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Executive Summary

There is a pressing need among residential retrofit market stakeholders (homeowners,

contractors, researchers and utility and government program administrators) to understand how
collections, or packages, of retrofit measures affect home energy use. The combined effects of
multiple measures can be significantly different than the effects of individual retrofit measures.

The higher levels of energy savings that are currently being targeted by the Department of
Energy require implementation of multiple measures. It is important that interactions between
measures be considered when determining the costs and benefits of advanced retrofit strategies.
The impacts of these interactions cannot generally be determined using historical data from
retrofit programs that target a single measure. This document provides a reference point that
stakeholders can consult and use to educate themselves about how to most cost effectively
achieve significant energy savings in existing homes. The most immediate audiences are
stakeholders for the Department of Energy’s Better Buildings Neighborhood Program and
Building America program. However, the information is equally useful for others who need an
initial point of reference when choosing between myriad retrofit options for meeting their own
cost and energy savings needs.

This document presents a simple starting point to determine the most cost-effective Energy
Savings Measure Packages (ESMP) for existing homes to achieve 15% and 30% savings in 37
locations across the United States. These packages are optimized for minimum cost to
homeowners for known source energy savings given the local energy cost, climate and prevalent
building characteristics (i.e. foundation types). To provide consistency among grantees, the
reference home for each retrofit energy savings optimization is based on the definition provided
by NREL (Polly et al 2011). Details on the reference houses for Mixed Fuel and All Electric
houses are provided in Table 2 and Table 5 respectively.

The information in the tables was developed using state-of-the-art building energy simulation
software, BEopt (Building Energy Optimization) (Christensen et al 2006) and reflects advanced
energy models for a variety of retrofit measures. Climate-related details that are provided in
Table 2 and Table 5 provide details on the reference buildings and measures that were enabled in
the optimizations. Summary tables for the 15% and 30% packages are provided in Tables 3 and 4
(Mixed Fuel Prototype) and Tables 6 and 7 (All Electric Prototype). Additionally, summary
tables sorted by Building America Climate Zones are provided for the 15% and 30% packages
for both the Mixed Fuel and All Electric Prototypes in Tables 8 through 11.

Optimum retrofit packages for higher energy savings levels are also provided in the Appendix
for each location, of up to 60% savings in some instances. The analysis period is 30 years with
an inflation rate and discount rate of 3%. The retrofit measure capital costs are financed via a
five-year loan at an interest rate of 7%. All measure costs are assumed to be installed capital
costs taken from NREL’s National Residential Efficiency Measures Database (NREL 2011).
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Summary of Climate, Fuel Costs, and Reference Building Characteristics that Change with Location

