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SECTION I

- INTRODUCTION

Homeowners and building owners and operators have becomé acutely
aware of the need to use energy mbre efficiently. In response, both
government and private industry are examining a broad spectrum of
energy conservation measures and alternative energy sources (e.g.,

solar).

The potential payoff to the nation is enormoué with more efficient

energy use in buildings. The buildings sector accounts for approximately
one third of the nation's energy (about 12 million barrels of oil a day)

in 70 million dwelling units and 24 billioh square feet of commercial
space., Of this, nearly 75 percent is used for space heating and cooling

and water heating.

For the past several yeéi‘s, b;'Jth the Federal Government and private
industry have been keenly aware of high eriérgy utilization in the nation's
buildings. Guidelines for energy conservation and the use of alternative
energy sources and lengthy lists of potential energy conservation
measures have been published. In addition, a large number of hard-
ware demonstrations have occurred or are currently underway covering
a broad spectrum of measures and t'echriiques. Most of these studies
and dcmonstrations have been aimed, however, at a single technique

or strategy and have not addressed the issues 'of energy conservation
and energy utilization simultaneously. 'Consi‘d‘ering that only limited
resources. are available to so,lve‘the nation's energy problem, it is
imperative that solutions be developed that are cost-effective while

pfoviding the desired energy savings.



One of the roles of the U.S. Energy Research and Development Admin-
istration is to disseminate information concerning the more efficient
use of both existing and new energy sources in buildings. As part of
this effort, ERDA sponsored a project to provide information to assist
homeowners and building owners select mixed strategies of energy
conservation and use of energy sources other than gas, oil or electricity,
The results of this project, which was performed by the Honeywell Energy
Resources Center over a ten month period, are summarized in this report,
Honeywell was assisted in this study by the National Association of Home

Builders (NAHB) and Bather, Ringrose, and Wolsfeld Inc,, a Minneapolis
consulting engineering firm,

The overall objective of this project was to identify the technical and
economic benefits of implementing mixes of energy conservation and
sources in buildings. Fully developed conservation products in con-
junction with conventional on-site solar heating and cooling were emphasized
in the project. In addition, the project focussed on energy utilization

by the end user at the commercial and residential léve].. Energy con-

servation and solar energy effects external to this user group were

assumed to be represented by energy rate structures,

Energy conservation measures applicable to space conditioning (heating
and cooling), lighting, and domestic water heating were emphasized.
Options that require major life style changes were not considered.

The annual cycle.energy system (ACES) concepts were considered to

be outside the project scope.

The overall study approach relied heavily on the use of building models

and simulation. Five building classifications representing a majority



of the nation's new and existing building types and the major energy users
were selected as models for the computer analysis. Results were developed
for four U. S, cities representing different weather and building construction

situations.

Economic assumptions obviously have a large impact on any results —
of the type presented in the repoft. Federal Energy Administratian
projections were assumed as the basic future price scenario for oil,
gas, and electricity. Hardware costs were based on currcnt estimates.
Howeve.r: wherever possible in this report, results are presented in

a manner which permits the reader to interpret the results with his

or her own economic assumptions.

The following sections of the report describe:

e The general approach used in the study including a presentation

of assumptions and basic data

° The detailed results with discussion by building type for each

city studied
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: SECTION 1II
APPROACH AND ASSU/MP’I_‘IONS

2.1 INTRODUCTION

The mixed strategy analysis was a tradeoff analysis between energy conser-
vation methods and an alternativé energy source (solar) considering tech-
nical ard economic benefits. The objective of the analysis was to develop
guidelines for:

e Reducing Energy Requirements

e Reducing Conventional Fuel Use

e Identifying Economic Alternatives for Building Owners.

The analysis was done with a solar system m place. This makes the study
unique in that it is determining the interaction of energy conservation with

a solar system. The study, therefore established guidelines as to how to
minimize capital investment while reducing the conventional fuel consumption

through either a larger solar system or an energy conserving technique.

'The overall study methodology employed on the Mixed Strategies study is
illustrated in Figure 2-1., Ideally, all energy sources that have been

studied and described in literature were identified and listed. To focus the
scope of energy conservation techniques and alternative energy sources con-
sidered, five building types were selected and some initial program objectives
were defined. Finoally, the lists of energy conservation techniques and alterna-
tive energy sources were reduced to lists of manageable size by using technical

attributes to select the best candidates for further study. The resultant energy



ENERGY . cor
CONSERVATION
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l ,_l v
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Figure 2-1, Mixed Sirategies Study Approach

»
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cqnservatioh techniques were described in detail and installed costs determin_ed.
The alternative encrgy source reduced to solar. Building construction charac-
teristics were defined for each building for each of four geographic regions of
the country. A mixed strategy conéisting of an energy conscrvation technique
and solar fxeating/hot water/ cooling system was analyzed using computer
simulation to determine the interaction between energy conscrvation and the
solar system. Finally, using FEA fucl price scenarios and installed costs

for thé solar system and cnergy conservation techniques, an economic analysis
was perfor"med. to determine the cost effectiveness of the combination, The

following paragraphs detail the approach employed in the study.

