DoE[RG [09117- -7 1

“\‘ﬁ;ﬁ\

FROM
IOWA STATE COMMERCE COMMISSION
STATE HOUSE
DES MOINES, IOWA 50319

I-SAVE CONSERVATION PROGRAM
IMPLEMENTING
TITLE II OF“NECPA
RESIDENTIAL CONSERVATION SERVICE

FINAL DRAFT 5-30-80

FCOI-TTRG 08117

—— MSTRIBUTION OF THIS DOCUMENT IS URLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
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recommendation, or favoring by the United States Government or any
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Government or any agency thereof.
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CHAPTER 27

IOWA-SAVES AMERICA'S VITAL ENERGY

The I-SAVE (Iowa Saves America's Vital Energy) conservation
plan was developed pursuant to Title II, Part I of the
National Energy Conservation Policy Act (NECPA) of Nov-
ember 1978 and satisfies the requirements of a Residential

Conservation Service Plan as outlined in the Federal Register

~of November 7, 1979. ThlS plan is designed to provide

comprehensive energy conservation information and services

to re51dent1al consumers in Iowa who are served by large

“investor owned electrlc and gas ut111t1es and participating

home heating suppliers.

The Iowa state commerce commission, designated lead

-agency by governor Robert D. Ray on November 30, 1979,

charged with overall responsibility for development and
implementation of the I-SAVE plan. In this regard, the ISCC
identified approximately 20 individual groups who would be

affected by the.plan and invited them to participate directly

in the formulation of, specific plan provisions. These

groups represented other state agencies, private contracting

and building groups, financial institutions and associations,

public and private utility associations and public interest

groups. Subcommittees were formed and given a deadllne of
March 15, 1980, for the submission of all comments and plan
proposals. On April 3, 1980, an executive committee was

appointed and assigned the task of final review of the
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subcommittee work and consolidation of the input into plan
form. | |

Public hearings>were held on the draft plan at five
locations-throughout the state from April 24 to May 13,
1980. At the conclusion of the hearing process, all testimony
and comments received were summarized, carefully reviewed
and iﬁcorporated into the plan as'nécessary.

The overall obiective of the I-SAVE plan is to conserve
energy by facilitating cost effective retrofit of existing
housing and promoting more efficient energy ﬁse: The
ul;imate benetit available to the customer under the I;SAVE
plan--reduction in energy use--is dependent upon the action
he or she takes as a‘result'of the program'audit. Benefits
to the utility and the ratepayers as a whole, however, will
accrueionlyﬁupon,widespréad customer acceptance andAutiliQ
zation of program services. This degree of program accep-
tance and the'resulting benefits to ratepayers can be
attéined only through an aggressive educational and promotional
effort by the covered utilities.

This Commission, therefore, strongly encourages‘covered
utilities to adopt aggressive promotional strategies for

the I-SAVE plan.

250--27.1(476) Séope and coverage.

All electric and gas utilities which have sales, other
than resale, exceeding 750 million kilowatt hours of electricity

or 10 billion éubicAfeet of gas and participating home



heating suppliers, shall provide a program announcement and '
shall offer conservation services to their customers who
occupy a residential building containing at least one, but
not more than four units, in a manner as pfovided by these
rules.

The following electric and gas ufilities have been
identified as having sales in excess of the minimum sales
listed above.

Covered Utilities

Interstate Power Company
100 Main Street
Dubuque, Iowa . 52001

.Iowa Electric Light & Power Company
P. 0. Box 351
Cedar Rapids, Iowa 52406

Iowa-11llinois Gas & Electrie Co.
206 E. 2nd Street
-Davenport, Iowa 52808

Iowa Power & Light Company
P. 0. Box 657
Des Moines, Iowa 50303

Iowa Publié Service Company
P. 0. Box 778
Sioux City, Iowa 51102

Iowa Southern Utilities Company
300 Sheridan Road
Centerville, Iowa 52544

Mlnnegasco
733 Marquette Avenue
Minneapolis, Minnesota 55402

Peoples Natural Gas Division
2223 Dodge Street
Omaha, Nebraska 68102



North Central Public Service Co.
1080 Montreal Avenue
St. Paul, Minnesota 55102

Union Electric Co.

P. 0. Box 487
Keokuk, Iowa 52632

Covered Non-Regulated

Omaha Public Power District
1625 Harney Street
Omaha, Nebraska 68102

250--27.2(476) Definitions.

1. Assistant secretary. The term "assistant secretary"

means the assistant secretary for conservation and solar

energy of the U. S. Department of Energy.

2. Commissién/iead'aggncszSCC. ISCC means the Iowa:
state éommerce commission.

3. Governor. The term '"governor' means the governor of
.Iowa or his designee.

4., Secretary. The term ''secretary' means the secrétary

of energy.

&

5. State. The term "state' means the state of Iowa.

6. Class B energy audit. The term ''class B energy audit"

means an energy audit in which the estimates of costs and
savings associated with the installation of program or étate
measures are based on information collected by an eligible
customer about his or her residential building and sent to a
covered utilit& or participating home heating supplier for

analysis.

7. Covered utility. The term ''covered utility' means in
y



ahy'calendar year a public utility which during the second
preéeding calendar year had either:

a. Sales of natural gas for purposes other than resale
which exceeded 10 billion cubic feet, or

b. Sales of electric energy for purposes other than
resale which exceeded 750 million kilowatt-hours.

8. Eligible customer. The term "eligible customer" means

a person who:
a. Owns or occupies a residential building; and
~b. Receives a fuel bill from a covered utility or parti-
.cipating home heating supplier for fuel used in such residen-
tial building.

.. 9. Energy conservation measures. The term "energy conser-

vation measures" means the following mcasures in a residential
building: .

a. Caulking. The term "caulking".means pliable materials
uséd to reduce the passage of air and moisture by filling
small gaps including:

(1) At fixed joints on a building;

(2) Underneath baseboards inside‘a building;

(3) In exteriof walls at electrical outlets;

(4) Around pipes and wires entering a building; and

~(5) Around dryer vents and exhaust fans in exterior
walls.

Caulking includes, but is not limited to, materials
commonly known as "sealants", "putty", and "glazing compounds”.

b. Weatherstripping. The term "weatherstripping” means



narrow strips of material placed over or in movable joints.

of windows énd'doors to reduce the passage of air and moisture.
¢. Furnace efficiency modifications. The term "furnace

efficiency modifications”™ means:

(1) Replacement furnaces or boilers. . The term "replacement
furﬁaées or\boilers“ means a furnace or boiler, including a
heat pump, which'fepiaces an existing furance or bhoiler of
tﬁe sahe fuel type and which reduces the amount of fuel
consﬁmed due to an ilncrease in combustion efficiency, improved
heat generation or reduced heat losses.

(2) Furnace replacement burner (0il). The term "furnace
replacement burner (o0il)" means a furnace or boiler, including
a device which atomized the fuel oil, mixes it with air, and
ignites the fuel-air mixture, and is an integral part of an
oil-fired furnace'or boiler including the combustion chamber,
and which because of its design,.achieves a reduction in the
0il used from that used by the device which it replaces.

(3) Flue opening;modification. The term "flue opening
modification" means. an automatically operated damper instaliéd
in a gas-fired furnace (often called a vent damper) which:

(a) Is installed downstream from the drafthood, and

(b) Conserves energy by substantially reducing the flow
of heated ai; through the chimney when the furnace is nptlin
operation.

(4) Electrical or mechanical ignition system. The term
"electrical or mechanical ignition system" means a device

which, when installed in a gas-fired furnace or boiler,



automatically ignites the gas-burner and replaces a gas
pilot light.

d. Replacement central air conditioner. The term "re-
placement central air conditioner" means a central air’
conditiqner which replaces an existing central air conditioner
of the same fuel type and which reduces tﬁe amount of'fuel
cénsumed due to an increase in efficiency.

e. Ceiling insulation. The termA"ceiling insulation"
means a material primarily designed to resist heat flow
which is installed between the conditioned area of a building
anq an unconditioned attic. Where the conditioned area of a
building extends to the roofs, the term "ceiling insulation”
also applies to such material used between the underside and
upperside of the roof,

f. Wall insulation. The term "wall insulation" means a
material primarily designed to resist heat flow which is
installed within or on the walls between conditioned areas
of a building and uncqnditioned areas of a building or the
outside.

g. Floor insulation. The term "floor insulation" means a
material primarily designed to resist heat flow which is.
installed between the first level conditioned area éf a
building and an unconditioned basement, a crawl spaée or the
outside beneath it. Where the first level conditioned area
of a building is on a ground level concrete slab, the term
"floor insulation" also means such material installed around

the perimeter of or on the siab. In the case of mobile



homes, the term "floor insulation“-aISo means skirting to
enclose the space between the building and the ground.

h.  Duct insulation. The term “duct insu1ation" means a
material primarily designed to resist heat flow which is
installed 6n a heating or cooliné duct in an unconditioned
aféa of a'building.

i. fipe insulation. The term "pipe insulation" means a
material primarily designed to resist heat flow which is
installed on a heating or cooling pipe in ‘an unconditioned
area of a building.

j. Water heater insulation. The term "water heater
insulation” means a material primarily designed to resist
heat flow which is suitable for wrapping around the exterior
surface of the water heater casing.

k. Storm window: The term "storm window" means a window
or giazing material placed outside or inside an ordinafy or
prime window, creating an air space, to provide greater
resistance to heat flow than the prime windows alone.

1. Thermal window. The term "thermal window" means a
window unit with improved thermal performance through the
use of two or more sheets of glazing material affixed to a
window frame to create one or more insulated air spaces. It
may also have an insulating frame and sash.

m. Storm or thermal door. The term "storm or thermal
door" means:

(1) A second door, installed outside or inside a prime

door, creating an insulating air space;
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.(2) A door with enhanced resistance to heat fléw through
the glass area by affixing two or more sheets of glazing
material; or A

 (3>’ A prime exterior door with an R-value of at least 2.

n. Heat reflective and heat absorbing window or door

material. The term '"heat reflective and heat absorbing

" ‘'window or door material" means a window or door glazing

material with exceptional heat-absorbing or heat-reflecting

properties; or reflective or absorptive films and coatings

‘applied to an existing window or door which thereby result

in exceptional heat-absorbing or heat-reflecting properties.
‘0. Devices associated with electric load management
techniques. The term ''devices associated with electric load

mangement techniques' means customer-owner or leased devices

that -reduce the maximum kilowatt demand on an electric

utility and which are either:
(1) Part of a radio, ripple or other utility controlled
load switching system on the customer's premises;
~(2) Clock-controlled load switching devices;
(3) Interlocks, and other load-actuated, load-limiting
devices, or |
(4) - Energy storage devices with control'systems.
P. Clock thermostat. The terﬁ "clock thermostat" méans a

device which is designed to reduce energy consumption by

" regulating the demand on the heating or cooling system in

which it is installed, and uses:

(1) A temperature control device for interior spaces



incorporating more than one temperature control level; and
(2) A clock or other automatic mechanism for switching
from one control level to another.

.10. Energy conserving practices. The term "energy conserving

practices" means:

‘a. Furnace efficiency maintenéﬁce and adjustments, which
means cleaning and combustion efficiency adjustment of gas
or oil furnaces, periodic cleaning or replacement of air
filers on forced-air heating or cooling systems, lowering
the bonnet or plénum.thermostats to 80° F. on a gas or oil
forced—air_furnace,-and turning off the pilot light on a .gas
furnace during the summer; '

b. Nighttime temperature setback, which means manually
loweriné the'thermostat control setting for the furnace
during the heating season to a maximum of 55° F. during
sleeping hours;

c. Reducing thermostat settings in winter, which means
limiting the maximum thermostat control setting for the
furnace to 68° F. during the heating season;

+ d. Raising thermostat settings in summér, which means
settipg the thermostat control for an air conditioner to 78°
F. or ﬁigher during the cooling season;

e. Water flow reduction in showers and faucets, which
‘means placing a device in a shower head or faucet.to limit
the maximum flow to three gallons per minute, or replacing
existing shower heads or faucets with those having,built—in
p:pvisions_for_limiting the maximum flow to three gallons

per minute;

o
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| f.. Reducing hot water temperatures, which means manually
setting back the water heater thermostat setting to 120° F.,
and reduding the use of heated water for clothes washing;

g. Reducing energy use when a home is unoccupied, which
means reducing the thermostat setting to 55° F. when a home
is empty for four hours or longer in the heating season,
turﬁing an éir conditioner off in the cooling season when no
one is home, and turning a water heater off when a home is
vécant for two days or ionger;

h. Plugging ‘leaks in attics, basements, fireplaces, -
switch plates and wall plates which means:

il) Installing scrap insulation or other pliahle materials
in gaps around pipes, ducts, fans, or other items which
enter the attic or basement from a heated space;

(2) 1Installing fireproof material to plug any holes
around any damper in a fireplace;

- (3)- Installing rubber gaskets or similar material around
switch plates and wall plates; and

(4) Adding insulation to an attic or basement door.

i. Sealing leaks in pipes and ducts, which means installing
caulking in any leak in a heating or cooling duct, tight-
ening or plugging any leaking joints in hot water or steam
pipes, and replacement of washers in leakiﬁg water valves;

j. Effiéient use of shading, which means using shades or
drapes, to block sunlight from entering a building in thé
cooling season, to allow sun1ight to enter during the heating

season, and to cover windows tightly at night during the
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heating season; and

k. Such other low or no cost practices designated by the
governor énd approved by the assistant secretary in a state
plan which save energy, do not require the installation of
energy conservation or renewable resource measures; and do.
not adversely impact the RCS program.

" 11, Home heating supplier. The term "home heating supplier”

means a person who sells or sqpplies home heating fuel
(including no. 2 heating oil, kerosene, hutane, and propane)
to an eligible customer for consumétion in a residential
building.

12, Participating home heating supplier. The term "parti-

cipating home heating supplier" means a home heating supplier
that has elected to participate in a state residential

conservation:service plan which includes home heating suppliers.

13. Program‘audit.‘ The term "program audit" heans an
energy audit in which the estimates of costs and on an on-
site inspection of the residence of an eligible customer by
an auditor qualified according to a state or non-regulated
utility plan.

14, Program measures. The term "program measures" means

those energy conservation or renewable resource measures
which the assistant secretary has by rule determined to be
appropriate by climatic region and building category.

15. Public utility. The term "public utility” means any

person, state agency, or federal agency which is engaged in

the business of selling natural gas or electric energy, or

4]
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both, to residential customers for use in a residential
building.

16. Renewable resource measure. The term "renewable

resource measure" means the following measures in or'with'
féspect té a residential building:

a. Solar domestic hot water systems. The term "solar
domestic hot water systems" means equipment designed to
‘absorbh the sun's energy and to use this energy to heat water
for use in a residential building other than for space
heating, including thermosiphon hot water heaters.

b. Active solar space heating systems. The term "active
solar space heating systems" means equipment designed to
absorb the sun's energy and to use this energy to heat
living spacc by the use of mechanically forced energy trans-—-
fer, such as fans or. pumps.

c. Combined active solar space heating and solar domestic
hot water system. The term "combined active solar space
heating and solar domestic hot water system" means equipment
designed to perform both of the functions described in
paragraphs a and b.

d. Passive solar space heating and cooling systems. The
term "passive solar space heating and cooling systems" means
systems that make most efficient use.of, or enhance the use
bf,'natural forces-;including solar insulation, winds,
night time coolness and opportunity to lose heat by radiation
to the night sky--to heat or cool living space by the use of

conductive, convective or radiant energy transfer. Passive



solar systems include only:

(1) Direct gain glazing systems. The term ''direct gain
glazing systems' means the use of south-facing (+ or -45° of
true south) panels 6f insulated glass, fiberglass, or other
similar transparent substances that admit the sun's rays
ipto the living space where the heat is retained. Glazing.
is either double-paned, or single-paned equipped with movable
insulation,

(2) 1Indirect gain éystems. The term "indirect gain
systems“:means‘the use of panels of insulated glass, fiber
glass or other transparent substances that direct the sun's
rays onto specially constructed thermal walls, ceilings,.
rockbeds, or containers of water or other fluids where heat
. is stored and radiated.

(3) . - Solaria/sunspace systems. The 'solaria/sunspace, .
systems' means a structure of glass, fiberglass or similar:
transparent material which is attached to the south-facing
(+ or -45° of true south) wall of a structure which allows
for air circulation to bring heat into the residence, and
- which is able to be closed off from the residential struc-
ture during:periods of low solar insolation.

(4) Window heat gain retardants. The term "window heat
ggin:retardantsf means those mechanisms which significantly
reduce. summer heat gain through south-facing (+ or -45° of
true‘south) windows by use of devices such aé.awnings, |
insulated.roilup spades (external or internal), metal or,

plastic solar screens, or moveable rigid insulation.



(5) Wind energy devices. The term "wind energy devices"
means equipment that uses wind energy to produce energy in
any form for personal residential purposes.

(6) Replacement solar swimming pool heaters. The term
"replacement solar swimming pool heaters' means devices
which are used solely for fhe purpose of using the sun'é
energy to heat swimming pool water and which replaceba
swimming pool heater using electricity, gas and other fossil

fuel.

17. New customer. The term ''mew customer'' means a person

who becomes eligible after initial distribution of the .con-
ditioned program announcement, but before January 1, 1985.

18. Measures warranty. The term ''measures warranty'

means a manufacturcr's or contractor's warranty which satisifies
the requirements contained in 10 CFR 456.105(j).

19. Program announcement. The term ''program announcement'

means residential conservation service program information
and offer of services that are required to be mailed or
delivered by a covered utility to each eligible customer by
section 27.6.

..20. Residential building. The term ''residential building"

means any building used for residential occupancy which:

a. Is not a new building,

b. Has a system for heating, cooling, or both heating and
cooling, living spaces, and

c. Contains at least one, but not more than four, dwelling



units. Townhouses and rowhouses in rows of more than four
sepérate houses are included in this definition, But garden
apartment‘cbmplexes which contain clusters of four apartment
units or less are not.

21. Substantial interest. The term ''substantial interest"

means a direct or indirect oOwnership interest of 10% or more
of a company selling or installing or manufacturing a

program measure.

22. Program activity. The Lerwm "progiam activity' mcanc
Aany consefvation_program which a covered utility provides to

its consumers.

250--27.3(476) Temporary programs.
None of the listed utilities have applied for a temporary
program. Applications for temporary program status must.

conform to the requirements in 10 CFR 456.407.

250--27.4(476) Procedures for program monitoring and

enforcing compliance with the state plan.

Every covered utility within Iowa is required to comply
with the I-SAVE conservation plan. The Iowa state commerce
commission, pursuant to its authority prescribed in chap-
ter 476.1, que of Iowa and in accordance with rules promul-
gated in chapter 27, section 250 (commerce commission) of
the Code,_Will monitor and enforce compliance of covered
utilities with the I-SAVE conservation plan.

27.4(1) Monitoring. The ISCC will be responsible for

ensuring that all utilities:



. a. Distribute program announcements to all eligible
cuétomers in accordance with provisions in the state plan.
“All covered utilities will inform the ISCC of their schedule
for distribution of announcements and will notify the ISCC
when actual distribution occurs. 'ISCC will determine utility
complianée with the time schedule for distribution of the
program announcement.

b. Follow all calculating and auditing procedures esta-
blished by the ISCC to provide customers with accurate audit
information. As directed by the ISCC, covered utilities and
participating homeyheating suppliers will submit data- and

.calculations on a randomly selected audit for verification .
of éccuracyt "The ISCC may supplemént the review with
random spot checking of auditurs by a state designated
auditor.

c. Perform the arranging of service function in accordance
with I-SAVE conservation plan. This function shall be
monitored by a periodic review of completed installation,
consumer complaints, and the utilities annual I-SAVE program
results report.

d. . Perform the postAinstallation inspection in accordance
with I-SAVE plén requirements. The ISCC will periodically
review inspections that have resulted from audits and
arrangement of services to ensure that all program require-.
ments are being satisfied.

e. Comply with the reporting and recordkeeping requirements

established in the I-SAVE conservation plan. The submittal
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to the ISCC of the annual I-SAVE program results report, and
subsequent review, will determine utility compliance in this
area.

f. Compiy with the accounting proéedures and payment of
costs as directed by the ISCC. The review of the annual
resﬁltS'feport submitted by each utility will determine .
compliance. In accordance with existing state law, the'ISCC
may institute formal investigations of accounting and auditing
procedures,

27.&(2) Enforcement..

. .a. Covered utilities.

(1) -The ISCC will be responsible for enforcing compliance
with the I-SAVE conservation plan for covered-regulated and
non-regulated utilities. The attorney general will be
responsible for enforcing compliance of participating home
‘héating suppliers ﬁursuant to the consumer credit code,
(section 537, Code of Iowa).

(2) Upon determination of noncompliance'of a covered-
regulated utility, the ISCC will direct the utility to
comply within thirty (30) days.

(3) 1I1f the ISCC determines that the covered utility,
remains in noncompliance at the conclusion of the thirtyv
(30) day period, or if the utility contests the basis on
which the directive was issued, the ISCC will convene a
hearing for a determination of the issues.
| b. Home heating suppliers. When a violation is found to
exist, the ISCC will notify the attorney general's office

for action.
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" ¢c. Conflicts of laws.

(1) Each covered utility shall petition the assistant

secretary, in accordance with‘section 456.102 of the RCS
- final rule, when:

(a) The utility beiieves it is prohibited by Iowa state
or local law or regulation from taking any action under.
NECPA or any rule or state plan promulgated pursuant to
NECPA; or | |

(b) The utility believes it is required or permitted by
Iowa state or local law or regulation to take any action
prohibiﬁed by NECPA or- any rule or state plan promulgated.
pursuant to NECPA.

-(2) The petition should be filed with:
Assistant Secretary for Conservation & Solar
Energy
-U.S. Department of Energy
Forrestal Building, Room GH-068
1000 Independence Avenue, S.W.
Washington, D.C. 20585

(3) The petition must contain: A description of the
action that the utility believes it is prohibited from
taking, or the action that the utility believes it is
fe@uired to‘take under state or local law br regulation;

(4) Three éoéies of the petition must be sent to:
Executive Sécretary
Iowa State Commerce Commission

State Capitol
Des Moines, Iowa 50319

27.4(3) Exemptions and waivers for utility supply,

b ingtallation and financing.
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a. Each covered utility and participating home heating
supplier which supplies, installs or finances any energy
conservation or renewable resource measure shall be'listed'»
‘as a supplier, installer, a lender, as appropriated pursuant
to section 27.9 (listing) of the plan, in the same manner
and subject to the same requirements as any bther supplier,
installer or lender. |

b. Covered utilities and participating home heating
suppliers which supply, install or finance the sale or
instailation of energy conservation or renewable resource
measures pursuant to 10 CFR 456.503 through 456.506 shall:

(1) Charge fair and reasonéble prices and interest rates.

(2) Not discriminate unfairly among eligiblelcustomers.

(3) when financing energy conservation or renewable
resource measures, not disc:iminate unfairly among suppliers,
among contractbrs, Or among measures. |

c., Utility exemptions. Five covered utilities have
applied for an exemption from the prohibition on ﬁtility
supply installation and financing of measures. These programs
were either operational as of November 9, 1978, or substantial
planning and preparation for the programs had taken place as
of that date.

27.4 (4) Procedure to ensure nondiscrimination.

a. Each covered utility that supplies, installs or finances
energy conservation and renewable resource measures (pursuant
to section 456.503-505 of the RCS final rule) shall submit

to the ISCC by February 1 for the preceding year a status
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report on each program for which an exemption or waiver was
obtained. Such répoft shall be in addition:to the program
results report described in section 27.16(3) (c) (reporting)
and shall contain:

(1) Measures sﬁpplied, installed or financed,

(2) Prices and interest rates charged for supply, insfalla-
tion and.financing of measures,

(3) A list of all suppliers and contraétors who supply or
install in conjunction with the utility, and

%) A description‘of the criteria for eligible customefs

and criteria. for participating in utilityvéupply, installation

or financing activities.

b. The ISCC shall monitor and evaluate this information

to ensure compliance of séction 27.4(3)b(1),(2) and (3).

250--27.5(476) Scope of benefits.

27.5(1) Eligibility. Customers' eligibility for program
benefits under the I-SAVE conservation plan will be determined
by the degree of participation in the plan by the individual
customer.. In order to obtain program benefits, the customer
must, dat-a minimum, utilize at least one of the following .
services: |

a. Utility arranges installation for an eligible customer
according to the procedures contained in section 27.10
(arranging installation) of the I-SAVE program;

b. Utility arranges financing for an eligible customer

according to the procedures contained in section 27.11
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(arranéing financing) of the I—SAVE program; or

c. A cuétomer purchases a program measure ffom an I-SAVE
listed supplier who verifies in writing to the customer that
the measure meets applicable program material standards'and
is covered by the program measures warranty.

27.5(2) Program benefits. A customer who utilizes the
installation arranging service acéording to procedures
outlined in the section 27.10 (arranging installation), is
entitled to the following benefits:

‘a. A measurc warranty for cach program measure installed,
except caulking and weatherstripping;

b.. Installation of program measures that meet all applicable
RCS material standards; | |

c. Installation of program measures that meet all applicable
RCS installation staﬁdards;

a.; A mandatory post-installation inspection, if applicable,
or inclusion in the pool of customers from which random
inspections will be made according to procedures outliﬁed in
section 27.12 (post installation inspections) of the I-SAVE
plan;

e. Access to customers' complaint proceedings, according
to procedures in section 27.13 (consumer grievance procedure)
of the I-SAVE plan; and |

f. for listed suppliers, contractors or lendefs, adherence
to;the listing requirements as outlined in sectidn 27.9
(listing requirements) ofn the I-SAVE plan.

27.5(3) A customer who arrangés financing of program
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measures through the utility according to procedures in
section 27.11 (arranging financing) of the I-SAVE plan, is
entitled to benefits (e) and (f) above. | |

27.5(4) A customer who purchases program measures from a
listed supplier is eligible for benefits (a), (e) and (f)
above.