HDD cbD Electricity Rate Gas Rate . Ceiling R-value
Grantee (65°F) (65°F) | BAZONE | IECC ZONE p /kV\)IIh) ($ftherm] Foundation Type (ftz-hg-l"F Btu)
Austin, Texas 1699 2946 Hot-Humid 2A $ 0.12 $ 1.07 Slab 11
Bainbridge Island, Washington 4257 214 Marine 4C $ 007 |$ 1.22 Vented crawlspace, 4 ft 11
Bedford, New York 5272 599 Mixed-Humid 4A $ 0.09 |$ 1.18 Vented crawlspace, 4 ft 11
Boulder County, Colorado 5664 984 Cold 5B $ 0.11 $ 1.08 | Unfinished basement, 8 ft 19
California 1198 435 Hot-Dry 3B $ 012 | $ 0.81 Slab 11
Camden, New Jersey 4710 1260 | Mixed-Humid 4A $ 009 |$ 1.18 | Vented crawlspace, 4 ft 11
Chicago, lllinois 6206 943 Cold 5A $ 0.11 $ 1.08 | Unfinished Basement, 8 ft 19
Cincinnati, Ohio 4815 1072 Mixed-Humid 4A $ 0.09 $ 1.18 Vented crawlspace, 4 ft 1
Connecticut 5792 795 Cold 5A $ 0.11 $ 1.08 | Unfinished basement, 8 ft 19
Eagle County, Colorado 7905 167 Cold 6B $ 0.11 $ 1.08 | Unfinished Basement, 8 ft 19
Greensboro, North Carolina 3780 1427 | Mixed-Humid 4A $ 0.09 |$ 1.18 | Vented crawlspace, 4 ft 11
Indianapolis, Indiana 5709 1146 Cold 5A $ 011 | $ 1.08 | Unfinished basement, 8 ft 19
Kansas City, Missouri 4210 2046 | Mixed-Humid 4A $ 0.09 |$ 1.18 Vented crawlspace, 4 ft 11
Las Vegas, Nevada 1234 1904 Hot-Dry 3B $ 012 | $ 0.81 Slab 11
Lowell, Massachusetts 5808 660 Cold 5A $ 0.11 $ 1.08 | Unfinished basement, 8 ft 19
Madison, Wisconsin 7479 729 Cold 6A $ 011 | $ 1.08 | Unfinished basement, 8 ft 19
Maine 7390 396 Cold 6A $ 0.11 $ 1.08 | Unfinished basement, 8 ft 19
Maryland 4492 1346 | Mixed-Humid 4A $ 0.09 |$ 1.18 Vented crawlspace, 4 ft 11
Michigan 6105 999 Cold 5A $ 0.11 $ 1.08 | Unfinished basement, 8 ft 19
Missouri 5176 1287 | Mixed-Humid 4A $ 0.09 $ 1.18 Vented crawlspace, 4 ft 11
New Hampshire 8503 172 Cold 6A $ 0.11 $ 1.08 | Unfinished basement, 8 ft 19
New York 6516 595 Cold 5A $ 0.11 $ 1.08 | Unfinished basement, 8 ft 19
Omaha, Nebraska 6168 1294 Cold 5A $ 0.11 $ 1.08 | Unfinished basement, 8 ft 19
Oregon 4158 370 Marine 4C $ 007 | $ 1.22 | Vented crawlspace, 4 ft 11
Philadelphia, Pennsylvania 4710 1260 | Mixed-Humid 4A $ 0.09 |$ 1.18 Vented crawlspace, 4 ft 11
Phoenix, Arizona 4822 1009 Hot-Dry 2B $ 0.12 $ 0.81 Slab 1
Reno, Nevada 2989 462 Cold 5B $ 012 | $ 0.81 Slab 11
Riley County, Kansas 4402 1695 | Mixed-Humid 4A $ 009 |$ 1.18 | Vented Crawlspace, 4 ft 11
San Antonio, Texas 1479 3051 Hot-Humid 2A $ 0.12 $ 1.07 Slab 11
Santa Barbara County, California 2269 126 Marine 3C $ 007 |$ 1.22 Slab 11
Seattle, Washington 4257 214 Marine 4C $ 0.07 |$ 1.22 | Vented crawlspace, 4 ft 11
Southeast Community Consortium 2746 1863 | Mixed-Humid 3A $ 009 |$ 1.18 Vented crawlspace, 4 ft 11
St. Lucie, Florida 684 3074 Hot-Humid 2A $ 012 | $ 1.07 Slab 11
Toledo, Ohio 6307 705 Cold 5A $ 0.11 $ 1.08 | Unfinished basement, 8 ft 19
Uniontown, Pennsylvania 5707 829 Cold 5A $ 0.11 $ 1.08 | Unfinished basement, 8 ft 19
University Park, Maryland 4516 1247 | Mixed-Humid 4A $ 0.09 |$ 1.18 Vented crawlspace, 4 ft 11
West Rutland, Vermont 7336 570 Cold 6A $ 011 | $ 1.08 | Unfinished basement, 8 ft 19
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Mixed Fuel Prototype
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Table 2. Summary of Reference Building for Mixed Fuel Prototype With Retrofit Options Considered in Optimizations
CRetroflt Reference Condition Retrofit Options Modeled
ategory
E:::'::t:‘t’“ - Uninsulated R-5 rigid, 4 ft R-10 rigid, 4 ft R-5 Rigid, 8 ft R-10 rigid, 8 ft R-15rigid, 8 ft | R-20 rigid, 8 ft
Single pane Double pane Double pane Double pane Double pane Triple pane Quad pane
Windows (U =0.869, (U=0.285, (U =0.285, (U=0.298, (U =0.325, (U=0.257, (U=0.197,
SHGC = 0.619) SHGC = 0.266) SHGC = 0.295) SHGC = 0.417) SHGC = 0.511) SHGC =0.345) | SHGC =0.324)
Ducts Leaky, uninsulated Leaky, R-6 Leaky, R-8 Typical, uninsulated Typical, R-6 Typical, R-8
Foundation — Uninsulated R-5 rigid R-10 rigid R-15 rigid R-20 rigid
crawlspace wall
R-19 Climate Zone 5
Unfinished attic I EL L R-38 R-49 R-60 - - -