2.2 PROGRAM SCOPE'

Thisstudy addresses ‘energjr use by the consumer. Honeywell évaluated
mixed strategy options ,implemehtéd at the commercial ard residential
level, Eriergy conservation and alternative energy source effects extérnal
to this use:r'"group aré represented by end-user energy rate structures. By
i:_his technique, the impact of external effects on the user were evaluated
without requiring modeling of specific external mechanisms, Categories
of energy cohservation methods and alternative energy sources to form the

candidatc mixcd stratcgics are:

a) Energy conservation measures applicable to
- Space conditionihg (heating and cooling)
- Lighting '
'~ Het water generatibn
(These comprise nearly 80 percent of the energy utilization in
commercial/residential buildings)

b) Heat reclamation methbds,



c) Packaged and central HVAC systems, and their associated
controls for techniques such as enthalpy economizers, load
feedback, and optimum start-up.

d) Solar assisted heating, héating and cooling, and water
heating systems found in buildings,

e) Building insulation and structural (architectural) considerations
that affect energy utilization and conservation,

Technically feasible energy savings/alternate energy source options that
do not appear acceptable for wide-spread application were not pursued.
Further, options requiring major development before being integrated into
the energy needs of buildings were also eliminated, These considerations
left only one viable alternate source, solar energy. Options that require
-major life style changes are also eliminated from the scope of this study.
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2.3 SELECTION OF BUILDING TYPE

Selection of building type was based on a literature éurvey.- Tables 2-1,
2-2 and 2-3 are’éﬁfnmairiés of energy consufnption"and building inyehtories
By selecting the single-family residence, low rise multi-fémily dwellings,
office buildings, retail stores and schools, the majority of buildings and the
largest enérgy users are represented,

The task to define the typical construction for each of the five
building types revolved around literature surveys and consulta-
tion with the National Association of Hofne Builders Research
Foundation ahd Bather, .Rin‘g'rose, Wolsfeld Incorpdrated, a
Minneapolis architectural engineering firm. Table 2.4
summarizes the various descriptions of iypical buildings as
defined} by the references. The last column is the selection made

for this study.‘ The energy conSéNation and alternate energy tradeoff
analysis was based on these five basic building types. The details of
constructions and occupancy patterns are in Appendix A,
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Table 2.1, National Energy End Use By

Building Type

Residential Single-Family
Residential Multi-Family
Schools |

Retail Stores and Supermarkets
Office Buildings

Hospitals

Hotels/Motels

Restaurants

Theatres

Research Fad lities

-,

Library/Museums

Source: FEA Project Independence - Residential and Commercial

Energy Use

Building Type

% Energy Use

15,00
4.38
3.28
2.78
2. 51
1.59
1. 00

. 96
.01

—

Table 2.2. U. S. Residential Inventory

1970 Thousands

of Year Round % of

Units Total
Single Family 44,801 66
Low Density 10, 897 16
Low Rise 6,533 10
High Rise ' 3,295 5

Mobile Home 2,073 3

Sources: U. S. Department of Commerce, 1970 Census of Housing and
A. D. Little Annual Housing Survey, 1974, U. S. and Regions,

Part A, General Housing Characteristics

1974 Thousands
of Year Round
Units

48,235
12,495
7,605
3,836
3,714

% of
Total

63
16
10
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Table 2.3. Commercial Building Inventory

% of % of

1970 Nations Total 1980 Ext.  Nations Total
Offices 3,380 16 A 5,681 17
Retail 4,210 19 7,575 23
Schools 5, 040 23 6, 804 21
Hospitals 1,500 7 2,218 7
Other 7, 480 35 10, 458 32
Total 21, 650 100 . 32,645 100

Source: Arthur D, Little, Ref 50



Table 2-4. Building Size (ft2) Summary

. CURRENT
BUILDING REPORTS -SELECTION
TYPE Westing- | NAHB NAHB

A.D.Little G.E. TRW house New . Existing New Existing
Single 1,660 1,800+B | .1,400 | 1,550 1,570 1,213 1,512 1,204
Family (1)* “(2) (3] 1) (1) 1) X
Apartment | 18,000 21,600 3,200 14,600 14, 400 14, 400 14, 400
Building (2) (3) (2) (2.3) (2.3) :
Office 40, 000 20, 000 10,000 | 33,400 30, 000 30, 000
Building (3) (2) 2) (3.34)
Store 32,400 5, 200 15,000 | 1,400 5,000 5, 000
Building (1) 1) 1) 1)
School 40, 000 52, 000 9, 600 10, 000 40, 000
Building 1) (1) (1)

" Numbers in parenthesis are the average number of floors in the building.

A.D. Little: Ref 50

G.E.:

Ref 119

TRW: Ref 120

Westinghouse: Ref 121

NAHB: Appendix H

-ZI-
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2.4 SELECTION OF GEOGRAPHICAL AREAS -

To determine the influence of weather on the tradeoff study, four'

cities were selected, The Arthur D. Little, Inc, study of the impact of
ASHRAE Standard 90-75 on the nations energy industry selected these
four cities to repfesent the four census regions in Figure 2-2, The next
paragraphs and ’fable 2-5 are excerpts from that report. '

""Geographical location will have a major effect on building energy
demands for space heating and cooling. From previous studies,

it ' has been shown that space heating is the overrldmg factor in

energy demanq within the construction sector. As such, the varia-
tion in space heating requirements (as measured in degree days)
became the prime criteria in selecting geographical locations for

the impact study. In order to evaluate ASHRAE 90's effect on energy
consumption using computer s’imulation techniques, - specific geographi-
cal locations had to be selected wh1ch were representatwe of the

nation's climatic var1ations

To best describe the heating requiren&ehts within each of the four
Census regions, a weighted average number of anmial heating degree
days was derived which represented the ''center of gravity' for
heaﬁrig within each region. Using data compiled by the U. S.
Weéther Bureau, and weighing it by metropolitan population cen-
ters, ADL derived the average number of annuall degree days

within each state. Once these weighted averages were determined,
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they were multiplied by the number of housing units in the state,
and the products totaled by region. The total of the products were
then divided by the number of units within each region to get a weighted

average of the heating degree days within the region.

