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FOREWORD 

In previous years of low-cost energy, many demand
side management (DSM) technologies simply were 
not cost effective. Today, however, with rising energy 
prices and the mandate to conserve, utility DSM 
programs and advanced energy-efficient technologies 
offer utilities significant opportunity for economic 
means to reduce operating costs and shift or defer 
load growth. Furthermore, recent developments in 
DSM technologies have improved energy quality and 
reduced customer maintenance costs. 

This series of guidebooks is intended as a tool for 
utility personnel involved in DSM programs and 
services. Both the novice and the DSM expert can 
benefit from the information compiled. 

Efficient energy utilization through DSM applications 
helps Western meet one of its primary objec
tives-elimination of wasteful energy practices and 
adoption of conservation programs that meet 
customer needs in an era of diminished resources 
and increased environmental concerns. 
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PREFACE TO ntE 
DSM POCKET GUIDEBOOK 

• INTRODUcnON
It has been estimated that if electricity were used more 
efficiently with commercially available end-use 
technologies, 24%-44% of the nation's current demand 
for electricny could be eliminated. Almost all major 
electric utilities in the west are investigating such 
demand-side management (DSM) opportunities. In 
some service territories, for example, improved 
efficiency could soon produce as much power as that 
from new coal-fired plants (Figure P-1) and produce it at 
a lower cost (Figure P-2). Even utilities that currently 
have excess capacny are finding that DSM offers an 
opportunHy to build efficient end-use stock to help them 
meet their future load shape objectives. 
Utilny DSM programs typically consist of several 
measures designed to modify the utility's load shape (lor 
example, innovative rate structures, direct utility control 
of loads, promotion of energy-efficient technologies, and 
cus.tomer education). The coordinated implementation of 
such measures requires planning, analysis of options, 
engineering, marketing, monitoring, and other 
coordination activities (Figure P-3). This guidebook
addresses one facet of an overall DSM program: 
selection of end-use technologies within the electrical 
utilnies . 

• TECHNOLOGY SELEcnON 
All facets of a utility's DSM program, including 
technology selection, must be planned with the utility's 
overall objectives in mind. Selected technologies must 
make the utility better able to serve its customers by 
providing low-cost reliable power. Yet the utility must 
also be able to recover ns fixed and operating costs. In 
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Volume 1-Summary Report" (Nov. 1989). 
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DSM TECHNOLOGY 
ALTERNATIVES 

• Residential 

• Commercial 

• Industrial 

• Agricultural 

Evaluating & selecting · 
alternatives 

Customer 
acceptance 

Customer 
response 

Load shape 
impacts 

Other 
impacts 

Figure P·3. DSM technology alternatives-position In the 
overall DSM program process. Source: Electric Power 
Research Institute, "DSM Technology Alternatives," 
EPRI EM-5457 (Oct. 1987). 
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practice, this usually means that the technology must 
provide the same or expanded cost-effective energy 
service to the customer while also smoothing out the 
utiltty's load curve �d delaying the need for additional 
power plants. This guidebook directly addresses these 
requirements by estimating the simple payback (to the 
end user) for energy-efficient end-use technologies and 
their impacts on the utility's load curve. 
A number of additional factors must be considered in 
technology selection. Primary among these are 
customer acceptance of different end-use technologies, 
the type of marketing effort required to promote each, 
and the potential impact on the utility's revenues. These 
are not addressed in this guidebook . 

• INTENDED AUDIENCE 
. This guidebook is intended to be a quick reference
source both for utilny field representatives in their 
customer interactions and for utilny planners in the early 
stages of developing a DSM program. It is designed to 
allow a quick screening of commercially available 
electric end-use technologies with emphasis on the 
residential, commercial, alld agricuRural sectors. Only a 
limtted number of technologies applicable to industrial 
processing (motors, adjustable-speed drives) are 
included because industrial customers usually are better 
informed about their energy options, they have more 
resources and incentive to investigate such options in 
detail, and the full range of industrial processes is 
beyond the scope of this guidebook. 
Finally, this guidebook is directed primarily at small 
municipal utilities and rural electric cooperatives within 
the Western Area Power Administration (Western) 
service area (see Figure P-4). Large utilities with more 
abundant resources may find the guidebook useful as 
only a starting point. Their technology selection process 
will undoubtedly also include review of other source 
documents and detailed system and engineering 
analyses of the options. 
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• METHODOLOGY/DATA
For each technology the guidebook presents a short 
numbered "technology brief"-text that describes the
option, its relevant applications, an� ns potential impact 
on the utility's load duration curve. Each brief also 
includes a summary table (usually not specifically 
referred to by number) wnh quantnative estimates of 
initial costs, energy savings, and simple payback to the 
customer. All costs are expressed in 1990 dollars. For 
most technologies, capHal cost and energy savings are 
estimated for one or more energy-efficient options and 
a reference case-usually an electric technology. 

Where sufficient data exist, payback (to the end user) 
for the energy-efficient option is also compared to that 
for the reference case. Payback is determined by 
dividing the capital cost (incremental over the reference 
case) by the annual dollar savings (relative to the 
reference case). For simplicny, regional utility variations 
in electricHy prices are ignored; the payback calculations 
use electricity prices of $0.08A<Wh, $0.07/kWh, artd 
$0.07A<Wh in the residential, commercial, and 
agricuHural sectors, respectively. To estimate payback 
using actual local electricity prices, multiply the payback 
by actual electricity price in dollars per kilowatt 
hour/assumed electricity price in dollars per kilowatt 
hour. For technologies such as replacement windows or 
insulation in which payback varies based on the climate, 
a payback range is given or the energy savings and 
payback are calculated for more than one climate. 

Demand charges generally are not included in the 
payback calculations, because demand rates and 
possible reductions vary widely by region and utility, and 
for most of the options demand savings is small. For 
those technologies that have a large impact on demand 
(e.g., commercial building cool storage), a range of 
demand savings is presented and included in the 
payback calculations. 

In almost all cases, the quantitative estimates of costs 
and energy savings have been taken from existing 
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literature, including documentation of completed utility 
DSM programs, field studies and experiments, 
manufacturers' data, laboratory experiments, and 
computer simulation and analysis. The sources used 
varied depending primarily on the availability of data and 
the complexity of the technology. For example, 
manufacturers' data were used for several cost 
estimates, but only rarely for performance estimates, 
and then only in conjunction with data from field studies 
or simulations. On the other hand, for more complex 
technologies such as passive solar home design, the 
data were drawn from field studies and simulations to 
capture all the interactions that occur between building 
components and the local climate. 

As might be expected, co� and performance values 
drawn from different sources are frequently inconsistent. 
(The reasons for such variations and the resulting 
uncertainties in the guidebook data are addressed later 
in this preface.) To reconcile such inconsistencies, the 
reports were first examined in detail and, in many 
cases, their authors contacted to identify the higher
quality studies and/or reasonable causes for the 
differences. For some technologies, we eliminated 
conflicting sou'rces, either because the system or 
climate was not like the one being described in the 
guidebook, or because one analysis was clearly 
superior. If no clear distinction could be made between 
the analyses, the guidebook presents either a range of 
values or an average value. 

Because of the condensed nature of this guidebook and 
our desire to keep it simple, we have provided only 
lim�ed references for the source materials and 
computations. The guidebook is not intended to 
substitute for a detailed analysis, but rather to point the 
reader toward those technologies most likely to benefit 
both the end user and the util�y. For more details, the 
reader should consult the references (in sections titled 
•for More Information") at the end of each brief. 
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• DATA VARIABIUTY AND UNCERTAINTY 
A problem with guidebooks fike this is that the data can 
at best present only a simple overview of each 
technology. Yet hundreds of volumes have been written 
describing the application of these technologies. 
Consequently, the cost and performance estimates 
presented here should be used with a clear
understanding of the sources of variability and 
uncertainty. 
Variations in performance occur whh climate and with 
the technology's design and configuration, the system 
within which h is applied, and the way h is used. Cost 
varies with the quality or brand of an individual 
component, the size (e.g., cost per ton for large 
commercial air condhioning systems is less than for 
small unitary systems), the quantny ordered (e.g., cost 
per lamp for a major commercial retrofit will be less than 
the retail purchase price of a single lamp), and/or the 
time of purchase (inflation and technological 
improvements change costs over time). Generally, the 
only variation quantified in this guidebook is the range 
in performance with different climatic conditions. 
Similarly, there are significant sources of uncertainty in 
the cost and performance data. The uncertainties, which 
largely result from drawing cost and performance 
statistics from a number of different sources, include 
I Lack of complete documentation of the

assumptions, data, and methods used in many of 
the studies 

I Lack of statistically valid generalizations because
of small sample sizes (i.e., results in the referenced 
studies are frequently based on only a few 
applications or systems) 

I Reference study results based on simulations and
limhed testing, not field testing 

I The use of multiple studies or sources for the cost
and performance values of a single technology. 
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Where possible, we have avoided such problems by 
identifying excellent sources. However, as might be 
expected, we are more confident of some of the results 
than others. Thus for many technologies, we have 
included a rough measure (high, medium, low) of our 
confidence and the extent of the data variability and 
uncertainty. We exped that future revisions of this 
guidebook will provide the opportunity to reduce some 
of these uncertainties . 

• ORGANIZATION AND USE 

OF THE GUIDEBOOK 
The guidebook consists of ttiree pocket-sized volumes, 
each introduced by this preface. The first volume 
considers end-use technologies for the residential 
sector. The second volume includes technologies for the 
commercial sector as well as motors and variable-speed 
drives applicable to the commercial, industrial, and 
agricultural sectors. The third volume discusses energy
efficient technologies for the agricultural sector with an 
emphasis on the central and western United States (see 
area map in Figure P-4). 

A number of technologies (e.g., energy-efficient 
windows) apply to more than one end-use sector. 
Where applicable, cross references are provided in the 
briefs. They are also summarized in Table P-1 . 

Each volume contains two sets of matrices to allow a 
quick screening of the technologies. One matrix 
addresses payback values, and the other identifies the 
most likely impact of each technology on the utility load 
duration curve (see Figure P-5). A utility planner who 
has identified the types of load changes desired and the 
appropriate end-use sectors can use the matrices to 
quickly identify candidate technologies. The text in the 
briefs provides background information. 
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Table P·1. Cross-Sector References 
E'nd-Uae SeciDr I Volume IUnber 

Technology llealdenllal1 Commercial 2 �r!WIInl3 

Insulation t,3 

Windows 4,5,6 

Weatherstripping 7 

Duct leaks 1 5  • 

Passive solar 8 2 

Heat pumps 9 9 

Efficient air 
conditioners 1 3  8 

Energy 
management 1 0  

Hot water 
efficiency 1 7  1 6  7 

Solar 
hot water 1 9  

Fluorescent 
lamps 21 1 1  

Cooking 25 1 8  

Swimming pools 26 • 

Motors 1 9-28 

Each number refers to a written brief that descrbes the technology. A 
solid box (•) indicates that the technology is of interest in the sector, 
but is not written up. For example, see Vol. 1 (residential), technology 
brief #17, for a thorough discussion of hot water efficiency. See Vol. 2 
(commercial), technology brief #16, or Vol. 3 (agricukural), technology 
brief #7, for addttional information. If you are interested in motors in the 
agricultural sector (Vol. 3), the black box directs you to consult 
technology briefs #19-#28 in Vol. 2 (commercial). 
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Load Shifting 
Example: Cool storage 

Peak Clipping 
Example: Direct control 
of air conditioning units 

Valley Filling 
Example: Thermal 
energy storage 

Strategic Load Growth 
Example: Heat pumps 

Flexible Load Shape 
Example: Direct 
control of residential 
water heaters 

Strategic Conservation 
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Figure P-5. Typical load shape changes resulting from 
selected demand-side alternatives. Adapted from Clark 
W. Gellings, highlights of a speech presented to the 
1982 Executive Symposium of EEl Customer Service 
and Marketing Personnel. 
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R E S I D E N T I A L 

INTRODUCTION 

In 1988, 36% of all energy used in the Unhed States 
was used in buildings-for heating, cooling, lighting, 
heating domestic water, running appliances, and other 
uses. Of this amount, approximately 60% was used in 
homes. 
There are many ways to make a home more energy 
efficient. For example, h's possible to construct new 
homes or modify existing homes to use less energy for 
space heating, the largest single residential energy 
requirement. The thermal integrity factor for space 
heating (an index of the heat required for eac�square
foot of a house per heating degree day [Btu/It /HDD]) 
for the existing housing stock is approximately 8. For 
new houses buih since 1980, it is 5, and for low-energy 
homes-homes specifically designed to be energy 
efficient-it is 2.5. Many houses have been built with 
even lower thermal integrity factors, even in very cold 
climates. 
This volume provides a general description of the resi
dential electric energy-efficiency options for building 
structure, heating and cooling systems, domestic water 
heating, lighting, appliances, and pool heating. These 
options can be used not only to save energy but also to 
modify a utility's load profile to meet ns demand-side 
management objectives. Table R-1 identifies 
technologies that can be used to reduce or shift peak
load, increase demand during off-peak periods (valley 
filling), provide strategic conservation or load growth, or 
allow for flexible load management. Table R-2 shows 
the simple payback for the energy-efficiency options 
evaluated. All paybacks are based on electricity costs of 
$0.08/kWh. 



Table R·1. 
Demand.Side Management Strategies: 

Residential Measures 
PC* VP LS* sc- sa· A.S* 

BUILDING STRUCTURE 
1. Insulation • 

• Walls 
• Ceiling 

2. Radiant barriers • 
3. Foundation insulation • 

Basement exterior 
• Crawl space interior 
• Slab-on-grade exterior 
• Floors 

4. Windows • 
Triple pane 

• Low-E glazing 
• Gas-filled 

5. Storm windows • 
• Interior 
• Exterior 

6. Window treatments 
• Moveable window insulation 
• Solar control 

7. Weatherstripping/caulking 
8. Passive solar design · • 

• Direct gain 
• Sunspace 
• Thermal storage 

HEATING AND AIR CONDITIONING 
9 .  Heat pumps 

• Air source 
• Ground source 

1 0. Whole-house and ceiling fans • 
11. Heat storage 
12. Zoned heating 
13. Energy-efficient air conditioning 
1 4. AC cycling control 
1 5. Duct thermal losses 

• Duct leaks 
• Duct insula�on 

16. Distributed photovoltaic systems
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Table R·1 .  
Demand-Side Management Strategies: 

Residential Measures (Continued) 

WATER HEATING 
1 7. Domestic water heating 

• Water heater blanket 
• Thermal traps 
• Pipe wrap 
• Low-flow shower head 

1 8. Heat pump 
• Water heaters 
·
··

Heat-recovery water heaters 
1 9. Solar water heaters 

• Drainback system 
• ICS 
• Thermosyphon glycol loop 

20. DHW cycling control 

LIGHTING 
21. Incandescent a�ernatives 

• Efficient incandescent 
• Compact fluorescent 
• Efficient interior 

incandescent floodlights 
• Efficient exterior floodlights 
• Tungsten/halogen lamps 

APPLIANCES 
22. Refrigerators'freezers 

• 1 992 models 
• Improved models 

23. Low-water clothes/dishwashers 
• Front-load washer 
• Efficient dishwasher 

24. Clothes dryers 
• Moisture sensor 

25. Cooking equipment 
• Improved cooktops 
• Induction cooktops 
• Improved oven 

3 
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Table R-1. 
Demand-Side Management Strategies: 

Residential Measures (Concluded) 

SWIMMING POOLS/SPAS 
26. PooVspa pump comrol • 
27. Solar pool heaters/covers 

• Swimming pool heater 
• Pool cover 

'PC =peak dipping; VF =valley filling; LS = load shffting; SC = strategic 
conservation; SG = strategic growth; FLS = flexit:je load shape 

Table R·2. 
Payback for Demand-Side Manage"fnt 

Strategies: Residential Measures 

BUILDING STRUCTURE 
1. Insulation 

• Walls 
• Ceiling 

2. Radiant barriers 
3. Foundation insulation 

• Basemem exterior 
• Crawl space imerior 
• Slab-on·grade exterior 
• Floors 

4. Windows 
• Triple pane 
• Low-E glazing 
• Gas-filled 

5. Storm windows 
• Interior 
• Exterior 

6. Window treatments 
• Moveable window insulation 
• Solar control 

No. of Years 
<2 2-5 6-10 >1 0 

--
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Table R-2. 
Payback for Demand-Side Management 

Strategies: Residential Measures 1 
·(Continued)

BUILDING STRUCTURE (conrd) 
7. Weatherstripping/caulking 
8. Passive solar design 

• Direct gain 
• Sunspace 
• Thermal storage 

HEATING AND AIR CONDITIONING 
1. Heat pumps 

• Air source 
• Ground source 

2. Whole-house and ceiling fans 
3. Heat storage 
4. Zoned heating 
5. Energy-efficient air conditioning 
6. AC cycling control 
7. Duct thermallosses 

• Duct leaks 
• Duct insulation 

8. Distributed photovoltaic systems 

DOMESTIC HOT WATER 
1. Energy efficiency improvements 

• Water heater blanket 
• Thermal traps 
• Pipe wrap 
• Low·flow shower head 

2. Heat pump 
• Water heaters 
• Heat-recovery water heaters 

3. Solar water heaters 
• Drainback system 
• ICS 
• Thermosyphon glycol loop 

4. DHW cycling control 

5 

No. of Yean 
<2 2-5 6-10 >10 

• 

__ N!A __ . 

__ N!A __ 

• 

__ N!A __ 

• 
• 

• 

• 

__ N!A __ 



Table R-2. 
Payback for Demand-51de Manage�nt

Strategies: ResldenUal Measures 
(Concluded) 

LIGHTING 
21. Incandescent ahernatives 

No. of Years 
<2 2-S 6-10 >10 

• Efficient incandescent • 
• Compact fluorescent 
• Efficient interior incandescent 

floodlights 
• Efficient exterior floodlights 
• Tungsten/halogen lamps 

APPLIANCES 
22. Refrigeratorslfreezers 

• 1 992 standards 
• Improved models 

23. Low-water clothes/dishwashers 
• Front-load washer 
• Efficient dishwasher 

24. Clothes dryers 
• Moisture sensor 

25. Cooking equipment 
• Improved cooktops 
• Induction cooktops 
• Improved oven 

SWIMMING POOLS 
26. Swimming pool pump control 
27. Solar pool heaters/covers 

• Solar pool heaters 
• Pool cover 

• 

= The payback falls In the category indicated . 
.-. = The payback falls in the range of time Indicated. For insulation, 

for example, the payback will depend on the amount of 
existing insulation. For ceiling fans, payback will depend on 
the number of hours they are used. 