27.5(5) When requesting benefits from the utility,
customers who purchasé their own measures from a listed
supplier must provide a copy of the supplier's document

which identifies the program measures purchased.

250~-27.6(476) Program announcements.

a. Each covered utility_and participating home heating
supplier shall send to each eligible customer a program
anpouncement within six (6) months after approval of the
state plan by tﬁe,department of energy.

b. - This program announcement shall be sent out every two
years after the initial distribution of the conditional
announcements until January 1, 1985.

c. Each new customer, a person who becomes an eligible
customer after the initial distribution of the program
announcement, shall receive a program announcement within
sixty (60) days of becoming a new customer, and every two
years thereafter until January 1, 1985.

d. The content of the program announcement shall contain
the following elements, as a minimum:

(1) A list of all program and state measures with an



estimate of savings in energy costs, which are likely to be

produced in one year, expressed in ranges of dollars or

percentages, and a statement to the effect that the total
energy savings may be less than the sum of the cost savings
projected for thé individual measures;

(2) A list of all energy conserviﬁg practices, a statement
that fhey are of low or no cost, and an gstiﬁate of savinge

in energy costs, which are likely to be produced in one year.

expressed in ranges of dollars or perceulages.
(3) An offer an description of the:
(a) Program audit;
(b) Installation arrangement service;
(¢) Financing arrangement service; and
(d) Contractor, lender and supplier lists.

The description of each service shall include informa-
tion on how a customer may obtain each service, the direct.
cost, if any, and the scope of benefits included in that
service, The direct cost to the requesting consumer for the
program audit and related services shall not exceed $15.00.

(4) Inclusion of the following disclosure or its equivalent:
"Energy savings depend on many factors. The estimates con-
tained in the announcement are based on estimates for typical
houses. Your costs and savings will be different if your
house is a different size or type, if your family is a
different size or if your energy using ﬁabits are different
from those we assumed. The energy audit which wé offer will

provide more specific estimates for your house."



An(5) .A brief explanation O0f the benefits of the federal
and state energy credits; and

»(6) A brief description of the benefits of the weatheri-
zn;ion assistance program for low income persons, 10 CFR
Part 440, and a brief description of who is eligible for
such assistance.

e. No advertising for saie, installation, or financing by
any supplier, contractor or lender of any energy conserva-
tion measure, renewable resource measure, state measure Or
energy conserving'practice maybe included in the program-:
announcement. - If a covered utility finances the sale or
installation of such measures or practices, the program
announcement may so state.

f. ©No information regarding any product which is not an
enérgy conservation measure, a renewable resource measure,
state measure or any energy conservation practice may be
included in the program announcement.

g. All program announcements must be submitted for
approval to .the Iowa state commerce commission prior
to .distribution. .

h. The energy audits may be offered to customers on a
conditional nondiscriminatory basis. All customers who
receive a conditional offer of any audit must receive an
unconditional offer of an audit within two years. The
utilities will submit their plans for distributing the
unconditiqnal annoﬁncements and scheduling the audits to the

Iowa state commerce commission prior to implementation.



i. The calculation procedures for the cost and savings
estimates contained in the program announcement will be
approved by the Iowa state commerce commission. This will
assure that all program announcements in the state will be
consistent. (see appendix)

j., All estimates‘in the program announcement will be
based on recent prices and appropriafe climatological data
for the state.

k. The announcemcnt may contain a statement similar to
the following: “"This otffer to perform an energy audit and
to provide related benefits is in compliance with the
residential conservation service program pursuant to Part 1
of Title II of the national energy conservation policy act.
"Every 'covered utility' and 'participating home heating
supplier’ is.required;to provide each customer with a
pfog:am announcement. If you receive service from more than
one covered utility, you will receive more than one announce-
ment, you may request an audit from either utility. A
request for a second audit will be performed at actual

cost,"

250-~27.7(476) Program audits.

27.7(1) Timing and preconditions.

‘a. Each covéred utility and participating home heating
§upp1ier shall provide a program-audit to an eiigible"'
customer within thirty (30) days of the request of an

unconditional offer of an audit. Requests for waiver of the



thirty (30) day requirement will be considered when audit
reéuests substantially exceed the utilities capability to
perform the audits in the required time.

b. Each covered utility aﬁd participating home heating
supplier shall inform and provide to each new customer, upon
:vrequest, a copy of the last program audit performed on the
customers residencé. If the new customer requests an
additional audit and the preyious audit had been performed
within the previoﬁs two year period, such audit will be
performed at actual cost to the new customer.

c.- Covered utilities and participating home heating
suppliers are prohibited from preconditioning a program
audit in any manner.

d.. Covered utilities and participating home heating
suppliers shall not discriminate unfairly among eligible
customers in providing program audits.

27.7(2)- Content of program audit.

a. General.. Each covered utility and a participating
home heating supplier shall, at a minimum, provide to each
eligible customer a comprehensive program audit which addresses
all energy conserving practices, energy conservation measures
and renewable resource measures upon request by an eligible
customer. - In each program audit, the éuditor shall determine
which of the energy conserving practices would save energy
in the residence, explain and emphasize the importance of
such practices and recommend that they be performed before

-the installation of any measure. The auditor shall then
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' determine the appiicability of ééch program measure in that
residence. If a program measure is not applicable, then the
requirements of this section to provide estimates of the
cost and savings of installation in such residence do not
apply.

b. Energy conserving practices. The following are defined
as energy conserving practices for the purpose of this plan:

(1) Furnace efficiency maintenance and adjﬁstmehts;

(2) Nighttime temperature setback;

(3) Reducing winter thermostat setting;

(4) Raising summer thermostat setting;

(5) Water flow reduction in showers/faucets;

(é) Reducing hot water temperatures;

(7) Reducing energy use when a home is unoccupied;

(8) .Plugging leaks in.attics, basements, crawl spaces,
‘fireplaces, switch plates and wall plates;

(9) Sealing leaks in pipes and ducts; and

(10) Efficient use of shading. -

c. Applicability of program measures.

(1) A program measure is applicable if installation of
the measure is not in violation of federal, state or local
laws and ordinances.

(2) Specific program measures listed below are épplicable
if the'corresponding condition is met:

Measure Applicability Criteria

Replacement furnaces or The furnace is five years
boilers or older.



Vent opening modification

Replacement central air con-
ditioner

Ceiling insulation

wall insulation

Floor insulation

'Rim.joist insulation

Foundation insulation

Water heater insulation

Thermal windows

Storm windows

Heat-reflective and heat-ab-
sorbing window or door material

Electric load management
devices

Clock thermostat..

The furnace combustion air
is taken from a conditioned
space. :

The building has a central
air conditioner that is five
years or older.

. The difference bhetween R

existing and R program =
eleven or more, and the
building is not a mobile-
home.

There is no insulation in a
substantial portion of the
exterior walls and the build-
ing is not a mobile home.

There is no insulation in the
floor over an unconditioned
space.

The rim joist is accessible.

There is no insulation on the
foundation walls above grade.

The remaining useful life of
the heater appears to be
three years or greater and
space is available around
the water heater to install
insulation.

The auditor judges thatrthe
prime window needs replacement.

‘Always applicable.

The residence has an existing
room or central air conditioner.

Such systems are available
through the electric utility.

The residence has a thermo-
stat or the existing furnace
or central air conditioner
is compatible with a clock
thermostat.
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Passive solar space heating
and cooling systems:

(i) passive solar direct or
indirect gain glazing systems

(ii) Passive solar solaria/
sunspace systems

(iii) Passive solar window heat
gain retardants

Wind energy systems.

Caulking & weatherstripping

Duct and pipe insulation

Electrical or mechanical gas
ignition system ‘

0il furnace replacement burner

d. Cost estimates.

The living space of the
residence has either a
south-facing (+ or -45° of
true south) wall or an
integral south-facing

(+ or -45° of true south)
roof which is free of major

obstruction to colar

radiation.

The living space of the
residence has a south-
facing ground level wall,
which is free of major
nhstruction to solar
radiation.

The living space of the
residence has a south-
facing (+ or -45° of true
south) window that 1is not
shaded from summer sunshine.

The lot is larger than .75
acres, there are no major
wind obstructions and a

tower can be sited at

least fifty feet from a
property line or right-of-
way for electrical trans-
mission or distribution lines.

Always applicable.
If ducts and pipes are
located in an unconditioned

area.

Always applicable.

Always applicable.

Estimates of energy cost savings'and

of installation costs provided as a result of a program

audit shall be performed in the following manner:

(1) Actual measurements or inspections of the building

shell and of the space heating, space cooling, and water

heating equipment, shall be performed on-site by the auditor;

d



b (2) Ecovnomic calculations shall be based on typical
recent local electric rates, typical recent local fuel
prices, typical recent local prices for materials and instal-
lation of program measures and typical recent local climate
_data’for the eligible customer's location;

(3) A solar domestic hot' water syétem's cost shall be
based on the calculation procedures contained in the current
HUD intermediate minimum property standards supplement,
Aéolar heating and domestic hot water systems 4930.2, 1977
edition, U.S.,deparfment of housing and urban development or
equivalent p?ocedqre approved by the state; and

~(4) Any cost and savings estimate for any applicable
furnace efficiency modification to a gas or oil furnace or .
boiler shall be based on an evaluation of theAseasonal

- efficiency of such furnace or boiler. This seasonal efficiency
shall be based on an estimated peak (tuned-up) steady state
efficiency corrected for cycling losses. Steady state
efficiency shall be derived either from manufacturer's
design data and observation of furnace components or by -
calculation of the combustion efficiency of the furnace or
boiler. Where visual observation by the auditor shows poor
operation, calculation of combustion efficiency shall be
made.

e. Procedure to assure the validity of the program audit.
The state shall approve all procedures of a covered qtility
and participating home heating suppliers governing the

measurements or inspections that an auditor must make in an
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eiigible customer's residence and the calculations which
must be performed in making energy cost savingé estimates.
Such procedures'shall be submitted to the state at least
sixty (60) days prior to initial distribution of program
announcements. The state shall approve or digapprove such
procedures within sixty (60) days 6f submittal. The model
calculation procedure contained in the I-SAVE plan may be
used by the utilities without further validation. Should a
utility‘desire to use procedures different from those
specified, such procedures must be submitted to the ISCC for
validation.

Each covered utility and participating home heating suppligr
shall provide the sﬁate a quarterly update of typicél recent
local electricity rates, typical recent local fuel prices,
typical recent local prices for matefials and installation
of progfam‘measures‘and typical récent local climate data.
Such information will be used by the ISCC to update and
~modify the calculation procedures.

f. Results of program audit. Upon completion of a pfogram
audit, the auditor shall provide the following information
on-site, in writing to each eligible customer who receives a
program audit;

(1) An estimate of the total cost (materials and labor),
expressed in dollars or a range of dollars of installation
by 'a contractor of each applicable program measure addressed
in the program audit;

(2) An estimate of the total cost, expressed in dollars



or a range of dollars, of installation By the customer of
each applicable program measure, other than replacement
central air conditioners and wall insulation, addressed in
the -program audit. A covered utility or participating home
heating supplier shall not provide any estimate to any
eligible cuétomer of the cost to purchase furnace efficiency
modifications, devices associated with load management
techniques, or wind energy devices for installétion by the
eligible customer;

(3) An estimate of the savings in energy costs, expressed
in dollars or a range of dollars, which would occur during
‘the first year from installation of each applicable program
addressed by the program audit. In addition, a separéte
estimate which reflects savings over the expected life of
the.recommended measure (life cycle costing analysis) will be
presented for eéch applicable program measure;

(4) A clear indication to the eligible customer, through
sample calculation or disclosure, that the total energy cost
savings from the installation of more than one program
measure may be less than the sum of energy cost sévings of
each measure installed individually;

(5) The following disclosure: '"The procedure‘used to
make these -estimates has been evaluated by the ISCC for
.accuracy. However, the actual installation costs you incur
and energy savings you realize from installing these measures
may be different from the cstimates éontained in this audit

report. Although the estimates are based on observations or



measurements of your house, they are also based on assumptions
which may not be totally correct for your household.";

(6) An estimate of the annual normal maintenance costs,
if aﬁy, of each applicable program measure;

_(7) The poséible economic benefits to the eligible customer
of existing federal and'ggggg tax incentives with, at a
minimum, one samplé of the effect of the tax benefit on the
cost to the customer of installing one applicable energy
conservation program measure and one applicable renewable
resource program measure;

- (8) A program audit addressing an épplicable solar domestic
ho£ water system shall include a description of the solar
system assumed by the auditor in preparing energy savings
estimates and shail include the following information:

i (a) vTheusquére feep of the collector;

_(b) " The collector characteristics, including glazing
materials and other collector materials;

(c) .Any storage system needed, including the capacity of
storage;

(d) Any freeze protection needed;

(e) The estimated percent of the water heating load to be
met by solar energy;
| (f) Any physical connections needed with existing heating
systems; |

(g) Any site preparation needed; and

(h) If the results are based on a simulation{ the following
disclosure'o: its quivalent:

"The energy cost savings estimates you receive are based



on systems which may be different from the ones you purchase.
Also, thése estimates were not determined using actual
cénditions but using simulated measurements. Therefore, the
cost savings we have estimated may be different from the
savings which actuélly occur."

(9). A prograﬁ audit addressing an applicable passive
solar space heating'and cooling system shall include:

(a) The generic description and a pictoral description of
the pérticular system considered by the auditor;

(b) Thelestimated percent the heating load ofAthe residence
to be met by such a system;

(c) The approximate dimensions of the éystem;

(d) The characteristics of storage, including the recdm-
mended heat capacity; and

(e) The disciosure provided in paragraph 1.3(8)(h) of
this subsection.:

(10) A program audit. addressing an applicable wind energy
device shall include:

(a) Installation cost estimates, based on the kilowatt
rating of a comme;cially available wind device appropriate
to the level of electricity consumed in the customer's
residence;

(b) Estimates of energy cost savings, based on average’
yearly wind speeds and the specification of the selected
wind device;

(c) The auditor's best estimate of the average wind speed
at the residence based on data available at the nearest wind

measurement station; and
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(d) The specifications of the wind device under consideration.

If an eligible customer is not present or otherwise declines
in-person presentation, the auditor is relieved of any
obligation to deliver the results in person.

g. Program audit of furnaces. An eligible customer must
sign a release form provided by the auditor to allow an
auditor of a covered utility or participating home heating
supplier to provide costs and savings estimates for furnace
efficiency modifications on a furnace which uses as its
primary source of. energy any fuel or source of energy other
thén the fuel source sold by that covered utility or partici-
pating home heating suppliers. The release shall include
the following statement:

"If your home is heated by a source of fuel other than
(identify the type of fuel supplied by the covered utility
or participating home heating supplier), only the supplier
of the other fuel may audit your furnace unless you specifi-
cally request us to audit your furnace. If you wént us to
audit your furnace.(although we do not supply the fuel for
~it) please sign below in ink."

Any recommendation related to fuel-switching is prohibited.

h. Additional information to be provided during an audit.
‘The auditor shall present the following information as a
minimum to the eligible customer during, or upon completion
of, the program audit:’ |

(1) An explanation of the benefits and services listed in

the state plan and a brief description of how the eligible



customer éan qualify for such benefits and services.

(2) The lists of contractors, suppliers and lenders
developed pursuant to the state plan for the applicable
program measures.

(3) An explanation of the benefits of the weatherization
assistance program for low income person, 10 CFR Part 440,
and a brief description of who is eligible for such assistance.

i. Prohibitions and disclosure required for program
audits. The auditor shall comply with the following:

(1) - The auditor is prohibited from estimating, as part of
any program audit provided pursuant to the state plan, the
costs or energy cost savings of installing any product whiéh .
is not an energy conserving practice or a program measure.

(2) The auditor is prohibited from recommending any
supplier, contractor or lender who supplies, installs, or
finances the sale'orAinstallation of any program measure, if
such recommendation would unfairly discriminate among such
suppliers, contractors or lenders. If a covered utility or
participating home heating supplier, which arranged the
audit, supplies, installs or finances the sale or installation
of program measures, the auditor may so state.

(3) Any unfair discrimination among program measures 1is
prohibited.

(4) Each energy auditor shall provide the eligible -
customer with a written statement of any substantial interest
which the person or the person's employer has, directly or
indirectly, in the sale or installation of any program

measure.



j. Preaudit informational questionnaire. A covered
utility or a participating home heating supplier may request
an eligible customer who has réquested a program audit to
submit information in the form of a questionnaire provided
such questionnaire is not a precondition of a program audit
and the questionnaire is approved by the state. Sﬂch informa-
tion may be 6btained by mail or telephone.

k. Class B audits. A covered utility or a participating
home heating supplier may offer Class B audits in conjunction
with the RCS program provided that:

(1) . Class B energy audits address all energy conserving
practices and-ali prég;am measures;

(2) Class B energy audits explain the energy conserving
practices, emphasize the importance of these practices, and
recommend that they be performed before installation of any
measure;

(3) Class B energy audits meet the requirements for
program audits contained elsewhere in this plan and contain
procedures to assure the validity of the audit as provided
for elsewhere in this plan with respect to‘program audits.
However, alltreferences.to measurements and inspections by
the auditor shall be treated as references to measurements
and inspections by the customer;

(4) The Class B audit provides to the eligible customer
the same information required as part of a program audit

described elsewhere in this plan;
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(5) The Class B audit provides to the eligible customer
the additional information required as part of a ﬁrogram
audit described elsewhere in this plan; -

(6) The Class B audit offers the lists of contractors,
suppliers and lenders developed pursuant to the plan;

(7) The Class B audit contains the same prohibitions
required elsewhere in this plan, except that references to
the program audit shall be deemed to refer to the Class B
audit and references to the auditor shall refer to the
entity pfoviding the Class B audit; and

(8) The utility or participating home heating supplier
providing the Class B audit attempts to contact the eligible
customer by telephone or otherwise, if the information sent
by such customer is incomplete or internally inconsistent

this contact attempt to correct or make complete. the information.

250--27.8(476) Program auditors, installers & inspectors.

27;8(1) Qualification of auditors. Each person who
performs a program audit pursuant to this plan shall:

a. Be qualified according to the applicable procedures in
27.8(2) (minimum auditor qualification requirements) of the
state plan.

b. Be under contract or subcontract to, be an employee
of, or be an employee of a contractor or subcontractor to, a
covered utility or participating home heating supplier.

0 27.8(2) Minimum auditor qualification requirements.

In order to be a qualified program auditor under this plan,
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an -individual shall meet the following requirements:

a. Complete a state-approved training course that'provides
the following: |

(1) General undérstaﬁding of the three types of heat
transfer and the effects of termperature and humidity on
heat transfer.

+(2) General understanding of reéidential construction
terminology and components.

(3) General knowledge éf the operation of the healiung aind.
cooling systems used in the rgsidential building. -

(4) . General knowledge of the different types of each .-
applicable program measure; of the advantages, disadvéntages,‘
and applications of each; and of any installation standards
prescribed for the RCS program.

(5) Capacity to conduct the audit according to the
procedurés described in section 27.7 (prograﬁ audits) including;
Familiarity with energy consexrving practices prescribed in
the state plan; capability of determining applicable program
measures, and proficiency in audit procedufes for each
applicable program measure.
| (6) Where a furnace efficiency modification is an appli-
cable progrém_measpre, and the source of fuel for the
existing furnace or boiler is either gas or oil, a working
ability to calculate the steady state efficiency of the
furnace or boiler as required by section 27.7(d) (4) (cost
estimate).

(7) Where a renewable resource measure, other than wind
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epergy devices, is an applicable program measure, an uhdef—
standing of the nature of solar enérgy and its residential
applications, including: insolation, shading, heat capture
and transport, heat transfer for hot water.

(8) Where a wind energy device is an applicable-program
measure, an understanding of the nature of Wind energy and
its residential applications, including: wind availability,
effects of obstructions, wind capture, power generation,
interfaces with residential and utility power lines.

bu' Successfully demonstrate his/her qualifications in
appropriate written or practical examinations to be adminis-
tered by the training organization selected by each covered
utility and participating home heating supplier and approved
by the state. .

. Upon éuccessful completion of the training and examination
requirements, the candidate shall be provided with a certifi-
cate of qualification by the state whiph shall bevvalid for
twp_years. ‘Recertification shall be in accordance.with this
section.

The state shall approve or conduct the training and testing
programs for auditors. Covered utilities and participating
home heating suppliers shall submit proposed programs within
thirty (30) days after adoption of the state plan. The
state shall review and approve or disapprove the proposed
program within thirty (30) days after submission. If the
program is disapproved, the utilities and participating home
heating suppliers will have thirty (30) days within which to

amend and resubmit the proposed program.
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The state shall, upon adoption of the state plan, place a
notice in.newspapers of general circulation outlining the
state's qualification procedures and application procedures.

The state shall regularly publish announcements regarding
the state training courses and examinations. The state
shall publish a schedule within forty-five (45) days of plaﬁ
adoption. |

Auditor training and testing program shall be initiated
sixty (60) daYs prior to the issuance of the program announce-
ment and the first offer of an unconditional audit.

27.8(3) Qualifications of inspectors and installers.

a. Individuals who perform quality control inspections
under the I-SAVE. program shall be energy auditors certified
according to'section 27.8(4) a, b, c, and 4, (aséuring
individual qualifications) and shall be knowledgeable of .all
state. and federal installation and material standards applicable
to the program measures installed,

b. Individuals who install program meésu;es shall be
knowledgeable of all applicable state and federal installation-
~and materials standards.

27.8(4) Assuring individual qualifications.‘ The state
shall approve:

a. Training designed to instruct the individuals in the
proper. performance of their function(s).

b. Test designed to assess and certify the individuals'
gqualifications to perform their functions. Such tests may
include either wfitten or practical tests as determined

necessary to meet the requirements of this section.
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c. The state may certify utility auditors withoﬁt additional
training or testing if the utility's existing training pro-
cedure adequately satisfies the requirements of this section.

d. The state may certify the content of energy auditor
training course provided by private industry a§ meeting the
reQuirementAfor training auditors.

27.8(5) Additional requirements with respect to qualifying
procedures. In order to participate in a state training
program or testing procedure, a candidate shall be required
~ to register at least two weeks prior to the offering of a
class or test. Late registrants will be accepted into the
élass subject to space availability.

Each covered utility and participating home heating
supplier shall provide a schedule of training programs and
testing to the state for approval forty-five (45) days after
plan addption, demonstrating that there will be a sufficient!
number. of trained auditors for initiation and completion of
the‘RCS program.

27.8(6) :Reciprpcity of auditors. Auditors certified in
states with a DOE-approved state plan may be authorized to
-conduct program audits in Iowa provided the auditor has a
certificate from the auditor's home state. Such a certificate.
shall be issued if the candidate successfully demonstrates
his/her qualificétions in appropriate written or practical

examinations administered by the state.



250--27.9(476) Listing requirements.

27.9(1) Responsibility for listing. The Iowa state
commerce commission is the listing agency and shall be
responsible for the preparation of maintenance of the master
- recoxrd. Utilities, home heating suppliers and other state
~agencies shall be used for obtaining information used to
prepare complete lists. No person who serves as a supplier,
contractor or lender shall be assigned duties incident to
the‘compiiation of the master records.

a. Public notice. . The listing agency shall use the
foilowing methods of public notice to provide interested
suppliers, contractors and lenders the opportunity to apply
forvinclusion in the master record. -

(1) Publication in newspapers of general circulation in
the state; and

(2) Direct notification of appropriate trade organi-
zations with a request for active participation in dis-
tributing information and application forms.

b. Criteria for inclusion. The 1isting'agency assurés
that all persons who agree to comply with the following
requirements (unless the governor (or his designee) determines
that such person's agreement is not adequate assurance of
compliance with the requirement section) and only such
persons are included in the initial master record, and
thereafter in the existing master record within a reasonable
time after applying for inclusion.

All instéllation contractors included in the master record

shall:
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b (1) Comply with any materials and installation standards
aé contained in 10 CFR 456, subparts g, h, and i, and any
appiicable federal, state or local standards pertaining to
the program measure installed;
. (2) 1Install only measures which carries a measures warranty;
(No measures warranty is nécessary'for caulking and Weéther—
| stripping);

(3) Furhish the customer with a written contract detail-
ing the job to be pérformed and its cost and certifying that
any applicable requirements for installation and material
standards will bé complied with;

(4 Assure that all individuals who are employed or
otherwise retained by the contractor to install flue opening
modifications; electrical or mechanical ignition systems, or
wind energy devices have been qualified pursuant to sec-
tion 27.8(3) (qualifications of inspectors and installers);

(5) 1Include in every contract a guarantee that the contractor
will correct any violation of any installation standérds
without cost to the customer;

(6) At the contractor's choice, possess either a surety
bond in the amount of $25,000 or a payment and performance
bond, for each'contract, in an amount sufficient to indemnify
himself against possible liability resulting from installation

of program measures;
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(7) Comply with all applicable federal, state and local
laws and regulations; and

(Q) Agree to participate in good faith in the conciliation
proceedings when there is a complaint by an eligible customer
against such person.

c. All suppliers included in the master recérd shall:

(1) Supply program measures that carry the measﬁres
warranty as defined above;

(2) Supply program'measures that are labeled as complying
with DQE standards; .

(3). Comply with all applicable federal, state and local
laws and regulatiohs;

(45 Ha&e a method for infdrming customers of those
products supplied that are program measures ahd that have a
measures'warranty‘(éxcept for caulking‘and weathersttipping)
and that meet ény applicable RCS standards; and

(S)r Agree to participate in good faith in the conciliation
proceedings when there is a complaint by an eligible custoﬁer
against such person. |

d. All lenders includgd in the master record shall:

(1) Not take security in real property that is used as a
principal residence of the eligible customer, unless the
eligible customer acknowledges in writing that he or she is
aware of the consequences of default on the loan;

(2) Permit a rebate of unearned finance charges if an
eligible customer prepays a loan (either voluntarily or as

a result of default). Where prepayment is the result of

“



-~ 46 -

default, the rebate shall be computed from the day of
ééceleraéion;

'(3) Comply with all applicable federal; state énd local
laws and regulations; and

(4) Agree to participate in good faith in the conciliation
proceedings when there is a complaint by an eligibie customer
against such person. |

e. Criteria for removal from master record of suppliers,
‘contractors and lenders. |

~The listing agency shall ensure that all persons in the
master record who fail to comply with the requirements for
iﬁclusion are removed from the master record. Removal
procedﬁres‘shall ensure;that;

(1) Each person proposed for such. removal shall haver .