Water heater

Foundation —
slab

Infiltration
Lighting

Air conditioner
Exterior walls
Refrigerator
Dishwasher
Clothes washer
Furnace

Hot water pipes

R-11 for all other
climate zones

Gas, tank,
EF = 0.59

Uninsulated

19 ACH @ 50 Pa
20% CFL
SEER 10

Uninsulated

Standard
(480 kWhlyr)

Standard

Standard
(1.41 MEF)

Gas, AFUE 78%

Uninsulated

Gas, tank, EF = 0.67

R-5 rigid, 2 ft
15 ACH @ 50Pa
40% CFL
SEER 13

R-13

ENERGY STAR®
(374 kWhiyr)

ENERGY STAR

ENERGY STAR
(2.47 MEF)

Gas, AFUE 92.5%

R-2

Gas, tankless,
EF =0.82

R-10 rigid, 2 ft
10 ACH @ 50Pa

60% CFL
SEER 15

Gas, tankless,
condensing,
EF = 0.96
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Table 3.

ENERGY

U.5. DEPARTMENT OF

15% Energy Savings
Retrofit Packages

X

XX XXX X|X[X| X X|X[X| X X|X[X X|X|X| X X|X|X|X|X[X|X|X|X[|[X|X|X|X|X]|X]|X|X
X | X| XX

X

fill from uninsulated to

R-13

Basement: Insulate wall
from uninsulated to R-5,
4 ft

Ducts: Insulate with R-6
DHW: Replace with gas

Insulate with R-5 rigid
tankless

Infiltration: Air seal
19 ACH @ 50 Pato 10
ACH @ 50 Pa

Exterior wall: Drill and
from

Lighting: 60% CFL

replacement
Crawlspace wall:
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Table 4. Summary of 30% Energy Savings Retrofit Packages for Mixed Fuel Prototypes. Measures are organized with the most
cost-effective on top

30% Energy Savings
Retrofit Packages

Indianapolis, Indiana

> |Santa Barbara County, California
> |Southeast Community Consortium

= |Seattle, Washington

>< |St. Lucie, Florida

< [Toledo, Ohio

> |Uniontown, Pennsylvania
> |University Park, Maryland

Lighting: Replace 60%
fluorescent, hardwired
Exterior wall: Drill and
fill from uninsulated to
R-13

Infiltration: Air seal
from 19 ACH @ 50 Pa to X X X | X X | X X XX | X | X | X | X | X | X|X|X X X X | X X | X | X
15 ACH @ 50 Pa
Ducts: Insulate from

uninsulated to R-6 X XX X XX X X XX XX
Crawlspace: Insulate
wall from uninsulated to X | X X X X X X X X | X X X | X X
R-5