The paybacks shown were determined based on conditions described In 
the text Paybacks will vary based on dimate, fuel costs, system 
characteristics, and other factors. See the text of the technology brtef for 
more Information. 
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RESIDENTIAL BUILDING STRUCTURE 
• • • 

In the residential sector the largest end use of energy is 
for heating and cooling buildings. The amount of energy 
used in a given home is directly related to the climate 
and the thermal integrity of the building (how well h's 
insulated). In many existing homes and in new home 
construction, h is possible to reduce heating require
ments up to 60% through proper insulation (Table R-3). 
For homes heated with electric heat, Figure R-1 and 
Table R-4 provide guidelines for the recommended 
insulation levels. In this section costs and savings are 
estimated for insulation, weatherstripping, window 
improvements, and passive solar design. All heating 
savings assume electric resistance heating at 1 00% 
efficiency. 
Many thermal improvements in building structure will 
reduce the required size of the building's heating and 
cooling systems. This potential reduction in HVAC costs 
is generally not accounted for in the cost and payback 
calculations. 

7 
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Table R-3. Effect of Insulation on House Heating Requirements
Based on a 1500-ft2 house in climate zone D Electric 

Furnace 
Insulation 1 Btulh (thousands) cost'-
Addition 10 20 30 40 50 60 70 Btu/h kW $/Year 
BASE HOUSE 71,000 21 1m 
R-30 in ceiling 65�300 19 1628 
R-19 in walls 57,500 17 1431 
Triple windows and insulated doors 46,900 14 1 166 
R-7.5 slab insulation 43,200 13 1079 
Reduce infil tration to 1 .0 ACH 27,400 8 681 

1 These are mininum standards for dimate ZoneD (see Agure R·1). 
2 Based on electricity price of $0.08/kWh. Healing energy savings was calwlated based on maintairing an Indoor temperature of 700F and an outdoor desi!TI

temperature of -JO F. The total savings amounts to a 62% reduction in installed capacity and an omual savings of $1091 in healing cost Further savings In 
equipment cost and energy use can come from a reduction In air condtionlng reqLirements. 

3 The basa house has R-11 ceiling Insulation, R·S wall Insulation, single·pane windowS, conventional doors, and an infiltration level of 1.5 air changes per hour 
(ACH). 

Source: National Rural Electric Cooperative Association (1987), Consumer's Guide to Emdent Energy Use. 
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Table R-4. Guidelines for Recommended Insulation Levels for Homes Heated with Electric Heat1
Feature Zone A Zone B Zone C ZoneD Zone E 

Ceiling insulation R-30 R-38 R-38 R-49 R-49 
Wall insulation R-11 R-13 R-19 R-19 R-19 
Roors over unheated spaces None R-11 R-19 R-19 R-19 
Foundation walls of heated spaces None None R� R-11 R-11 
Slab foundation perimeter None R-5 R-7.5 R-7.5 R-7.5 
Number of glass layers for windows 1 2 2 3 or low-E2 3 or low-E2 

Storm door or thermal door No No No Yes Yes 

1 The insulation gUidelines are DOE r ecommendations 1aken from Insulation Fact Sheet (DOE/CE-0180}, Jan. 1988. The glazing and door recommendations are
based on the Department of Housing and Urban Development (HUD} Mnimum Property Standards. 

2 For more informa!ion on low-E glazings, see technical tmf #4 on windows. 



R E S I D E N T I A L B R I E F # 1 

INSULATION 

• WALL, CEILING, AND FLOOR
DESCRIPTION During initial construction, insulation is 
placed . inside wall, attic, and floor cavities. In older 
structures it may have been omitted and can be retrofit. 
Fiberglass batt or blanket insulation is available in vari
ous thicknesses and can be friction fh in open joists (for 
example in unfinished attics) or under floors (in base
ments). Loose-fill insulation is made from a variety of 
material� including fiberglass, rock wool, cellulose, or 
vermiculite. It can be poured in place or pneumatically 
blown or pumped into cavities. 
Ceiling insulation retrofits are the most cost effective 
shell retrofit measure documented in the Building 
Energy-Use Compilation and Analysis (BECA) data 
base. The cost effectiveness of wall insulation retroins 
is more uncertain because of the complexity of installa
tion, higher costs, and variability in actual savings. 
However, if a ceiling has some insulation and the walls 
are not insulated, insulating the walls has been docu
mented in BECA to be more cost effective than adding 
more insulation to the ceiling . 

• DEFINITJONS AND TERMS
BECA Building Energy-Use Compilation and Analysis 
data base. This is the largest energy savings and cost 
data base on energy retrofits for single-family homes. It 
is housed at the Lawrence Berkeley Laboratory. 
CONDUCTION HEAT FLOW (Q) The amount of heat 
that is conducted through a building depends on three 
factors: area, temperature difference, and material prop
erties. (Q =area xU-factor x temperature difference) 
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INSULATION A material that retards the flow of heat. 
Good insulators have low k- and U-values (thermal con
ductivhy) and high A-values (thermal resistance) 
k·YALUE The rate of heat flow in Btu/hr through one 
square foot of building material, one inch thick, in one 
hour with a temperature difference of one degree 
between the two surfaces. (Units= Btu-inlhr-ff-°F)
R·YALUE The rate at which insulation or a building 
material on a building structure resists the passage of 
heak in any direction. It is equal to 1/U. (Units =
hr-11 - °F/Btu)
U-FACTOR The rate of heat flow through one square 
foot of a structural section (wall, glass, ceiling) in one 
hour with a temperature difference of one degre�across
the section. It is equal to 1/R. (Units = Btu/hr-11 -°F)
Note: To convert to wattlfl2, multiply the U-factor by the
temperature difference and divide by 3.413 . 

• APPLICABILITY
CLIMATE See Figure R-1 and Table R-4 for specific 
recommendations by location. 
BUILDING TYPES All. 
DEMAND MANAGEMENT OBJECTIVES Strategic 
conservation. 
OTHER CONSIDERATIONS A vent should be added 
to an attic to provide adequate ventilation when the attic 
is insulated. 1 A vapor barrier is normally
recommended for insulated walls and should be in
stalled on the warm side of the insulation to limit 
moisture migration into the wall. This type of installation 
is difficult in cavity wall retrofits, aUhough a vapor barrier 
paint may work. Caution should be used if the wall 
encloses a space that has occasional or constant high 
humidity. I When insulating a ceiling with recessed
lights, to avoid a fire hazard, don't cover the vents in the 
lights with insulation. 
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Table R-5. Wall, Ceiling, and Floor Insulation: Costs and Benefits 
(based on 1000 s.f. of insulation) 

Retrofit 
Cost 

Options ($ per 1000 11211 

WALL INSULATION 
Adding loose fill ( R-9) to uninsulated cavity 800 
(aluminum or wood siding) 

9503 Adding loose fill ( R-9) to uninsulated cavity 
(brick siding) 

CEILING INSULATION 
Adding R-30 batt to unfinished attic floor with no insulation 1140 

Adding R-19 batt to unfinished attic floor with R-11 insulation 722 

Energy Cost 
Savings Savings 
(kWh/yr ($/yr

per 100011212 per 1000 �� 

2831 226 

3320 265 

4916 393 

1004 80 

Simple 
Payback 

(yr) 
[Range]4 

3.5 
[4.6-1.2] 

3.6 
[4.8-1.2] 

2.9 
[3.8-1.0] 

9.0 
[12-2.9] 

Ufe5 

(yr) Confidence 6 

50 M 

50 M 

50 M 

50 M 



...... 
� 

Table R-5. Wall and Ceiling Insulation: Costs and Benefits (Concluded) 
1 The cost estimates are found in Table R-8. (Costs in lhis table rep-esentlhe midpoint unless noted.) 
2 The performance characteristics for ceiling and wall insulation are calculated from Tables R-6 and R-7 as follows: The overall U-value in lhe pre- and post-retrofit is taken from 
Tables R-6 and R-7 and multiplied by lhe 1000-tt2 area (A). The equation to calculate energy savings in Btu is (Old UA- New UA) x DD x 24 x CrJE , where DD =degree days; E = 
efficiency of heating system; and cd = a HOD correction factor as follows: 

Cd Factors for a House of Average Construction 

HOD, 65°F base 1000 2000 3000 4000 5000 6000 7000 8000 9000 
cd factor 0.80 0.76 0.70 0.65 0.60 0.61 0.62 0.69 0.67 

Source: ASHRAE Handbook of Fundamentals 1981. Manta, GA: American Society of Heating, Ventilating and Air-Conditioning Engineers. 
The numbers in the table were calculated based on 6000 HOD. The efficiency of 1he electric heating system was assumed to be 1. The cooling savings can be calculated in the 
same way. The efficiency of 1he cooling system would equal the system's COP. (The Cd factor would not be used.) 

3 The cost for this application was assumed to be the maximum specified in Table R-8 for wall insulation because� is more costly to blow insulation through a brick wall than 
through siding. 

4 The numbers in the brackets represent a range for the simple payback (SP) of 1he measure in a 2000- to 8000-HDD dimate. The colder the climate, the faster a heat-savings 
retrof� will pay for itseH. Since absolute energy savings are proportional to heating degree days (HODs) this can be calculated as SP2 = SP1 (HDD11HDD2). 

5 The l�e of insulation is assumed to be as long as 1he life of 1he building. 

6 The actual energy savings from insulation depends greatly on occup�s· hai:Xts. Calculation methods for estimating savings are well documented. 



Table R-6. Overall U-Values for Ceiling Assembly 1 
Amount of Unfinished Allie Floor 
Insulation On.) ,. 2 3.5 6 9 12 
Fiberglass batt 0.22[0] 0.092[7] 0.070[11] 0.046[19] 0.031[30] 0.024[38] 
Cellulose 0.22[0] 0.092[7] 0.061 [13] 0.041 [22] 0.028[33] 0.022[44] 
Loose fiberglass 0.22[0] 0.11 [5] 0.079[9] 0.055[15] 0.039[22] 0.031 [30] 
Loose mineral wool 0.22[0] 0.11 [5] 0.074[1 0] 0.052[16] 0.035[25] 0.028[33] 

� � BAFFLE 
I • · " ·: 

INSULATION 

ll(;l\ ["S?"lr '"--VAPOR BARRIER . 

1 The R-value of only the insulation-not the overall assembly-appears in brackets. For additional (rigid-board)
� Insulation or sheathing with a high R-value, 1he overall U-value of the assembly is calaiated as shown below.

OVerall U-value = 
1 Read 1he U-value from this table for the construction as tabulated. 
2 Taka 1he redprocal of this U-value for the overall R of 1he construction as tabt.iatsd.
3 Add the R of the extra insulation observed to 1he R from step 2. 
4 Taka the redprocal of step 3 for the overall U-value of the assembly. 

2 The U-value of 1he uninsulated ceiling cavity Is based on a composite ceiling resistance assurring 2 in. by Sin. attic floor joists spaced 24 in. on center. It is assumed that the 
joists account for 10% of the total attic floor area. 
Source: The table format and the drawing were taken from Oak Ridge National Laboratory (1983), Residential Conservation Service Model Audn Manual (ORNL/CON-103). The 
base-case U-value was taken from U.S. Department of Energy (1989), Affordable Housing through Energy Conservation (DOEISF/00098-H3).
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Table R-7. Overall U-Values for Walls 1 
Amount of 
Insulation (in.) 0 

Cavity Insulation 

2 3.5 6 
OVERAll WALL ASSEMBLY-EXTERIOR WAllS 

Brick Veneer 
0 2 3.5 6 

Rberglass batt 0.19[0[ 0.092{7] 0.071[11] 0.049[19] 0.213[0] 0.097[7] 0.074{11)0.050[19] 
Cellulose 0.19[0] 0.092{7] 0.063(13] 0.043[72] 0.213(0] 0.097[7] 0.074{13] 0.045(22] 
Loose fiberglass 0.19[0] 0.11[5] 0.080[9] 0.058[15) 0.213[0) 0.115(5) 0.084{9] 0.060(15) 
Loose mineral wool 0.19[0) 0.11[5) 0.075{10] 0.055[16) 0.213[0) 0.115(5) 0.078[10)0.057[16) 

Overall U-value 
1 + R· . 

"== 1nsulanon 

SIDING 

VENEER 

VAPOR 
BARRIER 

INTERIOR 
FINISH 

INSULATION 

VAPOR BARRIER 

INTERIOR 
FINISH 

1 The A-value of only the insulation-not the overall assembly-appears in brackets. For additional (rigid-board) insulation or sheathing with a high A-value, use the procedure 
shown under 'rooflceiling asserrllly' (see footnote, Table R-6) to calculate the overall U of the wall asserrbly. The U-value of the uninsulated cavity is based on a composite frame 
wall resistance assuming 2 in. by 6 in. wall construction 24ln. on center. tt is assumed that 20% of the wall area is studs. (This indudes fire breaks and window frarring.) 
Source: Oak Ridge National Laboratory (1983). Residential Conservation Service Model Audit Manual (ORNl./CON-103). The base-case U-value was taken from U.S. Department 
of Energy (1989) Affordable Housing Through Energy Conservation (DOEISF/00098-H3). 



Table R-8. Insulation Retrofit Costs 

Type of Insulation 

Attic insulation (batt or loose fiiQ 
• Attic floor
• Sloped ceiling
• Kneewall 
Wall insulation (3.5 in.) (loose fill) 

Cost 

$0.026-0.050/s.f./R 
$0.026-0.0SS/s.f./R 
$0.032-Q.086/s.f.JR 
$0.650-Q.950/s.f. 

Costs taken from ORNLJCON 303 (May 1990), The National Fuel 
Effidency Reid Test: Energy Savings and Performance of ;n lfTJJI'OVed 
Energy Conservation Measure Selection Techrique. (Costs represent the 
actual cost to Install the measures In 100 homes In Fan, 19881n Buffalo, 
NY. The costs vary depending on Installation techniques and existing 
condltlons.) 