Once the weighted average degree day was calculated, five to ten candidate
cities were selected within each region whose annual heating degree day load
was close to the regional average, For each candidate location, the ASHRAE
recommended design dry bulb and wet bulb outdoor design temperatures were
compared to determine which single location was most "'representative' of the
cooling requirements of that region. This criterion was admittedly subjective
and although the methodology is somewhat unsophisticated, the energy usage
estimates are believed to be reasonably representative for each region as a

whole,

A second exercise in the application of ASHRAE 90 was aprief investigation
into how effective a nondepletable energy system (in this case, solar energy)
would be in reducing the conventional building's demand for utilities. The
solar energy system analysis was based upon ADL's rather sophisticated in-
house computer model which utilizes actual hourly insolation data, In as much
as hourly data is available from a relatively few number of U, S, Weather
Bureau locations, some consideration in the selection of the representative
cities in each of the regions was given to the availability of solar weather
data.

Table 2-5 lists the weighted average annual heating degree days for each
region along with the city selected for use in the analysis. Also, Figure 2-2
is a map showing the locations of the selected cities representing their
regions; New York for the Northeast Region, Omaha for the North Central
Region, Atlanta for the South, and Albuquerque for the West..



TABLE 2-5

REPRESEHTATIVE LOCATIONS SELECTED FOR COMPUTER ANALYSIS OF PROTOTYPICAL BUILDINGS

Northeast

North Central

South

Weat -

Weighted Average

Location Selected

Annual Heating Dasgree Days
5,470
6,345‘
2,795

3,515

SOURCE: - Arthur D. Little, Ine.

City " Degree Days ‘Summer Design Conditions
' ‘ db vb

New York 5,219 - 81*  76°

(Airport) » ‘ '

Omaha 6,612 94° 78°

Atlanta 2,961 92° 7°

Albuquerque §,348. 94° 65°

Pata Used for
Solar Energy
Analysis

New York
(City)
Omaha -

Nashville

-g'[-

Albuquerque
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2.5 SELECTION OF ALTERNATIVE ENERGY SOURCES,
PRELIMINARY AND FINAL SCREENING

A comprehensive list of energy sources was eompiuled as shown in Appendix B,
The fuel or energy sources to be studied were selected from this list. By con-
sidering the criteria that the energy sotrce must be suitable for use at the
building site and should be commerc1a11y available, non-polluting and suitable
for wide spread apphcatmn the condldate energy sources reduce quickly to
one, solar energy. The other pon-conventional .energy sources are not easily
used at the bu11d1ng locatlon Most of them, in fact, will either be turned into
gas, oil or electr1c1ty and transported through convent1ona1 means. For example,
geothermal energy can be used to generate electrlclty ‘and then put on the power
grid that is also supplled by conventional power plants The price projections
of the three fuels; gas oil and electricity, for the next 20 years (the defined
period of the analysis) reflects these types’of develop"ments:.

2.6 Selection of Energy Conservation Techniques

In deterrnining the possible methods of energy conservation, the building was
looked at in a functional manner, Figure 2-3. A building consists of three
functional elements the structure, the bulldmg systems and the control
systems. KEach one of these functions has a 81gn1f1cant 1mpact on energy
consumption, In this model, the inputs weather, occupants, appliances and
equipment are given, That is, these parameters exist ahd cause stochastic
energy demands on the building, but the only control that exists for reducing
energy consumption is through the properties ot‘ the three functional components.
Therfore, a basis for developing energy conservation tecl'iniques can be estab-
lished by using methods that reduce energy consumption of each function, Table
2 in Appendix B is a comprehensive list of energy conservation techniques.
These techniques can be condensed to a smaller appearingtlist (Table 2-6)by
grouping the various techniques into broad classes In order for a class of
energy conserving techniques to be a candidate for a mixed strategy tradeoff
analysis with solar energy, it must satisfy the followmg criteria,
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Weather
Occupant\
Appl;ances

Equipment . .
Building Systems quip : Building Struc-
e t
e HVAC plant Supply ure
e Lights ® Roof
e Domestic water . ® Walls
Return ® Windows
® Doors
Sewer Control Systems Solid
Exhaust e Comfort contrd Waste
Air e Security
e Fire Protec~
tion
Figure 2-3.

Building Components Functional Relationships
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Table 2-6. Energy Conservation Teghnique Categories

1.0 Building Structure

Heat loss reduction
Natural storage
Solar Load Control

Natural ventilation

2.0 Building Systems

2.1 HVAC

Solar heating and cooling systems
Heat pump

Air economizers

Higher efficiency furnaces
Zoning '

Heat recovery

Storage tanks

: 2.2 Lighting
e Natural lighting
e Task lighting
e - Higher efficiency lights

2.3 Water ‘
e Use waste heat from systems and equipment
® Decrease storage heat loss

e Increase efficiency of hot water generating
equipreant

e Reduce consumption of water

3.0 Control System"
e Reduce AT, ARH
® Load management

e Optimize equipment efficiency through sequencing and
utilization of inherent component efficiency tradeoffs.



e Potential for Synergism
e No major change in lifestyle

e No major development, i.e., in demonstration today, or a logical
extension of today's techniques. '

e Acceptable for widespread applicatidn

° Signific.ant impact in terms of saving 'enefgy and fuel
e No or minimal pollution | | |

e Cost effective - life cycle basis

e Accessible to quantitative analysis

"e® Inside - including building envelope

The items that met the criteria were then selected from 'the master list and
evaluated in terms of their technical attributes. Each item was rated as good,

-fair or poor, in relation to the attributes listed in Table 2-7.