(a) Written notice of the proposed removal and the
grounds for such removal at least thirty (30) days before
the‘actual removal;

(b) An opportunity to respond in writing to the alle-
gations; and

(c) With respect to installers, access to the records of
the_listing agency regarding the inspections of the work of
such installer.

(2) Each person removed from the master record shall have
an opportunity to file a comélaint through and participate _
in redress proceedings and civil action for the purpose of
contesting such removal.

(3) Any person(s) included on the master record may be

removed for the following reasons:



(a) Any supplier, contractor or lender accepted for
inclusion on the master record méy Ee removed for violations
of any provision cited in section 27.9(1)b (criteria for
inclusion);

(b) A customer complaint through the conciliation process
may lead to removal from the master record. The supplier,
contractor or lender shall have thirty (30) days to correct
the violation as determined at the end of the conciliation
process. If the violation is not corrected during the
thirty (30) day périéd, delisting shall be automatic;

(c) A post-installation inspection which reveals a
violation may lead to removal from the master record. The
contractor shall have thirty (30) days after written notifi-
cation to correct the violation the inspector reports. If
no response is made during the thirty (30) days, delisting
shall be automatic; and

(@) Any,Qiolation which results in a hazard to health
shéll,be corrected within three (3) days of notification to
the contractor. If no correction is made in that time
period, delisting shall be automatic.

f. Criteria for reinstatement on master record of suppliers,
contractors and lenders. Any person(s) removed from the.
master record shall have the opportunity to be reinstated,
if the following conditions afe fulfilled:

(1) Violation(s) leading to removal from the master
record satisfactorily corrected; and

. (2) All conditions of the conciliation process and the .

decision reached through that process have been met.
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27.9(2) Contents of lists. The master record and lists
produced from that record shall contain the following infor-
mation in a fair, open and nondiscriminatory manner:

a. The name and address of each supplier, contractor and
lender;

b. ‘An‘iﬁdication of which program measurés eéch supplier,
contractor or lender will supply, install or finance. The
inclusion of brand names will not-be permitted. If lists
include information regarding types of program measures for
one type of azprogram measure, then it shall ‘include such -
informaﬁion for all,typés of such measures;

‘c. -A statement that the persons listed have agreed to
comply with any applicable DOE standards and state plan
procedures for the sale, installation or financing of
program measures;

d. A description of the complaint processing procedures,
including an explanation of who may have access to such
procedures and how to gain access to such procedurés; and

..e.’ . An invitation to all supplier, contractors and lenders
not included on the lists to apply for inclusion.

27.9(3) Distribution of lists. The state plan requires
that every covered utility and participating homé heating
supplier provide, upon request to every eligible customer,
lists of all suppliers, contractors and lenders included in
the master record‘who sell, install or finance program
measures in their service area or such other reasonable area

required by the state plan.
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27.9(4) Procedures for updating lists. .The updating of
the master record shall bhe the responsibiiity of the Iowa
state commerce commission. Utilities and home'heating
suppliers shall provide such information as necessary
concefnihg their reépective service areas. Additions and
deletions to the master record shall be'issued every thirty

(30) days with new lists to be published every six months.

250--27.10(476) Arranging installation.

27.10(1) Each covered utility will arrange installation
of any program measure upoh request by any eligible customer.
27.10(2) These arrangement services will be as follows:

a. Distribute lists of contractors and suppliers from the

master record to all customers requesting it;

b. »Aséist the customer in obtaining answers to his questions
regarding installation;

c. Advise low income, elderly, and handicapped customers
of existing special programs available to meet their needs
in thé area of installation of proyram measures;

d. Provide materials and program measures specifications
sheet for those recommended program measures as determined
by the auditor. The specification sheet will serve as a bid
specification stating the exact need‘and the applicable
standards to facilitate comparative bids. When soliciting
bids from listed contractors, the eligible customer must
present an RCS bhid specification to the contractor, on which
the contractor may make the appropriate notations. (see

‘

appendix); and

ol



e. Offer to obtain bids from listed contracfors. In
-providing this service, the eligible customer will select
three listed contractors, and the covered utility or partici-
pating home heating supplier will solicit bids from those
contractors.

27.10(3) Each covered utility will provide such arrangement
service within thirty (30) days from receipt of a request
for such service.

27.10(4) Each covered utility and participating home
energy supplier, when arranging installation of program
measures, shall not recommend, select or provide information
regarding any supplier or contractor if such recommendation,
selection or information would unfairly discriminate among
suppliers and contractors of program measures. Covered
utilities that supply or install program measures may so
inform the customers.

27.10(5) Each covered uﬁility and participating home
heating supplier, when arranging installation of program-
measures, is prohibite& from discriminating unfairly among
eligible customers, among suppliers, amoﬁg contractors or
among suggested measures.

27.10(6) Each covered utility and participating home
heating supplier shall not arrange.installation with any
person not on the master record.

27.10(7) Each covered utility and participating home
heating supplier shall not arrange, in conjunction with the
I-SAVE program, the installation of any measure that is not

a program measure,
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250--27.11(476) Arranging financing.

27.11(1) Each covered utiiity‘and participating home
energy supplier will arrange financing for the supply or
installation of any applicable program measure upon request
by any eligible customer.

27.11(2)» These arrangement services will he as follows:

a. Distribute lists of lenders from the master record to
all-eligible customers requesting it;

5; Upon roegueet assist'the>eli§ible customer in obtaining
énswers to his questions regarding financing;

c. Advise low income, elderly and handicappedieligible
customers of existing special programs available to meet
their needs in the area of financing of program measures;
and

d. Provide common credit application form and assist. in
preparation of said form when requested. (see appendix) |

27.11(3) Each covered utility and participating home
heating supplier .will provide such arrangement service
thirty (30) days from receipt of a request for such service.

27.11(4) Each covered utility and participating home.
heating supplier when arranging financing for the purchase
or instgllation of program measures, will not recommend,
select or provide information regarding any lender if such .
recommendation, selection or information would unfairly
discriminate amdng those that finance the purchase or installation
of program measures. Covered utilities and participating ‘
home heating suppliers that finance program measures may soO

inform the customers.



Is
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‘ 27.11(5) Each covered utility and participaﬁing home
heating sﬁpplier when arranging financing of program measures,
is prohibited from discriminating unfairly among eligible .
customers, among suppliers, among contractors or among
‘pProgram measures.

27.11(6) Each covered utility and participating home
heating supplier shall not arrénge financing for supply or
installation of program measures with any lenders not in the
master record.
v427.ll(7) Each covered utility and participating home
heaﬁing supplier shéll not arrange financing, in conjunction

with the I-SAVE plan for the supply or installation of any

measure that is not a program measure.

250--27.12(476) Post-installation inspection.

27.12(1) Assignment of responsibility. The ISCC, as lead
agency, will monitor the performance of post-installation
inspections. The utility that performs the energy audit has
primary responsibility for ensuring that post-installation
inspection requirements are met. In this regard, the utilities
must utilize RCS certified inspectors. These inspectors may
be utility employees, independent inspectors under contract,
or governmental building code inspectors.

27.12(2) Presentation of post-installation results/man-

datory and random inspections.



a. A certificate of inspection will be sent to:

(1) The customer, within ten (10) working days of the
inspection;

(2) Tﬁe installer, within ten (iO) days of the inspection;

3 The lead agency, within ten (10) working days of the
inspection; and

(4) The covered utility or participating home heating
supplier, within ten (10) working days of the‘inspection.

b. A‘”certificate of inspection' will be filled out by
the inspector indicating all required information., A
standard certificate shall be developed by the entity
responsible for administering the post-installation in-
spection. |

c. Any violations will be immediately reported to those
centities designated in 27.12(2)a.(1l), (2), (3), and (4).

- d.- The certificate of inspection will certify that the
inspected measures conform to applicable RCS material standards
and installation standards. However, the certificate of.
inspection does not address nor insure against consequences

of the use of materials or their installation. Such con-
sequences remain the responsibility of the manufacturef or
installer.

27.12(3) Mandatory inspections: All flug opening modifi-
cations, electrical or mechanical ignition systems and wind
energy devices installed by an RCS listed installer will be
subject to a mandatory post-installation inspection to

determine compliance with applicable installation standards.
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At a minimum, each installation will be inspected:

(1) Within seveni(7) working days of receipt by the Isce
of written verification of completioné; and

(2) By a quaiified iﬁspector who meets the applicable'
qualifications'and has no financial interest in the installer
of the measure unless such installer is a covered utility.

27.12(4) Random inspections.

a. Within a reasonable time after recelpt of written
verification of completion, random inspections of program
measures with installation standards‘whichvare installed by
RCS listed installers shall be conduéted on: - | .

(l)~-Four‘of the first ten installations by each installer
of ceiling insulation, floor insulation, wall insulafion and
active solar water heating;

(2) Ten percent of all remaining installations by each
installer of the above measures. The initial four inspeétions
will be counted toward this ten percent as will inspections
resulting from consumer complaints,

(3) Every installer with whom the utility arranges.
installation over the life of the program. Each utility
ﬁill determine whether all listed installers have been
inspected at least once. Each utility will verify inspections
on an annual basis, | -

(4) Inspections conducted (if applicable) as a follow-up
to consumer complaints will be arranged by the customer
complaints office and the inspector. The inspector will
forward a copy of the inspection certificate to those

entities listed in 27.12(2)a (1), (2), (3) and (4).
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b. At a minimum, the inspection will be conducted by a
qualified inspector who will investigate whether the install-
‘ation was done in accordance with RCS materials and install-

‘ation standards.

250--27.13(476) Consumer grievance procedures.

27.13(1) Conciliation conference.

a. A conciliation conference shall be available for the
purpose of resolving c¢omplaints by eligible customers against
persons who sell, install or finance the sale or installation
of program meéshres covered by this plan and shall also- be
available to address all other questions and coﬁplaints
resulting from the operation of the plan.

b. Conciliation conference procedures are available to

all eligible customers and shall insure that:
| (1) Participation is free of cost and easily accessiblé
to the eligible customer making the gomplaints:

(2) Participation by the eligible customer is voluntary;
andA |

(3)  Conciliation conference will be conducted by an
impartial conciliator,designated by the Iowa state commefce
éommission.

27.13(2) Conciliation conference process.

a. Any eligible customer having a complaint against
persons that sell, install or finance program measures may
contact the Iowa state commerce commission. A toll free

ﬁumber to the ISCC will be provided for this purpose.
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b. Upon receipt of the complaint, the conciliator will
have the authority to:
(1) Arrange the conciliation conference; and

(2) If deemed necessary at any time during the conciliation

conference process, require the (covered utility or

participating home heating supplier) to conduct a post-.
installation inspection of the job in question.

c. The conciliator will determine the method of conducting
the conciliation confefence. Acceptable methods include:

(1) 1In person; and

.(2) Telephone.

d. - Should a mutually acceptéble resdlution of the complaint
not be reached.through‘the conciliation conference, the. -
parties .shall have access to the redress procedure as
described in section 27.13(3) (redress procedure).

e; If a violation of materials or installation standards
is confirmed through a post-installation inspection, sec-
tion 27.8 (delisting) shall apply.

27.13(3) Redress procedures.

a. A redress proceeding shall be available to all persons
alleging injury arising from an activity carried out under
the I-SAVE program,.

(15 The pafty alleging harm or injury shall be responsible
for initiating a claim in:-

(a) Small claims court, if the amount in controversy does
not exceed $1,000.00 (chapter 602, C79);

(b) District court, if the amount in controversy exceeds

$§1,000.00 (chapter 602, C79).
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(2) This procedure satisfies tﬁe criteria set out in
10 CFk 456.315.

(3) Arbitration. Upon customer request, the complaint
may be referred to the better business bureau for resolution
by arbitration.

27.13(4) Civil action.

 a. Thé party alleging harm or injury shall be responsible
for initiating action in:

A(l) Small claims court, if the amount in controversy does
" not excced $1,000.00 (chapter 602; C79);

- (2) District éourt, if the amount in controversy exceeds

©$1,000.00 (chapter 602, C79).

250f~27.14(476) Customer billing, repayment of loans, and

termination of service.

27.14(1) When billing a customer for costs associated
with RCS program services, each utility shall:

a. Identify the charges and list them separately on the
customers utility bill or other periodic bill.

b. Itemize the direct charges, if any, to a customer for
the program audit, arrangement of services or post installation
‘inspection.

c. If the customer and listed lending institution ﬁutually
‘agree to loén repayment through the utility, all associated
loan costs will be listed separately from other RCS costs.

d. Allow the customer to include all RCS related costs in

the payment for utility or fuel service. All payments
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received shall first be charges to pay for the purchase of
ufility or fuel service and only the excess shall be credited
to charges for other costs or repayments, unless the customer
requests an alternative distribution of payments. |

27.14(2) In the case of any loan made by a covered utility
or participating home heating supplier'under the Iowa RCS'
program, the covered utility or participafing home heating
supplier shall permif the eligible customer to include
repaymeﬁt of that loan in the payment of his periodic
utility or fuel bill for a period of not less than three -
years, unless the customer chooses a shorter repayment
period. A covered utility or participating home heating
supplier shall not be required to provide for monthly pay-
meﬁts of less than five dollars.

27.14(3) A listéd lending institution may require -a lump
sum payment of outstanding principal and interest upon default
by the eligible customer. |

27.14(4) No penalty shall be imposed by the lender for
pa&ment of all or any portion of the outstanding loan amount
prigr to the date such payment would otherwise be due.

27.14(5) No covered utility or participating home heating
supplier shall terminate or otherwise restrict utility or
fuel service to any customer for any default by such customer

for payments due for any services under the Iowa RCS program.

250--27.15(476) Accounting.

27.15(1) General procedures. All costs and revenues
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directly attributable to the Iowa state conservation program -

‘as ihplemented by the Iowa state commerce commission shall

"be accounted for on the books and records of a covered

utility separately from all amounts attributable to activities
other than the implemented conservation program. The utilities
may account for other conservation efforts (i.e., efforts
'outsidé those specified in the implemented program) separately
but must, at a minimum, retain the ability to segregate the
costs and revenues specifically attributable to the implemented
program,

27.15(2) Uniform system of accounts.

a. Covered utilities subject to the jurisdiction of the
fedéral energy regulatory commission (FERC) shall utilize
the uniform system of accounts as prescribed in Title 18['

CFR Parts 101, 104, 201 and 204.

b. vaered rural electric cooperatives shall utilize the
uniform system of accounts as prescribed by the raral
glectrification:administration (REA) in Title 7, CFR Part
1701, Appendix A.

c. Other covered or participating utilities shall adopt
accounts within their existing accounting system with the
attributes of the appropriate accounts prescribed herein.

27.15(3) Program expenses.

a. All amounts expended by'a covered utility for the
implemented conservation programs shall be charged to the
accounts specifically ideptified for such use by FERC or

REA. If no such account is so specified, the applicable



expenses shall be charged to unique subaccounts within
éccount 908, customer assistance expenses, or its successor.

b. Appropriate records shall be maintained under this
account to permit ready identification of costs that are
required to support the reportiﬁg requirements specified in
section 27.16 (reporting). 'This will, at ‘a minimum, allow
ready identification of costs attributable to:

(1) Program information; and

.(2) Program audits (by type).

c. Costs may include:

(1) All .amounts expended by a covered utility for thé_
program. announcement and ail public education and program
promotion directly related to providing information abput a
utility's program;

(2) All amounts expended by a covered utility fof labor
and materials in ¢onnection with the purchase or installation
of any energy conservétion or renewable resoufce measure;

(3) All amounts expended by a covered utility to perform
administrative and general dﬁties directly related to the
conservation program including those associated with'program
audits, list distribution, customer billing services and
"arranging.'' These administrative costs may include-any
costs the utility incurs if it conducts post-installation
inspections required by section 27.12 (post-installation
inspection) and conciliation conferences required by section
27.13 (consumer grievance procedures); and

(4) All amounts expended by a utility to perform project

manager duties directly related to the conservation program
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includin§ areas such as:

(a) Program audits;

(b) Arranging for a lender to make a loan to an eligible
customer to finance the purchase and installation costs of
energy conservation and renewable resource measures, includingi
the costs of érranging repayment of the principal and
interest of a loan as part of the periodic bill; and

(c) Arranging to have the program measures installed.

27.15(4) Programbrevenues.

a. .All revenues or billed income, received by a covered
utility, attributable to the implemented conservation program
.shall be éharggd to the accounts specifically identifiea‘by
fERC.or REA. If no such account is so specified, the applicable
revenues shall be charged to unique subaccounts within, ac-
count 456, other electric revenue (for electric utilities)
or acédunt 495, other gas revenues (for gas utilities) or
their successors.

b. The revenues so collected shall support the reporting
requirements specified in section 27.16 (reportiné). This
will, at a minimum, allow ready identification of revenues
resulting frpm program audits and the direct sale or instal-
lation of any energy conservation or renewable resource
measure;covered by this program.

27.15(5) .Alternative methods. To the extent that a
utility considers these accounting requirements cause an
unreasbnaple hardship or expense, that utility may petition
the Iowa étate commerce commission for approval of an alternative

method that accomplishes similar goals.
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250--27.16(476)  Reporting.

y 27.16(1) General reporting guidelines. The purpose of
the reporting guidelines is to ensure that sufficient infor-
mation is collected and submitted to the Iowa state commerce
commission to permit a full analysis of the conservation
program. There shall be two separate reports, each fiied
annually. One report shall define the utility's conservation
plan and include goals and targets for ﬁhe various program
efforts, defined in measurable ferms for all non-educational
conservation activities. The second report shall define the
results. of the conservation program. The ISCC may require
interim reporting on a quartefly basis.

27:16(2) Conservation program plan report.

a. Each utility shall submit a conservation program plan
annually} The date by .which the;initial plan is to be sub-
mitted will be specified by the commission. The plan shall
noqmally cover a calendar year. |

b. Each utility shall identify the overall energy savings
goalsvfhat are anticipated from the conservation program for
the following year and over a five year time frame.

c. The utility shall describe its plan to achieve these
savings withrthe.program activities described individually
(where program activities are the different conservation.
efforts that compose the total program). Each program
activity description shall include:

(1) Discussion of what the activity is, what residential
end use it addresses, and what practices, measures or techniques

it promotes;
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(2) Identification of the energy savings anticipated (if
applicable) from non-educational conservatioﬁ activities.

(3) Discuséion of the éffect on peak demand and load
shape.

(4) Estimated penetration ot the measure, practice or
technique as a result of this effort (if applicable);.and

(5) ﬁstimated cost to the utility of implementing this
effort.

dA. DNiscussion of the program activities shall include,
but not be limited.to, the promotion of the specific program
measures specified in the RCS program..

e. The Iowa state commerce commission is responsible.for
approving the utility RCS programs. ‘If a program is not |
approved, the Iowa state commerce commission will specifically
identify those areas that are deficient.

f. To the extent that a utility considers that these
reporting éuidelines cause an unreasonable hardship or
expense, that utility ﬁay petition the Iowa state commerce
commission for approval of an alternative me thod with which
it can reasonably comply. The specific information to be
supplied under an alternative method should be identified.
As much information as possible should be provided.

27.16(3) Data collection and analysis.

‘a. Data collection. In order to ensure a éonsistent
reporting format, the commerce commission shall determine an -
appropriate method for identifying representative sample

size for each utility from the total number of customers

o
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utilizing a pafticular activity. The commission shall
provide standardized forms for use by the utility in recording
responses from customers in the sample group. 4

Each utility shall collect data relating to the effective-
ness of their non-educational program activities. This data
wiil identify the following: |

(1) Identification of those customers in the sample size
who installed or implemented a specific program measure,
technique or practice promoted by the activity;

(2) Identification of the fuel used for. spaceheating and
the type of heating/cooling plant in the residence;

‘(3) The amount of fuel purchased (electricity and/or
natural gas) each month for a twelve (12) month period
before and after the audit; and

(4) .-The monthly post audit energy savings in BTUs.

b. Data analysis. The utility shall submit the data
outlined .in section 27.16(3)(a) (data collection) as paft of
ite conservation program results-report to the commission.
The commission shall utilize the date to determine for each
utility:

(1) The relationship bhetween the level of retrofit (number
of measures, practices or techniques installed or implemented)
and energy savings.

(2) The relative effectiveness of‘specific conservation
measures, practices or techniques and energy savings.

(3) The penetration (utilization) of practices, measures

or techniques.
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(4) An estimate of the total savings resulting from the

prograﬁ activity.
+27.16(4) Conservation program results report.

a. Each utility shall submit annually a report documenting
the results of its non-educational conservation program
activities for\the previous year. Educational activities
shall be included in the report but may be identified and
described with respécf to market penetration and overall
effectiveness only. This report shall be submitted annually
on'the-dateﬂspecified by the commission. The results report
should'covér the same tiﬁe period that the prograﬁ‘plan
report covers and shall be considered a report. on the achieve-
ments of the plan.

.b. Each results report shall contain, at a minimum.theA
following: _

(1) uTheAdata.generated in 27.16(3)(a) {(data collection)
for each non-educational conservatiqnfprogram activity;

(2) Description of the utility's educational program
activities,vand a discussion of the overall effectiveness of
each;

. (3) 1Identification of the cost to the utility to provide'
the program and each program activity; and |

(4) 1Identification of the costs incurred by the utility
to provide a service under this program that are passed on
to the specific consumers requesting that service and the
revenues resulting from those charges.

For those instances in which the utility is not the provider
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of the energy used for space conditioning and/or water

heating and the provider of that energy has not supblied the
utility with savings estimates, the utility may, for those
program activities pertaining to the reduction of space-
cbnditioning and/or water heating energy use, supply estimates
of the numbers of residenpes effected in lieu of the actual
savings estimates.

c. In a separate section, each utility shall identify the
following, even if the topic has been discussed elsewhefe in
the report; |

(1) A discussion of the degree to which the utility is
engaged in supplying, installing, or financing energy conservation
or renewable resource measures pursuant to sections 27.4(3)
(exceptions for existing supply, installation and financing)
or which are engaged in supplying, or'instailing, of renewable
resource measures pursuant to a waiver granted under section
27.4 (waivers), or which are petitioning for such a waiver.

A brief description with respect to the nature of the
éxempted activity in which it is engaged should be included.

(2) The approximate number of eligible customers and, if
available, the percentage of those customers for whom the
utility is the primary heating fuel supplier.

(3) A copy of the program announcement distributed to
eligible customers.

(4) The number of eligible customers who have requested
each service and the number of requests the utility has

fulfilled, including the number of program audits performed;
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the number of installations arranged by the utility; the
number of loans arranged by the utility, ;he number of
customers, if any, who are using the utility's billing
service of repayment of loans; the number of installétibns,
if any, of program measures which the utility supplied,
installed, or financed. |

(5) * The number and function of people assigned to the
.utility's pfogram, including part-time employees.

(b) 'The costs iucurred by the utility nr home heaﬁing
supplier in providing each.service under the residential
conservation service program including separately those
costs paid by individual customers for services received and
those costs paid by all ratepayers.

(7) The number and results of post-installation inspections -
conducted according to seétion 27.12 (post-installation
inspection).

(8) Tdentification of problems in finding or training
qualified auditors and potential resolutions to those problems.
d. The Iowa state commerce commission, in its role as the
lead agency, shall be responsible for collecting the following

information:

(1) The conservation program characteristics for each
utility as described in 27.16 (3) (data collection and
analysis). The analysis of these prograﬁ characteristics

will be provided to the utilities in written form.
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b | (2) A brief description of the status of activities carried
out pursuant to section 27;8(1) (qualification procedures
for auditors, installers and inspectors) including whether
sufficient, qualified personnel are available for program
needs, the reasons for any shortages and the proposed
resolution of any such shortage problem on a statewide
basis.

(3) The number and nature of complaints by eligible
customers against suppliers, contractors and lenders which
have been handled through the cbnciliation conference established
under.section 27.13(2) (conciliation conference procedures).

(4) The number of persons seeking redress through the
procedures described in section 27.13(3) (redress procedures)
and the nature of their allegations.

(5) The number of persons added to or removed from the
master record established according to section 27.9 (listing)
and the reasons for removal‘of persons.

(6) The number and function of state employees assigned
to the residential conservation service program, including
part-time employees.

(7) The cost to the state of developing and implementing
the state plan.

(8) A citation to and brief. description of any state. or
local law or regulation relevant to the state plan and the
status of any proposed state or local legislation or regulation

b relevant to the state plan.
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Further, the commission is responsible for filing of any
DOE required reports.

e. The Iowa state commerce commission may require interim
reporting of program results on a quarterly or semi-annual
basis. These interim reports are intended to identify the
level of activity in each program area and to highlight
specific problem areas and are not to be consideredva complete
reporting of results.

f. To the extent that a utility considers Ehat these
reporting quidelihes cause an unreasonable hardship or
expense, that utiliﬁy may petition thé Iowa state commerce
commission for approval of an alternative method that accom-

plishes similar purposes.

250--27.17(476). Recordkeeping,

J;27.17(1) Responsibility. Each utility shall be responsible
for maintaining records sufficient to support the feporting
requirements identified above or as otherwise approved by |
the Iowa state commerce commission.

27.17(2) Other specific requirements. Further, the
following records .shall be maintained for the periods indicated.
These records shall be made available to the Iowa state
commerce commission or other designated personnel upon
request:.

a. The name and address of each eligible customer who
receives'a program audit, which shall be kept for five years

from the date of such program audit.