Based on data from the R. S. Means Co. The Installed cost of fiberglass 
batt and cellulose loose-fill Insulation per ff-R Is essentlally the same. The 
cost for Insulation blown Into walls varies based on the type of exterior 
siding. The cost Is lowest for aluminum, wood, or stucco, highest for brick. 
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R E S I D E N T I A L  B R I E F  # 2  

RADIANT BARRIERS 

• DESCRIPTION 
A radiant barrier is a foil material coated on one or both 
sides with a low-emissiv�y material (typically aluminum). 
It is placed in an airspace between a heat-radiating sur
face (such as a hot roon and a heat-absorbing surface
(such as conventional attic insulation). The best place to
attach it is the bottom chord of the roof truss or the 
bottom of the roof rafters. The radiant barrier reduces 
heat gain through the ceiling by about 40%. However, 
only about 20%-30% of the air conditioning load in 
summer is due to heat gain through the ceiling. Thus 
the 40% reduction merely lowers the total cooling load 
of the home by 8%-12%. In winter the heat transferred 
upward through attics won't be affected as much by a
radiant barrier because a greater part of the upward 
heat transfer occurs by convection. This is why radiant 
barriers are more effective as a cooling rather than a 
healing conservation strategy. A radiant barrier can also 
be used in walls to reduce the heat gain caused by 
solar radiation striking the exterior of the walls . 

• DEFINITIONS AND TERMS 
LOW EMISSIVITY A quality in a material that enables 
it to restrict the transfer of infrared radiation across an 
airspace. It does this by reflecting the radiation that 
strikes it. The lower the emissivity, the better the radiant 
barrier. 
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• APPUCAB/LffY
CLIMATE Figure R-2provides a climalic recommenda
tion for the .nstallalion of radiant barriers. Attic radiant 
barriers may be effective in other climates as well, but
claimed comfort improvements and lower energy con
sumption have not been firmly established by research. 
BUILDING TYPE All 
DEMAND MANAGEMENT STRATEGY Strategic con
servation, peak clipping 

• FOR MORE INFORMATION 
EPRI (no date). Technical brief: 'Radiant Barriers' 
(RP2034-23). 
Florida Solar Energy Center (FSEC) (1984). Design 
note: 'Designing and Installing RadiantBarrier Systems' 
(FSEC-DN-7-84). Cape Canaveral, FL. 
FSEC (1987). Energy note: 'Radiant Barriers: A 
Question and Answer Primer ' (FSEC-EN-15-87). 
FSEC (1986). Design note: 'Radiant Energy Trans
fer and Radiant Barrier Systems in Buildings' 
(FSEC-DN-6-86). 

19 



� 

' 
. ' 

-, _}-!: � L, -_-� _-_ L�-- _}, � �-�:-( -i : I : : 1 I o 
0 

1 I 
I --� 

:-------f------- -r::'-.:::---- , __ 

CDD>2500 
HDD<2000 

I 

� 
• 

� 
• 

Radiant barrier roofs only 

East and west unvented 
radiant barrier walls 

East and west vented 
radiant barrier walls 

All walls (vented) 

Figure R-2. Climatic region 
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Table R-9. Radiant Barriers: Costs and Benefits 
Energy Cost Simple 

Costs ($)1 Savings2 Savings Paybac� Life 
Options (kWhlyr) ($/yr) (yr) (yr) Confidence 

Radiant barrier 837.00 . 698 55.80 15 Unknown L4 
A nidpoint co� of $0.53lff was selected from the materials-only cost range of $0.0741.00lff. Installation cost varies from $0.10 to $1.00 per square foot. Roof 
area= 1580 It . 
Dollar savings was based on cooling calaJiations for a 1500-tf home in a 2500-CDD dimate. The formula used to compute 1he electrical energy requirements is 
E = 24 h x (29800 Btu/h) (100"F-<l8"F) x 2500 CDD/(1000 x 8) based on 1987 NRECA Consumer's Guide to Eflident Energy Use 

= 6984 kWhtyr 
Typically the SEER information source (usually 1he manufacturer) will stipulate whe1her 1he auxiliary equipment power for the Inside blower is lnduded in 1he 
SEER. A radiant barrier can reduce this cooling load by 8%-12% (EPRI). A midpoint of 10% was used to yield a savings of 698 kWh/yr. 

3 FSEC dtes a typical simple payback of 6-7 years. In our example the cost of 1he material would need to be approximately $0.25 for such a payback. This Is wi1hin 
1he range of material costs. 
The confidence is rated as low because daimed comfort I!Tllfovements and energy savings have not been firmy established by research In dimates o1her 1han 
Cape Canaveral, FL. 



R E S I D E N T I A L  B R I E F  # 3  

FOUNDATION INSULATION 

• DESCRIPTION 

There are several ways to insulate the foundation of a 
building depend ing on whether the building has an 
unconditioned or conditioned basement or is built on a 
slab on grade . Insulation can be installed on the exte
rior, cover ing o nly half the wall ; on the exterior, cover ing 
the entire wall; and on the inter ior, cover ing the entire 
wall. If the basement is uncondit ioned, in addit ion to the 
methods l isted for the co ndit ioned basement, insulation 
can be placed between the floor jo ists in the ceiling 
above the basement. 
For crawl spaces, insulation is generally placed verti
cally e ither on the inter ior or exterior. For slab-on-grade 
construction, the three most common approaches to in
sulating foundations are to place insulation vertically on 
the entire wall on the exterior (2 or 4 feet deep), verti
cally on the entire wall on the interior (2 or 4 feet deep) , 
and horizontally under the slab perimeter. 
Foundation insulation is d ifficult to retrofit. Based on 
measured data from several studies to determine the 
energy savings from foundation retroftts, the payback 
per iods are long .  The Minneapolis Energy . Off ice 
showed a payback of 17 years for inter ior and 19 years 
for exterior foundation insulation. The extra liv ing space 
gained from insulating a nd finish ing a basement is a sig
nificant non-energy benefit that may make interior foun
dation insulation an attractive retrofit . 

• APPUCABIUTY
CLIMATE Some level of foundation insulation is recom
mended in new construction in a lmost all c limates . 
BUILDING TYPES New construction 
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DEMAND MANAGEENT STRATEGY Strategic 
conservation 
OTHER CONSIDERATIONS If the basement is 
unconditioned and insulation is placed between the floor 
joists in the ceiling above the basement, the basement 
will be thermally isolated from the above-grade space, 
resulting in lower basement temperatures in the winter. 
This usually requires insulation of exposed pipes and 
ducts in the basement. 1 Water pipes located in an
unconditioned space should be insulated to prevent 
freezing when a floor above is insulated . 

• FOR MORE INFORMA710N 
Carmody, John, Jeff Christian, and Ken Labs (1990, 
draft). 'Buildings Foundation Handbook. • Minneapolis, 
MN , University of Minnesota, Underground Space 
Center. 
Quaid, M. A., and M. 0. Anderson. 'Measured Energy
Savings from Foundation Insulation in Minneapolis 
Single-Family Homes.' Proceedings of t he 1988 AC EEE 
Summer Study on Energy Efficiency in Buildings. 
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Table R-10. Costs and Benefits: Foundation Insulation 
Simple 

Energy Energy Payback 
Costs Savings1 Cost Savings (yr) Life 

Options ($/lineal ft) (kWhlyr/lineal It) ($/lineal ft/yr) [Range]
2 

(yr) Confidence 

UNCONDITIONED BASEMENT 
Partial exterior (4 It deep) 6.54 1 7.2 1 .38 4.7 50 M 
Insulation (R-1 0) 

6.483 
[1 4.1-3.5[ 

Interior insulation (8 It) (R-1 1 ) 28.8 2.30 2.8 50 M 
[8.4-2.1 ]  

1\) .,.. CRAWL SPACE Partial exterior (2 It deep) 2.12 12.3 0.98 2.2 so M 
Insulation (R-1 0) [6.6-t .7] 

SLAB ON GRADE Partial exterior (4 It deep) 4.83 15.5 1 .24 3.9 50 M 
Insulation (R-1 0) [11 .7-2.9] 

FLOOR INSULATION4 0.34/ff 2.4 kWhlft2 0.191ft2 1 .7 so M 
(R-1 1 )  [5.1-1.3] 

Performance and costs calculated based on the procedure cited ir Carmody et al. (1990) with 6000-HDD dimate. The costs indude materials, labor, and profit, 
and are based on new construction. Retrofit costs can be substantially higher. •  2 Corresponds to a simple payback ofthe measure in a 2000-to-8000-HDD 
dimate. See footnote 4 of Table R-5. • 3 Cost lndudes interior wood frarring, labor, and fiberglass batts. n exciudes drywall at $6.08/lineal ft. • 4 Note that 
costs for this item are per square foot rather than per lineal foot. 



R E S I. D E N T I A L B R I E F  # 4  

WINDOWS 

• DESCRIPTION 

In new construction or when windows need to be 
replaced, a variety of energy-efficient glazings are 
available with improved thermal performance compared 
to typical double glazing. I ncreased A-values are 
achieved with the use of low-emhtance (low-E) coatings, 
addRional interpane spaces (separated by glass panes 
or suspended plastic films, possibly with low-E 
coatings), and/or low-conductance fill gases. Several of 
these meas ures involve a reduction in solar 
transmittance and hence a trade-off between improved 
A-value and reduced solar heat gains . Conversely, solar 
heat gains ·can be increased by the use of low-iron 
glass and/or antireflective roatings. Glazing can be 
characterized in terms of the overall heat-transfer 
coefficient (U-value) and the shading coefficient (SC) . .
U-values and SC for various types of glazing are found · 
in Table A-12. 
Different types of spacers between the panes of glass 
and frames significantly affect the overall window energy 
performance . Frame type and the ratio of perimeter to 
glazing area (window size, shape, and whether the win
dow is divided) govern how much this matters overall. 
A window with a high performance glazing (center-of
glass U-value of 0.27) can have an overall window-unit 
U-value betwee n 0. 30 and 0.72 depending on the 
details. This is shown in Table A- 1 3  . 

• DERMTIONS AND TERMS 
EMISSIVITY A measure of how much heat a material 
gives off through radiation . If a material has a low emis
sivity, it -absorbs very little heat and reflects most of the 
heat back to its source. 
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LOW-EMISSIVITY (LOW-E) WINDOW A low-E w indow 
has a higher insulating value than a standard insulated 
window . It contains a low-E coating suspended on a film 
between two panes of glass or on the inside surface of 
the oute r pane of glass . The coating radiates heat back 
to ks source: inside in the winte r and outside in the 
summer. 
SHADING COEFACIENT The ratio of the solar heat 
gain through the glazing (including the fraction of solar 
radiation absorbed in the glazing that is subsequently 
transfe rred into the room) to the solar heat gain through 
single glazing .  The shading coefficient can be thought
of as an effective transmktance relative to single 
glazing.  
U·FACTOR The rate of heat flow through one square 
foot of a structural section (wall, glass , ceiling) in one 
hour with a temperature differential of one degree 
across �he section . It is equal to UR (Unks 
Btulhr-ft -°F) Note : To convert to watts/It , multiply the 
U-factor by the temperature difference and divide by 
3 .4 1 3  . 

• APPUCABIUTY

CLIMATE Windows with high R-values a re more cost 
effective in colder climates. Windows with low SC can 
be used in hot climates to reduce cooling loads . In new 
const ruction the use of high-R windows may allow an 
owner to downsize the furnace and realize dollar 
savings on first cost of equipment. 
BUILDING TYPE All 
DEMAND MANAGEIENT STRATEGY Strategic 
conservation , peak c Upping 
OTHER Windows wHh high R·values improve comfort 
by reducing d rafts . 

• FOR MORE INFORMATION 
Sullivan, R., and S. Selkowitz (Nov. 1986). 'Residential 
Heating and Cooling Energy Associated with Window 
Type .' Berke ley, CA:  Lawrence Berke ley Laboratory . 
LBL-21578. 
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Table R�11. Windows: Costs and Benefi1s 
Energy Savings' Cost Savings 

Costs (kW�Iyr) ($/ftlJyr)3 
Options <Wl1 North South4 North South4 

COLD CUMATE (7860 HDD, 425 CDD) 
Double pane low-E on glass 2.75 6.3 4.5 0.51 0.40 
Triple pane 3.30 6.3 6.0 0.51 0.48 
Double pane low-E coated film argon fill 6.002 10.8 8.6 0.87 0.69 

HOT CLIMATE (1765 HDD, 3334CDD) 
Double pane low-E on glass 2.75 6.5 4.3 0.45 0.34 

1 lnaemental cOst par square foot of glass a-ea over doubls.pana glass. (Tha cost Is for material only.) 
2 $4.50/square foot for the low-E on susp9nded film, $1.50 for the gas fill. 

Simple 
Payback (yrf 
North South4 

5.4 6.9 
6.5 6.9 
6.9 8.7 

6.1 8.1 

Ufe 
(yr) Confldence6 

20 M 
20 M 
20 M 

20 M 

3 Energy savings are in terms of square feet of glass area based on hourly simulation for a ranch house with the glazing representing 12.9% of th8 total floor area. 
Cost savings Includes reductions in air conditioning raqlirements (COP = 2.1) and heating (effidency = 1 .0). 

4 •North" = window on tha north side; "South" = window on the south side . .
5 Th e  hot and cold dimatas are the two extremes found In the Wastem region. Paybacks for other dimates will tal somewhere batwaan these two extremes. 
6 Confidence is rated medium because ocaJpardS' habi1s, weather, and house characteristics win afled adUal savings. 
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Table R-12. Glazing Characteristics 
U-value 

(Btulh.ft2.•F) Shading Solar 
Glazing Type Gas Fill Winter Summer Coefficient Transmittance 
Single pane Air 1.10 1.10 1.0 0.87 
Double pane Air 0.50 0.56 0.88 0.71 
Triple pane Air 0.33 0.39 0.79 0.61 
Double pane/low-E on glass Air 0.34 0.35 0.73 0.58 
Double panellow-E on glass Argon 0.28 0.35 0.73 0.58 
Double pane/low-E suspended on film Air 0.23 0.24 0.71 0.52 
Double pane/low-E suspended on film Argon 0.19 0.23 0.72 0.52 

Sourca: R. Sullivan and S. Selkowitt {Nov. 1986), "Residential Heating and Cooling Energy Assodatad wilh Window Type.• Berkeley, CA: 
l.awrenca Berkeley Laboratory. LBL-21578. 



Table R� 13. Complete Window U-Values for Typical Residential and Commercial Windows 

Frame Type 

Aluminum with 
Spacer Center-of· Aluminum Thermal Break Wood 
Type Glass U-Value Residential Commercial Residential Commercial Residential Commercial 

DOUBLE GlAZING 
Aluminum 0.50 0.88 0.73 0.65 0.59 0.50 0.50 

1\) Steel 0.50 0.86 0.72 0.65 0.59 0.49 0.49 <0 
Wood 0.50 - - - - 0.48 0.49 
Glass 0.50 0.85 0.71 0.63 0.57 0.47 0.48 

DOUBLE GlAZING, LOW-E, ARGON FILLED 
Aluminum 0.27 0.72 0.54 0.50 0.41 0.35 0.32 
Steel 0.27 0.71 0.53 0.49 . 0.40 0.34 0.31 
Butyl 0.27 0.70 0.53 0.48 0.39 0.33 0.31 
Glass 0.27 0.69 0.52 0.46 0.39 0.31 0.30 

. .  
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Spacer 

Type 

TRIPLE GlAZING, TWO LOW-E 
(E = 0.05) FILMS, KRYPTON FILLED 
Aluminum 
Steel 
Fiberglass 
lnsulated1 

Table R-13. Complete Window U-Values for Typical 
Residential and Commercial Windows (Concluded) 

Center-of· 
Glass lJ.Value 

0.10 
0.10 
0.10 
0.10 

Frame Type 

Aluminum with 
Aluminum Thermal Break Wood 

Residential Commercial Residential Commercial Residential Commercial 

0.61 
0.59 
0.57 
0.56 

0.40 
0.39 
0.38 
0.38 

0.38 
0.37 
0.35 
0.34 

0.27 
0.26 
0.24 
0.24 

0.24 
0.23 
0.21 
0.20 

0.19 
0.18 
0 .17 
0.16 

1 An insulated spacer is a hypotheijcal material with a conducijvity of 0.017 Bti.JiftJh"F, or R-2.45 for a half-inch thickness. 

ASHRAE has defined standard-size residenijal and commerdal windows as a common basis for representing overall window U-values. A residential window is defined 
as a 36-by-48-in. double-hung. A commerdal window is 48 by 72 in. 

Source: Progressive ArchiteCture, June 1990. 



R E S I D E N T I A L  B R I E F  # 5

STORM WINDOWS 

• DESCRIPTION 
Storm windows are installed over existing windows and 
doors to c reate an insulating air space that reduces heat 
loss th rough the glass. Inte rior storm windows with plas
tic or glass glazing add an R-value of 1 .0 to that of the 
existing window. Exterior storm windows with permanent 
or removable glass glazing also have an approximate 
R-va lue of 1 .0 . 