Table 2-8 shows the ratings for residential construction and Table 2-9 for
commercial applications. Using a weighting of 3 = good, 2 = fair, 1 = poor
and a neutral weight for the blanks, the energy conserva’uon techmques were
prioritized for mixed strategies tradeoff ana1y81s

The energy conservation techniques surviving the screening process ',are 1fsted
below in order of priority.

e Single Family Home (New and Existing), Energy Saving Techniques
Night Setback
Increased Insulation and Storm Windows and Doors
Insulate the Hot Water Tank and Decrease its_'T.emperature
Air Economizer System, ""Free Cooling"
Use High Efficiency Furnace



High Efficiency Lights
Solar Shading of Windows

e Multi - Family Residence(New and Existing), Energy Saving Techniques
| Night Setback . B -

Increased Insulation with Storm Windows and Doors

Insulate the Hot Water Tank and Decrease its Temperature

Air Economizer System, "Free Cooling"

Solar Shading of Windows

High Efficiency Lights

High Efficiency Furnace

e Office Building(New), Energy Savings Techniques
(Variable Air Volume, HVAC System)
Heat Recovery from Exhaust Air
Reflective Film on Windows
Shading with Drapes
Triple Glazing
Task Lighting
Reset Hydfonic Loop from Zone Thermostats
Increased Building Insulation |
Reduce Hot Water Tank Temperature‘

e Office Building (Existing), Energy Savings Techniques
(Reheat HVAC System) '
Adjust Minimum Ventilation Rate
Close Outdoor Air Dampers at Night
Air Economizer System
Heat Recovery
Reflective Film on Windows
Solar Shading of Windows
Double Glazing
Delamping



Reheat Optimization

Convert to Variable Air Volume System
Night Setback and Cooling Shutdown
Increased Building Insulation

Reduce Hot Water Tank Temperature

° Retail Store (New and Existing)
Adjust Minimum Ventilation Level
Close Outdoor Air Dampers at Night
Air Economizer
Heat Recovery of Exhaust Air
Reflective Film on Windows
Awnings
Double Glazing, Triple Glazing
Change Lighting Schedule
Night Setback
Tncrease Building Insulation
Insulate Hot Water Tank and Decrease its Temperature
High Efficiency Furnace

e School Building (New and Existing), Energy Savings Techniques
Adjust Minimum Ventilation Air
Air Economizer System
Reflective Film on Windows
Solar Shading of Windows
Double Glazing, Triple Glazing
Delamping, Task Lighting
Night Setback, Cooling Night Shutdown
Increased Building Insulation
Insulate Hot Wat'er Tank and Reduce its Temperature
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Table 2-7, Technical Attributes to be Considered

Modularity - Subsystems components that are of standard design’
and size that could be put together to achieve the desired capability.
An example that meets this constraint is the flat-plate collector

panel, a component of standard size that can be combined to create

any desired collector area.

Scalability - A subsystem component of standard désign that can
provide a progressive increase in capability by changing some of

the components of that subsystem. An example of this type of sub-
system component is the standard home furnace, the output capability

of which can be increased by scaling burners and blower motors.

Architectural Aspects - Includes interface of solar-heating/céoling
system on building (especially collectors), impact on construétion.

and aesthetic qualities.

Fuel-Type Availability - Assurance that local utilities will provide

the type and amounts of fuel required,

Economic Aspects - Costs of procurement, installation, maintenance.

and operation.

Development Risks ~ Availability of components within required

time frame. Subsystem design maturity,

Maintainability - Skill, knowledge, and training required to maintain

system.

Neliability - Conlidénce iu assuring continued systém operation

over life cycle,

° Safety - Safety of operation and use of system.

Control Philosophy - Control of solar-heating/cooling system to use

needed energy directly from collector or storage. Store excess

energy and use auxiliary energy when required.
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Table 2-8. Rating of Attributes of Energy Conservation
Technique for Residences (Single and Multi-family)

Insulation Storm Weather NSl:t Air Solar gil'fg::: .
Constraint » Ceiling ‘Wall Floor .Windows Stripping Back [Lcon. Shading Furna«
Modularity G G G G G - - G -
Scalability G G G G G G G G G
Architectural G G G G G - F F -
Fue} Typfa - - _ - _ - - - F
Availability
Economics G G G G G G F F G
Development G G G G G G G F F
Maintainability G G G G G G G G G
Reliability G G G G G G G G G
Safety - - - - - - - - -
Control - - - - - G G F G
Opergtional - - _ _ - G G G G
Efficiency
Potential G G G G G G G G G

Energy Savings

G = Good
F = Fair
P = Poor



- 25 ~

Table 2-8. Rating of Attributes of Energy Conservatio.n.v"f
Technique for Residences (Single and Multi-

family (Concluded)