L
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b b. A'copy of the data collected during the audit, and a
copy of the estimates of costs and savings presented to the
customer, which shall be kept for five years from the date
of such program audit.

c. A copy of all requests furnished by eligible customers
for furnace audits pursuant to section 27.7(1)(g) (furnace
audits) which shall be kept for fivé.years from the date of
such request.

d. The name and address of each eligible customer for
whom a utility arranged installation or financing of a.
program measure, which shall be kept for five years from the
date of such arrangements.

e. The amount and cost of. fuel puréhased each month or
other billing period for . the twelvé months prior to and the
twelve months following each program audit for each eligible
customer, which shall be kept two years from ﬁhe date of
such program audit.

f. The names of the individuals who have mét the qualification
criteria described in section 27.8(1) (qualification procedures
for auditors, installers and inspectors). These records
shall be:

(1) Updated within a reasonable period of time following
each implementation of the qualification procedures; and.

(2) Maintained separately for installers and inspectors.
of flue opening modifications, electrical or mechanical

ignition devices and wind energy devices.
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27.17(3) . Alternative recordkeeping guidelines. To the
extent that a utility considers these recordkeeping requirements
cause an unreasonable hardship or expense, thatvutility may
petition the Iowa state commerce commission for apéroval of
an alternative method with which it can'reasdnably comply.
The specific information to be supplied under an alternative
Amethod should be identified. As much informationAas possible

'should be provided.

250--27.18(476) .Coordination.

27.18(1) In.order to minimize duplication of statewide
enefgy conservation services and programs, the‘Iowa'state
commerce commission, as designated lead agency for develop-
ment and implementation of the RCS plan for the state of
Iowa, will coordinate with the following programs: o NQ

a.. Federal energy extension service. The state agency
responsible for implementation of the EES program and the
Iowa state commerce commission will ensure that where necessary,
the following components of the EES plan are coordinated
with the I-SAVE program:

(1) Home audit prograﬁ}-

(2) Hot line data bank; and

(3) Media spoté-—public issues.

b. State energy conservation program. The following
components of the basic SECP will be coordinated with the
RCS plan:

(1) Community betterment projects;
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b (2) Voluntary thermal upgrading of residence; and
| (3) Comprehensive solar plan.

c. Supplemental state energy conservation plan. The
following components‘of the supplemental state energy
conservation plan will be coordinated with the I-SAVE plan:

(1) Public education program--all phases; |

(2)A Energy audit program/auditor.traininé; and

(3) Consumer protection program.

d. Weatherization assistance program for low income
consumers.. The federal weatherization assistance program
for Iowa is administered by the Iowa office for planning and
programming. The ISCC will coordinate with OPP in the area
of energy audits, which is a requiremeﬁt under both programs.
This cbprdination will ensure that adequate communication is
maintained between the programs in order to identify those
people who are. eligible for weatherization assisténce and to
minimize the number of duplicate audits.

27.18(2) Energy suppliers. Coordination among energy
suppliers is encouraged in all phases of the program.

Those energy suppliers wishing to coordinate I-SAVE and
related conservation program elements will submit a plan to
the ISCC, detailing the objective, advantages and cost

justification of joint operation of program responsibilities.

250--27.19(476) Home heating suppliers.

b 27.19(1) Home heating suppliers are included, by directions

of the governor, in the I-SAVE plan.



27.19(2) Voluntary participation. Home heating suppliers
are voluntary participants in the I-SAVE plan and upon completion
of an application any home heating supplier may participate.

27.19(3) Petition for waiver of. requirements. Upon
application by the home heating supplier, the ISCC may
‘waive, for the participating home heating'supplier‘any
requirement of the I-SAVE plan except:

a. AEnforcemént and investigation procedures;

b. The scope of benefits provisions for the consumer of
home hcating suppliers;

c. The calculations procedures establisﬁed for program
announcements;

d. The qualification requirements for auditors;

e. Any provision relating to anticompetitive activites or
‘unfair discrimination provisions; and

£, Reporting and recordkeeping requirements except that
accounting of coste may be waived.

27.19(45 Withdrawal. Any participating home heating
supplier who has been voluntarily participating in the I-
SAVE plan may withdraw subject to the following provisions:

a. Submit a notice of withdrawal stating the date (current
or future) withdrawal is effective;

b. State that customers who have requested audits, and
ﬁho have requested the arranging services will continue to
receive_thoée accrued plan benefits, including conciliation;

c. State that customers who have requested audits will be
assured of receiving an audit from a covered utility or

another participating home heating supplier; and
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d. State that notification of withdrawal from I-SAVE will

be provided to the home heating suppliers customers.

250--27.20(476) State measures.

27.20(1) Heat pump water heater systems shall be included
in the I-SAVE program for all categories of residential

buildings and all HUD/MPS regions in the state of Iowa.
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CALCULATION PROCEDURE VALIDATION

In accordance with section 456.307 of the RCS rules, the
ISCC submits the following calculation procedures and valida-

tion process as part of the I-SAVE RCS plan.

VALIDATION PROCESS

The following calculation procedures were developed for
the I-SAVE plan by the independent consulting firm Ernst &
Whinney (Washington Utilities Group). In developing these
procedures, Ernst & Whinney first‘c;ntacted,the RCS division
ofiDOE for all available information pertaining to applicable
program measures and practices. Further infbrmé;ion waéi |
obﬁéined from Scientific Applications Corporation (currently
under contract té DOE) and the Department of Housing and
Urban Development, which provided daté concerning the method-
ologies employed in evaluating existing housing and conéervation
standards. Additional information necessary for the anélysis
was obtained from the ASHRAE handbook and other references

outlined in the bibliography.



METHODOLOGY FOR THE COST—EFFECTIYENESS EVALUATION OF -
ENERGY CONSERVATION TECHNIQUES

INTRODUCTION

Background

In developing an effective energy conservation program, the cost

’
~

effectiveness of the energy conservation techniques (ECT's) must be taken
into account for fwo main reasons.’ First, cost effectiveness may‘be one
criterion for including in, or excluding from, the conservation program
any techniqué or group of techniques. Second, the cost effectiveness of»ygasures
included in a program will influence user acceptance and adoption of the -
technique. if,'for example, users believe thét a particular action is
ecoﬁomically advantaéeous to them, such users may be more easily encouraged
to adopt‘such a measure, On the other hand, if users-feel that a particular
measure will.cost them more than they will save, additional incentives may
'be needed to encourage adpption of such'techniques.. Thus, it is iﬁportant‘
to EonsiderAthe cost-effectiveness queétion, both from the perspective of the
overall écope‘of the project (statewide, regionwide,.etc.) and. from the point
of view of the individual energy user.

The pufpose of this péper is té develop-an approach to evaluate the.

cost effectiveness of various ECT's.' Specifically, we will address two

ﬁethods that can be used: (1) discounted cash flow analysis, and (2) breakeven



analysis. Both of these analysis techniques require the determination of
costs and savings before the analytical comparisons can be made. An overview
of the basic steps to be followed in performing the cost-effectiveness evalu-

ation is presented in this -section, followed by a brief discussion of the

limitations of the approach used. The remainder of this paper addrésses
e&ch of these steps in detail. Also included are a bibliography and an
appendix which‘describes how to adjust published degree day measures for

different base temperatures and solar radlatiou.

Overview of Cost-Effectiveness Evaluation Steps

The basic steps we followed in performing the cost-effectiveness

evaluation consist of the following:

0 Determination of energy savings--The energy use
avoided as a result of the adoption of the ECT
must be quantified. Hence, the first step is to
establish a model of residential energy require-
A ments for space heating, space cooling, and hot
- ' water utilization based on heat gain and heat loss
principles.. Since actual total -energy requirements
and, accordingly, actual savings estimates will vary
depending on a number of characteristics of the
specific house to be retrofitted, an example set
of housing characteristics will be chosen and the
associated parameter:values will be established.
‘A general approach for using the model to develop
appropriate equations to estimate savings from
implementation of various ECT's will then be pre-
sented. Next, given the approach, a series of
- applications will be provided and the appropriate
savings equations will be developed for a selected
list of ECT's. Then, utilizing the parameters of
the prototype house, a sample calculation of spe-
cific energy savings will be performed. Since these
sample calculations are intended to serve as examples
only, warnings and considerations for utilizing the
specific savings figures outside of the .context of
this discussion will be outlined.




. Determination of dollar savings—-Having determined

" the-energy savings, relevant factors for selection
of the appropriate energy price for converting Btu
savings to dollar savings as well as other savings
(e.g., avoidance of operation and maintenance costs)
must be identified. Sample calculations will then
be made.

e Determination of costs--The cost of the ECT's
(e.g., initial material and investment cost, addi-
tional operating or maintenance costs, etc.) must be
developed. Specific figures for selected items
will be presented. .

® Analytical comparisons--Given the cost and savings,
the discounted cash flow or breakeven analysis can
then be performed. The specifics of each approach
will be defined and discussed and, based on the cal-
culations and figures of previous examples, sample
cost-effectiveness computations will be made. Finally,
expansions and additional applications of the metho-
.dology will be presented. '

Limitatioﬁs

| Certain limitations of the general approach and specific data - -~
used in this analysis should be noted. The savings from simultaneous imﬁle—
mentation of se&ef&l ECT's will generally not equ;l the sum of the savings
from the si;gle impleméntation of each individual technique. In addition,
great care must be exerciséd in attempting to use the energy sévings cal-
culated in the examples outside of ﬁhe context of this discussion; These

points are expanded on when appropriate throughout the remaining sections

of this paper.



DETERMINATION OF ENERGY SAVINGS

There are two basic approaches to developing an estimate of the
energy savings realized by adoption of any given ECT. Oné approach utilizes
éctual savings meaéured.through field testing of the technique in_question.m
Ceﬁerélly,‘tﬁe methpd involves measuring the energy utilization of both a
house without the technique and of an identical house in which the-techniqué
has been implemented; the energy savings is the difference in measured
energy utilization. The second approach involves the use of analytical
equations which conceptually dépict the energy requirements of the house.

_ Thége eqﬁations are used ﬁo calculate the energy utilization of the house,
ﬁoth with and wi;hout:the ECT. The energy savings is the difference
between the two calculated levelsAof energy utilization.

We beiieve that the .second alfernative (anaiytical approach) is
more apprépriate to the analysis at hand for a number of reasons. Since it -
is not feasible to field test the techniques being.cons;dered as a part of
this study, it would be necéssary_toilocate studies which previously
tested the techniques which closely duplicate the same situétion; for the
energy savings figures to be consistent, all techniques would have had to be

tested under the same conditions. 1Inasmuch as such savings will vary,with;
;mong other factors, climate, housing construction, energy-using equipmeht;
and level or number of other ECT's in place, it would, at best, bé extremely
difficult to find such consistent conditiops for all requisite techniques.
Second, using aqtual performance data may provide little flexibility to evalu-
ate savings under different conditions. If, for example, one is in£erested
in the savings from a cerFaiﬁ technique with an "in place" level of conserva-

tion techniques different from that in the original study, it may well be




neceésar§ to perform a new field test. Alternativel?, if the. savings were
determined in a climate different f;om that of Iowa, there may be no way to
adjust the results to obtain more relevant figures.

Use of the analytical equations elimiﬁates these problems. A set
of parameters which are representative of conditions in Iowa can be'defiped
and used with the equations to obtain savings estimates for all techniques
under the same conditions. If it is desirable to obtain savings estimates
for ECT's under a range of conditions at any one point in time or under
changing conditions over time, the parameters can be changed accordingly and
the savings can be recalculated. Thus, the use of analytical equations to
calculate energy savings enhances'both thé consistency of the estimates and

- the ability of the estimates to reflect changes over time. -

Household Energy Usage: Space Conditioning and Hot Water Heating
The two main types of household energy usage to be considered .

in this discussion are space conditioning and hot water heating.

.Space Conditioning. Total "annual space conditioning energy require-
ments are determined by four basic factors: cold weather heat loss, warm
weather heat gain, efficiency of heating equipment, and the efficiency of

‘the cooling equipment. More specifically:

oo = HL/ep + HG/eC’ (0
where,
ESc = ioFal annualvenergy requirement for space conditioning;
HL = Annual cold weather heat loss of the house;
HG = Annual warm weather heat gain of the house;
eh = Efficiency of‘tﬁe heating equipment;
e, = Efficiency of the cooling equipment.



The total annual heat loss, HL, and total annual heat gain, HG, can be
further decomposed as follows:

+ HL, + HL +'I

HL = HLw + HLc + HLf d g he | (2;)
HG = HG + HG + HG, + HG + I , L (2b)
w v d B C , '

where,
ih = Annual heat loss through infiltration;
Ic =.Annual heat gain through infiltration;
HLj = Annual heat loss through structural component j,
» with subseripts as follows: ‘
w = Walls
"¢ = Ceiling
f = Floor
d = Doors
g = Wihdows
HG, = Annual heat gain through structural component j,
J with subscripts defined as above.

In turn, eagh 6f the heat loss or heat gain components is basically
determined by four factors: (1) the heat conductance or transmissivity’
of the specific surface, (?) the total area of the surféce, (3)Athe
temperature differential.bétween the outside and insidé-of the surface,
and (4) the time period over which the Eemperatdre diffefentiél exists.
Additionally,. windows haﬁe a second heat gain éompopent due to solar
radiation. Infiltration; on the other hand, is primarily determined by
the rate of air change, the volume of air being changed, the temperature
differential of the air changing, and'the time,period over which the
differential exisfs. Thus, the components of heat loss and heaf gain

equations (2a) and (2b) can be further expanded as follows:




where,
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Conductance.of component j during the summer,
in Btu/hr - ft2 - °F,

Area of component j, in square feet;

Heat loss temperature differential between the
the outside and inside surfaces of component
in degrees F;

Heat gain temperature differential between the
the outside and inside surfaces of component
. in degrees F;

Time period over which AT exists, in hours;
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Time. period over which ATCj exists, in hours;
Solar heat gain through windows in winter, in
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Solar heat gain through w1ndows in summer, in
Btu/ftZ;
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Rate of air change during wlnter, in
Btu/hr - ft3 - °F;

DP.

Rc = Rate of air change during summer, in
Btu/hr - ft3 - OF;
\ = Volume of space being conditioned, in

"cubic feet,
"with all subscripts j as follows:
| i = infiltration luad;
all others as Aefined previously.
Over the course of the fear, the cdnductance of the components
(Uhj’ chj and the areas of the components (Aj) will remain coustant.

However, the temperature differentials (AT Ach) as well as the

hj’

associated time periods (HRS HRSCj) will vary as both the outdoor and

hj’

indoor temperatures vary. Thus, for any annual period, the value of

(ATj- HRSj) is actually the su@ of all prevailing ATj's times the

associated HRSj,eor

n
I AT. HRS,

' =1 J% ik . .

for both of the heating and cooling seasons. If the variable HRSjk is

constant for all ATjk s, then this sum can be expressed ago
AHRSj k§1ATjk |

This latter formulation is easily adapted ‘to the degree day concept; the

n : _
term I ATJk is representative of total heating or cooling degree days,
k=1

assuming a base (indoor) temperature of 65° F. , -and, since each ATJ is
effectlve for one day, HRS is equal to 24. Thus, the term AThj- HRShj
can, in all cases except for heat loss through the floor (j = f) and

ceiling (j = c), be replaced by:

C 24 - DDHB



where,

DDHB = annual heating degree days for
base temperature B,

‘and the term Ach- HRS . can be replaced by:

]

24 - DDCB’
where,

DDCB = annual cooling degree days for
: base temperature B.

Procedures for calculating degree days for base temperatureé other than
65° F. and for adjusging cooling degree days to account for solar radiation
effects on outside surface temperatures a:e detailed in Appendix A.

In the case of heat loss through the floor.(j = f), however,
the temperatufe differential is not between inside and outside; rather,
it 1s the differential between the b;se inside tempcrature and the
basement temperatufe. This lattér temperature can bé‘caieulatea as the
weighted average of the base inside temperature and the ground temperature,
‘where the weights are the proportional heat transfer per hour through

adjacent components:

N (Ag - Upg) - B (Abw‘. Upw ¥ 2pe - Upg) - ty
b Ap - Une Ay - Uow ¥ e L Une

where,
tb = Basement témperature;
tg = Ground tempefature;
subscripts!
bw = Basement walls;
bf = Basement floor;.

and all other variables are as defined previousiy.
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. Af . Uhf + whf
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: whefe,
“ne ~ Apw c Uow t foe -+ Vb,

Given that the substantial proportidn.of the heating degree days occurs
during October throuéh April, the corresponding number of hours, HRShf,
- becomes 212 days x 24, or 5088. |
Similarly, the approp?iate temperature differential.fof heat loss
tﬁrough the ceiling is the differential hetween the base inside temperature -
and the attic temperaturg. This attic temperature can be calculated as the
weighted average of the base inside temperature and the outside temperature,

where the weights are again the proportional heat transfer per hour through

the adjacent components:

th; = (Ac i ZFC) - B4 (Ar i Uhr + Aaw : Uhaw)rf to‘;
' ¢

N ¥ A_ . )
Uhc Ar Uhr + Aaw Uhaw
and, '
. . + . . .
tia = (Ac Ucc) B (Ar Uhr * Aaw Ucaw) to;
A U +A .U +A -, U
c cc T hr aw caw
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where,
‘tha = Heating season attic temperature;
tca = Cooling season attic temperature;
subscripts:
r = Roof;
.aw = Attic walls;
hr = Roof during the heating season;
cr = Roof during the cooling season;
haw = Attic walls during the heating season; and,
caw = Attic walls during the coolihg season.
Thus,
AThc = Bh - tha
- B - Ac i Uhc -] B - Yhe
. + : .
h AL - U | wEJ h AL .U F
= 'th (B -t )
Ac . Uhc + Ve h o/ ; and,
AT =B -t
c c ca
AU B - Yee
- Bc 1A LU +w Ac “Uee T ¥Yee
c cc cc .
- Yee . <B -t ) .
A .U +w ¢ °/ s
¢ cc cc
where, L
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Cohbinihg these values with the degree day concept developed above, the term

AT, - HRS o becomes:

he “h

X .
_H_C

Usluy these formilations tor the floor and ceiling temperature

differentials, and the degree déy measures calculated in Appendix A,

Eduationé (3a.

HG®

HG
c

HG

HG
g

U

1) - (3a.6) and (3b.1) - (3b.5) become:
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where, .

DDy Total annual degree days to heat to

temperature B;

DDCB = Total annual degree days to cool to

. temperature B, adjusted for solar
radiation.

Knowing the values of all variables in Equations (4a.l) to (4a.6)
and (4b.1) to (4b.5) as well as the equipment efficiencies ey and e, from

Equation (1), the total space conditioning energy requirement can be calculated.

Hot Water Heating. Total annual hot water heating energy fequire—

ments are determined by three basic factors: water heating need, hot water
*
tank heat loss, and efficiency of water heating equipment. More specifically:

E, = (WH + TL)/e_; o . (5)
where,

Ew = Total annual energy requirement for water heating,

WH = Annual water heating energy needs of the household;.

TL = Annual heat loés from the hot water heater; and,

e, = Efficiency of the hot water heater.

Annual water heating needs are primarily determined by the volume of
hot water required annually and by the extent to which the temperature of

the water must be raised, as follows:

WH_= WHD - (T - Tc) « 364 - 8.34; . : (6;)
where,
WﬁD = Average daily hot water use of the household,

in gallons;

-3
il

Desired temperature of hot water, in degrees F;

Temperaﬁﬁre of cold water coming into the tank,
in degrees F;

2
I

Number of Btu's required to raise the temperature

8.34
o of one gallon of water one degree F, in Btu/gal—oF.
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Additionally, heat 105s of the tank can be decomposed to:
TL=U_ - SAt - (T - TR) - 24 + 365 (6b)

where,

(=
\

Heat COﬂdULLauLc of §runomlocmv1ty of hnt water
tank, in Btu/hr-ft<-°F;

w
>
]

Surface area of hot water tank, in square feet;

-3
]

Desired temperature of hot water, in degrees F; and

-3
1

Temperature of area where tank is located, in degrees F.

Again, note that by kno&ing the values of all variibles in
Equations (6a) and (6b), it is possible to calculate the total household

energy requirement for hot water heating.

‘Prototype House

For both space conditioning and hot water heating, all variables

can be classified into.two groups:
® Those which depict the basic structure and
characteristics of the house, and will remain
constant throughout this analysis
e Those which represent factors that can be

changed by the implementation of Lonservatlon
techniques.

This section presents the adopted values of the constant parameters

and the initial levels for those faetors_that are alterable with

conservation.
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V‘ House Shell. The prototype house to be used in the apalysis is

a singie level structure with a full basement and'an attic, both of which are
uﬁconditioned. The overall dimensions of the house are 30 feet by 40 feet,
the ceilings are 8 feet high, and the roof angle is 400; also, thé building
has a wood exterior finish. It is assumed that the héuse has a front and
a back door, each 3 feet by 7 feet, and phatlwiﬁdows cover 15 percent of
the exterior wall area. Further, 80 perceﬁt of tﬁe house is carpeted, and
the remaining 20 percent of the floor area is covered with tile. There is
currently no insulation in the home.

inen this iﬁformation, the area and volumetric parameters for‘the
conditioned.spacé become:

. Volume (V) = 30 x 40 x 8 = 9600 cubic feet

e Ceiling Area(Aé)= 30 x 40 = 1200 square feet

@ Roof Area (Ar) = 2 x (15/cos 407) x 40 = 1566 square feet

e Total Floor Area (Af) = 30 x 40 = 1200 square feet

I

° Total Basement Floor Area (Abf) 30 x 40 = 1200

square feet
e Door Area (Ad) = 2 x 3 x 7 = 42 square feet
e Window Area (Ag) = .15[2(30 + 40) -8] = 168 square feet

e .Wall Area (a) = [2(30 + 40)+8] - 168 - 42 = 910
square feet :

[2(30 + 40)-8] = 1120

e Basement Wall Area (Abw)
‘ square feet

0 Attic Wall Area (Aaw =2x .5 x'30 x (15 x tan 400) = 378
square feet.
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Next,.the winter and summer cpnductance U-values of each of the'
shell components must be calculated. Geperally sﬁeaking, the cohdﬁctance
U of any substance is equal to‘the reciprocal of its resistance, R, és
follows:

U = 1/R.

Further, ihe resistance of a layered set pf substances is equal to the
sum.of the resistance of the NAindividual components:

Ro= Ry + Ry + ... +Re.

Thus, the conductancg‘of the layered set becomes:

U= 1/RI = 1/(R1‘+ Ry, + ...+ RY).

Therefore, it is necessary to know the cémposition of each of the shell -

- components so the U-values may be computed.

Starting at the inside of the wall and moving toward the outside,

~ the component layers of the exterior walls of the house are as follows:

1. Gypsum wallboard, 1/2" thick;
2. Studs, 2" x 4"; ‘
3. Sheathing, 1/2'" thick; and,

4. Wood siding.

In computing tﬁe resistance and conductance, the éir surface next to both
the inside and outside of the Qall must be considered. Sinée there is
no insulation between the studs, thé layer between the wallboard and the
sheathing is most appropriately considered as an air space.

It is now possible to compute tﬁe conductances of the wall,-

U and U _, as follows:
hw cw
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Winter Summer
Resistance " Resistance
Inside Air Film .68 .68
Wallboard .45 . .45
Airspace .. 1.01 1.01
Sheathing - 1.32 1.32
Wood Siding’ ' .81 .81
Outside Air Film .17 .25
Total Resistance 4.44 ' , | 4.52
Conductance (1/R) th-= .225 Ucw = ,221,

It should be pointed out that the variation in the resistance of the
‘air films is due to differences in wind speed; inside air R-values
assume still air, winter outdoor values assuﬁe 15 mph wind, and summer
values assume 7.5 mph wind speed.

.Thelcomponent layers of the attié walls would be identical to‘
those of the walls of the conditioned space, with the exception of the

wallboard; thus; the conductances U and Ucaw can be computed as follows:

“haw

Winter " " Summer

Resistance Resistance
Inside Air Film .68 .68
Sheathing ’ 1.32 1.32
Wood Siding .81 .81
Outside Air Film .17 ' .25
Total Resistance ©2.98 , 3.06
Conductance (1/R) U = 336 U = ,327

haw caw

Starting at the inside of the ceiling and working up, the

structural components are as follows:



. . 1. Gypsum wallboard, %" thick; and, _ . ‘ d
2, Ceiling joists, 2" x 8".
Again, air films will be included.

Given this information, the ceiling conductances U__ and U, can now

he

be computed:

Winter/Summer

~. Resistance
Inside Air Film .62
Wallboard : 45
Attic Air Film : .62
Tntal ‘Resistance 1.69

A
' Conductance (1/R) Uhc = Ucc = ,5Y2

Starting from the inside of theAattic and working out, the structural
components are:

1. Ceiling rafters, 2" x 4";'

2. Plywood sheathing, 5/8";

3. Felt building membrane;

4. Asphalt shinglé roofing.
Qutside ana inside air films will be included.

The roof éonductanceé U . and Ucf can now be calculated:

h

Winter Summer

Resistance Resistance
Inside Air Film . .62 .62
Sheathing . o .78 .78
Felt .06 .06
Roofing ' A . XA
Outside Air Film 17 .25
Total Resistance 2.07 2.15
Conductance (1/R) U, = .483 ‘ U = 465

hr cr
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Starting from the basement and moving up, the structual coﬁponents
of the tiledAportion of floor are:

1. Floor joist, 2" x 8";

2. Wood subfloor, 3/4" thick;

3. Plywood, 5/8" thick;

ba. 'Tile |
For the carpeted portion, component'(4a) becqmes:

4b. Padding and carpet.
Air films are again considered.

The conductances U and UC are caiculafed as follows:

hf f

Tile: Winter 'Carpet: Winter

Rgsistance Resistance
Basement Air Film : .62 . | .62
Wood Subfloor 94 . .94
l Plywood . .78 ’ .78

Tile . A .05 - -

Padding_and'Carpet A | - 2.08
Top Air Film .62 .62
Total Resistance ;TSI ' ‘gtaz

Conductance ' ’tht = .332 Uhf; = .198

To arrive at a composite U-value, each component is weighted by its propof—
,tion of total floor area:

Uhf = .2Uhft + .8Uhfc
.2(.332) + .8(.198)

.225,
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The average conductance U._ for the basement walls is .443, while

bw
the conductance Ubf for the basement floor is .022. Assuming 2-inch solid
wood doors, the winter and summer conductances are Uhd = .43 and UCd = .42,

For windows that are 80 percent single pane glass and 20 percent wood sash,

the appropriate conductance values are Uhg = .99 and ch = ,936.