• APPUCABIUTY 

CLIMATE Climates w ith over 3500 HOD 
BUILDING TYPE All 
DEMAND MANAGEr.ENT STRATEGY Strategic 
conservation 
OTHER Storm windows also reduce drafts, soiling of 
window sills , and noise. 
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Table R-14. Storm Windows: Costs and Benefits 

---
Simple 

Retrofit Energy Cost Payback 
Costs ($nf) Savi�s Savings (yr) Life 

Options (Installed) (kWhlft /yr) 1 ($1ft2tyr) [range]2 (yr) Confldence2 
Interior storm windows (vinyl and acrylic) 2.50 9.5 0.76 3.2 - M 

[5.2-2.31 

Glass storm windows 5.00 9.5 0.76 6.5 - M 
[10.6-4.61 

1 Savings is relative to single glazing In a heating dimate. 

2 The measure is applicable in dimates with >3500 HOD. Payback in table is based on 5750 HOD. The numbers In brackets represent a range for the si��ple 
payback (SP) of the measure in a 3500-to-8000-HDD dimate. See footnote 4 of Table R-5. 



R E S I D E N T I A L B R I E F  # 6

WINDOW TREATMENTS 

• DESCRIPTION 
A window treatment is a product or device installed in
side or outside to help reduce heat loss or gain through 
a window . Several types of interior or exterior window 
treatment are available. 
MOVEABLE WINDOW INSULATION Moveable insula
tion can be thermal drapes or shutters made of heavy 
quilted materials, rigid foam panels, flexible joined wood 
tongue-in-gr<:love slats, or flexible roll-up shades made 
of foam- and fabric-laminated slats . The most effective 
coverings include edge seals to minimize convective 
heat loss. Although moveable insulation can reduce 
heating energy use, the way the occupants use the 
moveable insulation systems affects pe rformance. Moni
toring of passive solar buildings has shown that build
ings w �h disappointing performance had problems with 
operable system components or occupant behavior. 
Table R-16 concerns heating load reduction for 
moveable insulation in selected locations. 
SOLAR CONTROL Reflective window films and solar 
screens reduce window heat gains in summer by block
ing and reflecting solar heat. Exterior films attach 
directly to the window pane. Polyester s heets with a 
transparent aluminized coating on one s ide can also be 
insta lled on inside panes . Solar screens, which reflect 
solar radiation and look much like regular window 
screens, are available as weaves of vinyl-coated fiber
glass yarn and aluminum and bronze alloys . 

3 3  
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Table R-15. 
Heating Load Reduction 

with Moveable Insulation 1 
(kWh/ft2 glazlng/yr) 

City One-Pane Two-Pane 

Albuquerque, N M 7.8 2.9 
Denver, CO 9.7 3.5 
Minneapolis, MN 15.4 5.7 
Phoenix, AZ. 3.4 1.2 
San Francisco, CA 3.2 1.2 
Seattle, WA 6.8 2.5 

1 The numbers In the table were simulated using DOE-2 (an hou�y building 
energy simulation program) for a 1540-tf house with 231 tf (15o/o of floor 
area) of glazing area In each of the locations In the table. The total A-value 
of the Insulation Is 3 (tfhlflF/Btu). This Includes an A-value of 2 for the 
Insulating product plus A-1 for the air space between the Insulation and the
window. In order to achieve this added A-value, It Is assumed !hat the 
window covering is tightiy fit and sealed about the edges . 

• APPLICABILITY
CLIMATE Moveable insulation is most useful in climates 
with high heating loads. Solar control films are most 
useful in climates with high cooling loads. In new 
construction, the use of solar control films or shades 
may allow the owner or builder to install a smaller air 
conditioner and realize dollar savings on equipment 
cost. 
BUILDING TYPES All 
DEMAND MANAGEMENT STRATEGY Peak clipping, 
strategic conservation 
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Table R-16. Window Treatments: Costs and Benefits
Retrofit Energy Cost Simple 
Costs � Savin� Payback Ufe 

Options ($m2) (kW /yr) ($m2/yr)2 (yr) (yr) Confidence 
Moveable insulation I 6.50 9.7 0.78 8.3 15 M 

Solar contro12 1.85 4.75 0.38 4.8 3-15 l 
1 Perfonnance for1he moveable insulation was taken from Table R-16 for a home in Denver, CO. 

2 Annual energy savings is based on a 10o/o reduction in cooling loads due to solar films for a 1500-if! house wi1h medium 1hennal lntegrity In a dimate Wi1h 2500 
CDD. 
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R E S I D E N T I A L B R I E F  # 7

WEATHERSTRIPPING 

AND CAULKING 

• DESCRIPTION 
Weatherstripping and caulking prevent the uncontrolled 
leakage of air into or out of a building through cracks , 
ceilings , walls , floors , and so on. Air infiltration can 
account for 15%-40% of all heat transfer through a 
building shell. Caulking should be applied where diffe r
ent building su rfaces (roof and walls, walls and founda
tion) are joined. It should also be installed where wires 
and ducts penetrate the building, in cracks a nd holes , 
around window glass , and whereve r  water collects . Sili
con, acrylic late�. polyurethane , and rubber compou nds 
can be used. Reinforced felt, rubber fiberglass ,  foam, 
and tape weatherstripping are used to form a seal 
between moveable parts of windows , doors , and sky
lights. Preformed door sweeps, door shoes , and thresh
old gaskets are applied at the base of exterior doors. 
B lower doors have become a widely used diagnostic 
tool to locate and measure building leaks and ,  more 
recent ly , to indicate when to stop tighte ning a building . 
ASHRAE Standard 62-1989 recommends a minimum 
ventilation rate of 15 cubic feet per minute (elm) per 
person. This can be converted to a recommendation for 
household air changes per hour, which is commonly 
measured at a pressure differe ntia l of 50 pascals . Using 
a b lower door , a weatherization crew can determine 
when a house has reached the appropriate level of 
tightness . 
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• DEFINITIONS AND TERMS
Air changes per hour (ACH) is a measurement of the 
number of times that the house volume of air is 
replaced in one hour . For example , if the house volume 
is 1 0,000 cubic feet and 5,000 cubic feet of air 
escapes-and is replaced by outside air-in one hour, 
the ACH is 0.5 . 

• APPUCABIUTY 
CLIMATE All 
BUILDING TYPE All 
DEMAND MANAGEIENT OBJECTIVE Strategic 
conservation 

• FOR MORE INFORMATION 

Butterfie ld, Karen (Jan./Feb. 1989) .  "How Effective Are 
Blower Doors?" Home Energy. 
Sch legel, Jeff (Marc h/Apr il 1990) .  "Blower Door 
Guide lines for Cost-Effective Air Sea ling . • Home 
Energy. 
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Options 

Weatherstrippingtcauking 

Table R-17. Weatherstripping and Caulking: Costs and Benefits 
Retrofit 

Costs ($) 
Onstalled) 

230 

Energy 
Savings 

(kWh/yr)1 

1852 

Cost 
Savings 

($/yr) 

148 

Simple 
Payback 

(yr) 

1 .6 

Life 
(yr) Confidence2 

2.53 L 

1 The costs were based on the average cost of Northeast Utiities weatherization program costs. The energy savings was based on computer simulation of heating 
season savings that could ba identified using a blower door (6200 HOD climate). The average savings equals a 23% reduction in ACH measured at a pressure 
cifferential of 50 pascals. 

2 Confidence is rated low because actual savings depends on the condition of the existing house, ocrupant behavior, and dimate. 

3 Depending on quality. 



R E S I D E N T I A L B R I E F  # 8

PASSIVE SOLAR DESIGN 

• DESCRIPTION 

A passive solar building is designed to maximize use
able sola r heat gain in the winter and minimize heat 
gain in the summer to create a comfortable interior living 
environment. A passive solar design is site specific, 
varying with the local climate and building type. System 
components to increase heat gain may include south
facing windows and moveable insulation, walls or floors 
that use masonry or water to store heat , and a sun
space or greenhouse. System components to prevent 
heat gain include overhangs or shades, landscap ing , 
and vents. Good passive design involves a balance of 
conservation and solar design features. Conservation 
makes the passive solar system's job easier ; l ikewise, 
passive solar features reduce the need for auxiliary 
heat. 

• DEFINITIONS AND TERMS 
ANNUAL SOLAR SAVINGS The annual solar savings
of a solar bu ilding is the energy savings attributable to 
a solar feature relative to the energy requirements of a 
nonsolar building. 
DIRECT GAIN In direct-gain buildings, sunlight directly 
enters the home through the windows and is absorbed 
and stored in massive floors or walls. These buildings 
are elongated in the east-west direction , and most of 
their windows are on the south side. The area devoted 
to south windows varies throughout the country . It could 
be as much as 20% of the floor area in sunny cold 
climates, where advanced glazings or moveable insula
tion are recommended to prevent heat loss at night. 
These buildings have high insulation levels and added 
thermal mass for heat storage. 
PROJECTED AREA The net south-facing glazing area 
projected on a vertical plane . 
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SUN TEMPERING A sun-tempered building is elon
gated in the east-west direction with the majority of the 
windows on the south side. The area of the windows is 
generally limhed to about 7% of the total floor area. A 
sun-tempered design has no added thermal mass be
yond what is already in the framing, wall board, and so 
on. Insulation levels are generally high. 
THERMAL STORAGE WALLS (MASONRY OR 
WATER) A thermal storage wall is a south-facing wall 
that is glazed on the outside. Solar heat strikes the 
glazing and is absorbed into the wall, which conducts 
the heat into the room over time. The walls are gener
ally 8 inches thick or thicker. Generally, the thicker the 
wall, the less the indoor temperature fluctuates . 

• APPUCABIUTY

BUILDING TYPE Primarily new residential construc
tion. Because most passive solar design components 
are an integral part of the building, application is best
suited to new construction. Retrofnting is generally 
limhed to adding a greenhouse or a sunspace. 
CLIMATE Passive solar design is applicable to all cli
mate zones. The optimal passive solar system size var
ies by location and is shown in Figure R-3. Figures R-4, 
R-5, and R-6 show the annual savings from solar for 
different system types. The sizes are based on the 
assumption that the building is well insulated. 
DEMAND MANAGEMENT STRATEGY Strategic 
conservation, load shifting 

• FOR MORE INFORMAnON 

Balcomb, J. D. (1986). "Conservation and Solar 
Guidelines,• Passive Solar Journal, 3 (3), 
pages 221-248. 
Solar Energy Research Institute (1984). "Passive Solar 
Performance,• Summary of the 1982-1983 Class B 
Results. Golden, CO: SERI!SP-271 -2362. 
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Table R-18. Passive Solar Design: Costs and Benefits 
Energy Cost Simple 

Costs ($) Savin!J!i Savin�s Payback Life 
Options Onstalled)1 (kWhlyr)2 ($/yr) (yr)3 (yr)4 Confidence5 

Direct gain 2340 6856 548 4.3 50 M 
Semi-enclosed sunspace 7020 10020 801 8.8 [1 1.1, 12.8] 50 M 
Thermal storage wall 5004 6856 548 9.1 (7 .6, 9.4] 50 M 

All costs are added costs for new construction. Retrofit costs will generally be)ligher. Added cost Is based on a 2000-ff-hOuse with 240 i! of glazin� (12o/o of floor 
area) in <J. cold SI.Jlny climate. For all cases, the passive system equals 360 If (based on Rgure R-3). For direct gain, cost is based on adding 120 It of glazing at 
$19.5011!" �or goocf.quality operable windows with low·E coaling) to the house. It assumes all existing glazing faces soutl),and the house has adequate storage 
mass. The cost for the sunspace �ssumes a cost p-emium for a sunspaoJ of 30% over standard c;!>nstruction at $65.0olff. The cost for the thermal storage wall is 
based on an added cost of 120 It" of fixed glazing ($12.001ft2) plus 360 i! of masonry at $9.90111". 

2 The performance is based on a home in Denver, CO. The home is assumed to have the following level of energy conservation: R-21 walls, R-33 ceiling, R-15 
foundation perimeter, do)ible glazing with night Insulation on the north, east and west orientations, and 0.27 air changes per hour. The annual energy savings for 
each system Qn Btulfriff of system area) Is given in Rgures R-4, R-5, and R-6. These figures were taken from the artide listed below. 

3 Paybacks in lx"ac:kets are given for a northern and southern dimate in the Western regions. The paybacks for direct gain in both dimates Is orritted because based 
on Rgt.re R-4, the systems require a reduction in south-facing windows. The payback for the sunspace in Denver Is better than that In either the northern or 
southern cimate. 

4 The passive design should last as long as the txildlng. Glazing materials and moveable insulation may have shorter lives (see briefs on these topics for ll.rther 
details). 

5 Confidence Is rated medium. The savings varies by location and occupant habits. The cost of system varies as well. 
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Figure R-3. Ratio of solar projected 
area to building floor area (%) 
Source: Balcomb, J.D. (1986). 
"Conservation and Solar Guidelines" 
Passive Solar Journal, 3(3), pp. 221·228
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Rgure R-4. Annual solar savings 
for direct-gain, Btulfr2 of 
projected area per year 
Source: Balcomb, J.D. (1986). 
"Conservation and Solar Guidelines" 
Passive Solar Journal, 3(3), pp. 221·228
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Figure R-5. Annual solar savings 
for senienclosed sunspace system 
with 50° sloped glazing, BtuJit2 
of projected area per year 
Source: Balcomb, J.D. (1986). 
"Conservation and Solar Guidelines" 
Passive Solar Journal, 3(3), pp. 221·228
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Figure R-6. Annual solar savings 
for the unvented, double-glazed, 
flat·b!@ck Trombe wall system, 
Btulft" of projected area per year 
Source: Balcomb, J.D. (1986). 
"Conservation and Solar Guidelines" 
Passive Solar Journal, 3(3), pp. 221·228
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RESIDENTIAL HEATING AND 
AIR CONDITIONING 

• • • 

Heating uses the most energy in most homes in the 
Unhed States, and air conditioning is becoming a 
standard feature in new home construction. Approxi
mately half the homes in the UnHed States are electri
cally heated. In this section, retrofh options that are 
more energy efficient than a standard electric furnace 
and air conditioning system are discussed. They include 
heat pumps, whole-house fans, heat storage, zoned 
heating, high-efficiency air conditioners, air conditioning 
cycling control, and repairing duct thermal losses. 
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R E S I D E N T I A L  B R I E F  # 9

HEAT PUMPS 

• DESCRIPTION 
Like an air conditioner or refrigerator, a heat pump 
moves heat from one location to another. Both an air 
conditioning unit and a heat pump operating in the cool·
ing mode reduce indoor temperatures in summer by 
transferring heat from the Indoor air to the outdoors. 
Unlike an air conditioning unit, however, a heat pump's 
cycle is reversible. In winter, a heat pump can extract 
heat from the outdoors and transfer h inside. The 
energy value of the heat thus moved can be more than 
three times the cost of the electricity required to perform 
the transfer process. 

Heat pumps are chosen from among four principal 
types, depending on the source of heat and the type of 
house space conditioning system used. 
I During the cooling cycle the most common heat 
pump, the air-to-air heat pump, extracts heat from air in 
the house and discharges h into the outdoor air. During
the heating cycle, the pump extracts heat from the 
outside air and discharges h in the house.
I The water-to air pump takes heat from or discharges 
it to a water source (well or lake) and delivers warm or 
cooled air to the house. 
1 The air-to-water and water-to-water pumps are the
same, except the indoor coil heats water which is then 
distributed through a hydronic system. 
1 Add-on heat pumps are used in combination whh
warm air furnaces. Each heating system operates when 
it is most efficient. The heal pump operates when 
temperatures are moderate, and the furnace operates at 
colder temperatures when the heal pump efficiency is 
low. Add-on heat pumps are especially suitable for 
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colder climates with high heating demand. If the furnace 
air handler can accommodate an air conditioner coil, it 
is generally possible to add on a heat pump coil for 
electric heating and cooling. If the furnace is a hydronic 
boiler, an add-on heat pump would provide heat only. In 
warmer climates, add-on heat pumps might be 
considered by homeowners who are planning to install 
or replace a central air conditioning system . 