" INSULATE

WASTE HIGH . WATER TANK *

: S HEAT EFFICIENCY " & DECREASE
CONSTRAINT RECOVERY LIGHTS TEMP.
Modularity F F -
Scalability G F G
Architectural _ F ' G G

Fuel Type : : :
Economics ) 34 F P
Development F F' G
Maintainability F G G
Reliability G G ‘G
Safety G G G
Control F G‘ G
Drncieney G o :
Potential F G G

Energy Savings
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Table 2-9, Rating of Attributes of Energy Conservation

Techniques For Buildings (Office, School & Store)

Window Conduc-
Trans-~ tion
mission HVAC HVAC Heat
Ventila- Loss/ System System Loss/ Domestic
Constraint tion Gain Lighting Control Efficiency Gain Water

Modularity G G G G G G
Sculability G G G G G G
Architectural G G G G - G G
Fuel Type
Availability G G G '
Ioconomics G G G G G G G
Nardware G G G G G G G
Operational
Development G G G G G G G
Maintainability G G G G G G G
Reliability G G G G G G G
Safety G G G G G G G
Control G G G G G - G
O'p.c.-re'ltional G G G G G G G
Efficiency
Potential

G G G G G G G

Enerygy Savings



2.7 Cost Model

To assess the economics of energy conservation and the size of the solar system,
a common basis has to be established. One suggested method is to use heat
energy savings. For example, an energy conservation technique, such as
adding insulati'on to a building, will save a given amount of energy. A quantity
such as BTU savings per inch of insulation could be calculated for the insulation
and this could be compared to the BTU cbllected from a square foot of solar
"panel (in a system). Then tradeoffs of inches of insulation versus area of the
collector to minimize the auxiliary energy use can be done. One problem, a
significant one, is that it does not include the practical considerations such

as the difficulties associated with adding insulation. For example, it is easy to
add 3 1/4" of insulation to an existing 2x4 stud wall compared to adding six
inches of insulation to the same wall; Therefore, a.common denominator that
reflects installation effort for the energy conservation technique was selected,

that is cost.

The costs to be considered should include all of the items that have to be paid
for in owning a solar system and installing energy conservation techniques.

The costs include the following:

e Installed costs ’ (Instl)

e Operating costs (Op)

e Maintenance costs (Mnt)

e Insurance costs (Ins)

e Salvage value (Salv)

e Auxiliary fucl costs (Oaux Fj)

A solar system requires a large capital investment and returns energy for many
years, therefore, any analysis has to be done over a period of years, A

twenty year period was selected. The method of computing costs is based on
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he suggestion by the National Bureau of Standards (1), The following equation
somputes an annualized life cycle cost.

AC = CRF {Instl - §§-11’—N + Mnt g <-1—};{43'
(1 + 1) j=1

-
o

‘™=z

p j=1

1

N E. i
+0_ X (-11;{) + Oy
_ i

Ny |
+ Insj2=)1 (-1-+—i-) } -

The annual cost is equal to the capital recovery factor times the present value
of the costs previously mentioned, considered over N years (in this case N = 20),
Appendix D contains d etails of the economic model.

How is this annual cost related to the dollars spent each year to supply energy to
buildings being analyzed ? The first term in the equation, i.e,, capital recovery
factor times the installed cost is the yearly payment at the given discount rate.
To neglect inflation, the discount rate should be the difference between the in-
flation rate and the market cost of money. In this case, 2% is used. The other
ter:i. = in the equation are the present value of the costs for the twenty years
tirz~g the capital recovery factor. These terms equal the yearly cost for items
that do not escalate, that is those that do not increase in price faster than in-
flation. Gas, oil and electricity are projected to escalate and therefore, their
annual cost is an average annual cost for the 20 year period.

2.8 Fuel Prices

Fuel prices are obviously important in a trade-off study of alternative energy
sources. In this case the study period selected was 20 years (a probable solar
system life); therefore, the fuel prices for the next 20 years had to be estimated.

(1) Rosalie Ruegg, Ref. 115
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After examining price projections from various 'sources it appeared that the
Dec. 1976 FEA projections were reasonable, in agreement with most other
projections, and were the most complete set of information, Figures 2-4
through 2-9‘ are plots of these prices for the four different geographic
areas. The prices are in terms of 1975 dollars, To convert them to 1976
dollars they were increased by 6% the 1975 inflation. These prices are
tabulated in Appendix C.

The FEA's approach in projecting fuel prices is to obtain current prices
from the State, Local Database (published by FEA), then get the 1980,
1985 and 1990 prices from the current reference case of the National
Energy Outlook and finally, obtain the remaining years by linear extra-
polation,

‘The fuel prices are in constant dollars, therefore the data shows the escalation
above inflation. Inthe cost formula used in this study the annual fuel costs are
computed by determining their present value and then multiplying by the capital

ﬂ‘reéoverfy factor. This cost is then the average cost for the 20 year period. The
averages corrected for 1975 to 1976 inflation are presented in Table 2-10. The

‘actual costs as seen by the consumer in any year will vary according to infla-
tion, but his average cost in 1976 dollars will be the prices of Table 2-10,
assuming the escalation projections are correct.

