcture is removed from the housing stock. Zero salvage value for equipment is assumed. 

• Space heaters, air conditioners, vt^ter heaters, stoves, and clothes dryers 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 ©quipnr̂ ent, and switching cost. 

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

building shell packages. 

• 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.^ 

This assumption is currently under review for AEO 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 assumed to be a 

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 will 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 fijel 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 technotogy in 

multifamily and mobile homes. 

Housing units are removed fi-om the housing stock at a constant rate over time. The survival 

rates for housing stock types are assumed to be 99.7 percent for single-family homes, 99.8 

percent for multi^mily 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 volumetiic size of new construction Is larger than existing homes, 

which increases the heating and cooling loads in new construction, all else equal. 

Energy Information Administration 
NEMS Residervtial Demand Module Documentation Report 2007 11 