• TERMS AND DERNmONS 
ENERGY-EFFICIENCY RAno (EER) This is used to 
compare the performance of cooling equipment includ
ing air conditioners and heat pumps in the cooling sea
son. EER is calculated by dividing cooling capacity (in 
Btu/hr) by the power input (in watts) under a given set 
of rating conditions. 
COEFFICIENT OF PERFORMANCE (COP) This is 
used primarily to compare the performance of heat 
pumps in the heating cycle. For this use, it is deter
mined by dividing the total heating capacity provided 
(Btu), including the circulating fans but not including 
supplemental heat, by the total electrical input in watt
hours times 3.413. The higher the COP, the more effi
cient the heat pump. 
HEATiNG PERFORMANCE FACTOR (HPF) HPFs and
COPs are simftar and the terms often are used 
interchangeably. Performance factor is a measure of 
COP at various outdoor temperatures. Standard ratings 
call for two conditions, 'high-temperature heating' and 
'low-temperature heating. • In both cases, the air 
entering the indoor coil is at 70°F, with a maximum 55%
relative humid�y. The high-temperature conditions 
require that the air entering the outdoor coil be at 4fF. 
The low-temperature conditions require it to be at 1 fF.
The HPF allows comparison of the efficiency of fossil
fuel furnaces and heat pumps. 
SEASONAL ENERGY-EFFICIENCY RATIO (SEER) 
The ratio of the total seasonal cooling requirement mea
sured in Btu to the total seasonal watt-hours (Wh) of 
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energy used, expressed in terms of Btu!Wh. (The SEER 
rating equals 3.413 times the seasonal COP.) 

• APPUCABIL.ITY
CLIMATE Air-source heat pumps must be supple
mented (generally with electric resistance heating) in
climates where temperatures are below 30°F-40 F a
significant amount of time. This may increase energy 
costs significantly. Groundwater heat pumps are suitable 
wherever minimum groundwater temperatures are 
greater than 40°F; most areas of the country can meet 
this requirement. 
BUILDING TYPE Groundwater and ground-source heat 
pumps require access to water or sufficient ground area. 
DEMAND MANAGEt.ENTOBJECTIVE Strategic con
servation, strategic load growth, peak clipping 

• FOR MORE INFORMA710N 
Electric Power Research lnstnute (EPRI) and the 
National Rural Electric Cooperative Association (Aug. 
1985), 'Heat Pump Manual." EPRIINRECA (EPRI 
EM-41 10-SR). 
Aadland, S., and G. Bunce (1986), "Heat Pump Fun
damentals." Longwood, FL; AHP Systems. 
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Table R-19. Heat Pumps: Costs and Benefits 
Energy Energy Cost Simple 

Use Savings Savings Payback3 Ufe 
Options Costs ($)1 (kWhlyr)2 (kWhlyr) ($/yr) (yr) (yr) Confidence 

COLD CUMATE
2 (6000 HOD, 1000 COD) 

Electric furnace air cond�ioning 3020 13,240 - - - 15 M 
Air-source heat pump 4130 10,005 3190 255 4.3 15 M 
Ground-source heat pump 5400 7,831 5409 432 5.5 15 M 

� 
WARM CLIMATE (2500 HOD, 2500 COD) 
Electric furnace air cond�ioning 3020 15,432 - - - 15 M 
Air-source heat pump 3920 11 ,548 3884 31 1 2.9 15 M 
Ground-source heat pump 5620 10,377 5055 404 6.4 15 M 

1 Costs indude equipment for heating and air concitioning, installation, accessories, and ductwork In new construction. 

2 Energy use in kWh was calculated as follows: 
Heating furnace E = 24 x DHIJ� -'o) x  HOD x C/3413 

Heat pump E = 24 " DHIJ� - 1J x HOD " C/3413/HPF 
The SEER of the air conditioner in the base case and the heat-pump cases remains the same. 
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Table R-19. Heat Pumps: Costs and Benefi1S (Concluded) 

Climate 
The assumed parameters for the different cases were 2500 HOD 6000 HOD SOOO HDD 

HPF air source 2.05 1 .5 1.3 
HPF ground source 3.0 2.3 
Design heat loss (DHL)" 26,000 26,400' 26,400 
c

d 0.73 0.61 0.61 
Inside design temperature ("F) (t1 ) 68"F 6S• F 68"F 
Winter design temperature ("F) (tal 22"F -3" F  -3"F 

'These were based on computer simulations for 1500-� residences in each climate. The A-values for ce�ings, walls, and floors were 
assumed to be the minimum recommended levels for the climate zone (see Table R-4 in the introduction). 

3 The cold and warm climates represent the extremes of all the climatic zones in the Western regions where both heating and cooling are used. In an 
8000-HDD climate, using the assumptions for a 6000-HDD climate except a heating performance factor of 1.3, the simple payback would be 4.7 years. 



R E S I D E N T I A L  B R I E F  # 1 0

WHOLE-HOUSE AND 

CEILING FANS 

• DESCRIPTION 
Whole-house fans, once simply called attic fans, can 
reduce the use of air cond�ioning and cut energy costs 
throughout the United States. ln summer a whole-house 
fan can cut an air conditioning bill by as much as 20%. 
At reasonable humidity levels, � can provide comfort at 
outdoor temperatures up to 8S'F. It increases air flow 
and thus improves comfort by drawing in cooler outdoor 
air in the evening and forcing out hotter indoor air. Thus; 
less air conditioning is needed. In some parts of the 
country a whole-house fan would be a cost-effective 
retrofit option. In other locations n may not be cost 
effective as a retrofit to a home with central air 
conditioning; but for new construction, it could meet 
most of the cooling needs and make central air 
conditioning unnecessary. 

Another option is a ceiling fan, which can produce 
enough air movement to make occupants comfortable 
when the ambient temperature is 82°F with 80% relative 
humidity. The average ceiling fan allows the homeowner 
to raise the air conditioning setpoint temperature by 4°F
without any decrease in comfort. This could resun in sig
nificant cost savings, because each degree that the 
thermostat is raised above 78°F saves on electric cool
ing costs. 

Table R-20 provides some guidelines for sizing ceiling 
fans for rooms. Research shows that using a downrod 
to lower the fan 8 to 10  inches from the ceiling will give 
much better air movement and cool more efficiently. 
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Table R·20. Ceiling Fan Guidelines 
Largest Room Minimum Fan 

Dimension Diameter 

12 feet or less 36 inches 
12-16 feat 48 inches 
1 6--17.5 feet 52 inches 
1 7.5-18.5 feet 56 inches 
1 8.5 feet or more Two fans 

Source: Vierra, R., and K Sheinkopf (1988), "Energy-Effident Florida Home 
Building.• Cape Canaveral, FL, Ronda Solar Energy Center . 

• APPUCABIUTY 
CLIMATE Whole-house and ceiling fans are excellent 
alternatives to air conditioning for windless locations,
densely developed neighborhoods, or townhouses with 
high cooling requirements. 
BUILDING TYPE Residential 
DEMAND MANAGEMENT STRATEGY Strategic con
servation, peak clipping 
OTHER During winter or in summer when an air condi
tioner is being used, the whole-house fan louvers should
be sealed with an insulated and weatherstripped or gas
keted panel to prevent air inlittration.
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Table R-21. Whole-House and Ceiling Fans: Costs and Benefits 
Energy Cost 

Costs ($) Savingsly� Savings Simple Life 
Options (lnstalled)1 (kWh/yr) ($/yr) Payback (yr) Confidence 
Whole-house fan (warm climate} 415 2666 213 1.9 10 M 

Whole-house fan (moderate climate) 415 495 40 10.3 10 M 

1 Installed cos1s range from $27�550. 

2 Energy saved is based on running a 550-W fan when 1he ambient lelllJerature is between B0°F and 85°F. In the warm dimate {DaUas, TX) this would be for 675 
hours. A lhree-ton air conditioner (SEER = 8} used durilgthose hours would require 3 {12000 Btwtr)/{8 x 1000) = 4.5 kW or 3037 kWh for 675 hours versus a 
fan at 550 W " 675 = 371 kWh. In the moderate dimate {Denver, CO) the fan oflse15 a 1.5-ton air condnioner for 284 hours. 



R E S I D E N T I A L  B R I E F  # 1 1 

H EAT STORAGE 

.. • DESCRIPTION 
Electric thermal storage is used to shift electricity used 
for space heating off peak. Electric thermal storage 
heating units consist of electric resistance heating coils 
interwoven in a stack of ceramic bricks or crushed rocks 
inside an insulated cabinet. During off-peak hours-
11 p.m. to 7 a.m.-the bricks (or rocks) are charged by 
the heating coil. During the day the heating coil is 
turned off and the bricks discharge their heat to the 
home. Both central and zoned thermal storage systems 
are available for residential applications, although zoned 
systems are more widely available. Characteristics of 
zoned and central systems are shown in Table R-23 . 

• APPUCABILITY 
BUILDING TYPE Central systems are applicable for 
residences having high heating loads, adequate space 
for location of the unit, and duct work for delivery of the 
heated air to individual rooms. Zoned thermal storage 
can be used in most residential applications where indi
vidual room heating is desired. 
CLIMATE Cool climates 
DEMAND MANAGEt.£NT STRATEGY Load shifting, 
valley filling 
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Table R-22. .Heat Storage: Costs and Benefits 

Options 
Zoned storage system 

Costs {$) 
(Installed) 

6,000 

Energy 
Savings 

(kW/house)1 
6.0 

1 Savings is reponed in terms of ability to shift peak loads Qn kilowatts) to off-peak periods only. 
2 Because residential aJStomers are rarely on a demand rate structure, payback Is not applicable. 
3 Utilities have extensively tested 1he abifity of thermal energy storage systlms to st1ft pea< loads. 

Cost 
Savin�($/yr) 

NtA 

Simple 
Payback Ute 

(yr) (yr) 
N/A 

Table R-23. Characteristics, Zoned Versus Central Heating Storage 

Conlidence3 
H 

Capacity Storage Weight Size Requirements (in.) 
System Type (kW) {kWh) (I b) Width Depth Height 
Central 14-30 200 1700 34 32 64 
Zoned 2-6 16-50 700 23--53 10 26 



R E S I D E N T I A L  B R I E F  # 1 2 

ZONED H EATING 

• DESCRIPTION 

Zoned electric heating systems are comprised of electric 
heaters and separate manual or programmable thermo
stats in each room to provide the level of heat that is 
desired. They use less energy than central systems 
because (1) thermostats can be turned down or off in
rooms not in use during the day; (2) they eliminate heat 
loss from duct work where n runs through unheated
spaces such as basements, garages, and crawl spaces; 
and (3) when radiant heat is used, the radiant energy 
effect allows for lower room temperatures and thus 
lower heat loss to the outdoors. A zone heater can be 
added to a room to provide task heating in conjunction 
with a central system, or n can be used throughout a
house instead of central heating. For new construction, 
a zoned system is more energy efficient than a central 
electric furnace and air conditioning . 

• APPUCABILmY 

BUILDING TYPE All 
CLIMATE All 
DEMAND MANAGEIENT STRATEGY Strategic load 
growth, peak clipping 

• FOR MORE INFORMA710N 
National Rural Electric Cooperative Association (1987) , 
•consumer's Guide to Efficient Energy Use. •
Washington, DC: NRECA. 
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Table R-24. Zoned Heating: Costs and Benefi1s 
Energy Cost Simple 
Savings Savings Payback Life 

U1 Options Costs ($) (kWh/yr) ($/yr) (yr) (yr) Confidence <0 
Zoned electric Less than 25% 25% Immediate 15 M 

central electric 



R E S I D E N T I A L  B R I E F  # 1 3 

ENERGY-EFFICIENT 

AIR CONDITIONING 

• DESCRIPTION 
There are two main types of air conditioners-foom and 
central. Room air conditioners are placed in a window 
or wall to cool a single room. Central air conditioners 
require a duct system to carry the cool air to the entire 
house. An air conditioner provides space ;:ooling and 
dehumidification using a vapor compression refrigeration 
cycle to remove indoor heat and reject it to the 
outdoors. Central air conditioning is now being installed 
in about 70% of new single-family homes in the United 
States. Typical sizes for central air conditioning vary 
from 1.5 to 4 tons. For room air cond�ioners, the sizes 
typically range from less than 0.5 ton for single rooms 
to 3 tons for a small apartment. Figure R-7 illustrates 
the cooling loads in the Un�ed States. 

The average SEER of central air condttioning systems 
sold in 1988 was 8.0. The most efficient systems on the 
market today have SEER ratings in the 12.o-
15.0 range. The improvements are due to larger heat 
exchangers and lower temperature gradients across 
them, more efficient motors, and improved compressors. 
A more innovative development has been the 
introduction of systems wtth two-speed compressors. 
Two-speed operation provides higher efficiencies 
through better matching of input and output loads. 

The National Appliance Energy Conservation Act 
requires a minimum efficiency of 10.0 SEER for all split
system central air conditioners manufactured after 
January 1, 1992, and 9.7 SEER lor all packaged units 
manufactured after January 1, 199 3 .  
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Regional Heating 
V (Cooling) Load Hours 

I 750 (2400) 
I I  1250 (1800) 
I l l  1750 (1 200) 
IV 2250 (800) 
v 2750 (400) 
V I  2750 (200) 

Rgure R-7. Healing and cooling load 
hour regions. Source: Electric 
Power Research lnstiMe (EPRI) 
and the National Rural Bectric 
Cooperative Association 
'lleat Pu� Manuaf' (Aug. 1983), 
EPRIINRECA (EPRI EM-411o-8R). 



• DERMTIONS AND TERMS

COOLING LOAD HOURS (or EQUIVALENT FULL 
LOAD COOLING HOURS) This is a theoretical number. 
It represents the number of cooling degree hours in a 
year divided by the design temperature difference 
(I; - 10). 
EER See definHion under residential heat pumps. 
HIGH-EFFICIENCY AIR CONDmONERS These are 
air conditioners whose EERs and SEERs exceed 1 0. 
Th'�Y are available in both room unit and central unit 
configurations. 
PACKAGED SYSTEMS The packaged or unitary sys
tem mounts into or on the outside wall with all 
components in one cabinet, similar to a window unit. 
Size is usually limtted to between 1.5 and 2.5 tons, so 
application is primarily suited to apartments or small 
houses. 
SEER See definition under residential heat pumps. 
SPLIT SYSTEM This is the most common residential 
system. It has a separate outdoor unit in a cabinet
located outside the house. Included in the outdoor 
section are the compressor, fan, and condenser. The 
indoor coil and expansion device are located above the 
furnace and use the furnace fan for air movement. The 
two parts are connected with insulated refrigerant lines . 

• APPUCABIUTY

CLIMATE These unhs are available throughout the 
country, although some manufacturers are concentrating 
their effort in southern states. 
BUILDING TYPE All residential 
DEMAND MANAGEMENT STRATEGY Strategic con
servation, peak clipping 
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Table R-25. Energy-Efficient Air Conditioning: Costs and Benefits 

Energy 
Costs Savings 

Options ($/ton)1 (kWh/tonlyr)2 

High�fficiency air conditioner 1 300 600 
(SEER = 12) 

� 1 This cost represents 1he added cost per ton of inaeasing 1he SEER !rom 8 to 12. 

Simple 
Cost Payback 

Savings (yr) 
($/ton) [range]3 

48 6.2 
(18.8-4.2] 

Life 
(yr) Confidence 

15 M 

2 Performance is based on a 1-ton system and 1200-h cooling hours/yr. (Cooling load hOLIS vary around 1he country, based on dimate, from 2400 to 200 hours/yr. 
1200 hours is typical of a city in a hot dimate such as Phoenix, AZ. Rg� R-7 shows cooling S1d healing load hours throughout 1he U.S.) 
Standard AC (SEER = 8): 
1 ton x (12,000 Btu/ton) I (8 Btu/Vv11) x (1 kWh/1000 Wh) x 1200 hlyr = 1800 kWh 
High-efficiency air conditioner (SEER = 12) 
1 ton X (12,000 Btu/ton) I (12 B1u/Wh) x 1 kWh/1000 Wh x 1200 h/yr = 1200 kWh 

3 A payback range is shown In b"ackets for a 1-ton tigh-offidency air conditioner operating !rom400-1800 hours per year. This usage Is typical in 1he Western 
region. 



R E S I D E N T I A L  B R I E F  # 1 4  

AIR CONDITIONING 

CYCLING CONTROL 

• DESCRIPTION 
Air conditioner cycling involves direct, real-time utility 
control over the operation of residential air condRioners. 
The peak demand for a typical residential air condRioner 
is approximately 1 .5 kW/ton. The standard method of 
intentional cycling is to shut off the compressor for some 
fixed period, allow it to resume operation for some fixed 
period, and then shut � off again. A 25% cycling 
strategy-7.5 minutes off and 22.5 minutes on-is a 
typical cycle . 