The equivalent escalation rate to obtain the same 20 year average costs was
calculated, Table 2-11, Gas has the highest escalation rate of all the fuels.
The equivalent escalation rate is calculated by determining what cor

escalation is needed to yield the same average fuel prices given in Table 2-10.
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TABLE 2-10

AVERAGE FUEL PRICES FOR THE NEXT 20 YEARS
DOLLARS PER MILLION BTU"

Residential . Commercial
City -
Gas 0il Elec. Gas Elec.
Omaha 2.10 | 3.31 | 11.82 1.75 3.14 10. 98
New York 3.01 3. 47 15. 34 2.51 3.33 15.61
Alburquerque 2.81 3. 42 13.78 2.36 3.25 12.17
Atlanta 2.8 3.43 13,18 2.35 3.29 12,34
+ 1976 Dollars Source: FEA
TABLE 2-11
ESCALATION FACTOR (%) FOR FUEL PRICES
Residential Commerciall
City Gas Oil Elec. - Gas Oil Elec.
Omaha 3.5 1.5 1.8 4.4 1.6 1.8
New York 1.2 1.4 -.4 1.5 1.8 0
Alburquerque 4 1 2.1 4.4 1.3 | 2.4
Atlanta 2.1 1.5 1 2.8 1.7 1.1
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TARGET SQLAR SYSTEM COSTS

Based on these average fuel prices, escalation rates and an estimate of
BTU's obtainable from a solar system, a sensitivity analysis was
performed to determine: '

e Target costs for installed solar system

e Fuel escalation rates required to make solar systems cost
- effective -

Target costs for installed solar systems were predicted for each region
of the country. Tabulated in Table 2-12, target costs are illustrated for
both residential and commercial buildings for three auxiliary fuel types

and two seasonal furnace efficiencies,

In Omaha for example, the average cost of gas fuel for the next 20 years
is $2, 10 per million BTU (residential rates). For a solar system to be
competitive, the cost of the system has to be equal to or less than the
price of the fuel it's displaying. Therefore, in this case, assuming a -

20 year analysis period, the solar system cost has to be less than $5. 80
per ft2 of collectors, for residential (55 percent efficiency) systems.
Since fuel prices for commercial users are slightly lower than the
residential rates, the installed costs have to be slightly less also. This
is contrary to current installation charges. Usually commercial trades-
men receive higher wages than residential, making the cost of commercial
field erected systems higher priced than residential, Target prices for
golar systems are based on the assumption that the system was installed
now and can collect and use 120, 000 BTU/year/ ft2 of solar energy for the
next 20 years. '



Table 2-12,

Square Foot of Net Collector Area*

To Be Competitve

To Be Competitive

Target Costs for Total Installed System in Dollars Per

To Be
Competitive

R With Gas With Oil With Electricity
E Residential Commercial Residential Commercial Res?- 'Corr}—
G : 4 dential jmercial
g 55% 80% 55% 80% 55% | 80% . 55% 5 80% 100% | 100%
N SeasonallSeasonalSeasonal Seasona]jSeasonal’Seasonal SeasonallSeasonal Seasonal Seasona
Eff. Eff. Eff. Eff. Eff. Eff. Eff. Eff. Eff. Eff.
; 5 -
North Central | 5.80 | 4.00 [4.80 ; 3.30 [ 9.10 *6.30 g4 590 | 17.90 . 16.60
. . | :
- __.n-.‘L o :
North East 8.30 5.70 : 6.90 ! 4.80 9.55 6.60 9.20 . 6.30 | 23.20 : 23.60.
T l[ . |‘
South 7.70 | 6.30 | 6.50° | 4.50 | 9.40 _6.50 8.95  6.20 | 20.85 18.40
West 7.65 | 6.20 | 6,50 ~ 4.40_| 9.50 .50 _ 9.10 _ 6.20 | 19.95 18.70

*Based on a high efficiency flat plate collector system, one that collects and contributes
120, 000 BTU per year for each square foot of collector area.

-88—



Fuel Egcalation Rates

Given the uncertainty of future fuel prices, another viewpoint consists

of determining fuel escalation rates required to make solar systems cost
effective, These results are illustrated in Table 2-13 for installed solar
system costs of $40, $20 and $10 per square foot., Usually low cost solar
systems are not as efficient as the higher cost systems, but this table is
based on systems that collect and use 120, 000 B'I'U/ft2/ yearfor all prices.

2.9 Selection of Solar System

The best alternative energy for use on site is solar energy. To precisely define
the system to be studied, the same procedure used to select energy conserva-
tion techniques was followed. The méjor components of solar systems were
rated by technical attributes, Tables 2-14, 2-15 and 2-16, From this analysis,
several systems were selected, then ana‘lyzed the same way, Table 2-17. I is
apparent that the system that most consistently is the best is a liquid flat plate
collector array using water/glycol heat transfer medium with water storage, and
a Rankine cycle for cooling. The baseline solar system used in this analysis
is depicted in Figure 2-10, Collector efficiency was given by:

Tintet - Tambient

Q.

nc

Efficiency (1) = .74 - , 6

2.10 Computer Programs

The computer programs selected for the analysis of the mixed strategies are
DYNSIM and SUNSIM and ECON 1. DYNSIM is a software package that simu-
lates the building and solar system dynamically, whereas SUNSIM excludes most
of the dynamics, See Appendix E for a détailed description. ECON 1 is the
économic program based on the cost model discussed in Appendix D,