For this analysis, average rates of air change per hour will be
established at R, = 1.00, and R_ = .67, respectively. In addition, the
indoor winter temperature will be set at 70o F., while the summer

temperature will be set at 75° F.

Space Conditioning Equipment. The prototype house can have
four types of heating equipment and one type of air conditioning. In
all cases, the equipmént is located outside of the conditioned space. The

different equipment and associated efficiencies are:

Efficiency
Gas Heat .59%/
0il Heat L .63~
Electric Resistance Heat 1.00
Heat Pump - 2.00
Electric Air Conditioning 2.00

l/ Stephen R. Petersen, Kimberly A. Hockenbery, Methodology and Technical

Basis for the Economic. Analysis of Suggested Energy Conservation Measures,
U.S. Department of Commerce, National Bureau of Standards, 1974, p. 22;
also, Michigan Public Service Commission, Case No. U-5451 (June 6, 1977),
Exhibit No. A - (LMD-2). ‘

Stephen R. Petersen and Kimberly A. Hockenbery, p. 22; also D.W. Turner and ‘
R.E. Holmes, "Efficiency Factors for Domestic .0il Heating Units," Pro-

ceedings of the Conference on Improving Efficiency:in. HVAC Equipment and
Components for Residential and Small Commercial Buildings, October /-8, 1974,

p. A-21. '
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Climate Factors. It will'be assumed that.thisAhousg is located
in Des Moines, Iowa. This area has 6710 heating degree days, and 928
cooling degree days, both based on the standard 65° F. Using the method
in Appeﬁdix A, this'translates into 8104 degree days to heat to 70° F (DDHB), and

).

1407 degreé days to cool to 75° F. for non-horizontal surfaces (DDCB
During the moﬁths of May throﬁgh September, the solar heat gain factor,
‘SHGCg, is 137,728 Btu/ftz, whiie during October ﬁhrough April the sola?
heat gain factor, Sﬁth, is 160,654 Btu/f;z. All p;rameter§ relative to

space conditoning are summarized in Table #1.

Hot Water Utilization. This household has a 50 gallon hot water .

heater, located in the basement, which has a conductance Ut of .171 and

a surface area SAt of 30.2 square feet. Cold water comgs in at 55° F., and
the desired hot water temperature is .140° F. The hdusehold uses 80 gallbns
of hot water per day. All these hot wéter—related values are also_sﬁmmarized

in‘Table 1. '
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TABLE 1

PARAMETER VALUES FOR PROTOTYPE HOUSE

Space Conditioning

Volume and Area:

Aw = 910 Abf = 1200
Aaw = 378 A= 1120
A = 1200 A = 42
c d
A_ = 1566 . A = 168
T g .
Af = 1200 v = 9600
_Conductance and Infiltration:
'U )
hw = ,225 v = ,221
. - cw
Uhaw = ,336 Ucaw = ,327
Upe = +992 U= .592
' cc
Uhr = .483 Ucr = .465
Uhd = .43 Ucd = ,42
Uhf = ,225 Ubf = 022
Uhg”= .990 ch = .936
Ub = ,443 R - = .67
w : e
Rh =1.0

Indoor Temperatures:
Conditioned Space-Winter 70°

Conditioned Space-Summer 75° o
Average Annual Basement Temperature 54.6
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ey (gas)
éh (0il)
e (elec)

& (h; pump)

Climate:
~DDﬁB _
1407

DDcy

t =
g

45

Hot Water:

Ut = .171
S =

SAt 30.2

WHD = 80

8104 -

Equipment Efficiency:

.5

.6

1.0

9

3

SHG,

hg
SHG

TABLE 1 (Cont.)

e = 2.0
c
e, (elec) =‘1.0
e, (gas) = .7
= 160,654
= 137,728
- 140
55
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I@pact'of Energy Conservation Techniques

Given the basic energy requirements, eqﬁations and the prototype
hduse just described, it is possibie to develop the equations and to calcu-
late the savings to be ;éalized by adoption of an ECT. 1In this séctioﬁ,
the general approach for devélopmen; of such éavings equations will be
presented; implementation of single techniques ;nd éimultaneoﬁs implementa-

. tion of multiﬁle techniques will both be discussed. Then, a number of
ECT's will_be considered. For each technique, a brief description will be
provided where necéssary, thévvariable(s) and portion(s) of the energy
requirement equation affécted by implementation will be ideuntified, and a
sample calculation will be performed. Table 2 lists the ECT's to be

considered.

General Approach. To determine the savings for implementation of

any single ECT from the energy requirements equations, four basic steps are
fequired:
1. Determine which variable(s) of the energy
requirements equations will be impacted by the

adoption of the ECT;

2. 1Identify the componcnt cquation(s) in which
these variables appear;

3. Subtract the equation(s) for energy requirements
after implementation from such equation(s) for
requirements before implementation; and,

4. Substitute appropriate values for the parameters
into the resulting savings equation.

For simultaneous implementation of multiple techniques, however, it may
not always be appropriate to determine total savings by summing the
éavings from the individual techniques. In general, the total savings

. will equal the sum of the individual savings only when no two of the ECT's
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TABLE 2

ENERGY CONSERVATION TECHNIQUES TO BE CONSIDERED .

Ceiling Insulation

Wall Insulation

- Floor Insulation -
Caulking/Weatherstripping

A Storm Windows

Thermal Windows

Heat Refleéting Window Material

Heat Absorbing Window Material

Shading -

Storm Doors

Nighttime Temperature Setback

Clock Thermostati

Reduce Thermostat in Winter

Raise Thermostat in Summer

' Furnace Efficiency Maintenance and AdeStment

Mechanical Ignition (Gas Furnace)

Flue Opening Modification (Gas Furnace)
Replace 0il Furnace

Replace 0Oil Burner .

Replace Central Air Conditioner

Reduce Hot Water Temperature
Reduce Water Flow in Showers, Faucets
Water Heater Insulation

Solar Hot Water<Hgating
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affect the same variable and when equipment efficiencies are not affected. ‘

‘In all cases, however, it is advised to calculate. a new single savings

equation using the steps just described and simultaneously changing all
affected variables, and then substituting parameter values which take into

account the multiple changes.

Use of Specific Savings Estimates Generated in Sample Calculations.

Before considerlng the speciflc ECT's listed in Table 2, several words of
c;ugion are in order concerning specific éavings figures to be calculaﬁed

for the specific ECT's. Extreme care must Be taken in using the energy
savings calculated in the examples outside the context of this discussion. .
It must be remembered. that the specific savings are dependeht on the size,
structure and‘orientation of the house, the initialkin—place level of
cénserv;tion, specific type of equipment and level of equipment effiéiency,
asbwell as all the other parameter valﬁes identified in Table 1 above. For

. example; a qne—sto?y hdme with l,Soolsquare feet will generally have greater:
savings and, thus, example estimates will understate the savings. Similarly,‘
smaller homes will have relatively lower ;avings; thus, tﬁe estimates for

‘the prototype house would tend to overstate savings. Generally speaking;
two-story houses with 1,200 square feet will have a differeﬁt savings con-
-figuration than the one-story prototype house due to the structu?al differ-
ences. Solar related factors (the adjustmenf to degree days to cool, solar
heat gains) will vary substantially in relation to the direction each portion -
of the house is facing. (Average values for all directions have'been uéed
in'the examples.) Equipment efficiencies will vary wiaely depending on

type of equipment, appropriate sizing, and so on. Since fhe calculations

used figures for gas heat and electric air conditioning, resulting estimates . ‘
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wbﬁld not accurately reflect savings when other fuels are used. ~Similarly,
efficiencies resulting from implementation will bé even more diverse;

for eguipment-related ECT's, the literature generally cites a very wide
range of vélues. While the specific figures used in the examples tend
toward the middle of the range, it must be kept in mind th;t the resulting
estimates are but a single point in a whole range of vélues. To reiterate,
then, the appropriateness of ail conditions established and parameter values.
aésumed should be checked before adapting the estimates developed in the
saﬁple calcqlgtions to othgr purposes. Given these cautions, the discussion

-can proceed to the specific examples.

Ceiling Insulation. Ceiling or attic insulation essentially
reducés the heat flow through the top of the.conditioned space. Such
insulation comes in various materials and forms: glass fiber, cellﬁlose;
blanket or batt, loose‘fill. In all céses, however, the degree of4heat
losé or heat géin prevention is measured by the R-value or resistanée,
which iﬁéreases as.the thickness of’the insuiation l;yer inére;ses{

Adding ceiling insulation will reduce the conductance value_UhC
and, theréfore, wi}l reduce the ceiling heat 1oés, HLc’ in Equation (45.2)

-

as follows: — —

w, . .
o _ .0 | L he . .
Hhe =Uhe " A" [ 70 _+w DDy - 24 (7a) .
c hc he
1. .1 Yhe ) _
HLO = Uy s Ac s |3~ 7w |  DPgp - 2% 4 (7b)
c hc he :
o .. .. 1
o (Uhc whc)' © whc).

1 o . . . 24
c c (@A - U°c + th) (A - U +w ) A DDyg (8

sl
=
1
fes
(o
|

c hc hc
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—

.2
AUhc : whc

AHLC = [Ef
c

éuperscript o

where,

superscript 1

All other variables are

T+ o T ¥4
Uhc + whc)(AcUhc + whc

Initial value of varia

Value of variable afte

as defined previously.

- A - DD._ - 24

) c HB (8a) |

ble,

r implementation of ECT. .

-Similarly, the addition of ceiling insulation will reduce the

conductance value Ucc‘and thus will also reduce the ceiling heat gain,-

HGc’ from Equation (4b.2) as follows:

o _ .0 | . cc . . .
HG, = Uee " Ae (A - U +% ) DDy - 24 (9a)
c cc cc A
— S . L] ’
1 1 wéc : :
HG, = U, - Ay G -0l +w | P 24 (9%)
L_C ccC cc
— 1 :
W -w ) . - w )
.0 1 _ cc cc cc cc .
HG -~ B = |Ga - w0 Fw. ) (A - 0l +w | A DD 2t (10
- e cc cc : c cc cc ,
B AUcc ) dic ' o
AH%:=. A - 00 #w J@G& -0 vv ) . AC . DDCB - 24 (10a)
| ¢ ce’ cc’e cc cc -

* Since all other components of heat loss, heat gain, and infiltra-

tion equations will not change, the total energy savings realized become,

utilizing Equation (1):

; OHL_  AHG ~
EZc = Ege = + = (11
: “h c .
— 2,
_ (80 ¥ /ey, A DD 24
T T . .
-Efc Uhé + whc)(Ac : Uhc + whgzj ¢ CB
(AUCC ’ WCZ:C)/eC .
A T Fw )G .0l +w | Ac " Dbt 24
| * e cc cc’ e cc cc’ | -
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I Example:-

prototype house. To calculate the savings, it is first necessary to deter-

Assume that R-30 insulation is installed in the ceiling of the

mine the new ceiling conductances. Again, a component-by-component -analysis
of resistance is necessary; all items  will be the same except for the addi-

tion of the layer of insulation. New conductances, U and Ucc’ are:

he
Winter/Summer

- Total Previous Resistance of Ceiling 1.69

Géined Resistance of Insulation - 30.00

Total New Resistance .' 31.69

New Conductance ' 0.032

01d Cpnductance | 0.592
. Change in Conductance ' 0.560 = AUhc =‘AUcc

e ' Substituting these AU values, the efficlency for gas heat, and

the other required parameter values from Table 1 into Equation (11) yields:

AESC- [E.seo)(883.4)2/.55]/{21200 x .592 + 883.4)

(1200 x .032 + 883.4)((1200) (8104) (24)

+

[3.560)(851.8)2/2LEﬂ//[El200 x .592 + 851.8)(1200 x .032

+ 851.8){(1200) (1407) (24)

117,671,747 + 5,919,645

123,591, 392

]

Thus, if R-30 insulation is added above the ceiling of the protétypé house
with gas heat and air conditioning, 123,591,392 Btu's of energy would be

saved each year.

29



Wall Insulation. Wall insulation reduces the heat' loss ahd heat

" gain through the sidesvof the conditioned space. Although blanket or batt
insulation may be uéed in walls inAnew construcfion, loose £fill, blowﬁ
‘ in thrOpgh small holes, is the only form adaptable to retrofit. As with
celling insulaﬁion,_the degree of heat loss or heat gain is measured by
tﬁe insulation R-value.
Addition of wall iﬁsulation willhreduce the conductance value
thvand, therefore, will reduce the wall heat loss component ﬁLw in

Equation (4a.l) as follows:

HL = U:wf Aw; DD 24 " (12a)
HLL = U} - A - DD 24 (12b)
HLS'— ﬁLi = (Uﬁw - Uﬁw)'- A, DDpy: 24 ‘ 13)
AHL_ = AU, -+ A - DD 24 | (13a)

Similarly, the addition of wall insulation will reduce the
. conductance value Ucw and, thus, will reduce the heat gain HGw in

Equation (4b.1) as follows:

HGD = UD ¢ A DDy, - 24 | (14a)

Hci = in- A" DDy - 2 ‘ (14h)

HG, - HGi = (U‘;w - in) * A DDy ¢+ 24 (15)
| BHG, = AU - A DD, ¢ 24 ‘ | (15a)

Since all other components of hea; loss, heat gain, and
infilfration'equations will not be affected by the addition of wall
insulation, the total energy sévings realized beéomes, utilizing

Equation (1):

30
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EE -E = w +
sc sc e p
h c
= Ath/éh . Aw- DDHB 24
+ AUcw/ec. A DDCB 24

Example:

- (16)

' Assume that R-7 insulation is installed in the walls of the

prototype house. To calculate. the savings, it is again necessary to

determine the new wall conductances. In the componeht—by-compohent-

analysis of the wall, all items will be the same as before except that

the airspace between the studs will be replaced by the insulation. New

conductances, U

and U are:
hw cw

Winter
Total Previous Resistance of Wall , V 4.44
.Lost Résistance of Airspace —l.Oi
Gained Resistance of Insﬁlation 7.00
‘Total New Resistance ' ‘ 10.43
New Conductance . ’ 0.096
'01d Conductance 0.225
Change in Conductance 0.129 = AU

hw

Summer'
4.52
-1.01

7.00

10.51
0.095

0.221

0.126 = AU,

Substituting thesé AU values, the efficiency of gas heat and

Ccw

the other required parameter values from Table 1 into Equation (16) yields:

AE
sc

- (.129/.59) (910) (8104) (24)

+ (.126/2.0) (910) (1407) (24)

38,698,111 + 1,935,919

40,634,030
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Thus, if R-7 insulation is added to'thé éxterior walls of the prototype
house with gas heat and air conditioning, 40,634,030 Btu's of energy

would be saved each year.

Floor Insulation. Floor insulation will reduce the heat loss

thrdugh‘the bottom of the conditioned spéce. This type ofAinsulation

comes génefally in bianket'or batt form and.has a resistance R-value.
Addition of insulation in a basement of.crawl space will reduce

the conductance value Uhf and,.in turn, will reduce the heat loss coﬁponent

in Equation (4a.3) as follows:

w
0 o) hf -
HLY = G¢0_ - A, - — (B-t) - 5088 (17a)
:f 'hf f ;ff Uhf +fwh£~ g .
11 Y ] ‘
HL: = U, - A, - — ——|.. (B -t ) - 5088 (17b)
£ “hf £ _Af Ui +wh£ g
oW s W) Wt . ow )
£ hf hf £ hf hf g
(Auhf . “tzlf :
AHL - B - - A, - (B-t) - 5088 (18a)
+ whf) (Af Uhf + whf)- f g

£ .I_(_Af " Une

Since all other components of the heat loss, heat gain, and infil-.
. tration equations will not be affected by the installation of floor insula-

tion, the total energy savings realized becomes, utilizing Equation (L:
o 1

Esc - Esc = AHLf/eh (19),'
T . L N
(g = Upg + W) (A = Upe + )| f g

X
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Example:’
Assume that R-1l1l insulation is installed under the floor of the

prototype house. The new floor conductance values will again be éomputed

on a component-by-component basis. All items will be the same except that

insulation will be added between the joists. New conductances for the -

tiled and carpeted sections are:

Tile: Winter Carpet: Winter

Resistance Resistance
Total Previous Floor Resistance 3.01 5.04
Gained Resistance of Insulation | 11.00 11.00
Total New Resisfance 14.01 16.04 '
New Conductance 0.071 0.062
01d Conductance : ' 6.332. , 0.198
Change in Conductance 0.261 = AU, 0.136 = AU

To arrive at the composite change in U-value, each component must be
weighted by its proportion of the total floor area:

AUhf = (.2)(.261) + (.8)(.136) = .161.

Substituting this AU value, the efficiency of gas heat, and the

/

, other required parameters from Table 1 into Equation (19) yields:

hfc

AEsc E.l6l) (522.6)2/.SEI/E1200 x .225 + 522.6) (1200 x .064 |

4 522.62] (1200) (70 - 45) (5088)

23,944,746

Thus, if R-11 insulation is added below the floor of the prototype house

with gas heat, 23,944,746 Btu's of energy will be saved each year.
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Caulking/Weatherst.rigging. Caulking and weafherstripping are . ‘

used to fill gaps and\cracks.in the shell of the conditioned space,
éarticularly arouﬂd doofs and winddws; by filling the craék, unconditioned
air‘fibﬁ into the space is reduced. 1In addi;i&n,'comforfAis increased

due to the reduction of drafts. Though caulking compound is generally

all in ;he same form, weatherstripping is not; it can be found in widthé
varying frém‘l/Z inch to several inches, in thicknesses raﬁging from 1/8

inch to 1/2 inch, and a variety of materials including felt and foam.

Addition of caulking_and/or weatherotripping will reduec the air

changé rate Rh and, thus, will reduce the infiltration I in Equation (4a.6)

h
as follows:

2= .018 - R - VDD 24 ' ~ (20a)

Ii = .018 - R;A- V. DD - 24 | ' ; (20Db)
-1 =.018 - (RO -R) -V DD 24 ‘ (21)

ML, = .018 - AR - V * DD 24 . A(21a) ""

Similarly, caulking and/or weatherstripping will reduce the air change rate

Rc and, thus, will reduce the infiltration IC in Equation (4b.5) as follows:

I = .018 - R+ V * DD, - 24 (22a)
Ii’= .018 - Ri VDD 2% | (22b) ..
Io - 1D = .018 - (RO - RV - DD, * 24 _ (23).
DI, = .018 * RV DDy - 24 (23a)

Since all éomponents of the heat loss and heat gain equations
remain unaffected, the total energy savings realized becomes, using

Equation (1):

o S '
Esc - Esc - AIh/eh + AIc/ec ) ) (24)
= .018 'Aﬁ/ﬁx'v"n%m © 24
+ .018 - ARc/eC' v - DDCB © 24.

34



stripped rate. Thus,

Example:-

Assume that all cracks in the conditioned space shell are
caulked/weatherstripped. To calculate savings, the resulting change in
the air change rates,. Rh and Rc’ must be determined. According to ASHRAE,

the rate of air change with weatherstripping is two-thirds the nonweather-

1-(2/3)'1=1/3

LS

AR =
c

n’% :?z
071,9?1,.
i

2/3 - 2/3(2/3) = 2/9

Substituting these AR values, the efficiencies for air .
conditioning and ‘gas heat, and the required parameters from Table 1 into
Equation (24) yie}ds: ‘

AE
8C

'5018(1/3/.59)(9600)(8104)(24)

+

.018(2/9/2.0) (9600) (1407) (24)

18,988,084 + 648,346

19,636,430.

Thus, if caulking/weétherstripping is added to the prototype house with
gas heat and air conditioning,'l9,636,430 Btu's of energy would be saved

each year.

Stérm Windows. Storm windows reduce the heat loss from and air

flow around the windows of the house. They come in two main types: wood’

frame storms, and aluminum triple-track windows.

Installation of storm windows reduces the é¢onductance factor Uhg

and, accordingly, reduces the window heat loss component Hl,g in

Equation (Aa.S)Aas follows:

o —1 o L . L4 - .. ' ~ .
HLg Uhg Ag DDHB 24 SHth Ag ‘ (25a)
1. .1, . . _ . '
HLg = Uhg Ag DDHB 24 SHGhg Ag ‘ | | (25b)
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1 _ 1

o . S _
- - * A - DD+ 24 26

HLg - HLg = (Ung Upg) * Ag® DDy - (@28

CBHL, = AUt At DDy 24  (26a)

In addition, storm window installation reduces the air change

rate R and,. thus, reduces the infiltration in Equation (4a.6) as follows:

)

= .018 " K -V DDHB-'gé - | L (27a)
1l- .08 RL-vVhoDD 24 . @)
| Ig = Ii = .018 - (Rﬁ J‘Rﬁ) . Y * DDy - 24 (28)
AL = .018 * AR * V - DD * 24 (28a) |

Eince all other components of the heat loss and iafiltratiou aud
‘all heat gain components remain unchanged, total energy savings becomeé,

using Equatién (1):

g° - gt
sC sScC

(AHLg + Aih)/eh ' (29)

HB
+ .018 - ARh/eh’ v - DDHB' 24

AUhg/eh‘ Ag' DD, * 24

Example:
| Assume storm windows of 80 percen£ glass with a metal sash are
installed in the prototype house;. To calculate savings, thé change'in
" conductance and air change ratés must be detér@ined. Since the conductance
" with storms 15 .50, .
| Auhg,= .99 4‘.50 = .49
The air change rate with storms is the same as that with caulking/weather-
stripping, thus:
ARh = ; - 2/3(1) = 1/3.
Substituting these yalues for AUhg

and ARh, the efficiency for
gas heat, and the required parameters from Table 1 into Equation (29):

yields:
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AE (.49/.59) (168) (8104) (24) + .018(14 /.59)(96005(8104)(24)

sc

27,137,137 + 18,988,084

46,125,221
Thus, by installing storm windows in the prototype house with

gas heat, 46,125,221 Btu's can be saved each year.

Thermal Windows. While standard windows have.a single pane of

glass set in the frame, thermal windows have multiple panes, separated by
small air spaces, set in the single frame. The additional layers of glass

reduce the heat flow'through the windows.

~

Replacing the standard windows with double or triple pane thermal .

windows changes bbth the conductance U and the solar heat gain SHG and,

hg hg

therefore, éhanges the heat loss component in Equation (4b.4), as follows:

G =u® - A . DD. - 24 + SHG® : A (32a)
g cg g - CB cg £
HGl =vu! .. A . DD - 24 + SHG! . A (32b) - --
g cg g CB cg g
o 1 - o 1 :
HG® - HG! = (U - U - A - DD, - 24
g = HG, (,cg Cg) g~ PDcp
o] . i
+ (SHG® - SHGl) . A 33
( cg Cg) . A (33)
AHG =AU .+ A . DD . 24 + ASHG - A - (33a)
g cg g CB _ cg g

Since all other components of the heat loss, heat gain, and"
~infiltration components remain unchanged, total energy savings becomes,

using Equation (1):

e’ - E!
sSC sSC

AHL,g/eh + AHGg/eC

= AUhg/eh . Ag . DDHB . 24 - ASHth/eh . Ag

+ Ach/ec . Ag . DDCB - 24 + ASHGC8/§c . Ag (34)
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ExamgieE
Assume that‘the.standard, single pane windows aré'répiaced by

double pane thermal windows. To calculate the savings, the changes in

‘conductance and solar heat gain must be determined. With a winter con—

ductance for 1/8 inch double pane thermal windows with a 1/2 inch airspace
of .466,

AUhg = .990 - .466 = .524

Similarly, with a summer conductance for snch windows of .532

= - 2 = 404
Ach .936 . 532 404

-Additionally, the changes in the summer and winter solar heat gains are:

ASHG 160,654 ~ .88(160,654)

hg
ASHG
cg

h
il

19,278

137,728 - ..88(137,728) 16,527

Substituting these AU and ASHG values, the efficiency for air
conditioning and gas heat, and the required parameter values from Table-i -
into Equation (34) yields:

AE
sc

" (.5247.59) (168) (8104) (24) — (19,278/.59) (168)

+ (L404/2.0)(168) (1407) (24) + (16,527/2.0) (168)

il

29,020,122 - 5,489,329 + 1,145,951 + 1,388,268

26,065,012
Replacing standard windows with thermal windows as described

above will result in annual savings of 26,065,012 Btu's.

Heat Reflecting and Absorbing Window Materials. Several types

of materials are on the market today which have special heat reflecting

or heat absorbing properties. Some of thgsé are different glasses or

“other glazing materials; others.include a variety of films which are
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applied'to more standard window glasses. Such materials are effective in
increasing occupant comfort as well as in altering a building's energy
requirements. |

Use of any of thése materials can alter the condugtance, Uhg’
the solar radiatién factor, SHth,‘or both and, thus, will change the

heat loss component HLg of Equation (4a.5) as follows:

HLZ = Up, - Ay DDy - 24 - SHGY - A  (35a)
HLé = Udg . Ag + DD+ 24 = sncgg'- Ag (35b)
HLS - HL! = (U0 -U) - Aé » DDyp - 24 -
(an;;-sncgg) <A | (36)
BHL, = 80 - A - DDy - 26 - BSHG, + A  (36a)

Similarly, application of these materials will alter the con-
ductance factor ch and solar radiation factor_SHGcg and, thus, will

change the heat gain component HGg in Equation (4b.4) as follows:

#6°=U% . A .DD_ . 24+ SHG® . A : (37a)
g cg g CB cg g
HG! =uy! - A -DD._ - 24 + sSHG! - A (37b)
g cg g CB cg g _
[o] [o] ’
HG - HGl = (U°-uyl) . A .DD__ - 24 +
g g (cg cg) g CB
o 1
SHG ° -SHG « A . 38
(SHG_ ~SHG) - A, . (38)
: AHGg = Ach . Ag » DDy - 24 + ASHGCg' A : (38a)

Since .all other heat loss, heat gain, and infiltration
components will remain unchanged, total energy savings from the use of

reflective/absorptive materials for window surfaces becomes, using

Equation (1): ‘
. AHL/e, | AHG/e

0 _ 1
Esc Esé (39)
= . . ) . - S . .
AUhg/eh‘ Ag DDHB 24 A Hth/eh Ag
+ AUc.g/eC . Ag . DDCB'- 24 + ASHGCg/eC . Ag
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' Examgléi

Assume the i/e inch staﬁdard glaséﬁpanes are r;;laced by !/g inch
heat absorbing glass panes in the prototype hquée. In this case, the
conductance Vé;ues Uhg and Uég are unaffected; thus,

AU, = AU = 0.

hg cg

The solar heat gain valugs,‘SHth and SHGCg are reduced.to 83 percent of

their originél valué; thus,

ASHG = 1A0,A56 - .83(160,654) = 27,311

ASHGcg = 137,728 - .83(137,728) 23,414
Substituting these values, the efficiencies of air conditioning
and gas heat, and the required parameter values from Table 1~into

Equation (39) yields:

AE

sc -(27,311)/.59(168) + (23,414)/(2.0)(168)

fl

-7,776,692 + 1,966,776

-~5,809,914
By using heat absorbing glass instead of standard glass in the prototype
home aquipﬁed with gas heat and air conditioning can increase the energy

requirement 5,809,914 Btu's per year.