• APPUCABILITY 
Air conditioning cycling is generally implemented on 
central air conditioning systems or large through-the-wall 
air cond�ioners. Small window units are rarely cycled. 
Cycling significantly undersized un�s can result in 
excessive customer discomfort, and cycling oversized 
units can result in little or no load relief. 
CLIMATE Warm climates 
BUILDING TYPE All residential 
DEMAND MANAGEt.ENT STRATEGY Peak clipping, 
flexible load shape 
OTHER Cycling may shorten the life of the compressor 
and other system components. 
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Table R-26. Air Conditioning Cycling Control: Costs and Benefits 

Options Costs ($) 

Air condttioning cycling control 75-200 

Power Savings 
(kW/Air Conditioner) 1 

1 . 10 

Life 
(yr) 

Uri<nown 

Confidence2 

H 
1 Pertormance is based on numerous utiity tests in western states. The savings presented in the table shows how much of the peak load can be oontrolled directly 

by the utiltty. Cost savings and simple payback are not calrulated because this measure only indirectly saves money for the resident, because residences generally 
are not on a demand rate struCI!Ke. 

2 Confidence is high because the savings is based on reports from oomerous.utilties. 



R E S I D E N T I A L  B R I E F  # 1 5 

DUCT THERMAL LOSSES 

• DESCRIPTION 
More than 50% of the households in the United States 
have air distribution ducts for central warm air furnaces 
and/or air conditioning systems. This translates into 
more than a million miles of residential ducts. Leaks in 
duct work can cause the energy use for residential heat
ing (and cooling) to increase dramatically. When ducts 
run through unconditioned space, leaky ducts cause 
infiHration heat losses (gains) by pressurizing or depres
surizing the entire building. ln the hot humid climate of 
Florida, duct leaks cause air infiltration rates to triple 
when the air conditioning is turned on. In addition, leaks 
from supply ducts to unconditioned zones waste 
conditioned air during system operation. 

The impact of duct leaks is even greater on energy 
demand than on energy use in utility districts where the 
time of the peak power requirement coincides with the 
residential peak energy usage period for heating or 
cooling. 

When the air conditioner or furnace is operating, leaks 
in supply ducts can be felt by hand. It is more difficult to 
detect leaks in return air ducts. Smoke sticks used with 
a blower door can produce a more accurate assessment
of the size and location of a duct leak. Leaky ducts are 
traditionally repaired with duct tape or duct sealer or 
both. The major drawbacks to this method are 
uncertainty regarding the longevity of the material and 
difficuHy gaining access to the ducts. 

Duct insulation is another energy conservation measure 
to consider. It is recommended where the temperature 
difference between the delivered air and the duct sur-
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face is greater than 25°F. Recommended R value for
duct insulation ranges from R-2 to R-7, depending on 
that temperature difference . 

• DEFINtnONS AND TERMS 
BLOWER DOOR A large fan that is mounted in a door
way and used to pressurize and depressurize a space 
to determine air leaks. One way to determine leaks 
through ducts is to measure with a blower door the leak
age with the registers and return first sealed, then open. 
The difference between the two readings is the amount 
of air leaking through ducts . 

• APPUCABILnY 

CLIMATE All 
BUILDING TYPE Residential and commercial 
DEMAND MANAGEIENT STRATEGY Peak clipping, 
strategic conservation 

• FOR MORE INFORMATION 
The Florida Solar Energy Center has several reports 
available on the topic of duct leaks. 
Madera, M. P. {1989), 'Residential Duct System 
Leakage: Magnitude, Impacts, and Potential for 
Reduction.' ASHRAE Transactions. 
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Table R-21. Duct System Leaks and Insulation: Costs and Benefits 
Energy Demand 

Costs ($) Savings Savings 
Options �nstalled)1 (kWhlyr) (kW) 

Repair duct leaks 110 2300-40002 0.66-1.5 
Duct insulation 0.85JLF5 2.0-7.25/L� -

� 1 The average repair cost based on a srudy of 80 homes by 1he Ronda Solar Energy Center. 

Cost Simple 
Savings Payback Ufe 

($/yr) (yr) (yr) 
184-{1203 0.6-0.3 Unknown 

0.16-0.581LF5 5.3-1 .5 25 

Confidence 

M 
M 

2 The energy savings is over 1he heating and cooling season. tt is based on a computer slrrulation for a heat-pump system and assumes that the duct system is 50% 
supply ducts and 50% is re1Um ducts, and 1hat the return ducts are located In an uncondUioned aawl space. The energy savings from 1he duct repairs is even 
greater when the return ducts are located in the attic. The savings range Is for a mid climate (1300 cooling load hours, 2800 heating hours) to a hot hullid climate 
(4900 cooling hours, 500 heating hours). 

3 The cost savings is for the energy use only. 

4 The energy savings in kWhlyr/LF is for heating only in a hot climate (<2000 HOD) and a cold climate (8000 HOD). The savings is based on adding R·2 insUation to 
a bare duct located in an unheated space. 

5 LF = lineal foot 
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DISTRIBUTED 

PHOTOVOL TAlC 

SYSTEMS 

• DESCRIPTION 
Photovolta ic (PV) systems convert sunlight directly into 
e lectric ky through the use of spec ially des igned semi" 
conductors, PV power is still too expens ive to compete 
with conventional coal or nuclear plants for centralized 
electricky generation, or to be used for homes that are 
already connected to the utility gr id. But it is practical 
and economical for many specialized app licat ions, par
ticularly those with small power needs in remote loca
t ions away from power l ines . In these locations, P V  
power, when compared to systems of batter ies and 
diesel generators, can offer advantages in reliabil ity , 
cost , and convenience. Other benef its include less noise 
and pollut ion than d iesel engines and the possibility of 
P V  additions. 
Any cost advantage of a remote P V  system over a 
utilky-connected system is based on the cost of a utility 
l ine extension (about $10 per foot) . If a l ine must be 
extended more than one-third of a mile with no poss ibil
ity of add it ional future customers on the line extens ion , 
a utility-connected system will be more expens ive than 
a small PV system for a s ingle-family home. As the cost 
of PV continues to decline, this break-even distance 
should also decline . 

• DERNinDNS AND TERMS
PV SYSlEM A PV system includes PV cells, batteries 
to store the electr icity, electronic components to control 
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the flow of electricity and, in some cases, components 
to convert direct current to aHernating current. 
PEAK WATIS The size of a PV module is generally 
expressed in terms of its ability to produce peak watts 
(Wp) at noon on a sunny day with the panel facing the 
sun . 

. • APPUCABIUTY 

CLIMATE · AII 
BUILDING TYPE Remote residential 
DEMAND MANAGEr.t:NT STRATEGY Peak clipping, 
strategic conservation 
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Table R-28. Distributed Photovoltaic Systems: Cosfs and Benefits 
Energy Cost Simple 

Costs ($) Savings savinr Paybacrf life 
Options (Installed) 1 (kWh/yr) ($/yr) (yr) (yr) Confidence 

Utility line extension (1/3 mile) 30,000 
1 .2-kW PV system 30,000 4200 336 Immediate 25 M 

1 The cost represents the current value of both options. (Key assuiJlltiOns: inflation 5.5%/yr; loan interest rate 14%/yr; utility cost of capita/ 11.5%/yr; system life 25 years; 
O&Mfor line extension0.98% of cap�al cosvmonth;utilityrate $0.09511\Wh; PV system cost $10-$15/watt;fixed O&M$2511\W;variable O&M$0.00811\Wh; battery backup 
capadty 30 kWh). 

2 The payback is Immediate because the capital costs of the two options are the same. 
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RESIDENTIAL WATER HEATING 
• • • 

Water heating is the second largest user of energy in  
the residential sector, accounting for almost 20% of  total 
residential end-use e nergy consumption hi the United
States. Most people p refer 50-gallon wate r heaters wHh 
a 4 .5-kW power input. Water heater retrofit p rograms 
are frequently used in the demand-side manageme nt 
strategies of electric utiiHies for several reasons: 
• A significant portion of residential customers ( 32%) 

use electricity to heat water.
1 Low-cost measures are available to reduce energy

use for water heating 
1 Residential wate r heate rs are ame nable to load 

control because of their large storage capacHy. 
Domestic wate r heating retrofit st rategies covered in  this 
sect ion include water heate r blankets, thermal traps, 
pipe insulation, low-flow shower heads, heat-pump 
wate r heaters, solar water heate rs, and direct uti lity 
control. 
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R E S I D E N T I A L  B R I E F  # 1 7

DOMESTIC WATER HEATING 

• DESCRIPTION 
Older residential electric water heaters typically were 
manufactured with R-3 insulation in the tank walls. 
Newer water heaters are insulated to R-16. If your
existing water heater is an older model, the insulation 
can be increased, and anergy saved, by wrapping a 
water heater blanket around the tank. The blanket typ
ically consists of fiberglass or foam insulating material 
with vinyl or paper backing. Table R-30 is a guide for 
estimating the thermal savings provided by adding an 
insulation blanket. The table provides an estimate of 
how much the blanket reduces heat loss through the 
side walls of the water heater or the jacket of the tank. 
The savings will vary based on how well the existing 
tank is insulated. According to studies by several 
utilities, actual savings achieved with water heater 
blankets may exceed the estimates of Table R-30. 

Even when there is no demand for hot water, heat can 
be lost to the surrounding air, because water rises 
naturally through the hot and cold water feed lines that 
extend from the top of the storage tank. Small one-way 
valves, also known as thermal traps, eliminate such a 
convection loop. Only a small fraction of water heater 
tanks are sold with such valves, but they can be retrofit 
in place of standard connection nipples. 

Reducing usage is another way to reduce energy 
requirements for water heating. Water-saving devices 
such as low-flow shower heads and faucet aerators 
lessen the amount of hot water used. Leaks and drips 
can also be repaired. Table R-31 provides a guide for 
estimating savings from fixing leaky faucets. Reducing 
water temperature is another atternative. Table R-32 
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provides a guide for estimating savings from 
temperature reductions. Washing machines and 
dishwashers typically account for half of the total hot 
water used in a household when they are both present. 
Please see the briefs on these appliances for more 
information . 

• APPUCABIUTY 

BUILDING TYPE Residential and commercial. (In resi
dential buildings, homes with high pre-retrofit energy 
use have the greatest potential for energy savings. 
Typically these are larger homes, households wtth two 
or more showers, and households with older water 
heaters.) 
CLIMATE REGIONS All 
DEMAND MANAGEMENT OBJECnVES Strategic 
conservation 
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Table R-29. Domestic Water Heating: Costs and Benefits 
Retrofit Energy Cost Simple 
Cost Savings Savings Payback Life 

Options ($) (kWhlyr) ($/yr) (yr) (yr) Conlidence4 

Heater wrap (R-8) 21 .001 2732- 19.11 1.1 10 

L 

Thermal traps 8.00 3803 30.00 0.3 15 

L 

Pipe wrap (R-3), 5 ft 5.00 20 1 .60 3.1 10 L 
Low-flow shower head 9.00 275 22.00 0.4 10 L 
1 Costs are material costs only and assume installation by occupant. 
2 Savings is based on adding 2 in. of fiberglass (R.S) to a 40-gallon tank (R·3) as per table R·30. This value is consistent with 1he results of four field s1Udies which 

measured savings from water heater wraps between 180 and n5 kWh/Water heater/yr. 
3 Savings was based on five s1Udies with savings ranging from 280480 kWh/yr. 

4 Blanket energy savings reported in 1he literature is variable. Not much infonnation has been reported on thermal traps, pipe insulation, and low·flow shower heads. 
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Table R-30. Annual Kilowatt-Hour Savings from Addi� Two Inches
of Insulation to Hot Water Storage Tanks 

Water Temp. Tank Size (Gallons) 
�F) 20 30 40 50 66 80 100 120 250 

110 96 147 182 210 242 278 294 336 501 
120 120 184 226 262 302 348 368 420 627 
130 144 221 273 315 363 417 441 504 752 
140 167 259 316 367 423 487 515 588 877 
150 192 294 364 420 484 556 588 672 1002 
160 215 330 407 472 544 626 662 756 1128 

1 Assumes 1he air ten-perature surrounding 1he talk is 70"F, 2 inches (R-8) of fiberglass insulation a-e added to 1he existing tank with 2 inches of manufadl.fer
installed insulation, and water heater operates Y981 round. kWh savings = tank area x temperature difference x (old transmission loss U-factor - new transnission 
loss U-factor) x hours per year I (3413 Btui1<Wh x 100o/o efficiency). 



Table R-31. Kilowatt Hours Wasted by Hot Water Leaks per Year 
Tank Leak Flow Rate 

Temperature 30 Drop/ 60 Drop/ 90 Drop/ 120 Drop/ 3"·Long &"·Long 9"-Long 
("F) Minu1e Minu1e Minu1e Minu1e Stream Stream Stream 

...... 110 176 351 527 703 2003 4008 6019 
00 120 211 421 632 843 2404 4810 7223 

130 245 492 738 984 2804 5611 8426 
140 281 562 843 1 124 3025 6413 9630 
150 316 632 948 1265 3606 7215 10834 



Table R-32. Annual Kilowatt-Hour Savings by Reducing HOt Water Temperatures 1 
Temperature Tank Size (Gallons) 

Reduction 
("F) 10 20 30 40 50 66 80 100 120 250 

5 21 29 38 46 54 62 71 75 . '86 110 
10 41 58 75 93 108 123 142 150 173 220 
15 62 88 113 139 162 185 213 225 259 330 

....... 20 . 82 117 151 186 217 246 284 300 345 440 <0 
25 103 146 188 232 271 308 355 376 432 550 
30 123 175 226 279 325 369 426 451 518 660 
35 144 204 264 325 379 431 497 526 604 no 
40 164 234 301 374 433 492 588 601 690 880 
45 185 263 339 418 487 553 639 676 1n 990 
50 206 292 337 485 542 615 711 751 863 1100 

1 Assumes air lllrrperature surrounding 1ank Is 70°F, 1ank has 2 Inches of fibergass Insulation, and water heater operates year round. kWh savings = tank area x 
0.15 U-factor x �eflll6rature setting reduction °F) x hours per year 1 (3413 BluikW x 100% efficiency). 
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HEAT-PUMP AND 

HEAT-RECOVERY 

WATER HEATERS 

• DESCRIPTION 
There are two types of heat-pump water heaters
integral and remote. Both have a compressor, a heat 
exchanger, and a water tank. Remote units are especi
ally suitable for retrofit installations. The integral unit is 
intended to replace an existing water heater. Heat-pump 
water heaters operate at a coefficient of performance 
(COP) of two or greater (i.e., they are at least twice as 
efficient as conventional electric water heaters). 

Heat-recovery water heaters recover superheat from the 
compressor discharge gas of a heat pump (or central air 
conditioner) and use it to heat or preheat water. A heat
recovery water heater produces about 15 gallons of 
heated water per hour per ton of air conditioning. During 
the hottest summer months, almost all of a home's 
water heating requirements may be provided by a heat
recovery water heater. In cooler months, when no air 
conditioning is needed, less discharge heat is available 
to heat household water • 

• DERNITIONS AND TERMS 
INTEGRAL UNIT A heat-pump water heater whose 
heat pump is located on top of the water tank. 
REMOTE UNIT The remote heat-pump water heater is 
an assembly consisting of an air-source evaporator, 
water-cooled condenser, compressor, fan, and pump. 
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The unit is connected to the existing water tank by 
flexible hoses or pipes. 

I APPUCABILITY 

BUILDING TYPE Heat-pump water heaters cool the 
surrounding air. In residences, they should be located in 
utility rooms or other conditioned rooms in southern 
climates and in furnace rooms in northern climates. 
They should not be installed where temperatures could 
fall below 40°F. They are also generally applicable in
commercial buildings such as restaurants, cafeterias,
laundromats, office buildings, and schools where there 
is a year-round water and air conditioning requirement. 
CLIMATE All. A heat-recovery water heater is most 
attractive for use in warmer climates where air cooling 
is required throughout much of the year. 
DEMAND MANAGEMENT STRATEGY Strategic con
servation, strategic growth, peak clipping 

• FOR MORE INFORMATION 

Electric Power Research Institute and the National Rural 
Electric Cooperative Association (1989), 'Heat Pump 
Manual.' EPRI EM-4110-SR, Palo Mo, CA: EPRI. 
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Table R-33. Heat-Pump Water Heaters and Heat-Recovery Water Heaters: Costs and Benefits 
Energy Energy Cost Simple 

Use Savings Savings Payback Ufe 
Options Costs ($) (kWh/yr) (kWh/yr) ($/yr) (yr)2 (yr) Con!idence3 

Electric water heater 315 4400 - - - 13 
Heat-jlump water heater (best 1985 model) 1350 1620 2780 222 4.7 13 M 
Heat·recovery water heater 7001 3300 1100 88 7.9 M 13 
1 The price for the heat·recovery water heater is in addition to the electric water heater. tt is assumed that the heat-recovery water heater provides all the water 

heating for three summer months. H ai' condlloring is used throughout the year, savings is significantly higher. 