> |Austin, Texas

> |Bainbridge Island, Washington
> |Bedford, New York

=< |Boulder County, Colorado
> |California

> |Camden, New Jersey

> |Chicago, lllinois

> |Cincinnati, Ohio

> |Connecticut

=< |Eagle County, Colorado

< |Greensboro, North Carolina
=< |Kansas City, Missouri

=< |Las Vegas, Nevada

> |Lowell, Massachusetts

=< |Madison, Wisconsin

> |Maine

= |Mary|and

> |Michigan

> |Missouri

> |New Hampshire

> |New York

> |Omaha, Nebraska

> |Oregon

> |Philadelphia, Pennsylvania
< |Phoenix, Arizona

< |Reno, Nevada

=< |Riley County, Kansas

> |San Antonio, Texas

<

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>

Ceiling: insulate to R-38
Basement: Insulate wall
from uninsulated to R-5, X X X | X X X X X X X | X
4 ft
Ducts: Seal and insulate X X
from uninsulated to R-6
Clothes washer: Install
ENERGY STAR X
DHW: Replace with gas
tankless

Basement wall: Insulate X x | x
with R-10 rigid (4 ft)
Ducts: Seal to 15%
leakage and insulate X
with R-8

< |West Rutland, Vermont

>
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All Electric Prototype

Table 5.

Summary of Reference Building for All Electric Prototype With the Retrofit Options Included in Optimizations

Retrofit Category

Reference Condition

Retrofit Options Modeled

Foundation — basement, 8 ft, wall

Windows

Ducts

Foundation — crawlspace, wall

Unfinished attic

Foundation - slab
Infiltration
Lighting

Air conditioner
Exterior walls
Refrigerator
Dishwasher
Clothes washer
Furnace

Water heater

Hot water pipes

Uninsulated

Single pane
(U =10.869, SHGC = 0.619)

Leaky, Uninsulated

Uninsulated

R-19 Climate Zone 5 and
above; R-11 for all other
climate zones

Uninsulated
19 ACH @ 50 Pa
20% CFL
SEER 10

Uninsulated

Standard
(480 kWhlyr)

Standard
Standard (1.41 MEF)

Electric

Electric tank,
EF = 0.92

Uninsulated

R-5 rigid, 4 ft

Double pane
(U =0.285,
SHGC = 0.266)

Leaky, R-6
R-5 rigid

R-38

R-5 rigid, 2 ft
15 ACH @ 50 Pa
40% CFL
SEER 13

R-13

ENERGY STAR
(374kWhyr)

ENERGY STAR

ENERGY STAR
(2.47 MEF)

None

Electric tank,
EF =0.95

R-2

R-10 rigid, 4 ft

Double pane
(U =0.285,
SHGC = 0.295)

Leaky, R-8
R-10 Rigid

R-49

R-10 Rigid, 2 ft
10 ACH @ 50 Pa
60% CFL
SEER 15

R-5 rigid, 8 ft
Double pane
(U =0.298,
SHGC =0.417)
Typical,
uninsulated

R-15 rigid

R-60

R-10 rigid, 8 ft

Double pane
(U =0.325,
SHGC = 0.511)

Typical, R-6
R-20 rigid

R-15 rigid, 8 ft

Triple pane
(U =0.257,
SHGC = 0.345)

Typical, R-8

R-20 rigid, 8 ft

Quad pane
(U=0.197,
SHGC = 0.324)
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Summary of 15% Energy Savings Retrofit Packages for All Electric Prototypes. Measures are organized with the most

Energy Efficiency &
Renewable Energy

Table 6.