ﬁsé'of Shading. Use of shades, blinds; aﬁd drapéries can alter
bofh the hgat trénsfer and solar heat gain properties of window openings.
Such use has the a&vantage of being selective; that is, the shading
devices can be used only when they positively affect energy'usage.

Use qf shadés,-blinds, or drapes can alter the wintér conductancé
Uhg and solar heat gain SHth, and, thus,.impact the.heat loss component

HLg in Equation (4a.5), as follows:
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o) o]

HLS = U © A+ DDy 2 - SHG}:’g' . Aé . (40a)

‘HLé =yl - Agi- DDy + 24 - SHG) - A (40b)

HLZ - HLé = (Uhog’Uﬁlg) © Ayt DDy - 24 - (41)
"(suclfé-suchlg) © A |

AHLg = AUhg . Ag + DDy - 24 ~ A‘SHth . AgA - . (41a)

Similarly, summer values ch and SHGcg can be altered to impact

the heat géin component HG , as follows:

g
G =Uu°® - A - DD_ - 24+ SHGY . A (42a)
>4 cg g CB cg g ‘
HG! =yl . A .DD_ . 24+ SHG! . A (42b)
8 cg g CB cg g
(o] -0 .
HG® - HG! = (U -ul) . A - DD, . 24 43)
g g ( cg Cg) . B . (43)
+ (SHG® -SHG1) . A
4 cg  cg g
AHG =AU =+ A . DD.. - 24+ ASHG - A (43a)
g cg g CB cg g

Since none of the other heat gain, heat loss, or infiltration
components are affected, potential energy savings from utilization of - -

shading devices, as derived from Equation (1), is as follows:

(o]

. - . :
‘Ege ~ Eg¢ = AHLé/eh + AHGg/ec (44a)
= / . . . 24 - . A
AUhg/eh Ag DD, + 2 ASHGh/eh .
| _t AU le A, * DDop - 24 - ASHGCg/eC " Ay

- Alternatively, if the component AHLg is negative, the shading

can be used only in the summer and, thus:
[

1
Esc - Esc

AHG /e : ' (44b)
g [od

]

AUc-g/ec . Ag . DDCB . 24 - ASHGcg/ec . Ag-

Example:
Assume white shades are installed in all windows of the prototypé
house. To calculate the savings, the change in conductances and solar heat .

gain must be determined:
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CUAUL = .99 747 =243 -

hg R
AU = .936 - .729 = .207
cg ) , A
Asuchg = 160,654 - ,25(160,654) = 120,490
ASHGCg.= 137,728 - .25(137,728) = 103,296

Substituting these values, the efficiencies of air condi;ionihg
and gas heat, and the required parameters from Table ] into Equation (44a)

yields:

AE (.243/.59) (168) (8104) (24) — (120,490/.59) (168)

se

+ (.207/2.0)CL68) (1407) (24) + (103,296/2.0) (168)

13,457,805 - 34,309,017
- + 587,158 + 8,676,864

-20,851,212 + 9,264,022

-11,587,190
However, since the heat loss portion is negative, Equation (44b)
will be used insteéd:

AEéc

(.é07/2.0)(168)(1407)(24) + (103,296/2.0) (168)

587,158 + 8,676,864

9,264,022
" Thus, use of shades in the summer will result in savings of

" 9,264,022 Btu's per year.

Storm Doors. As with storm windows, storm doors reduce heat loss
from a house. Such doors can have either aluminium or wood frames.

Utilization of storm doors reduces the conductance factor Uhd

and thus, changes the heat loss component HL

q °f Equation (4a.4) as follows:
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o] (o)

HLy = Upyt Ay ¢ DD - 24 (452)
| ﬁLé =‘U£a © Ag * DDy ¢ 24 (4sb) - -
HLy - HLY = (Up-Ul) - Ay ¢ DD, - 24 @6y -
AHL, = AU, - Ay - DD - 24 | 1 - (462)

Since all other heat loss, heat gain, and infiltration coﬁponents
will be unaffected by typical use of storm doors, total energy savings, as

derived from Equation (1), is as follows:

0 _ 1 .
- Ece = Ege AHLd/eh 47)

AUhd/eh . Ad . DDHB . 24

Example:

Assume wooden storm doors are installed. To compute savings,

the change in the door conductance Uhd:

AUhd = 43 - ,24 = ,19
Sﬁbstituting this AU value, the efficiency forAgas heat, and
the required parameters from Table 1 into Equation (47) yields:

(.19/.59) (42) (8104) (24)

sC

2,630,641
Thus, use of storm doors in the winter in the prototype home

with gas heat will save 2,630,641 Btu's a year.

¢

Nighttime Temperature Setback.v This ECT involves_no phyéiéal

éhénges to the home whatsoever; the family simply réduces the thérmosta;
during winter éieeping hburs. Since the desired temperature is lower,
less heat is required.

Ihpleﬁentation of this basic measure affects the base temperature

"B for a portion of each day and therefore will also change thevdegree day
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measure DD __.

44

Thus, heat loss for all component; HLW, HLC, HLf, HLd, HLgﬁ

(48a)
(48b)
(49)

(49a)

(50a)

(50b)

1 -3

HB
‘ and ih in Equations (4a.1) to (4a.6) is changed, as follows:
0 _ i ) . ) ’
HLw = th Aw DDHBON 24
1.4y . . )
HL, = Uy, © Ay, DDppl - 24
o 1 —3 .‘ -— -
HL, - HLo =Ty - Ay (DDypo = DDp1) - 24
AHLw = th . Aw -AADDHB i 24
o , o~ whc . . .
HL =U - A * DD,__o * 24
e .
‘ he c fc Uhc +-Whe HB
1 vy i
HL™ = U + A ¢ < DD 1 - 24
c he q fc 'Uhc.+whq HB
- _ B w_ 7] o
HLz - HLi = Uhe A AT e +w | - oD D 24
‘ | "¢ "hc T hel gp° = DDygl '
AHL = U, - A < - ADD,., - 24
; . W
c he c @c Uhc + he HB
' C W 7 .
0 hf )
HL, = U A_ - (B -t ) - 5088 -
£ . w ¥
Bt E At Une Vi g ~
1 : i whf ] o
H.. = U A . [ommmn en e acact 1w e e e b - (B - € ) - 5088 -
f .
_hf f Af Uhf + whﬁ_ g’
| “hf 1 '
+U .- A - . © (BT.-t ) - 5088 - X
ht 188 ° Yng * Vhs g -
W : :
o 1 ) ‘hf o i
HLp - HLp = U Ae X —| - (B" -t )-(B - t)
f °f hf f [}f Uhf + Wh%] | ‘g - g
5088 : '
‘ w
ML, = U o - A | AB - 5088 - X;
f hf hf

(5" )

(50 )

(50 )

(53)

(53a)



where:

X = fraction of a day the base temperature B is reduced.

HLy = Upg* Ay« DDypo £ 24 O (54a)
,.HLé = Upgq A4 " DDyp1 - 24 _ ‘ . (54b)
AHLZ.- HLY = U, - Ay - (DDﬁBo—DDHBl) 24 o (55)
‘ AHLd = Uhd . Ad . ADDHB - 24 ' . (55a)
HLo = Uy . A . DDypo . 24 = SHG, . A (56a)
HL = Up = A, - DDy - 24 - SHG - Aé 4 (56b)
HLD = HLL = U - A (DDyo-DDyp1) - 24 - | (57)
BHLy = Uy - Ay + ADDgy - 24 (57a)
Ig = .018 + R -V« DD o - 24 o (s8a)
I} =.018 + R - V- DDy - 24 | - (58b)
Ig —‘Il}l = .Ql8 * Ry V- (DDygo-DDyo1) L 24 '(5_9).
S .018 - R - V.-.ADDHB .24 (59a)

All heat gaih,components are unaffected by this heating season
temperature change; thus, total energy savings as derived from Equation (1),

is as follows:

(o]

o e - e
gsg Eg. Fégyw f AHL_ fAA?Lf + AHLd'f-£HL8“+'AI )/ ey (60? o
he =
=[u. - A +U_ -A : +U ., - A, +U
[hw w he ‘"¢ Ac . Uhc -f-th hd | dwnfhg
+.018 - R - v:] 24+ DD+ U Ap - [
' e, f hf " "h
(4B - X)/e, - 5088..
Example:

Assume the temperature of the house is set back to 65°F for 8
sleeping hours. Utiliiing the algorithm of Appendix A, the degree day "

total for heating to 70°F in the day and 65°F at night has been calculated
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' tio.:.be 7565', as shown in Table A-2. Thus, the change in degree'.days | ‘
resditing from-the éétback is: :
ADDHB = 8104 - 7698 = 406
Additionally,
AB = 70 -65 =5;
X =

8/24 = 1/3
Substituting these values, the efficiency for gas heat, and the

required parameters from Table ] into Equation (60)'yie1ds:

0E__ = [(.225)(910)'+ (.592) (1200) (883.4) /(1200 x .592 + 883.4)

+4(.43)(4z) + (.99) (168) +'(;018)<1)(9600)J x 24
x (406/.59) |

+ [(.225)(1200)(522.6)/(1200 x .225 + 522J6)]

[(5)(1/3)/(.59)] (5088)

15,783,387 + 2,558,721

18,342,108
Thus, by setting the nighttime tewperature of the gas heated

prototype house back to 65°F from 70°F, 18,342,108 Btu's can be saved,

Ciock Thermostat.. Clock‘thermostats, whiéh can bg set to auto-

" matically raise and lower the indoor temperature, can save energy in the same

wéy as nighftime setback. They do, however, have the advantage of making

the adjustment without intervention by any member of the household.

Therefore, thefbaseAtemperature and degree day chanées resulting from

installation of the clock thermostat will be identical to that for manual
~adjustment. Thus, the energy savings wili be exactly as shown in ‘

Equation (60):
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: Exémgle:

Assume the clock.thermostét is set.to reduce the .temperature
for 8 éleeping hours to 65° F. The .energy savings calculation would
then be identical £o that for the nighttime éetbaqk described in the

“ﬁfevious exampi;, ;ﬂalggféi.énéféy”sévihés'wbﬁi&‘g; 18,342,108 Btu's
‘per year. | |

Permanent Winter Thermostat Reduction. While reducing the

thermostat during sleeping hours will save some energy, reducing the
setting all the time will save even more. As with the cloék thermostat,
Athevvariables aﬁd equatioﬁ; éffected by such a permanent reduction will
be identical to those affected'by the nighttime setback, and total energy

sévingé are represented by Equation (60);

Example:

Assume the temperature of the house is permanently reduced to’
65°F during the heating season. Since this adjustment will reduce the

degree day total to 6710, the change in degree days becomes:

ADDHB = 8104 - 6710 = 1394
Additionally,
AB =70 - 65 =5
X=1

Substituting these values, the efficiency for gas heat, and the

required parémeters from Table 1 into Equation (60) yields:
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‘AEse = [(.225)(910) + (.592)(1200)(383.4)/flgooj§‘.592f+ 88§.4)
4+ (.43) (62) + (.99) (168) + (.018)(1)(9600)] x 24
f51(13§4/.59)

+ [(.225)(1200)(522.6)/(1209’x 2225 + 522.6)]

[(5)(1)/(.59)] (5088)

54,192,222 + 7,676,163

61,868,385

Thus, by reducing the temperature of the protqtype'house with
gas heat from 70° to 65° for the heating season, 61,868,385 Btu's can be

saved annually.

Permanent Summer Thermostat Increase. - Just as lowering the

thermostat in winter reduceé the heat loss that must be replaced,‘so dous
faising the thermostat in the summer reduce the heat gain tha;'must be
removed. | .

Implementation of this basic measure affects the base temperature
B and, therefore, will affect the adjusted degree day measure DDCB.
Thus, the hgat gain for all components HGW, HGC, HGd’ HGg’ and Ic

in Eqﬁations (4b.1) to (4b.5) is as follows:

[e]

= . . Y . : 6
HGw Ucw ' Aw v DPCB° ‘24 ' : (61a)
1.
HG_ = U_ * A ° DDyl | 24 S (6;b)
o 1 _ . - 5y e
HG - HG =U_ - A - (DD o0 - DD.p3) * 24 . (62)
AHG =U - A - ADD.. - 24 (62a)
w cw W CB .
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w
o _ . . cc
I-IGc Ucc Ac iU + o . DDCBo . 24 (63a)
c - cc cc
i3 T
HGY = U - A - Tee . .
c cc ‘¢ AU +w DDogo ~ 24 . (63b)
. c cc cec
..J
HGo-ﬁGl=U'A- ce . | -
c c ce A |z g (DD, go = DD,p1) - 24 (64)
c cc cc :
HG Yee
AHG = Ucc. Ac- A0 +o . ADDCB- 24 (64a)
c cc cc .
e . I | | .
HGy = U 4" Ag" DDggo-" 24 (65a)
1 ‘ .
= L. . . 65
HG, = U 4 Ayt DDppl 24 , (65b)
[s] 1 _ . B 5 - - - . '
‘ HGd - HGd.— Ucd‘ Ad (DDCBQ _ DDCBl) 24 (66)
AHGcl = Ucd' Ad- ADDCB * 24 | ' - (66a)
o _ ) 4
= . . .+ 24 + SHG - A : 67
I-IGg ch Ag DDCBO 4 cg | B¢ (67a)
Al ’ . ‘
= . . . + G . A 67b
HGg ch Ag DDCB]- 24 SH cg’ Bg ‘ . ( )'
o 1 _ . . ) _ N .
I-IGg - HGg = ch Ag (DD-CBO DDCBl), 24 (68)
AHG =U - A - ADD_._ - 24 : ' (68a)
g cg g CB
o ‘ . -. . ¥ . ’ .
Ic = ,018 Ré v DDCBO 24 , (69a)
1 . .
Ic = ,018 - Rc AYj DDCBl. 24 (69b.)
L0 1 _ . . . . _ , .
-;C - Ic = ,018 Rc \) (DDCBO DDCBl) 24 (70)
Al = .018 - R * V.- ADD « 24 (70a)
o ‘e CB

All heat loss components are unaffected by this cooling season A
. temperature change, thus, total energy savings, as derived from Equation (1), -

b is as follows:
’ o -_ .l

E E = (AHG + AHG ,+ AHG
sC w c’

+
sc AHGg + 'AI‘C)/eC (71)

d
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Examﬁle: |

. Assume the temperature of the prototype house is permanently set
up to 80° F. fbr the cooling season. Utilizing the algorithﬁ of Appendix A,
the degree day total shown in Taﬁle A-2 for cooling to 80? for non-horizontal
golar radiatioﬁ is 1016. Thus, the change in degree @ays resulting from the
increace is:

ADDCB = 1407 - 1016 = 391

_ Substituting these values, the efficiency for air conditioning,

and the required parameters from Table 1 into Equétion (71) yields:

AE__ = [(.221)(910) + (.592)(1200) (851.8)/(1200 X .592
|  ; 851.8) + (.42)(42) + (.936)(168) + (.018)(.67)
(9600{] (391/2.0) (24)
= 4,124,852 |
Thus, by raising tﬁe tgmpgrature of the prototype house from

75° to 80° for the cooling acason; an annual energy savings of 4,124,052 DBtu's

can be realized.

Furnace Efficiency Maintenance and Adjustment. All the ECT's

discussed so far have affected energy requirement through making changes
in eithef the external shell of the conditioned space or the temperature of

the conditioned space. It is also possible to save energy through alterna-

tions to the heating and cooling equipment. One method of doing this is to

periodically check and adjust the furnace; this includes such
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things as cleaning filters, fine4tuﬁing the air/fuel mix where appropriate,
and so on. When this is done, the furnace can more efficiently convert
input eﬁergy into the required heating.

Such adjustments do not affect any of the heat gain or heat
loss components in Equations (2a) and (2b); they do, however, change éhe

heating equipment'efficiency ehAin Equation (1). Thus, energy savings

becomes:
o o : ' .
B, = H:L/eh + HG/ec (72a)
1 _ 1 : A
ESC = HL/eh + HG/ec (72b).
o . .1 o 1
Boe = Ege = HL/gy - HL/ey (73)
e1 _ 0
=HL - |%h ~ %n
é1 . .0
h  &h

. Example:

Assume a gas furnace in the prototype home receives routine
ﬁ;intenance, and the efficiency of the furnace changes from .59 to .61.
Substituting these values and the required parameteré from Téblé 1 into
Equation (75) yields;

AE-Sc = ([(.225)(910) + (.592)(1200)(883.4)/(1200 x .592 + 883.4) .
+ (.43)(42) + (.99)(168) + (.018)(1)(9600)] (8104) (24)
+ [(.225)(1200)(522.6)/(1200 x .225 + 522.6)] (70 - 45)(5088)

- [(160,654)(168)]) (?%%i%?f%%?)

(181,531,797) (.0475)

8,622,760.
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Thus, by performing routine maintenance on a gas furnace in the

prototype house, 8,622,760 Btu's may be saved annually. -

Flue Opening Modification/Vent Damper. When a furnace is not in

operation, heat is lost thropgh the chimney; :By reducing this heat loss,
énergy éan'be saved. While such modifications do not affect the heat
gain or heat lbss componén£s in Equations (2a) and (2b), they do affect
the efficiency ey of ggs furnaces. Thus,'totai ene?gy savings froy'

flue opening modification can be calculated as shown inlEquation (735.

Example: , " : C _ 4 ' : *

Assume a vent damper is installed for the gas furnace in the
prototype home aﬁd, accordingly, the efficiency of the furnéce is increased -
f;oﬁ .59 to .63. Substituting these.values and the required parameters.

from Table 1 into Equation (73) yieldsﬁ

AE_, = ([(.225)(910) + (.592)(1200) (883.4) /(1200 x .592 + 883.4)
4 (.43)(42) + (.99)(168) + (.018)(‘1)(9600)] (8104) (24)

+ [(.225)(1200)(522.6)/(1200 x.225 + 522.6)] (70 - 45) (5088)

(181,531,797) (.156)

28,318,960
Thus, by installing a vent damper in the prototype house,

28,318,960 Btu's may be saved annually.
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Electric/Mechanical Ignition.. Conventional gas furnaces have |

a pilot light which burns continuously, whether or not the furnace is
operating. By replacing the pilot with an electric ignition, much of
the eﬁergy consumed ﬁy tﬁe pilot light when the furnace is not operating
can be saved.

Given that the average pilot light consumes about 806 Btu pér
hour, the average consumption per day is 800 x 24, or 19,200 Btu. Thus,:
for the monthé of May through September, pilot consdmption would be:

19,200 Btu/day x 153 days = 2,937,600 Btu ' (74a)

Thgs analysis assumes that the equipﬁent unit is located in an
unconditioned part of the house. If the unit.is located in an area thaf

is cooled, installation of the electric ignition would eliminate the

need to remove the heat gain resulting from the pilot. In this case, the

-savings becomes:

AE = Energy Consumed by Pilot + Cooling Eliminated (74v)

2,937,600 + 2,937,600/eC = 2,937,600[1+1/eC].

In the case of the prototype house, the gas furnace is located
in the basement and, thus, is not in the conditioned space. Thus,
Equation (74?) is appropriate, and 2,937,600 Btu's could be saved

annually.

Replace 0il Burner/0il Furnace. By replacing the 0il burner

or entire furnace with a newer, perhaps better sized or more updated unit,
it is possible to increase the efficiency of the heating system. While

such replacements do not affect the heat gain or heat loss components
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in Equations (2a) or (2b), they do affect the afficiency e, of oil fueled

h

heating equipment. Thus, the energy savings formula is identical to that

identified in Equation (73).

Example:

Assume, for the moment, that the prototype house is heated with
oii; assume further that the bﬁrnef of the unit is replaced and, thus, the.
efficiency of the unit is increased from‘763 to .67. Substituting theée

values and the required parameters from Table 1 into Eguation (73) yields:
AESC'; ([(.225)(910) + (.592)(1200)(883;4)/(1.209 x .592 +i 883.4) .
4 (.43)(.42) + (.99)(168) + (.018)(1)(9600)] (8104) (24)
. [(.2#5)(1200) (522.6)/(1200 x .225 + 522.6)] (70 - 45)(5088)
- [(160,654)(168)]) (—}2—7—;—(—2;’—)) .

= (181,531,797) (.095)

= 17,245,521

Thus, by replacing the burner in the oil furnacc in the prototype

home with an optimal unit, 17,245,521 Btu's of energy can be saved.

Replace Central Air Conditioners. At any point in time, it has

been possible to purchase central air conditioners of varying efficiencies;.
over time, the maximum available level of efficiency of the unit has.
increased. Thus, replacing a current air conditioning unit with one of a

higher efficiency will result in ehergy savings.
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Again, the heat loss and heat géin components in Equation (éa)
and (2b) will be unaffected by air conditioner replacement; only the
cooling efficiency measure e, will be changed. Thus, total energy

savings, developed from Equation (1), is as follows:

(o] - ur (o]
E . HL/eh + HG/ec (75a)
1 1 _ :
 E . = Hl/e + HG/e_ , A (75b)
E° - E' = ng/e® - HG/el
sC sSC (o4 C
1l o
= HG - ec ec
o 1
e e
C [od

Example:

Assume ‘the central air conditioner in the prototype home is
replaced with a high efficiency unit; this replacement increases the
efficiency from 2.0 to 2.6. Substituting these values and the required

parameters from Equation (76) yields:

AE
sSC

<[(.221)(910) + (.592)(1200) (851.8)/(1200 x .592 + 851.8)

+ (.42)(42) + (.936)(168) + (.018)(.67)(9600)] (1407) (24)

+ [(137,728)(168)]) (%5%6§T%f%5)

(52,824,575) (.115)

6,074,826
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By replacing the air conditioner in the prototype home with a

high efficiency unit, 6,074,826 Btu's can be saved annually.

Reduce Hot Water Temperature. Most households maintain a hot

water femperature of 140°F, howevef, they use water at the somewhat cooler
temperature of 110o - 120°F. ‘By reducing the hot water temperéture from
140° to the use temperature range,vthe household avoids the hea;ing and
recooling of the water.

Reducing the hot water temperature impacts the water temperature
variable T and, thus, affects both the water heating component WH and the

tank loss component TL of Equations (6a) and (6b), as follows:

Wi® = W (T°-T.) - 365 - 8.34 - (77a)
Wil =W (t-1) £ 1365 - 8.34 (77b)
v’ - wl = W [(TO—TC)-(TI—TC)] . 365 - 8.34 (78)
AWH = W - AT - 365 - 8.34 _ ' (78a)
TL° = U, - SA_ - (T°-Tp) - 24 - 365 - o (79a)
TL! = U_ - SA ..(Tl-TRj . 24 . 365 (79b)
T, - TL = U, - S - [(T°-TR)-(T1_-TR)] . 24 - 365 (80)
ATL = U, . s, - AT - 24 - 365 B | (80a)
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Thus, total energy savings, derived from Equétibn (5, is as

follows:
E; - El = (8WH + ATL)/e (81a)
= Wy ¢ 365 - 8.34 - aT/e,
+ U+ SA_ - 24 - 365 - AT/e

The savings calculation in Equation (8la) assumes that.the_hot water use
wHD remains unchanged; this implies that the final demand is fo: a certain
volume of water regardless of temperaturé. However, if the final demand
is for a final volume of water at an unchanged temperature, then ﬁhé

In the latter

'savihgs AWH will be exactly offset by a change in WHD'

case, Equation (81a) becomes: -

=
1

o
il

(BWH + ATL) /e, | (81b)

([

0+ Ut . SAt + 24+ 365 - AI/ew.

Examgl :
Assume the desired hot water temperature in an electric hot
wafer heater is reduced from 140°E to 120°F. Thus, .
AT = 140 - 120 =‘20 '
Substituting this temperature change as well as the required

parameters from Table 1 into Equation (8la) yields:

AE

sc = (80)(365) (8.34) (20)/1.0

+ (.17;)(30;2)(24)(365)(20)/1.0

4,870,560 + 904,768

5,775,328

If, on the other hand, Equation (81b) is used:
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AE
sc

(.171)(30.2)(24)(365)(20)/1.0

904,768

Thus, by reducing the setting on an electric hot water heater

to 120°F instead of 14Q°F, 904,768 to 5,775,328 Btu's can be saved.

Reduce Water Flow in Showers, Faucets. .There are certain

instances (taking a shower, for example) when fhebtotai water used and,
thus, hot water used, is more dependent on the amount of time that the
water is running than on the need for a épecific voluie of water. In
these cases, instailing a restrictor to limit the flow rate of the water
will reduce the Qsage of hot water and,.thus, cave energy.