2 The simple payback for the heat·pump water heater (best 1985 model) is calculated based on the difference i1 cost of the heat·pump water heater and an electric 
water heater. The payback for the heat-recovery water heater is based on the full cost of the untt. 

3 The confidence is medium. Heat·pump water heaters were first introduced in the early 1980s. 
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SOLAR WATER HEATERS 

• DESCRIPTION 
Solar water heating systems can be designed to operate
in nearly any climate. The performance of a· system var
ies based on the amount ofsolar insolation incident on 
the collectors and on the outdoor temperature. In most 
parts of the country, a solar system is designed to meet 
100% of a home's water heating requirements in sum
mer months. In winter months, the system may only 
meet . half the home's water heating requirements. 
Therefore a backup water heater or heating element is 
necessary to supplement the solar system in winter 
months. 
Active solar water heating systems use pumps to cir
culate water or other heat-transfer fluid from the collec
tors, where it is heated by the sun, to the storage tank, 
where the water is kept until it is needed. Low-flow 
systems have configurations similar to conventional 
active systems, but their low flow rate enhances thermal 
stratification in the storage tank and improves the 
system's thermal performance. 
For freeze protection, active systems can be separated 
into two general groups: those that use a fluid with a 
low freezing point (generally an antifreeze solution of 
ethylene or propylene glycol) in the collector loop and. 
those that use water in the collector loop (which must 
be protected from freezing). The reliability of active solar 
systems was problematic in the early 1970s, but today 
it is greatly improved. 
Passive water heaters use the natural convection of the 
solar-heated water .to create circulation. Passive sys
tems are typically integral collector/storage (ICS) or 
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thermosyphon systems. The major advantage of these 
systems is that they don't use controls, pumps, sensors, 
or other mechanical parts, so little or no maintenance is 
required over the lifetime of the system . 

• DEFINITIONS AND TERMS 

DRAINBACK SYSTEMS In these systems, water in the 
collector loop drains into a tank or reservoir whenever 
the pump stops because of freezing conditions. 
DRAIN DOWN SYSTEMS In these systems, water from
the collector loop and piping drain into a drain whenever 
freezing cond�ions occur. 
INTEGRAL COLLECTOR/STORAGE (ICS) SYSTEMS 
ICS systems are also called •batch• or •breadbox• water 
heaters. They combine the collector and storage tank in 
one unit. The sun shining into the collector strikes the 
storage tank directly, heating the water. The large ther
mal mass of the water plus methods to reduce heat loss 
through the tank prevent the stored water from freezing. 
RECIRCULATION SYSTEMS These systems circulate 
warm water from storage through the collectors and 
exposed piping whenever freezing conditions occur. 
THERMOSYPHON SYSTEMS Thermosyphon systems 
use a separate storage tank located above the collector. 
Liquid warmed in the collector rises naturally above the 
collector where it is kept until it is needed. The liquid 
can be either water or a glycol solution. If the fluid is 
water, freeze protection is provided by electric heat dur
ing freezing conditions. If the fluid is glycol, the heat 
from the glycol is transferred to water in the storage 
tank . 

• APPUCABIUTY 
CLIMATE All. ICS, recirulation, and thermosyphon 
systems are not recommended for cold climates. 
BUILDING TYPE All 
DEMAND MANAGEMENT STRATEGY Strategic con
servation 
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Table R-34. Solar Water Heaters: Costs and Benefi1S 
Energy Cost 

Costs1 Sa�1 Savings 
Options ($m2) (kW /yr) ($1ft2/yr) . 
Drainback solar system 65 88 7.04 
Low-flow system 42 81 6.50 
Integral collector/storage (ICS) system 55 93 7.40 

1 The costs and savings for the t!Tee systems were based on the following assulflltions: 

Collector area Storage volume 
Drainback 39.8 tf 62.2 gal 
Low flow 56.0 tf 71.9 gal 
ICS 26.9 tf . 42.3 gal 

Simple 
Payback 

(yr) 
9.2 
6.5 
7.4 

Ufe 
(yr) Confidence 

20 M 
20 M 
20 M 

The saVings for the drainback and ICS were based on TRNSYS simulations for Denver, CO. The Sl!Vings for the low-flow system was based on a WATSUN 
simulation for Denver, CO. Note: Larger systems (i.e., low flow) have lower energy savings per square foot of collector area but deliver greater overall energy 
saVings. 
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DOMESTIC WATER H EATER 

CYCLING CONTROL 

• DESCRIPTION
Dor1estic water heating cycling involves direct, real-time 
utilhy control over the operation of residential water 
heaters. Water heating is one of the few residential 
loads that is truly deferrable, because a water heater 
can be turned off for extended periods of time (up to 
six hours in some cases) wnhout affecting the cus
tomer's lifestyle. By directly cycling water heaters 
(though a communication system, rather than using 
timers or other local controllers), the utility can vary 
when and how much control is exercised. Water heating 
cycling is generally exercised only during periods of 
peak demand or high marginal supply costs. More than 
1 00 utilities are currently practicing water heating 
cycling. 

Because most electric water heaters can heat their full
capacity in less than three hours, cycling the heater off 
during peak utility demand has little impact on the 
consumer . 

• APPUCABIUTY

CLIMATE All 
BUILDING TYPE All 
DEMAND MANAGEJ.IENT STRATEGY Peak clipping, 
load shifting, flexible load shape 
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Table R-35. Domestic Water Heater Cycling Control: Costs and Benefits 

Costs ($) Power Savings Ufe 
Options (installed) (kW/water heater) 1 (yr) Confidence2 

Communications-based water heater 75-200 West central states Unknown H 
cycling system Winter 0.93 

Summer 0.70 

Western states Unknown 
Winter 0.90 
Summer 0.52 

1 Performance is based on numerous utility tes1S. The savings presented in the table indicates how rruch peak load is reduced by direct utility control. Cost savings 
and simple payback are not calculated because this measure only indirectly saves money for the resident, because residences generally are not on a denmd rate 
struCIU'e. 

2 Confidence Is rated high because the savings Is based on reports from 59 utilities. 



I Page 
Intentionally 

Blank



RESIDENTIAL LIGHTING 
• • • 

Lighting accounts for about 1 5% of the typical residen-
tial customer's electrical consumption. It is a small load 
per household, but collectively it can be large. New 
lighting products offer significant energy savings over 
standard lamps. The use of fluorescent lamps in place 
of incandescent lamps, for example, can triple or 
quadruple lighting efficiency. Fluorescent replacement 
lamps and energy-efficient incandescent lamps are 
discussed in this section. 

89 



I 
l 

I j .  
j 

R E S I D E N T I A L  B R I E F  # 2 1

INCANDESCENT ALTERNATIVES 

• DESCRIPTION 
Most lighting in the residential sector is incandescent. 
Available energy-conserving retrofits include the 
following: 

· 

Replace standard 'A-series' lamps with lower-wattage 
incandescent lamps. These lamps have a 1 o/o-5% 
higher efficacy than the standard lamps and cost about 
the same. The higher efficacy is a result of a better 
lamp filament and, in many cases, krypton filling. These 
lamps reduce energy usage per lamp 9o/o-15o/o and 
result in a 7%-1 1% decrease in light level. The light 
level reduction is rarely perceived by the homeowner. 

Another option is replacing standard lamps with com
pact fluorescent lamps. A compact fluorescent lamp 
uses approximately one-third the energy of a standard 
incandescent lamp. The light output of the fluorescent 
lamp is equivalent to that of the incandescent. The first 
cost of these lamps is 1Q-15 times greater than incan
descent lamps, but they last approximately 1 3  times as 
long. They are most appropriate lor heavily used fixtures 
that are not turned on and off frequently. They are 
bulkier than incandescents and in some cases they are 
too long to fit in standard fixtures or table lamps. 

Interior 3-3/4' lloodlamps (called PAR lamps) typically 
found in recessed fixtures can be replaced wfth energy
eflicit:�nt lamps (typically called ER). These lamps are 
twice as efficient as conventional alternatives at lower 
wattages. Table R-36 illustrates energy-efficient substi
tutions lor standard lamps. 
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Conventional exterior floodlamps can be replaced with 
either energy-conserving (ER) lamps or tungsten/ 
halogen lamps. 

Table R·36. 
Energy-Efficient Substitutes 

for Incandescent Lamps 
STANDARD LIGHT BULBS 

Existing lamp 40 W  60 W 75 W100 W 1 50 W
Energy-efficient ahernative 34 W 52 W 67 W 90 W 135 W 

FLOOD LAMPS 
Existing lamp 
Energy-efficient ahernative 
(ER or halogen lamps) 

75 W 100 W 150 W 300 W 

45 w 75 w 90 w 1 20 w 

• DERNITIONS AND TERMS

A-SERIES OR A-LINE Conventional medium screw
base teardrop-shaped incandescent lamps (usually 
frosted on the inside), used almost universally in 
households. 'A' refers to the fact that the shape is the 
standard (versus 'F' for flame-shaped, •p• for pear
shaped, and so on) 
ER LAMPS E R  stands for ellipsoidal reflector. This 
floodlamp design brings the light to focus several inches 
in front of the lens, rather than behind it, so that less 
heat is trapped inside the lamp. 'BR' lamps are similar 
to E R  lamps; they use a parabolic silver (rather than 
aluminum) reflector. 
EFRCACY The amount of light produced (in lumens) 
for a given amount of power input to the lamp 
(lumens/watt). 
TUNGSTEN-HALOGEN A type of incandescent lamp
made more efficient by the addition of a halogen gas, 
usually iodine or bromine. The gas suppresses filament 
tungsten evaporation, allowing the filament to be 
operated at a higher temperature and increasing lamp 
efficacy. 

91 



PAR LAMPS PAR stands for parabolic aluminum
reflector. Standard floodlamps use this design . 

• APPUCABIUTY 
CLIMATE All 
BUILDING TYPE All 
DEMAND MANAGEIENT STRATEGY Strategic 
conservation 
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Table R-37. Incandescent AHematives: Costs and Benefits 
Cost Simple Relative 

Power Savings Payback Light Life 
Options Costs ($)1 (W/Iamp) ($/lamplyr) (h) Output (%) (h) Confidence 

Standard incandescent 0.83 75 - 100 750 H 

Efficient incandescent 1 .13 67 0.482 469 93 750 H 
Compact fluorescent 13.00 18 5.6� 21504 100 10,000 H 

Standard interior flood/amp 5.38 100 - - 100 2,000 H 
Ellipsoidal reflector floodlamp 8.00 75 2.00 1310 100 2,000 H 
Standard exterior flood/amp 7.00 150 - - 100 2,000 H 
Ellipsoidal reflector 9.88 120 2.40 783 100 2,000 H 

Tungsten/halogen 12.68 90 4.80 1 1 83 100 2,000 H 

Note: Standard fluorescents are covered in Vol. 2 of the DSM Pocket Guidebook. 

1 Except as noted the prices are retail for GE larrps, material costs only. 
2 The cost savings is the operating cost reduction from the operating cost of the standard incandescent for the average lne of an incandescent bulb (750 hours). 
3 Compact fluorescent annual cost savings (based on 1000 hours of use per year) indudes the cost of additional standard bulbs. 

(75 w - 18 W) x 1000 hours x (t kWh/1000 Wh) x $0.08111Wh x ($0.83 x 1000n50) = $5.67. 
4 Simple payback (marginal costs): ($13.00 - $0.83Y$5.67 = 2146 hours. 
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RESIDENTIAL APPLIANCES 
I I I 

American families typically spend $500 to $1000 a year 
operating household appliances. Table R-38 shows the 
power draw and average energy use of typical house
hold appliances purchased before 1 990. Most appli
ances purchased after January 1 ,  1 990, will use less 
energy as a result of standards mandated by the 
National Appliance Energy Conservation Act {NAECA) 
of 1987. This law established minimum efficiency 
standards for major home appliances and heating and 
cooling equipment. The standards require that all new 
major appliances be 10%-30% more efficient than 
previously sold models. NAECA also mandate further 
appliance efficiency improvements in 1993 and 1998. 
Table R-39 shows the mandated improvements that 
have been approved to date. 
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Table R-38. 
Estimated Average Kilowatt Hours 
Used Monthly by Certain Electrical 

Household Equipment 
Average Estimated 

Appliance Wattage Monthly kWh 

Air conditioner (window) 1 ,000 1 kWh/h 
Automatic blanket 200 1 5  
Car heater 1 ,000 1 kWh/h 
Clock 4 3 
Clothes dryer 4,350 5 kWh/load 
Coffee maker 850 8 
Dehumidifier 300 200 
Dishwasher 1 ,500 30 
Floor polisher 340 
Food blender 290 
Food freezer 
(15 cu It chest) 350 1 00-190 

Food freezer 
(15 cu It frostless) 450 150-240 

Food mixer 1 1 0  1 
Frying pan 1 ,200 1 5  
Furnace (oil) 600 75 
Garbage disposal 400 2 
Hair dryer 250 3 
Heater (portable) 1 ,500 1 .5 kWh/h 
Humidifier 80 20 
Iron (hand) 1 1 ,00 1 2  
Lighting 1 ,600-4,000 100-150 
Microwave 1 ,450 1 6  
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Table R-38. 
Estimated Average Kilowatt Hours 
Used Monthly by Certain Electrical 
Household Equipment (Concluded) 

Average · Estimated 
Appliance Wattage Monthly kWh 

Radio 20 4 
Radio/stereo 40 6 
Range 1 2,000 1 00-150 

Razor 1 5  1 
Refrigerator, standard (12'-16') 265 1 00-120 
Refrigerator, frost-free 
(16') (1970 vintage) 475 1 50-230 

Refrigerator, frost-free 
(20') (1970 vintage) 540 225-275 

Sewing machine 75 1 
Television (black and white) 50-250 25-50 

Television (color) 250-350 30-90 
Toaster 1 ,100 4 
Toothbrush 2 1 .5 
Vacuum cleaner 700 3 
Washing machine (automatic) 600 8 
Washing machine (nonautomatic) 300 5 
Water bed heater (varies) 300 100 
Water heater (standard) 2,500 3501 

Water heater (quick recovery) 4,500 5001 

Water pump 750-2,000 40-80 

1 Varies widely. 
Source: ND Rec Magazine (Jan. 1986) 
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Table R-39. U.S. Appliance Efficiency Standards 

REFRIGERATOR.fREEZERS 
Manual defrost 
Partial automatic defrost 
Automatic defrost wtth 
Top--mounted freezer wtthout ice 
Side-mounted freezer wtthout ice 
Bottom-mounted freezer wtthout ice 
Top--mounted freezer/through-the-door ice 
Side-mounted freezer/through-the-door ice 

Upright freezer wtth 
Manual defrost 
Automatic defrost 

Chest freezer and all other freezers 

For Products Manufactured After 
1/1190 1/1/93 

kWh/yr 

16.3 AV1 + 316 1 9.9 AV + 98 

23.5 AV + 471 1 6.0 AV + 355 
27.7 AV + 488 1 1.8 AV + 501 
27.7 AV + 488 1 4.2 AV + 364 
26.4 AV + 535 1 7.6 AV + 391 
30.9 AV + 547 16.3 AV + 527 

10.9 AV + 422 1 0.3 AV + 264 
16.0 AV + 623 1 4.9 AV + 391 
14.8 AV + 233 12.0 AV + 124 
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Table R-39. U.S. Appliance Efficiency Standards (Continued) 

AIR CONDITIONERS 
Room air conditioners 

Wtthout reverse cycleftlith louvered sides 
Wtthout reverse cycle/without louvered sides 
Wtth reverse cyclelw�h louvered sides 
With reverse cycle/without louvered sides 

CENTRAL AIR CONDffiONERS AND HEAT PUMPS 
Split systems (manufactured after 1992) 
Single packaged systems (manufactured after 1993) 

For Products Manufactured After 111190 (EER) 

8.o-9.0 
8.o-8.52 

8.5 
8.0 

SEER SHPF 

10.0 
9.7 

6.8 
6.6 
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Table R-39. U.S. Appliance Efficiency Standards (Concluded) 

WATER HEATERS 
Electric water heaters 

1 AV = adpsted volume = [1.63 x freezer volume (�)] + refrigerator by volume. 

2 Depends on size. 

For Products Manufactured after 1990 (Energy Factor)3 

0.95 - (0.00132 x rated storage volume in gallons) 

3 The savings assumes a water heater wi1h an energy factor of 0.90. The energy factor represents a corrilination of conversion effidency (100% for 
electrici1y) and standby losses assuming 64 gallons/day of hot water are applied. 