3



: Total System Installed Cost - $40/ft2

Table 2-13,

Systerrs Cost Effective

Fuel Escalation Rates (%)
Required to Make Solar

| RESIDENTIAL COMMERCIAL
! REGION g
GAS OIL ELECT. GAS OIL ELECT.
[ North Central 19 15 8 20 16 9
North East _ 16 15 5 17 16 4
I South 17 15 6 18 16 7
' West 18 15 7 19 16 8
Total System Installed Cost - $20/ft2
RESIDENTIAL COMMERCIAL
| REGION
GAS OIL ELECT. GAS OIL ELECT.
'North Central 15 12 3 17 12 3
North East 12 i1 e 13 12 *
'South 13 11 1 14 12 2
West 14 11 1 15 12 3
L
Total System Installed Cost - $10/ft2
RESIDENTIAL COMMERCIAL
l REGION '
GAS OIL ELECT. GAS OIL ELECT.
! North Central 11 7 * 13 7 f*
North East 7 * 9 K *
South 7 % 10 7 *
- West 10 6 % 11 7 *

No price escalation required to be cost effective.-
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TABLE 2-14

RANKING OF SOLAR HARDWARE
- COLLECTOR TYPES

LIQUID FLAT

ATTRIBUTES PLATE - ~ CONCENTRATOR ‘ AIR
Modularity _ | | G : G | G.
Scalability G - G G

Arch‘it_ectur_"al ) ‘G . | P - G

Fuel Type ) N )

Avgilability

.Economi,cs - F P F

D(.;\)eiopment _ G | | " F G

Maintainabiiity . G | o F | G

Rﬁlial)ilityh _ | o G o G . | G

c.c;ntrc;g N | - - - : -

Qperatra . : P

Potential

Encrgy Savings



RANKING OF SOLAR HARDWARE
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TABLE 2-15

SPACE COOLING

HISAT PUMﬁ'/

CONSTRAINT RANKINE ABSORPTION DX
Modularity G G .G
Scalability G G G
Architectural F F G
itilgggiety G F ©
Economics P F ¥
Development F G G
Maintainability F G G
Reliability ¥ F G
Safety G G G
Control F P G
Operational G F G

Efficiency
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TABLE 2-~16

RANKING OF SOLAR HARDWARE

STORAGE
HEAT OF FUSION

CONSTRAINT WATER/GLYCOL ROCK (SALT)
Modularity G G G
Scalability G G G
Architectural F F G
Fucel Type - - -
Availability
Economics G G P
Duvulopmer{t G G. P
Maintainability G G P °
Reliability G -G F
Safety G G P
Control - - -
Operational G G F

Efficiency



Table 2-17, Ranking of Solar Systems

Savings

Flat Plate Liq Flat Plate. Liq Flat Plate Concentrator

Constraint Rankine Absorption Heat Pump Rankine
Modularity G G G G
Scalability G G G G
Architectural G G G F
Fuel Type G G G G

Availability
‘Economics

(Hardware) F F F P

(Operating) G F ¥ G
Development F G G F
Maintainability F G G F
Kelability F F G F
Safety G G G G
Control G P G F
Operation G F F G

Efficiency
Potential Energy G F F G
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]f)YNSIM is a full dynamic 'simulation, Figure 2-11, which includes the tran-
sients such as heat conduction through the building walls heat flow through
pipes and temperature excursions in the room or system,

SUNSIM uses a static building load calculation and the only dynamics of the
solar system is in the storage tank, Figure 2-12. These simplified calcula-
tions run 18 times faster than DYNSIM, which is an advantage for doing exten-
sive analyses.

The approach was to simulate one building with DYNSIM to establish the suitability
of SUNSIM., Then use SUNSIM because of its lower computer cost,

A single family residence was selected for this correlation test because it

has a relatively low ventilation rate (infiltration) and therefore, the building
dynamics will have a more significant impact on the loads than the other types
of buildings., SUNSIM contains the dynamics of the storage tank, which is the
most significant factor in the solar system transient performance, and there-
fore, it was expected that it would predict performance reasonably well,

DYNSIM and SUNSIM correlated and predicted the same economic tradeoffs

(see Appendix E). SUNSIM was used to do the mixed strategies tradeoff analysis
with confidence that it would predict the same tradeoffs as a more complicated
method,
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'To make SUNSIM run even faster the number of days on the weather input

was reduced, The original version used all 365 days of the year and did a
hour-by-hour computation, The idea is to use only three days per month to
represent the entire month. In order to reduce run costs, TRANE Co. uses a
similar technique., . They reduced the weather used in the TRACE program to
12 average days, one for each month and got good results, Since SUNSIM has
fewker dynamics than TRACE, it seemed reasonable for SUNSIM to use fewer
‘than 365 days. A statistical analysis of each hour of each day was done, and.
3 days for each month were computed. These three are the average or mean
day, a warm day (a standard deviation above mean) and a cold day ( a standard
deviation below mean). Also, weighting factors were calculated to make the
days match the dry bulb temperature frequency of occurence histogram
(binned dry bulb temperature). These weighting factors can be interpreted

to be the number of each type of day that would typically occur in a month,
This analysis reduced the energy year to 3 days/month or 36 days/year,

a reduction by a factor of 10. Therefore, this version of SUNSIM uses 10
times less computer time.