Reducing the flow will reduce W and, thus, will affect the

HD

water heating component WH of Equation (6a) as follows:

Wil = W - (T-T) G 365 - 8.34 (82a)

wal = wlo . (T-T)) - 365 . 8.34 . (82b)’
we® - Wl = o wly - (T-T) - 365 . 8.34 | (83)

AWH = AW - (T-T,) - 365 - 8.34 A (83a)

The variable W, can be expanded to show its flow - and

HD

nonflow - related components:

W, =F__ - M+NF__ ; : y (84)

HD HD HD
where:
FHD = Flow rate of hot water

=
]

Length of time, in mihutes, that water is
running; and

NFHD = Nonflow related hot water use.

The change in WHD resulting from the installation of restrictors

can then be shown to be:
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(o] [¢]

WHD = FHD - M+ NFHD | : (85a)
w;b = FﬁB M+ NF : (85b)
Yo~ Vi = Fap Ty - M - (86)
AWy = OFpy - M | (86a)

Substituting (86a) into (83a) yields:

AWH = AF

W M- (T r'Tc) + 365 -'8.34 »(87)

Since the tank loss component TL remains unchanged, total energy

savings, derived from Equation (5), becomes:

1
t=
[}

-AWH/ew : ‘(88)

BFy, - M/ew_' ;r - T) + 365 * 8.34

'Examgle:

Assume low flow shower heads are installed which reduce the hot'
water flow rate from 4.2 to 2.45 galléns per minute and, further, that
' _family'members spend a total of 12 minutes a aay, on average, iﬁ fhe shower.

Thus, the flow rate reduction is:

AE (1i75)(12>/(1’0)(140 -.55) (365) (8.34)

SC

I}

5,433,719.
Thus, installing low flow shower heads in the prototype home
with an electric hot water heater and the above utilization can result in

annual savings of 5,433,719 Btu's.

Hot Water Heater Insulation. Just as insulating the ceiling, walls,

or floors reduces heat loss from the conditioned space, so does hot water

heater insulation reduce heat loss from the hot water tank.
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Water heater insulation reduces the conductance value of the tank

Ut and thus reduces the tank loss component TL of Equation (6b) as follows:

o—o. . — . . ) |
TL1 = UE SAt (T TR) 24 - 365 - (89a)
TL = Ut . SAt . (T - TR) * 24 - 365 (89b)
o _ ! ° _yl -2 o0
TL™ - TL = (?F - Ut) SAt (T - TR) 4 365 : (90)
ATL. = AUt . SAt (T —,TR) + 24 ¢ 365 7 (?Oé)

Since the water heating component WH is not affected by the
addition of insulation, total energy savings, as derived from Equation (5),

are as follows:

t
|
(o]
0

ATL/ew 91)

AUt/ew . SA - (T-Tp) * 24 - 365

- Example:
Assume one inch. of R-3.2 insﬁlation is applied to an eiectric hot
water tank in the basement. This changes the conductance Ut from .171 to a

new value of:

1 1 1

U= @/ 171 +3.2 ° (5.8 +3.2)

= ,110
Thus,

AUt = .171 - .110 = .061.

Substituting this value for AUt as well as the required parameters

from Table 1 into Equation (91) yields savings of:

AE

sc (.061)/(1.0) (30.2) (140 - 54.6) (24) (365)

1,378,157
Thus, by adding one inch of insulation to an electric hot water

tank in the prototype house, 1,378,157 Btu's can be saved annually.
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Solar Domestic Hot Water. For all the ECT's discussed thus far,
implementation resulted in energy savings due to a reduétion in the. energy
requirements of the house. It is also possible to save gas, oil, or
electricity by deriving part of the required load from renewable energy
resources like solar or wind ‘energy. In the case of the solar domestic
hot water, all or part of the hot watér heating requirements are provided
by solar energy. |

For renewable energy resources, calculation of savings requires
a slightly different approach than has been utilized thus far. First, some
type of feasible or optimal system must be developed for the specific
house. In the case of solar, tbis system would primarily be dependent on
the amount of soiar radiation available in a specific location, the maximum
feasible area for the collector, and.the energy requirements_of the.house—
hoid, ane the collector area of the system has been determined, ;he energy
provided (i.é., convenfional fuel not required) can be calcﬁlated, on a
gonthly basis, as follows:

P

Em = HT,m ) Acol ‘ , - (92)
where
Ei = Energy, in Btu's, provided in month m by the system;

Average solar energy available for the location,
in Btu's per square foot, in month m; and,

:JF.
. B

>
]

Area of the solar collector, in square feet.

Monthly savings are then determined as follows:

" P

ES = E if £ < EX (93a)
m . m m - m
gS = g} if EE > EX (93b)
m m m m
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where

Energy saved, in Btu's, in month m

B> 8 wn

Energy required, in Btu's, in month m
Annual savings then become:

S S :
E = IE . (94)

. . where

ES = Total annual savings

Example:

Assume a solar hot water heating system with 700 square feet.of
éolar collector is installed on .the roof of the prototybe house. Assume
further that, for the oné locatién, monthly solar availability, Hi,m’

is as follows:

Jan 1272 . May 1662 Sep 1617

- Feb 1540 , June 1762 -~ Oct 1576
Mar 1562 July 1784 Nov 1269

Apr 1560 Aug 1709 Dec 1119

Using Equation (92), monthly energy provided by the 700 square

-feet of colléctor, Ei in thousand Btu's, is as follows:

?

Jan  890.4 May  1163.4 Sep  1131.9
Feb 1078.0 June 1233.4 Oct. 1103.2
Mar  1093.4 July 1248.8 Nov 888.3
Apr 1092.0 Aug  1196.3 Dec 783.3
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b o Converting Equations (5a) and (5b) to a monthly requirement and

A using the parameters in Table 1 and the efficiency of an electric hot water

heater, monthly usage, in thousand Btu's, for the prototype home is:

~ Jan 2086.2 _ May  2086.2 Sep  2018.9
Feb  1884.3 ‘June  2018.9 Oct  2086.2
Mar  2086.2. July  2086.2 Nov  2018.9
Apr 2018.9 Aug 2086.2 Dec 2086.2

In all cases, energy required exceeds energy provided; thus, total

energy saved, as calculated with Equation (94), becomes:

ES

]

890.4 + 1078 + 1093.4 + 1092 + 1163.4 + 1233.4

+1248.8 + 1196.3 + 1131.9 + 1103.2 + 888.3 + 783.3

12,902.4

By installing a solar domestic hot water system with 700 square
feet of collector .in the prototype home with'an electric hot water heater,

12,902,400 Btu's can be saved annually.

Summary. The basic information for all techniques discussed
is summarized in Table 3. For each ECT, the table identifies:

1. The variable(s) affected by implementation of the
ECT; :

2.. The reference number(s) for the heat load/energy
requirement equations in which the affected variables

appear; and,

3. The reference number for the appropriate savings
equation. :
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TABLE 3

SUMMARY OF IMPACT OF SAVINGS CALCULATIONS
- AND ENERGY CONSERVATION TECHNIQUES

Energy Conservation Technique

Ceiling Insulation

'Wall Insulation

Floor Insulgtion
Caulking/Weatherstripping
Storm Wihdows

Thermal Windows

Heat Reflecting/Absorbing
Materials

Use of Shading

Storm Doors
Nighttime Temperature Setback

Clock Thermostat

Winter-Thermostat Reduction

Summer Thermostat Increase

Furnace Efficiency
Maintenance and Adjustment

Flue Opening Modification/Vent

. Damper

Electric/Mechanical Ignition

Variables  Equations Saviﬁgs
Affected Affected Equation
Upor Uoe ,(4a.2)3(4b.g) (11)
U Uy © (4a.1), (45.1)  (16) -
Uhf ' (4us3) {(19) -
VR ‘(4a.6)f(4b.5) (24)
Uhé, Rh (4a.5), (4a.6)  (29)
U, SHE . (4a.9)
hg g | . (34)
U , SHG (4b.4)
cg c
Upg SHGh, (4a.5) 399
U s SHG, (4b.4) :
U, , SHG (4a.5) S
he hg (44a), (44b)
U , SHG  ° (4b.4)
eg cg
Uy g §4a.4) , (47).
DDy B (4a.1)-(4a.6)  (60)
DDy, B (4a.1)-(42.6) * (60) ¥/
DD, B (4a.1)-(4a.6)  (60)
DDy | (4b.1)-(4b.5)  (71)
e, CO N (73)
e, 2/ Q@ (73)
2/ - ' . _ oy
e, = 1 - (74a), (74b)
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TABLE 3 (Cont.)

Energy Conservation Technique

Replace 0il Burner

Replace 0il Furnace

Replace Central Air Conditioner
Reduce Hot Water Temperature

Reduce Water Flow in Showers,
Faucets

Water Heater Insulation

Solar Domestic Hot Water

_ temperature setback.

2/. Gas heat only.

'3/ 0il heat only.

temperature..

Variables Equations
Affected Affected
e, ¥ (1)
e 3/ ¢9)
e QD)

: o 1)1, (66)
T, [WH.D - alds

wHD (6a)

Ut (6b)
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Savings

Equation

(73)
(73)

(76)
(81a), (81b)

(88)
(91)

(94)

l/ Calculations and savings assume clock thermostat used for nighttime

4/ Depends on extent to which volume of water demanded depends on water



DETERMINATION OF DOLLAR SAVINGS

Given the approach for calculating the energy savings from the
impiementation of energy conservation techniques, it is now possible to focus
on the broader task of determining the dollar savings and, ultimately, the

cost effectiveness of the ECT's.

Selection of the Appropriata Fuel Cost

The next step is selection of the appropriate fuel cost tor con-

verting the Btu savings to dollar savings. The level of the analysis

wiil play an important role in deleraining which price measure should be usced.

For example, if the calculations are being made to evaluate the areawide

cost effectiveness, then, logically, some statewide average price for gas,
0il, and electricity would be appropfiate. Alternatively, if the analysis
takes the perspective of the individual user, then it would be more appropriate

fo'usé the actualiprices charged by the relevant individual utilities. Addi-

-tionally; the selection of the actual price which is most appropriate will

depend on the utility's overall rate structure; it may be appropriate to
use the price of the fuel in the customer's tail rate block., For example,
assume that the customer under consideration ﬁses gas heat and that the
ibcal,utility has a declining block structure. Any énergy saQings would
reduce gas consumption in the higher usage bloqks, that is, the.blocks
with lower rates. Since the average price for the residential use would
include the effects of the higher-priced blocks, use of an average figure
may tend  to oversfate the savings, relative to the actual savings resulting
from reduced coﬁsumption in the lower priced block. Aiternatively, if the
ufility has an increasing block structure, use of some average price may
tend to understate savings, relative to the actual savings resulting ffom

reduced.consumption in the higher priced block.
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b Calculation of the Dollar Savings
Once the relevant factors have been considered and the appropriate
fuel price has been selected, it is a relatively straightforward matter to

compute the dollar savings as follows:

SVGS, ., = BE, - UCOST, - CONV, -(95)
i, 3 i i . ,
where
SVGi . = Annual dollar savings when fuel i is utilized and
»J conservation technique j is implemented;
AEj = Btu's of energy saved when ECT j is implemented;
UCOSTi = Unit cost of fuel type i; and
CONV, = Conversion_factor which translates units of fuel
o1 1.1/
into Btu's~'.
Exampler
In the sample calculation for ceiling insulation, it was determined

- that 117,671,747 Btu'c could bc saved during the heating season in the pro-
.totype house with gas heat, and 5,919,645 Btu's could be saved during thé 
cooling season. Assuming a statewide price of naturai gas of $3.64 per Mcf,
a g;s conversion factof of 1,020,000lBtu's pef Mcf, a priée of electricity
of 5.3¢ per kWh;band an electric conversion factor of 3,412 Btu per kWh,
the total annual savings becomes, using Equation (95):

SVGS = 117,671,747 x $3.64/1,020,000 + 5,919,645 x $.053/3,412

$419.93 + $91.95

$511.88

. 1/ Conversion factors for gas, o0il, and electricity are as follaws:

1 Mcf (gas) = 1,020,000 Btu's
‘ 1 kWh (electricity) = 3412 Btu's
I "1 gal (distillate oil) = 138,690 Btu's.
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Thus, by installing ceiling insulation in the prototype house with air _ ‘

condi;ibning and gas heat, $511.88 can be saved annually.
Alternatively, assume.thatAthis home is located in tﬁe service
area of electric and gas utilities where both héve'declining block structures.
Assumé further that the customer is paying a tail block rate of 3.36¢ per
kWh for electricity and $2.75 per Mcf for gas, respectively. Under this

.scenario, the annual savings calculated with Eduation (95) would be:

SVGS

117,671,747 x $2.75/1,020,000 + 5,919,645 x $.0356/3,412

n

$317.25 + $61.76

$379.:01
Using the tail block rates for electric and gas in the individual's
service area yields annual savings.of $379.01, compared with the $511.88

calculated on the average statewide rates.
DETERMINATION OF COSTS

Once the savipgs have been determined, it is necessary to establish
the cost of the various ECT's. In some instgnces, as.with temperature
adjustments and caulking/wéatherstripping, little or nb cost is incurred; in
others, such as with insulation installation or solar hot water systéms,
a_substéntially larger expenditure is required. Unlike the savings-related-
fuel costs, for which a single rate schedule exists within each service area,
~cost figures for eﬁergy conservation techniques tend to be much more diverse.
Within a.given area variation will exist'due to differences in the composition

and quality of materials as well as because of diversity in contractor

installation charges.
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by .While occasionally figures will appear in the r-é:ia_ted literature,
published cost information for impleﬁentation of the ECT's generally does
not exist. Thus, to obtain cost information it .is necessary'to survey
contractors apd/or material suppliers in the relevant geographic area. Such
va survey was faken for several of'the.techniques under consideration for
eight locations in Iowa. Both the raﬁge of quoted costs and average vélﬁes

of such costs for the state are summarized in Table 4.
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TABLE 4 , S o 'III

SUMMARY OF IOWA SURVEY OF COSTS OF VARIOQUS
ENERGY CONSERVATION TECHNIQUES '

Range of Values Mean Value

: Material Installation Material Installation
Energy Consgrvation Technique Cost Cost Cost Cost
Wall Insulation (per sq. ft.)

Batts & Rolls —-
R-7 .06 - .06 -
kK-11 ' L08-.18 - .U4-.20 .145 .109
Loose --

R=7 .104 - 106 -

R-11 _ .07-.50 © .15-.365 .155 .225
Ceiling Insulation (per sq. ft.)

Batts &'Rolls - :

R-11 ' .08-.18 .04-.20 145 .113

R-19 ' .16-.32 .07-.117 ‘ .212 .087

R-30 .26=.48 .06-.11 .378 . - .096

R-38 ‘ .33-.62 .062-.12 .458 .101

Loose --

R-11 .07-.50 .09-.20 .165 145

R-19 .138-.80 .118-.30 241 .200 .

R-30 .25-.65 .172-.28 314 .214

R-38 133-].- 60 1055--30 -480 ] .]90
Storm Windows - 17.50-64.00 2.00-25.00" 30.11 8.94
Storm Door 49.00-232.00 10.00-35.00 91.47 18.08

"Clock Thermostat 11.00-120.00 10.00-100.00 . 59.98. 23.63
Low Flow Shower Heads 2.00-38.00 9.50-30.00 14.53 20.35
Gas Furnaces --
Vent Damper ' 40.00-200.00 15.00-85.00 | 95.60 37.11
Electrical/Mechanical ) :
Ignition System 65.00-300.00 20.00-150.00 122.77 52.17 ‘
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ANALYTICAL COMPARISON OF COSTS AND SAVINGS

Once the annual costs and éavings haye been established, the
analytical comparisons can be undertaken. As mentioned previously, the
specific type of analysis-pérfdrmed will depend on the perspective: for
areawide evaluation, a discounted cash flow (DCF) analysis over the.life
‘of the ECT would be appropriate while,‘éor an individual consumer evaluation,
DCF analysis over a somewhat shorter time frame or a break-even analysis.

would be more relevant.

Discounted Cash Flow Analysis
Under DCF analysis, annual costs and annual savings for

each year in the time period chosen would be discounted to pfesent

value and summed, as follows:

_ T SVGS .
sves™’ = 1 —= (96)
t=0 (1+r) o
T COSTS ‘
costs®V = ¢ "t 97)
t=0 (1+r)t
where,
PV . . :
SVGS = Total discounted savings;
COSISPV'= Total discounted costs;
SVGSt = Annual savings in year t; and
1COSTSt = Annual costs in year t.

Total discounted savings are then compared with total discounted costs:
e If total discounted savings, SVGSPV,'afe greater

than total discounted costs, COSTSEV, then the
ECT is considered cost-effective.
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e If,Aon the other hand, total discounted costs,
COSTSPV, exceeds total discounted savings, the
ECT is considered not to be cost-effective. ‘

Calculation of Annual Savings. For this analysis, the annual eﬁefgy'
savings will remaih'cénéf;ﬁf“over time; héwevei, the dollar value of such
savings will fluctuate as the price pf fﬁe fuel fluctuates. Thus, it will
ﬁe.ﬁecessary to establish a fuel price for each year cpnsideréd‘in the
‘analysi§. Once this is done, Equation (955 can be used to calculate the

stream of expected annual savings from the ECT.

Delerwination of.Anhual Costs. . Beyond fhe iﬁitial investment

1(i.e., the costs for t=0), the only anﬁual costs would be any opefation
and maintenance éxpense'for the téchnique. For the bulk of the ECT's under

consideration there are, for all practical purposes,'no.additonal costs

beyoﬁd the initial outlay; thus, annual costs for t # 0 would be zero.

Selection of Time Frame. The‘approiimate time frame for the DCF
calculation will depen@ on the perspeCtivg of the analyeic., 'In considering
the overali-cdst effectiveness of the ECT for an area, all costs and all savings
for the life of the techniqqe shouid'be considered. In the relevant literature,
1ife-cycle frames §f 10- to 30-year periods ha§é been used for ECT's, with

20 years generally being selected.
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Individuals, on the other hand, may not be interested in the
overall cost effectiveness of a measure. They would more likely consider
only tﬁat portion of the costs and savihgs that impact them directlj. For
example, a homeowner consi@eting the purchase of storm windows would not be
interested in the total savings if he would sell his home before all the
savings were realized; he would only be interested in that portion of the
savings that would result before the sale. In this context, then, a more
appropriaté measure might be the cost effectiveness over a somewhat shorter

.peribd of time, perhaps five or seven years.

Selection of the Discount Rate. The appropriate discount rate

for the anélysiS'of an investmeht'decision is often characterized as the
rate which can be earned By the investor in an alternétive investment of
comparable risk. Although the current attention devoted to the overall
energy picture and energy conservation issues may lead one to believe that
investment in ECT's serves purposes other than realization of a return, it
is not reasonable to expect consumers to enter arrangements that are not

economically  advantageous. Conceptually then, a discount rate that

represents all consumers should be used in the analyses. However, given

-the differing iﬁvestment alternatives available to various groups of consumers
(passbook savings accounts versus Treasury bills, for example), it is very
difficult, if not impqssible, to select a single representative discount rate
for all consumers. Consequently, use of a range of rates may be appropriate
fqr gaining an understanding of the potential effects of an investment act;on.
Depending “‘on the purpose of the analyses, tbe range of effects detérmihed may
prévide the necessary information, or furtﬁer refinements within that range

may be necessary. For example, using a range of values méy show that, under
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aﬁy reasonable discount rate, investment in an ECT is cost effective. Cohve:sely'
the use of a range of rates may show that at one end of the range aﬁ investment
should be made while at the other end, it should not. 1In this instance, a
refingmentvof the actual rate expected or a determination of the internal rate

éf return of the invéstmént (i.e., the discount rate at whiéh thé present

value of the savings equals the present value of the costs) might provide a

clearer input to the decision process from the analyses.

Example Calculation. Continuing -on with the example of the

installation of R-30 ceiling insulation-in the prototype ﬁouse with air
cohditioning and gas hegt, the cost effectiveness of the ECT on a statewide
basis will be calculated. 1In a previous example, it has Been.determined
that thé first-year heating seasén savings will be $419.93, and firgt-year
cooling éeasqn savings will be $91°952 Assume that gas and electric priées
" will escalate at the following annual real rates (i.e., increase o?er and_

- above inflation rate):

Gast/ Electrict!
1980-85 6.9% 1.2%
1985-90 4.3% -0.2%
1990-95 4.1% 1.8%
1995=2000 0.0% 0.0%

.Applying these escalation rates to firstfyear savings yields annual savings

for the next 19 yearé, as follows:

_];/ Ted Kornreich and M. Duvall, Evaluation of Solar and Wind Energy
. Measures for the Residential Conservation Service Program, Science
Applications, Inc., Technical Note 382-00-9, October, 1979, p. 21.
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Annual Heating Annual Cooling Total Annual.

Season Savings Season Savings " Savings

1980 $419.93 §91.95 $511.88
1981 448.91 93.05 . 541.96
1982 : 479.88 : 94.17 574.05
1983 512.99 95.30 608.29
1984 ' 548.39 96.44 644.83
1985 586.23 97.60 683.83
1986 611.44 97.40 708.84
1987 637.73 97.21 734.94.
1988 665.15 . ' 97.02 ' 762.17
1989 : 693.75 96.82 790.57
1990 723.59 96.63 820.22
1991 753.26 98.37 851.63
1992 784.14 '100.14 ‘ 884.28
- 1993 816.29 101.94 918.23
1994 849.76 103.78 953.54
1995 884.60 105.65 990.25
1996~1999 884.60 105.65 990.25

If the :eal discount rate is set at 0 percent (which has the effect

of setting the discoun; rate equal to the rate of inflatién), total present
value savings for the 20-year life-cycle period become simply the total of the
annual éavings, or $15,940.51. If the real discount rate is, instead, set at
.=5.0 percent (which is the same as setting the réte at a level of 5 percentage
points below the inflation rate), discounted savings total $30,151.32. Alter-
nately, if the real discount rate is set at +5 percent (or 5 percentage points
higher than the inflation rate), discounted savings total $9,376.14. Using
the average cost per square foot for materials and inétallation of R-30 batt
insulation in Table 4 of $0.475, the investment cost of the 1,200 square fegt
becomes $570. Quite clearly, the discounted savings over 20 years will exbeed
the investment cost at all three rates; thus, the ceiling insulation is a cost-’

effective technique over the range tested.

Breakeven Analysis

As mentioned earlier, the individual homeowner may be interested in

the number of years it will take him to recover his initial investment, or
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the "breakeven point."  Under breakeven analysis, net annual savings are . ‘

discounted to present value:

NSVGSzV _ (svGs - COSTSt) (98)
' 1+ r)t
‘ PV . .o
‘NSVGSt = Discounted net annual savings for period t;
SVGSt = Annual savings in period t;
COSTSt = Annual costs in period t; and
r = Annual discount rate.

Discounted net annual savings are then totalled until the sum equals the
" initial investment cost. The number of yeatrs' savingsincluded in the Lotal #
determines the breakeven point. ..

Calcﬁlation.bf Annual Savings, Determination of Annual Costs,

Selec:ion of Discount Rate. The same general factors considered in the
- discussion of these items for the DCF cost effectiveness analysis are

applicable here.

Example Calculation. Still continuing with the example of the

installation of R-30 ceiling insulatlon lu the prototype house with air

conditioning and g#s heat, the breakeven point for the ECT for the individual

in Des Moines will be determined. Using Des Moines—specific-averages for

the materials and installation cost per square fopt; the initial invéstment

required for the 1,200 square feet of R-30 batt insulation is $.458 X 1,200,

or $54§;60. In a previous‘exaﬁple, it‘was determined that the first?year |

hgating season savings will be‘$3l7.25 and firét—year cooling savings will

be $61.76, ‘for a total of $379.01. Applying the same escalation factors d

~e
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as were used in the DCF analysis example and Equation (95) yields annual

éavings for 1980-85 of:

Annual Heating Annual Cooling Total Annual

Season Savings Season Savings Savings
1980 7 8$317.25 $61.76 $379.01
1981 339.14 62.50 401.64
1982 362.54 - 63.25 426.19
1983 387.56 64.01 o 451.57
1984 . 414.30 64.78 . 479.08
1985 , 442 .88 65.56 508.44

Since there are no annual operating and maintenance expenses, net annual
savings will equal total annual savings; using a real discount rate of
zero, discounted net annual savings will equal total annual savings.

- At the end of the first two years, total discounted net annual
savings at a zero real rate equals $379.01 plus $401.64, or $780.65. At the
. =5 percent real rate, such savings will equal $398.96 plus $445.03, or
. $843.99. Alternately, at a +5 percen£ real rate, the two-year savings will
A-equﬁl $360.96 plus $364.30, or $725.26. Since all these values exceed the
initial investment cost of $549.60, the homeowner will recover his initial

investment in two years for the range of rates examined.
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' FINAL COMMENTS

The general discussion presented considers the basics of the
approach. It is possible to expand these basics to consider other factors.
On an'individual'user'leQél, for example, cost considerations can be expanded
to include current taxation effects as well aS'tb evaluate the potential
effectiveness of proposed tax adjustments. On an areawide bgsis,‘individuai

costs and savings can be aggregated, and conservation program costs can be

introduced into the analyéis. Portions of the methodology can also be used
| A

in other phases of the development and evaluation of a conservation’program.
Given:adequaté data on housing stock and current levels of in-place
conservation, ﬁhe-basic approach to energy savings estimatioﬁ can be of
assistance in evaluating program targets. Generally speaking, such information
. can be used to determine how much enefgy could be saved by a given response

_to the program; alternately, the same basic material can be used to determine

what response may be necessary to realize a given level of energy savings.