ENERGY

U.5. DEPARTMENT OF

15% Energy Savings
Retrofit Packages - All
Electric Homes

XX XXX X[X]|X|X[X]X|X|X]|X|X]|X]|X|X]X]|X

XIX|X| XXX X|X|X|X|X[X|X|X|X|X| X X|X|X|X|X[X|X|X|X|X|X|X|X|X|X|X[|[X]|X|X|X
XXX X|X| X| X|X|X|X|X[X[|X|X|X

Lighting: Replace 60%
fluorescent, hardwired
fill from uninsulated to

R-13
wall from uninsulated

to R-5, 4 ft
from 19 ACH @ 50 Pa

Infiltration: Air seal
to

Exterior wall: Drill and
Basement: Insulate
15 ACH @ 50 Pa




U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

Table 7. Summary of 30% Energy Savings Retrofit Packages for All Electric Prototypes. Measures are organized with the most
cost-effective on top

£

B 3

c £ t

2 S 8

L

g’ [} 2 © % =

Z -] 3 £ S S o2
® oo © (S] c

8 5 S| s = £ 2 u, > 2 s 3

- - - —
30% Energy Savings = .| q:f 5 ‘_‘-:’ e 3 cl2E Z»‘ Sl oS s|< = E‘
Retrofit Packages - All 3|59 | § o|E|S|a|g| 2 2 8 £l SI%2|8 Ele 2l=
Electric Homes s[> 2 282 HMEIEEIHEE o 0 &5 ol X|F Clgl g B3
AEIHE §|£|0|x|2|sla 222 £l |5 R IR A IR
3/8(2|8|<|2|5|5/28|5 5|35 5|4 82 8 .2 |5/< §|5/E/e|sl55 5|5z
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clE sl =|lo|lOe|o el e8| Bl o|l=|9 s o 2 © c| <ol & g/ e|lo|ole| &
':'2-22-2'58'3=25§w>0.£2538:>’ﬁ%gw0>.<E:=£3'°§g
w|lE|T|3|E=E|E|L|8|lcs|Dl o|ls5|/cs|w 3|TB|= ol ol 3|3 ol=|olc|a|lc|Elw|3 L =
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West Rutland, Vermont

Lighting: Replace 60%
fluorescent, hardwired

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

Exterior Wall: Drill and
fill from uninsulated to
R-13

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

Infiltration: Air seal from
19 ACH @ 50 Pa to X | X X | X|X| X| X X X| X|X| X| X X | X| X X X| X| X
15 ACH @ 50 Pa

Ducts: Insulate from
uninsulated to R-6 X R X X X X

Crawlspace: Insulate
wall from uninsulated to X X X X X X X X | X X X[ X| X X
R-5

Ceiling: Insulate to R-38 X X X X| X X | X | X|X X X| X| X|X|X]|X X | X| X|X|X

Basement: Insulate wall
from uninsulated to R-5, X X X | X X| X X X X| X X X | X
4 ft

Ducts: Insulate from
uninsulated to R-6 and X X
air seal

Clothes washer: Install X
ENERGY STAR

Infiltration: Air seal from
19 ACH @ 50 Pa to 10 X X
ACH @ 50 Pa
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EN ERGY Renewable Energy

Table 8. Summary of 15% Energy Savings Retrofit Packages for Mixed Fuel Prototypes sorted by BA Climate Zone. Measures are
organized with the most cost-effective on top

BA Climate Zone Marine Mixed-Humid
o g
§ § s
o = o © 2
< © = = S| o
= o S olc
@ = [ g =
I . W = > 8l Slo 2>
15% Energy Savings Retrofit Packages — ®© = 5/5|«|3 et 3 2 3 € s
Mixed Fuel Homes § © g 8558 ,% 3 cl§ E=
3|5 & ol E(%|2|2|2|3 o X E ¥
Z N (2] 5 @ 2 o) | - - 2R ®
L= = T Glol2 ol> S 2 0 a
g | < [ = = z Z| |5 |E c € =
o ® =) © I =|gE|8|0 - 862 a2
c DX ° N 5B 5 cl B o 513 8%
E o c = gl2lolc|2|g 3|8|lo|o|2
S|> |5 S g = 6 T E & o £ 0
£, o IS €t ® 5 E S|l 2123352
T © | £ © G o 0 & |2 2IE|=|0|<c
O a o o w N oo 00|X =0 X w >