R E S I D E N T I A L  B R I E F  # 2 2

ENERGY-EFFICIENT 

REFRIGERATORS AND FREEZERS 

• DESCRIPOON
Refrigerators are an important target for residential 
energy conservation because they constitute a major 
residential end use of electricity. For example, in 
California's Pacific Gas and Electric Company utility 
territory, refrigerators account for 22% of the residential 
electrical consumption. In the same service terrhory, 
freezers account for 6% of residential consumption. The 
most common type of refrigerator/freezer is an auto
matic defrost w�h a top-mounted freezer. The energy 
usage of models sold in 1983 is approximately 
1200 kWh/yr. This is 30% less than models sold in 
1971 .  The best large refrigerator/freezer available from 
leading manufacturers in the U.S. in � 985 used approxi· 
mat ely 750 kWh/yr. In 1989/90, the best mass-marketed 
automatic-defrost refrigerator/freezers also used about 
750. kWh. The national appliance efficiency standards 
required that further improvements in refrigerator effi
ciency start in 1990. As a resu� of these standards, full
size automatic-defrost refrigerator/freezers using iess 
than 700 kWhlyr will become available in the early 
1990s. ln Table R-40 the energy use for representative 
refrigerator/freezers built in the mid-1980s is compared 
to a refrigerator meeting the 1992 California minimum 
appliance efficiency standards (which is similar to the 
U.S 1993 standard). Manufacturers can choose several 
redesign options to meet these standards. The example 
in Table R-40 assumes a moderately improved com· 
pressor (an increase of EER from 3.18 to 3.65), more 
insulation, a double freezer gasket, and a more efficient 
fan and motor. A second option is included in 
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Table R-40 to indicate further improvements that can be 
made, for example by including a compressor EER of 
4.5 and a double refrigerator gasket. 

• APPUCABILITY 
BUILDING TYPES All. These measures are primarily 
applicable to consumers replacing older units. 
CLIUATE TYPES All 
DEMAND MANAGEMENT OBJECTIVE Strategic 
conservation 

• FOR MORE INFORMA710N 

Massachusetts Audubon Society and ACEEE (1985), 
•saving Energy and Money with Home Appliances. •
Washington, DC: ACEEE. 
"The Most Energy Efficient Appliances, 1989-90 
Edition• (1989). Washington, DC: ACEEE.
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Table R-40. Energy-Efficient Refrigerators and Freezers: Costs and Benefits 

Options 

Automatic-defrost refrigerator/freezer 
(17 ft3, 1983 vintage) 

1992 Calffomia Standards model 
Improved models 

Costs 

($) 

671 
731 
807 

Energy Peak 
Use Use 

(kWhlyr)1 (kW)1 

1 ,200 1 .5 
610 0.8 
460 0.6 

Energy Cost Simple 
Savings Savings Payback 
(kWhlyr) ($/yr) (yr) Life 

- - - 20 
590 47.20 1 .3 20 
740 59.20 2.3 20 

Confidence 

H2 

H2 

M 

1 American Coundl tor an Energy-Effident Economy (1986), "Residential Conservation Power Plants Study, Phase 1-Technlcal Potential." Washington, DC: 
ACEEE. 

2 Confidence is rated high. The energy usage is detemined based on laboratory testing and reported on an Energy Guide label. 
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LOW-WATER 

WASHING MACHINES 

AND DISHWASHERS 

• DESCRIPTION 
A standard washing machine uses between 620 and 
1580 kWh/yr. The most energy-efficient top-loading 
models widely available today use between 650 and 
830 kWh/yr. Most of this electricity is for heating water 
rather than directly running the washer. A front-loading 
washing machine uses less hot water per pound of 
laundry than top-loading un�s use. Front-loading units 
in standard sizes widely available in 1989/90 can use as 
little as 300 kWh/yr. According to Consumer Reports 
(June 1985), these machines are quieter, take up less 
space, and use less detergent than top loaders. 

Front-loading commercial washing machines also use 
less energy than residential machines. In commercial 
laundries, front-loading machines are generally designed 
to wash two or three loads of laundry at a time. They 
use less hot water per load and their washing process 
is more energy efficient than a top-loading machine. 

Including energy to heat water, dishwashers use 
between 600 and 1 100 kWh/yr. Average electricity use 
of new dishwashers declined 36% from 1972 to 1984. 
The most energy-efficient models widely available in 
1989/90 used approximately 640 kWh/yr. A booster 
heater to raise the temperature of the incoming water to 
140°F is one available energy-conserving feature. This
allows the user to set the temcP:rature of the household
water heater at 1 1  0°F or 120 F. Another energy-saving 
feature is a short cycle and an air-dry selection. Energy 
Guide labels are required on clothes- and dishwashers 
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so consumers can compare the energy use of various
models . 

• APPUCABIUTY 
BUILDING TYPE Residential and commercial 
CLIMATE All 
DEMAND MANAGEIENT STRATEGY Strategic 
conservation 

• FOR MORE INFORMAnON 
Massachusetts Audubon Society and. ACEEE (1985), 
"Saving Energy and Money with Home Appliances. • 
Washington, DC: ACEEE. 
"The Most Energy-Efficient Appliances, 1989-90 
Edition" (1989). Washington, DC: ACEEE.
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Table R-41. Low-Water Washing Machines and Dishwashers: Costs and Benefi1S 
Energy Cost Simple 

Added Savings Savings Payback Ufe 
Options Costs ($) (kWh/yr) ($/yr) (yr) (yr) Confidence2 

Front-loading washer 150 4801 38.4 3.9 15 H 
Dishwasheribooster heater/air drying 30 201 16.08 1.9 15 H 

1 The savings assumes a water heater with � energy factor of 0.90. The energy factor represents a corrbination of conversion efficiency (100% for elaclricily) and 
standby losses assuning 64 gallons/day of hot water are applied. 

2 Confidence is high because 11\ere a-e standardized procedures to test and report annual energy use to consumers via 1he Energy Guide label. 



R E S I D E N T I A L  B R I E F  # 2 4

ENERGY-EFFICIENT 

CLOTHES DRYERS 

• DESCRIPTION 
According to the U.S. Department of Energy, a typical 
electric clothes dryer sold in 1980 consumed 2.44 kWh 
per use. Electric clothes dryers use two to three times 
as much electricity as the theoretical minimum to 
remove water. One energy conservation feature that is 
applied to electric clothes dryers is a sensor that 
measures either the temperature or . the moisture 
exhaust, thereby allowing automatic shutoff of the dryer 
when the clothes are mostly dry. Most of the clothes 
dryers sold in 1980 have a temperature control sensor. 
Moisture sensors are less common. Advanced technol
ogy options for electric clothes dryers /that might be 
widely available in the 1990s include · exhaust heat 
recovery, microwave clothes dryers, and heat-pump 
clothes dryers. 

Commercial clothes dryers generally have a larger 
capacity and dry two wash loads for the same amount 
of energy and in the same time as a residential dryer . 

• APPUCAB/UTY 
BUILDING TYPE Residential and commercial 
CLIMATE All 
DEMAND MANAGEP.I:NT STRATEGY Strategic 
conservation 

• FOR MORE INFORMAnON 
Massachusetts Audubon Society and ACEEE (1985), 
·saving Energy and Money with Home Appliances.•
Washington, DC: ACEEE. 
"The Most Energy-Efficient Appliances, 1989-90 
Edition• (1989). Washington, DC: ACEEE. 
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Table R-42. Energy-Efficient Clothes Dryers: Costs and Benefits
Energy Cost Simple 

Costs Savings Savings Payback Ufe 
Options ($) (kWh/yr) ($/yr) (yr) (yr) 

Standard clothes dryer 315 - - - 18  
Moisture sensor 390 1 24 '9.92 7.5 Urilnown 
1 An Energy QJide label is not required for electric dothes dryers; thus there is no standardized laboratory testing procedure. 

Confidence 1 

M 



R E S I D E N T I A L  B R I E F  # 2 5  

ENERGY.;EFFICIENT 

COOKING EQUIPMENT 

I DESCRIPTION 
From a utility perspective, the energy used by electric 
ranges is an important consideration because the satu
ration of electric ranges is increasing and they are gen
erally heavily used during peak load periods. 

Simple technology measures can be incorporated into
cooktops and ovens. For the oven, they include increas
ing insulation, improving door seals (resulting in less_ 
heat loss through infiltration), reducing the thermal mass 
of the oven (i.e., the amount of metal used), and chang
ing the oven element to improve heat transfer. For cook
tops, energy savings improvements include reducing 
contact resistance and improving the reflectance of the 
reflector pans under the burners, which directs more 
heat back to the cooking utensil. 

Further energy savings will result from · the use of 
magnetic-induction cooktops. Induction cooktops have 
been used in the residential and commercial sectors for 
about 10  years. The market for these products in the 
Un�ed States is quite small because of expense; and 
most units in use here are imported. In these cooktops, 
a magnetic coil is located underneath the cooking area. 
Running high-frequency (20-40 kHz) electricity into a 
magnetic coil creates an alternating magnetic field which 
induces a current in the pan. Because of high resis
tance, the current is converted to heat. An induction 
cooktop heats the cooking utensil directly rather than 
heating a resistance coil which then transfers heat to 
the pan. The pans must be made out of or contain iron 
or steel. The cooktop itself remains cool, however. 
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Induction cooktops have efficiency gains of 20%-40% 
over conventional electrical resistance ranges. 

Microwave ovens and combination microwave/ 
convection ovens are other energy-saving devices. 
These are not included in Table R-43 because generally 
they are purchased in addition to a standard oven. 
Tests show that cooking particular foods in a microwave 
oven consumes 25%-75% less energy than cooking 
them in a standard oven. Tests by the Association of 
Home Appliances indicate that homes w�h a conven
tional electric range and oven and a microwave oven 
use 14% less energy for cooking than households with 
only a conventional oven . 

• APPUCABIUTY 

BUILDING TYPES All. These measures are primarily 
applicable to consumers replacing older units. 
CLIMATE TYPES All 
DEMAND MANAGEt.t:NT OBJECTIVE Strategic con
servation. (Microwave ovens offer strong potential for 
strategic load growth because customers often use 
them in_ conjunction with nonelectric cooking 
appliances.) 

t • FOR MORE INFORMATION

Massachusetts Audubon Society and ACEEE (1985), 
'Saving Energy and Money with Home Appliances.' 
Washington, DC: ACEEE. 
'The Most Energy Efficient AppUances, 1989-90 
Edition' (1989), Washington, DC: ACEEE.
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Table R-43. Energy-Efficient Cooking Equipment Costs and Benefits 
Energy Energy Cost Simple 

Use Savings Savings Payback Life 
Options Costs ($)1 (kWh/yr) (kWhlyr) ($/yr) (yr) (yr) Confidence 

Cooktops 
Slandard 300 399 - - - 1 6  M 

..... lmprovecf 302 355 44 3.52 0.6 1 6  M 
..... Induction 1100 307 ..... 92 7.36 106 1 6  M 

Ovens 
Slandard 200 346 - - - 16 M 
lmproved2 215 246 103 6.24 1 .8 16  M 

1 The costs represent midpoints of ranges. 
2 lrrproved technology for the oven includes lnaeased insulation, Improved door seals, reduced thermal mass, <r1d improved heating-element configuration.

lrrprovements for the cooktop lndude better contact resistance and an Improved reflector pan. 
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RESIDENTIAL POOLS 
• • • 

The number of in-ground pools at the end of 1989 was 
3.1 million. Approximately 1 00,000 are built each year. 
According to the National Spa and Pool Institute, 33% 
of all pools buitt in 1988 were sold with heaters. Energy
efficiency measures include controlling the amount of 
time that the pool or spa filtration system is running, 
solar pool heating, and swimming pooVspa covers. Solar 
pool heating can extend a swimming .season and make 
an otherwise unheated pool more comfortable. Accord
ing to the National Spa and Pool lnst�ute, 69% of the 
spas installed in 1988 used electric heat. Solar water 
healing and heat-pump water heaters (discussed in the 
water heating section) may be appropriate retrofits for
spas. 
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R E S I D E N T I A L  B R I E F  # 2 6

SWIMMING POOL PUMP CONTROL 

• DESCRIPTION
The filtration, sweeping, and heating systems for resi
dential pools use relatively large pumps, typically rated 
at between 0.5 and 1 .5 horsepower (hp). A study 
described in Energy Auditor and Retrofitter (March/ April 
1986) found that 0.75-hp or smaller pumps were 
generally adequate for most residential pools and that 
many pool pumps were oversized. When it comes time 
to replace the pump, choosing a new pump wnh energy 
conservation in mind will almost always result in lower 
operating cost. 

According to the National Spa and Pool Institute, under 
most conditions a properly sized pool pump operating 
only eight hours a day should be able to keep the pool 
clean. Typically the time of day and the duration of pool 
pump operation are controlled by a customer-owned, 
manually adjustable clock swnch supplied in the pool 
pumping and filtering control package. These are easily 
set to allow for off-peak operation and to limit operation 
to only those hours necessary to maintain pool 
cleanliness . 

• APPUCABILITY
CLIMATE This is most applicable to warm-climate util
ities with high saturations of residential swimming pools. 
BUILDING TYPE All 
DEMAND MANAGEMENT OBJECTIVE Load shifting, 
strategic conservation, peak clipping 
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Table R-44. SWimming Pool Pump Control: Costs and Benefits 
Power Cost Simple 

Cost ($) (kWhlyr)2 Savings3 Payback 
Options �nstalled)1 (kW) ($/yr) (yr) 

Swimming pool pump control · · 2aoo 365-435 kWhlyr 32.00 0.9 
0.7-1 .3 kW 

1 The costs were reported by one Ulility. Hardware oos!S are generally low, because 1he only equipment required is an extra dock tripper. 
2 The energy savings as reported by two southern california Ulill1les. 
3 Cost savings is based on the midpoint kWh savings/yr. 

Ufe 
(yr) Confidence 
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SOLAR POOL 

HEATERS AND COVERS 

• DESCRIPTION 
A solar pool heater is generally used to raise the pool 
water temperature 8°F to 1 0°F to extend the swimming
season by three or four months in most parts of the 
country. Most solar pool collectors are made of parallel 
black plastic tubes. No glass or plastic collector 
covering is used in these systems. Because the pool 
itself serves as the storage tank, no separate storage 
unit is needed. The pool's fittration pump is often used 
to force water through the collectors. A� average pool 
heating system might consist of a 360-ft collector with 
an electronic controller and a pump. 

If a pool is heated, a pool cover is very important. Not 
using a pool cover is like heating a house w�hout a 
roof-the heat just goes right out the top. A cover 
retains more than two-thirds of the heat needed to main
tain a comfortable swimming temperature. The size of 
the required solar heating system would double to heat 
a pool 12  months of the year wtthout a pool cover . 

• APPUCABILITY
CLIMATE All 
BUILDING TYPE Residential and commercial 
DEMAND MANAGEIENT STRATEGY Strategic 
conservation 

1 16  



..... ..... 
--.I 

Table R-45. Solar Pool Heaters and Covers: Costs and Benefits 
Energy Cost Simple 
Savings Savings Payback Life 

Options Costs ($) (kWh/yr) ($1yr) (yr) (yr) Confidence 

Pool cover 1801 12565 1005 0.2 10 M 
Solar pool heater 3,8052 81713 653 5.8 20 M 

1 The cost of a pool cover is $0.40-$0.80fit!. (The midpoint is used.) The. surface area of the cover is assumed to be 300 tt2. 
2 The cost of a solar pool heater ranges from $8.75 to $12.50 per square foot of collector area (The midpoint is used.) The collector area is assumed to be 

350 square feet. 

3 Savings was determined through an FCHART model simulation for Phoenix, fol., for the months March-Noverrber. Savings assumes the pool uses a cover. 
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