I3
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APPENDIX A

ADJUSTING. PUBLISHED DEGREE DAY MEASURES FOR DIFFERENT
BASE TEMPERATURES AND SOLAR RADIATION

Given monthly data on average daily high and low tempeératures,
it is possible to adjusﬁ published degree day measures for base temperatures
other than 65°AF. First, hourly temperatures are calculated for each month,

as follows:

T - PCT, (T - T )

Ti,j = “max,j i‘*max,j  “min,]j
where,
Ti,j = Temperature for hour i in month j;
Tmag,j = Average daily high temperature for month j;
Tmin,j = Average daily low temperature for'moﬁth Js and-

PCTi‘= Values as listed in Table A-1l.
Using this calculated hourly data, the heating degree day
adjustment factors are computed with the following procedures:

1. Calculate hourly tempefature differentials

HB H
AT, . = B, . - T, .
i,] i,] i,3
where,
HB . . H
ATi 3 = Difference between base heating temperature Bi
? 3 9
and the temperature in hour i of month j; and,
B? 3 = Base heating temperature in hour i for month j;
b
for Bg j = 65 for all months and hours.
- 9



6;, and divide the

sum by 24 to obtain average daily temperature differential ATAV?65.

2. TFor each month }, sum all positive AT?

’

3. -Calculate

12
ppho> = 2'(ATAV§65' D.)
5=1 ] )
where,
. H65 . i . 0
DD = Calculated heating degree days for 65 F base; and,
Dj = Number of days in month j.

4. Repeat steps 1 to 3, using B = new desired base'temperatpre
instead of B = 65, and compute DDHB, the calculated dagraee days for base BR.

5. Calculate the adjustment factor

H _ DDHB

ADJ_ =
B DDH65

Once the adjustment factor ADJg has béen computed, the adjusted degree day
measute can be calculaéed: |
DD, = (ADJZ) x (HDD)
Vhere,'
HDD = Published heating degree day meaéure;
This'method haé been used to adjust‘the publishediheating degree

day data for a constant 70° F. indoor temperature and for a 70° F. daytime

temperature with a setback to 65° F. from 10 P.M. to 6 A.M. for Burlington,

Des Moines, ahd Waterloo, Iowa. Results are shown in Table A-2; supporting
data and calculated values are detailed in Tables A-3 to A-5.
Similarly, the cooling degree day adjustment factors can be

computed:
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1. Calculate
.CB c

AT, . =B, . -T, .
1,3,1 l’J i’J’l
where,
Ti 3,1 = Temperature for hour i in month j, as calculated
’ b4 .
above;
CB ' 4 ) c
AT, . = Difference between base cooling temperature B, . and
1,3,1 - . 1,3
the outside temperature in hour i of month j; and,
Bg 3 = Base cooling temperature in hour i for month j;
b
 for Bi . = 65 for all months and hours. o
,J . . s
2. For eacﬁ month j, sum all positive AT26§ 1? and divide the
. *2J .

sum By 24 to obtain the average daily temperature differential ATAV?Gi.
. ?

3. Calculate

. = 09O - P ( T T
Ti,j,Z 20 CTi(Tmax,j Tmin,j
- where,
Ti'j'21= Hourly temperature in hour i.for month j with a
[N ] .
daily high temperature of 90° and the same monthly
temperature fange as above.
4. Calculate
CB C
AT, . =T, . - B, .
i,3,2 i,3,2 i3
where,
ATgBj 2‘= Temperature differential for hour i in monfh 3
2J)
‘based on T, .
'13392
for all BS . = 65° F.
i,3
. L " c65 o
5. For each month j, sum’ all positive ATi j,2 and divide the
23J 2%
sum by 24 to obtain the average daily temperature differential ATAY??? .
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6. Calculate

12 :

DDCGS - jil[(ATAvg?i) (Dj - D90,j) + (ATAV??‘Z ) (D90,j)<]

where, : |

'DDC65 = Cglculated cooling degree dayé for 65° F. base; and,

D90,j = Number of days in montﬁ h| Qhere temperétﬁre exceeds

| 90° F. |
~ 7. TFor the months in which ATAV(;65 is greater than.zero,Aadjust
the hourly temperatures Ti,j,l and Ti,j’z'for solar radiation effects.

T’i(,);‘,i - "ri,j,1 + SOL;

i??”z = Ti,j,z + S0L 3
where, .
Ti?§’1 = Qutside tempgrature in hour i ofAmonth J»
‘ adjusted for solar radiation;

Ti??,Z = Qutside temperature in hour i df month j on days
where the temperature exceeds 90° F, adjusted for
solar radiation; and, |

SOL, ' = Solar adjusfment differential in hour i, with values
as shown in Table A-6.. |

8. TFor these same months, céléulate

w13y Y = i - B

SR

-where,

ATEO?/f = Difference between base cooling temperature BS s
s> ' . o

I

and the outside solar adjusted temperature in

hour i for month j; and,
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C .
AT?OL/B = Difference between base cooling temperature B. .
i,j,2 . 1,]

and the outside solar-adjusted temperature in hour i
o
for month j on days where the temperature exceeds 90 .

SOL/B
i,j,1

by 24 to obtain the average daily solar-adjusted temperature differential

9. TFor each month, sum all positive AT énd divide the sum

SOL/B, SOL/B
ATAVj 1 5 repeat for A'I'J’2
10. Calculate
- 12
ppSOL/B = g [(ATAVSOL/ By, -, o0
j:l J J,90
SOL/B
+ ATAV, D
BTAVF ST @ 9]
where,
DDS.OL/B = Calculated solar-adjusted cooling degree days

fdr base B.

11. Calculate the adjustment factor

SOL _ DDSOL/B

ADJ

SOL

Once the adjustment factor ADJB has been computed, the adjusted degree

day measure can be calculated:

DD, = (ADJSOL) x (CDD);

CB

where,

CDD = Published cooling degree day measures.

This method has been used to adjust published cooling degree

day data for 75° F. and 80° F. bases and solar radiation effects for the
Burlington, Des Moines, and Wéterloo, Towa, locations. Results are shown

in Table A-2, supporting data and calculated values are detailed in

Tables A-3 to A-5.



TABLE A-1

PERCENTAGES FOR CALCULATING HOURLY TEMPERATURES

1l a.m. 87
2 92
3 . 96
4 99.
s 100
6 98
7 3
8 84
9 71
10 .. 56
11 39
12 p.m. 23
l p.m. 11
2 3
3 0
4 3
5 .10
6 21
7 34
8 47
9 58
10 68
11 76

12 a.m. 82

Source: ASHRAE Fundamentals Handbook, 1977, p. 25.4,
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ADJUSTED DEGREE DAY MEASURES FOR HEATING,
COOLING TO VARIOUS TEMPERATURES

Heating:
70°

70° day/65° night

Cooling:
75°

80°

TABLE A-2

Burlington

7507

6959

1418

1034

Des Moines

8104

7698

1407

1016

Waterloo

8834

8267

1256

820 -



Raw Data:

Month
January
February
March
April
May
June
July

August

September

Optobe:
November

Decemher

Calculated

Values:

TABLE A-3

CLIMATE DATA USED TO CALCULATE

DEGREE DAY MEASURES FOR BURLINGTON, IOWA

‘

o

Avg. Daily Avg. Daily Days Temperature Heating Cooling
Maximum Minimum Exceeds 90° Degree Days Degree Days
T ax, 1) Tain, 1) gy, 1) - (HDD,) (¢, )
31.7° 14.1° 0 1,305 0.
6.2 18.4 0 1,056 0
46.6 27.1 0 871 0
62.1 40.5 o 416 5 .
2.7 50.9 1 172 73
81.9 60.9 7 16 208
86.1 64.6 11 0 322
184.6 63.1 8 8 284
76.7 54.1 3 70 82
66.7 43.9 0 320 20
49.2 30.3 0 756 0
15.9 19.3 0 1,159 0
po® = 6474 b5 = g4 _
o0 = 7904 DOPOL/75 _ 1418
pp70/65 < 7357 DPOL/80 _ 43,

Raw Data Source: '"Climate of Iowa', Climatography of the U.S., No. 60,
National Oceanic and Atmospheric Administration, Environmental Protection

Data Service; Asheville, N.C.

(12/76)
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TABLE

A-4

| CLIMATE DATA USED TO CALCULATE
DEGREE DAY MEASURES FOR DES MOINES, IOWA

Raw Data:

Avg. Daily Avg. Daily

Maximum Minimum
Month (Tmax,i) (Tmin,i)
January 27.5° 11.3°
Egbguary 32.5 15.8
March 42.5 25.2
April 59.7 39.2
May .70.9 50.9
June 79.8 61.1
July 84.9 "~ 65.3
August 83.2 63.4
September 74.6 54.0
October 69.4 43.6
November 46.4 29.2
December 32.8 17.2
Calculated Values:

DO = 6985
-DDH70 = 8436
~ppi’0/65 _ g013

Raw Data Source: 'Climate of Iowa'", Climatography of U.S.
Oceanic and Atmospheric Administration, Environmental Data

N.C. (12/76)

Days Temperature Heating Cooling
Exceeds 90° Degree Days Degree Days
(D9O,i) (HDDi) (CDDi)

0 1,414 0

0 1,142 0

0 964 0

0 465 0

1 186 59

4 26 191

9 0 317

6 13 270

1 94 73

0 350 18

0 816 0

0 1,240 0
b8 = 913
oofOL/ 75 _ 1384
ppSOL/80 _ 1000'
No., 60, National
Service: Ashville,



Raw Data:

- Month

"~ January
February
Maréh
April
May

June
July
August
September
October
November

December

TABLE A-5

CLIMATE DATA USED TO CALCULATE DEGREE
' DAY MEASURES FOR WATERLOO, IOWA.

Avg. Daily

Avg. Daily Days Temﬁerature

Calculated Values:

" Heating Cooling
Maximum Minimum Exceeds 90° Degree Days Degree Days
(Tmax,i) (Tmin,i) (D90,i) (HDDi) (CDDi).
25.7° 6.9° 0 1,510 0
30;2 ‘ 11.3 0 1,238 0
40.6 22.3 0 1,039 o *
58.5 36.3 0 528 0
70.0 47.5 1 229 37
79.4 57.6 4 39 144
83.6 61.5 5 7 243
82.1 59.5 4 26 206
73.3 49.8 1 137 | 35
63.5 - 39.7 0 426 10
44.6 25.6 0 897 0
30.6 12.9 0 1,339 0
oo = 751 pp®®5 = 710
oo70 = o353 poSOL/75 = 1321
ppi70/65 _ gcq ppSOL/80 _ oo

Raw Data Source: '"Climate of Iowa', Climatography of the U.S., No. 60, -

National Oceanic and Atmospheric Administraiton, Environmental Data Center:
Asheville, N.C.

(12/7

6)
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' TABLE A-6
b _ . | ADJUSTMENT FOR SOLAR RADIATION EFFECTS

1l a.m. 0

2 0

3 0

4 0

5 0

6 8.5

7 - 1 19.8

8 123.3

9 22.3

10 ' 20.7

11 18.3
~ 12 p.m 16.8

1l pm 18.3

2 20.8

3 22.3

4 21.7

5 20.0

6 13.2

7 | 0

8 0

9 0

10 0

11 0

. | 12 .o 0

Source: Average of light and dark surfaces for all directions given in
ASHRAE Fundamentals Handbook, 1977, p. 25.5. '
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APPENDIX 2

. EXEMPTION PETITIONS



The following utilities have applied.for an exemptibn
from the pfohibition on utility supply, installation and
financing of program measures.

(1) Iowa Public Service.
Iowa Public Service has the following conservation and
rénewable resource program in progress:
a. Employee home improvemeﬁt weatherization program.
b. Energy efficient products (offered to employees bnly).
(2) Union Electric. |
Union_ElectricAis engaged in the following programs:
-a. .Union electric employee purchase plan.:
b. Residential electric space heating conservation
program;
c¢c. Residential insulation program for existing homes.
(3) Minnegasco. |
Minhegasgo supplies,‘installs and finances many program
measurers for its customers, including caulking and weather-
stripping,‘furnace efficiency modifications, replacement of
central air conditioners, all types of insulation, storm
windows. and doqfs, flow restrictors and clock thermostats.
(4) North Central Public Service Company.
North Central Public Service Company is engaged in the sale,
installation and financing of furnaces, aif conditioners and
loose fill type insulation. |
(5) Peoples Natural Gas.
Peoples Naturél Gas is engaged in the sale, installation and

financing to both employees and customers of the following



L

conservation measures:
a. Ceiling and wall insulation
b. Day/night setback devices

c. Intermittant ignition devices and vent dampers

i e T A O



APPENDIX 3

FORMS
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— _— —— -_— —_- PP
- P (Closed end, unsecured/secured credit) Date .
~ CREDIT APPLICATION. ofNote /. —Maturity__J___;_
IMPORTANT: Read these Directions before completing this Application NETPROCEEDS ............ccvvnl,
‘F Doc.Fee ...ooovvvieninnienneeinnn, s
Check Appropriate Box . - . TOLErBU. oo vneveeenernarenernnnns S
1f you are applying for individual credit in your own name and are relying on your
o own income or assels und not the income or assets of another person as the basis CreditLife ..............coooiiien, s
for rvpn{munt. of this credit request, complete only Sections A and D. If the
roguested crdit is to be secured, also complete the first part of Section C and Section E. AMH Lo 8—%;
(3 If you are applying for joint credit with another person, complete all Sections RESEIVE...oooveveseseranennncnunnens $
except E, Erovlding information in B about joint applicant. 1f the requested I
credit is to be secured, then complete Section E. ANNUAL PERCENTAGERATE ... _________
O If you are applying for individual credit, but are relying on income from alimony,
child support, or separate maintenance or.on the income%r assets of another yn Dealer Rate Amount of Note $
as the basis for repayment of the credit requested, complete all Sections except E to Pmts. @ —and @
the extent possible, providing information in B about the person on whose alimony, :
child supgort,, or maintenance payments or income or assets you are relying. If the Pmts.Due............................. 5-10-15-20-25-30
requeésted credit is to be secured, then complete Section k. %’ :
DISBURSEMENT OF PROCEEDS
Amount Requested Payment Date groceeds of CredittoAcct.No.......ccoevinennnn. 3
dit T .
8 Desirea__ i Ursid °p°§’ Be CashiersCheckto..........covveenn. $ " e
IS-‘EI(IJ’I]\IL?J: A—INFORMATION REGARDING APPLICANT Birthdate Pay-off Loan No.. ........... o 3
{Last, First, Middle): 1 h.oooo.oo.. e .8
Present Years (This total Cash.....
Street Address:.. there: should equal Net Proceeds Above).....§ . ____
City:.. .. .. e e et i o e et e e LAY e TAP L L PRON . i e e e e
Socinl Security No: Driver's License No.: | e
Previous Address:_ _ . — e Zip: Years there: _—
" Present Employer and Address: Phone:_ Zip:
Position or title:_ Name of supervisor: Years there:
Previous Employer and Address:, Years there:
Present net salary or commission:$ per No. Dependents:. Ages:

Alimeny, child support, or separate maintenance income need not be revealed if you do not wish to have it considered as a basis for repaying this
obligation. Alimony, child support, separate maintenance received under: O court order ~ O written agreement [0 oral understanding

Otherincome:$ . ... . ._._..per..__.__._ ___ . Sourcels)of otherincome:

Is any income listed in this Section likely to be reduced before the credit requested is paid off? {J Yes (Explain in detail on separate sheet.) [J No-

Have you ever received credit fromus?____ _  When? Office

Checking Account No.: ___ Institution and Branch:

Savings AccountNo.: ... __Institution and Branch: JS
Name-of nearest relative '

not living with you: Relationship: Phone: -

AAAress: s e e YT+

SECTION B -- INFORMATION REGARDING JOINT APPLICANT OR OTHER PARTY (Use separate sheets if necessary)
Full Name (L.ast, First, Middle): Birthdate: ! !

‘Relationship to Applicant (ifany):___. . __ Address: Phone:
City:. State: Zip: Years there:
Social Security No.: Driver’s License No.:

" Present Employer and Address: Phoune: Zip:
Positionortitle: _. . __.__________ Name of supervisor: Years there:
Previous Employer and Address: Years there:

" Present net salary or commussion: $ per No. Dependents: Ages:

Alimony, child support, or separate maintenance income need not be revealed if you do not wish to have it considered as a basis for repaying this
obligation. Alimony, child support, separate maintenance received under: O court order [J written agreement O oral understanding

Otherincome: &, __. ___ ____per_____ . Source(s) of other income:
‘ any income listed in this Section likely to be reduced before the credit requested is paid off? O Yes (Explain in detail on separate sheet.) [J No
h

Institution and Branch:

ecking AccoontNo.: ...

_—_Institution and Branch:

Savings Account No.:

Name of nearest relative not living with
Joint Applicant or Other Party:

Phone:

Relationship:

Zip:

Address:

FR App. — Maynard Printing, Inc., Des Moines, lowa 50309 — 779



-
S —

-SECTION C—MARITAL STATUS -

h

{Do not complete if this is an application for individual unsecured credit.) )

Applicant: O Married O Separated * O Unmarried (including'single, divorced, and widowed)

Other Party: O Married O Separated O Unmarried (including single, divorced, and widowed)

SECTION D—-ASSETS AND DEBT INFORMATION (If Section B bas been completed, this Section should be completed giving information
about both the Applicant and Joint Applicant or Other Person. Please mark Applicant-related information with an “'A." If Section
B was not completed, only give information about the Applicant in this Sect.ion.r

ASSETS OWNED (Use separate sheet if necessary.)

Subject to | .
Description of Assets Value . Debt?: Name(s) of Owner(s)
: "Yes/No
Cash— Bank (if any), ete. . ' s

Automobiles (Make, Model, Year)

Cash Value of Life Insurance (Issuer,
Face Value)

Real Estate (Location, Date Acquired)

Marketable Securities (Issuer, Type, No. of Shares)

Other (List)
TOTAL ASSETS , ¢
OUTSTANDING DEBTS (Include charge accounts, installment contracts, credit cards, rent, mortgages, etc. Use separate sheet if necessary.)
. Type of Debt Name in Whick Original Present Moathly { Past Due?
. Creditor or Acct. No. Acct. Carried ngt Balance | Payments | Yes/No
1. (Landlord or U Rent Payment $ (Omit rent) | 8 (Omit rent)] $
Mortgage Holder) O _Mortgage
2.
s
TOTAL DEBTS ¢ s s
CREDIT REFERENCES: Name and Address '
1. ' 2,
Are you a co-maker, endorser, or 1fYes,” To Whom?
guarantor on any loan or contract? Yes O No O for Whom?
Are there any unsatisfied Yes O 1f “Yes,"”
judgments against you? ) No O Amount$ to whom owed?
Have you been declared ‘Yes O If*Yes,” .
bankrupted in the last 14 years? No O where? . Year

Other bbligations—(E.g., liability to pay alimony, child support, separate maintenance. Use separate sheet if necessary.)

SECTION E—(Complete only if credit is to be secured.) Briefly describe the property to be given as security:

and list names and addresses of all co-owners of the property: .
Name - Address

If security is real estate, give the full name of your spotise (if any).

Everything that I have stated in this application s correct to the best of my knowledge. I understand that you will retain this application
whether or not it is approved. You are authorized to check my credit and employment history and to answer questions about your credit

experience with me. .

. - Other Signature Date

Applicant’s Signat Date T
pplicant’s Signature a : (Where Applicable)




IOWA RCS BID SPECIFICATION FORM-

-type of material to be used, thickness, weight, amount, etc.
Customers should review the specifications and bid prior to and after 1nsta11at10n to ensure that they receive the quant1ty and '

quality of materials or supp11es promised.

AUDITOR . CONTRACTOR
Estimated
: Estimated Life Cycle .
Measures Recommendations Cost1 Savings Name Bid Speciﬁ'cations2 '
$ $
$
BE
$ 1%
1These figures are subject to change Totals| $ - $
due to price increases, changing fuel
prices, etc.
2Contractor specifications should indicate the R value to be installed over and above any existing R value, area in square feet4




Dear Sir:
On : , Iowa's public utilities will be announcing the Residential
Conservation Service (RCS) ( N ) program to their customers. The

program will make an energy audit available to their customers. This audit may
recommend certain measures which could save energy for the customer. If the customer
wishes, the utility will then supply them with a list of qualified suppliefs, in-

stallers, and lenders and assist the customer in arranging for these services.

It is the responsibility of the Iowa State Commerce Commission to generate and
maintain these lists of installers, suppliers, and lenders. We are inviting you

to apply for inclusion on the list.

We have enclosed'a fact sheet about the RCS program, which summarizes the benefits
and'résponsibilities you would assume should you choose to participate in the

Program.  If you choose not to participate, you need do nothing. If;'however, you
would like to be included in the Program and named on the list which the utilities
will be supplying to their customers, you should.fill out the enclosed application

and -mail it to:

For further information about the application form or the RCS program, please

. contact .

Very truly yours,

-



2

APPLICATION FOR LISTING TO INSTALL
ENERGY CONSERVATION MEASURES
OF THE RCS PROGRAM

Your company name:

Your company address:

Your company telephone number: ( )

Name of individual in your company who should be contacted if a complaint
is lodged against your company about a product which your company
installed: :

Please list any State or local licenses your firm holds and what the license
numbers are:

License License Number

Please check which of the following types of installations your company will
make under the RCS Program: a check indicates that your company will be '
listed as being an installer of these measures to RCS customers in. your
service area. '

Energy Conservation Measures:

Replacement furnaces or boilers
Furnace replacement burners (oil)
Flue opening modifications
Electrical or mechanical ignition systems
Replacement central air conditioners
Ceiling insulation
Wali insulation

Floor insulation



Duct insulation

Pipe insulation

Water heater'insulation'

Storm windows

Thermal windows

Storm or thermal doors

Heat reflective or heat absorbing window or door material
Devices associated with electric load management techniqﬁes

Clo¢ck thermostats

Renewable Resource Measures:

Solat domestic hot water systems
Active solar space heating systems
] Combinéd active solar space heating and solar domestic hot water
Direct gain glazing systems
indirect.gain é&sfeﬁs.
. Solarié/éﬁﬁép;ce syétéms
' Window héét gainufetérdants
Wind energy devices

Replacement. solar swimming pool heaters

7. .Indicate the éedgrabhic area your company will serve by county or city.




8. Indicate the amount of the bond your coﬁpany holds. ($10,000 minimum, and
copy must be enclosed.

I wish to have our firm included oﬂ,the Master List of RCS installers. 1
certify that this firm will comply with the requirements of the RCS Program, and
that the information supplied in this application is accurate.

/
. Your sfgnature:

.Title:

Date of signature;



- APPLICATION FOR LISTING TO SUPPLY
ENERGY CONSERVATION MEASURES
OF THE RCS PROGRAM

Your company name:

Your company address:

Your company telephone number: ( )

Name of individual in your company who should be notified if a complaint is
lodged against your company about a product which your company supplied:

Please check which of the following energy conservation and renewable resource
measures your company will supply under the RCS Program. A check indicates
that your company will be listed as supplying those measures to RCS customers
in your service area.

Energy Conservation Measures:

~+ - .Replacement furnaces or boilers
Furnace replacemept burners (oil)
Flue opening médifications
Electrical or mechanical ignition systems
Replécement‘cénéral air conditioners
Ceiling insulation

Wall insulation'

Floor insula&ion

Duct insulation

Pipe insulatién

Water heater insulation

Storm windows

The;mal windows

Storm or thermal doors



Heat reflective or heat absorbing window or door material
Devices associated with electric load management techniques

Clock thermostats

Renewable Resource Measures:

Solar domestic hot water systems
Active solar space heating systems
Combined active solar space heating and solar domestic hot water
Difec; gain glazing systems
Indirect gain éystems
Solaria/sunspace systems
Window.heat gain.retardants
Wind enérgy aévices
Replacement solar swimming pool heaters
1 wish to have ouf firm liéted on the Master List of Suppliers of the RCS

Program. I certify that this firm will comply with the requirements of the RCS
Program, and that the information supplied in this application is accurate.

Your signature:

Title:

Date of signature:




-Your company address:

APPLICATION FOR LISTING TO LEND
ON ENERGY CONSERVATION MEASURES
OF THE RCS PROGRAM

Your company name:

Your company headquarters telephone number: ( )

The name and title of the individual in your company headquarters who should
be contacted about Program company involvement in general:
i

'The name of the individual‘iﬁ ?our company headduarters who should be

notified if a customer lodges a complaint against your firm:

What areas of the state are you willing to loan in?

. Location of
County or City Your Branch or

Served ' . Office




7. Please check which types of loans and indicate the dollaty ‘amount of loans
your company will consider furnishing to RCS Program residential customers
to -enable them to make home energy conservation improvements:

Any " Dollar Dollar

Amount Minimum Maximum
Personal loans - unsecured

Junior liens/second mortgages secured.
by subject property residence

Home improvement loans secured by
collateral other than residential

property

Unsecured home improvement loans

8. Please check which types of home improvements you would consider making loans
for;

Minor consefvation improvements (under $100 each)

Insulation

Replacement furnaces and water heaters

Acti§e solar space heating system

.Solarnhot,wétér.heater systemsA

Solar swimming pool heat systems

Home remodeling for passive solar heating

I wish to have our company included on the Master List of RCS lenders. I

certify that our company will comply with the requirements of the RCS Program,
and that the information supplied in this application is accurate.

Your signature:

Title:

Date of signature:




i

APPENDIX 4

NEWSPAPERS WITH GENERAL CIRCULATION
AND

TRADE ORGANIZATIONS



'

NEWSPAPERS WITH GENERAL CIRCULATION

‘Des Moines Register & Tribune
715 Locust
Des Moines, Iowa 50309

Quad City Times.

News Department

City Desk

Davenport, Iowa 52801

Press Citizen
Iowa City. Iowa 52240

Iowa Desk - Omaha World Herald
World - Herald Sqguare
Omaha, Nebraska 68102

Cedar Rapids Gazette

City Desk

500 3rd Avenue, S.E.
Cedar Rapids, Iowa 52406

TRADE ORGANIZATIONS

Iowa Sa&ings & Loan League
306 Savings and Loan Building
Des Moines, Iowa 50309

Iowa Bankers Associations
430 Liberty Building
Des Moines, Iowa 50309

Iowa Association of Plumbing, Heating
and Cooling Contractors

506% East Army Post Road

Des Moines, Iowa 50315

Home Builders Associations of Iowa
979 Oakridge Drive
Des Moines, Iowa 50314

Professional Insulation Contractors of America