Exterior wall: Drill and fill from uninsulated
to R-13

Infiltration: Air seal from
19 ACH @ 50 Pa to 10 ACH @ 50 Pa

Ducts: Insulate with R-6
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Table 9. Summary of 30% Energy Savings Retrofit Packages for Mixed Fuel Prototypes sorted by BA Climate Zone. Measures are
organized with the most cost-effective on top

BA Climate Zone Marine Mixed-Humid

o g
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30% Energy Savings Retrofit Packages — ®© = 5/5|«|3 et 3 2 3 € s
Mixed Fuel Homes § © g 8558 ,% 3 cl§ E=
3|5 © ke = 2|2 a X E¥
Z | N n S5l Ol ~| < - Q| ©
= = S % 2 sl= 8 20 |a

o | < [} 2 = z Z =158 £|5|w
28 % g _ 8 28|80 |=||8|3|8|2
£ o £ = Dg P e c e85 3800 ?
L >0 2 EEQ°-55w§88>.£“’
A 2558|5225 52 =8 3|2
O a o o » n mno o0 = =0 xon D

!ﬂ!ﬂ!ﬂ!ﬂ!ﬂ!ﬂ!ﬂ!ﬂﬂmﬂ XXX xRk

7 B

nnnnllllnlllnnnlnllnnlllnllllllllllll
| i 7 7

ﬂﬂﬂlﬂﬂmI:II:Iﬂﬂﬂmnnllﬂﬂﬂlmllllllllllll

DHW: Replace with g trkoes IﬂﬂlﬂﬂIIIIIIIIIIﬂllﬂﬂﬂllﬂllllllllllﬂl

Ducts: Seal to 15% leakage and insulate with
R-8
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Table 10. Summary of 15% Energy Savings Retrofit Packages for All Electric Prototypes sorted by BA Climate Zone. Measures are
organized with the most cost-effective on top

BA Climate Zone Marine Mixed-Humid
o £
5§ § 5

=

5 s g s
£l |8 = =l |s|=
! 5 § S
. . c |2 > 8= %.m,i‘}
15% Energy Savings Retrofit Packages — © = |55/«8 |23 23S s
All Electric Homes 8o I 83553858 SSE=
25 © ol S| 'QZ§ QX[ E ¥
Z N ® =5 235 3 MRS
N 2 |gle 520 g g 20
B o D o 2> 3= o
@ < o |2|2(=z|Z| 5 5|E c S«
© O > 5= - 2190 s 3|0 2
= o X ° m o S 8Q < Q| ® G
E0E = g 20 ciea 2Ol 2
oS> o S ©l= 9 TE S5 S BlolS| o
= - AT ue ol 0 T > S
582 SE5888ce5582 03¢
=208k 00w hadlo 6y T &ln>

Exterior wall: Drill and fill from uninsulated to R-13 nnnnnnlnnnnnnnnlnnnnnn

Infiltration: Air seal from 19 ACH @ 50 Pa to
15 ACH @ 50 Pa
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EN ERGY Renewable Energy

Table 11. Summary of 30% Energy Savings Retrofit Packages for All Electric Prototypes sorted by BA Climate Zone. Measures are
organized with the most cost-effective on top

BA Climate Zone Marine Mixed-Humid

IS
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2 = 2 & 55
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[0 2 o o IS
. . S |2 > 8= S 0l2 >
30% Energy Savings Retrofit Packages — = |55« 8 232 23S
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c DX S cm 4505 cad o 23 %
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Inflltratlon Air seal from 19 ACH @ 50 Pa to 10 ACH @ 50 Pa
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Appendix: National Pathways Analysis - Detailed Cost and
Performance Results for All Locations, Measures, and
Performance Levels

The following graphs describe optimal retrofit packages for locations across the United States.
The tables describe these packages according to increasing source energy savings. The average
annual dollar savings to the homeowner is also included; this dollar savings represents the
average annual net savings including utility bill savings due to lower energy bills and the
additional costs associated with paying for the retrofit measures. A positive number represents
net savings to the homeowner relative to not implementing any of the measures; a negative
number represents a net cost. Two levels of energy savings are highlighted, 15% and 30%, which
are the goals for the Better Buildings Neighborhood Program and Building America programs,
respectively.

The graphs show the average annual dollar savings to the homeowner for each level of energy
savings. All simulations performed in BEopt appear in the graph as points. Each point represents
a different package of energy savings measures. The dark line shows the package that saves the
homeowner the most money for a given level of energy savings. Retrofit packages on this line
represent the optimal path to achieving cost effective energy savings. Each optimal retrofit
package is shown in the corresponding table.
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262
283
323
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318
314
309
296
283
264
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41
42
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44
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45
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Austin,Texas (Mixed Fuel)

400

300

(2011 %)

200

Average Annual Savings

100

0 10 20 30 40 50
Average Source Energy Savings (%)

O - Denotes an optimal retrofit package and is included in summary table above.
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Average Annual Savings
(2011 %)

1000

750

500

250

Austin, Texas (All Electric)

20 30 40 50
Average Source Energy Savings (%)

O - Denotes an optimal retrofit package and is included in summary table above.
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Average Annual Savings

(2011 $)
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Bainbridge Island, Washington (Mixed Fuel)

20 30 40 50
Average Source Energy Savings (%)

O - Denotes an optimal retrofit package and is included in summary table above.
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Bainbridge Island, Washington (All Electric)
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1000
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Average Annual Savings
(2011 %)

250

Bainbridge Island, Washington (All Electric)

10 20 30 40 50 60 70
Average Source Energy Savings (%)

O - Denotes an optimal retrofit package and is included in summary table above.
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Bedford, New York (Mixed Fuel)
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Average Source Energy Savings (%)

O - Denotes an optimal retrofit package and is included in summary table above.
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1500

1000

(2011 $)

500

Average Annual Savings

Bedford, New York (All Electric)

0 10 20 30 40 50 60 70

Average Source Energy Savings (%)
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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U.S. DEPARTMENT OF Energy Efﬁciency &
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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U.S. DEPARTMENT OF Energy Efﬁciency &
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O - Denotes an optimal retrofit package and is included in summary table above.
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U.S. DEPARTMENT OF Energy Efﬁciency &
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.

78



1ybBiay 3094 g ‘pIBIY G-y 0 d)eInsu| :||eM Judwiaseq

09-Y 03 ajejnsuj :Buyje)

6v-d 03 je|nsu| :Buied

abeyeaT J1y ul uondnpay %0p :Buljeag iy

JeygABiaug ypm asejday :1aysep sayjolD

99OHS PIS ‘@-MoT ‘aued ajgnog YHm ase|day :SMOPUIA

9-y 0} aje|nsuy| :syonqg

WB1aY 1994 p ‘PIBIY 01-Y 0} djeINSU :|leM Judwaseg

8¢-y 03 aje|nsu| :bupie)

abeyeaT Jly ul uolyonpay %,0¢ :Buljeag Jy

€1-4 03 |14 PUE ||1IQ :S|[BM J0119}XT

PIBIY GY WP O3 SjeINsu| (|lep Jusweseg

149 ynm sqing jo %09 adejday :BunybI

Average Annual
Savings
(2011 $)

Energy Savings Levels

Annual Source
Energy Savings
(%)

Energy Efficiency &
Renewable Energy

Maine (All Electric)

ENERGY

U.5. DEPARTMENT OF

79

X
X

984
1010
1135
1156
1191
1203
1209
1252

24
27
33
34
36
M
42
45
46
47
52




U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Average Annual Savings

(2011 $)

2000

1800

1600

1400

1200

1000

800

600

400

200

Maine (All Electric)

20 30 40 50 60
Average Source Energy Savings (%)

O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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U.S. DEPARTMENT OF Energy Efﬁciency &
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O - Denotes an optimal retrofit package and is included in summary table above.

120



UVLS ADYINT yum aodejday :iojesabryay

aued penp yjm asejday :SMOpUIM

0Z-Y Y}IM aje|nsu] :||lep aoedsimeld

uonoNpaYy %0% :uonenyu|

(43 96°0) Buisuapuo) ssapjue] seo ||ejsu] :19)edH I19)ep

09-Y 0} | 1-Y wouy djeinsu] :Buijpd

67~ 0} |1-y wouy ajejnsu] :Buiped

9- 0} aje|nsuj :syong

99HS plepue)s ‘a-mo ‘aued ajgnoq Yjim asejday :SMOpUIp

VLS ADYINIT ynm aoe|day :19yseM Say3o|9

GL-Y Y}m aje|nsuj :|jep, @oedsimel

99HS ybiy ‘o-mo ‘aued ajqnoqg yYim aose|day :SMopuipy

01-Y Y}IM aje|nsuj :||ep 9oedsimeld

(43 28°0) ssapjueL seo |jeysu] :1a)eay Jajep

uoRoONpaY %0z :uonenyu|

8€-Y 0} |1-Y wouy ajejnsuy :Buied

£1-Y 0} paje|nsulun Wwouy |14 PUe [|1IQ :S|[eM 10133XT

G-¥ Yum aje|nsu| :||lep aoedsimel)d

149 ynm sqing jo %09 adejday :BunybI

Energy Efficiency &
Renewable Energy

Average Annual
Savings
(2011 $)

Energy Savings Levels

Average Source
Energy Savings
(%)

Riley County, Kansas (Mixed Fuel)

ENERGY

U.5. DEPARTMENT OF

121

423
440
445
450
450
448
448
438
438
429
423
407
373
366
333
314

36
38
39
45
45
46
46
47
47
48
49
49
51
51
52
52




U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

Riley County, Kansas (Mixed Fuel)

500

400

300

(2011 $)

200

Average Annual Savings

100

0 10 20 30 40 50 60

Average Source Energy Savings (%)

O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.

144

50



Buisuspuo) ‘ssapjue] seo) yym aoe|day :iajeaH J9)eM JOH

se9 ‘%5'Z6 INJV Upm ade|day :adeulny

abeyean Jiy ul uonyonpay %0y :Buljeag 1y

09-Y 03 8je|nsu| :buiie)

6¥- 03 8je|nsu| :Buiie)

1eygABiaug yum aosejday :1aysep sayjol

W18y 399y ¢ ‘PIBIY 0L-Y O3 9Je[NSU| :[[ep Juswaseq

99HS YbiY ‘@-moT ‘aued ajgnoq Yyum ase|day :SMOPUIN

ssapjue] seo yym aoe|day :iajeaH J9)eM JOH

9-y 0} 8je|nsu| :s3onq

g¢-y 03 ajejnsu| :Buie) x

abeyea Uy ul uoldNpay %0z :Buljess ary x|

€1-Y 01 |ild pue |j1IQq :S||eM JoLi9)x] x| X

PIBIY GY WY O} djeNSU] :|[eM Juswaseg| x [ x| x

749 yim sqing Jo %09 aoejday :Bunybiyx X x| x

145

363
390
391
391
386
364
318
304

©
W >
= 2
a c 5
= An1 0 NS
a S = 0 |
=l D59 e
w S
=T g
= <
™
)
w o
5 s
£ 38
o ™| o
a ﬂ.nW\ i UMY
| = =<
[T =
S c
<

Energy Efficiency &
Renewable Energy

Toledo, Ohio (Mixed Fuel)

ENERGY

U.5. DEPARTMENT OF

33
38
39
40
41
44
47
48




U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Average Annual Savings

(2011 $)

500

400

300

200

100

Toledo, Ohio (Mixed Fuel)

20 30 40 50
Average Source Energy Savings (%)

O - Denotes an optimal retrofit package and is included in summary table above.
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O - Denotes an optimal retrofit package and is included in summary table above.
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