The procedure used is to calculate the energy consumed each day and multiply
_it by the weighting factor, then sum these 36 answers for the year. This
procedure calculates energy usage quite close to the 365 day weather
calculation, See Appendix G for weather tape calculation procedure and
comparison of the 36 day and 365 day calculation,

The calculation procedure was reduced to a small set of calculations making
. execution very fast on the computer.,
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SECTION III
"RESULTS

INTRODUCTION

The following pages discuss the detailed analysis for each of the five building
types; single and mulgi-family_ residenc'eA," retail store, office building, and
school. The building characteristics are described first, followed by assump-
tions, the application of the solar system to the typical building, and finally,
the impact of energy conservation, A corhparison is also made between the
expensive dynamic simulation, DYNSIM, and the fastér simulation, -

SUNSIM. -

The mixed strategy analysis shows the effect of an energy conservation
technique on the percent of building energy requirement supplied by the solar
system costs, and annual savings. Figure 3-1 illustrates the general trends
of these three factors as a function of collector area. Note as the size of the
solar s‘ystem increases the effect of energy conservation decreases.

Because of the volume of data generated during this study, tables are gen-
erally used instead of curves to illustrate the effects of energy conservation
on'system costs and savings, Usually one collector size is selected for the
table‘ and data for each conservation technique are itemized.
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3,0 DYNSIM VS SUNSIM COMPARISON

3.0.1 Building Description

The new, single-family dwelling in the North Central region was used to
check the correlation of SUNSIM with DYNSIM, This building is a 1500
square foot structure with lapped wood exterior walls and a basement, The
basement, house walls and ceiling are insulated and the windows are single
pane with storms and there is an insulated glass sliding door. A more de-
tailed description of the structures construction can be found in Appendix A,

The end result of the construction is a structure with an overall transmission
heat loss of 329 BTU/HR/°F. The infiltration rate of , 75 air changes per
hour adds another heat loss equivalent to 170 BTU/HR/°F.

3.0,2 Modeling Assumptions -- Dynamic Model Comparison

The DYNSIM model, described in detail in Appendix E, is a simulation of
‘the dynamic response of the house temperatures, the controls, the heating ’
system, the solar collectors and the energy storage system to the time vary-
ing stimuli of ambient temperature, internal loads and solar radiation, The
internal loads accounted for are: sensible heat produced by the occupants,
heat rejected from the use of lights and appliances and the heat lost from the
solar storage tank into the house. |

' The greatest difference between DYNSIM and SUMSIM is that DYNSIM accounts
for the thermal capacities of all the masses in the various systems. The effect
of the inclusion of thermal capacities is to introduce lags in the systenis
response to a change in stimulus, For example, SUNSIM assumes that a
BTU of sunshine coming through the windows instantly displaces the need for
a BTU of ayxiliary heat., This sort of instant trade does not occur in DYNSIM,



For example, when a furnace. switches on, it does not immediately deliver

its full rated output to the interior air, Rather, a large part of the heat in

the combustion gases is initially lost to raising the temperature of the furnace.
The length of time required to heat up the mass of the furnace depends on

the thermal capacitance of the material composing it, This characteristic

is modeled as a time constant; a delay in response, In this case, the fur-
nace must consume fuel at its normal input rate for 4 minutes before it is
delivering even 63 percent of its rated output to the job of raising the spaces
interior temperature to the desired level.

Once warm air is being delivered to the space to be heated, the inclusion
of thermal capacitances again has an effect, In SUNSIM, the walls are
merely barriers to heat flow, However, in actuality, the walls absorb
heat and DYNSIM takes this into account, Therefore, in DYNSIM, it is
necessary to heat up both the walls and the air in order to na intain a
desired interior temperature, These differences will, of course, lead
DYNSIM to predict greater heating loads than SUNSIM, |

The other difference between SUNSIM and DYNSIM deals with how the physical
orientation of the collector was modeled. Because of differences in physical
placement assumed, the collectar used in DYNSIM has a greater effective
area per gross square foot of collector than does the collectar placement
used in SUNSIM, However, both SUNSIM and DYNSIM predict that the

gsolar system will collect around 93, 000 BTU per square foot of effective

area per year,

.3.0,3 Results

Because of the differences between the two models, it was felt that DYNSIM,
by more accurately modeling the actual operatiors of the systems, would
yield significantly different results concerning dollar and energy savings



Table 3-1.

Summary Loads, Costs and Savings DYNSIM
Comparison to SUNSIM Heating and Hot Water
600 Ft2 Collector

Perc;ant Annual Costs Annual Savings ,
Total Supplied (Dollars) . (Dollars) ‘ Annual BTU Saving
c L Load By . : {% Savings
omparison Cases (BTU) | Solar Gas 0il Electrid| Gas Oil Electric Gaaégil_Elg_f_&y;‘i_(:_q
x10° 3 ) ' x10 x10 %
DYNSIM
Base Building 89.8 62 $1450 | $1530 | $1720
High Eff. Furnac4|89.8 62 $1410 | $1470 | $1720 $40 $60 $ 0 17 31
‘Night Setback 82.6 65 $1440 | $1500 $1670 $10 $30 $50 || 7 7 | s
Well Insulated 49, 4 78 $1390 $1420 $1480 $6C $110 $240 40 40 45
SUNSIM
Base Building 74.9 63 $‘1360 $1420 $1580
High Eff. Fuarn. 74. 9 63 . $1330 $1370 | $1580 $30 $50 $0 11 = 31
Night Setback 69.1 66 : $1340 $1400 $1530 $20 $20 $50 6 6 8
Well Insulated 49,2 73 $1330 $1360 $1440 $30 $60 $140 26 '} 26 34
*Thesq number? refer to
savings on fue] input to
furnages (gas & oil)
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available from various courses of action, However, data displayed in
Table 3-1 demonstrates that, with one exception, this was not the case,
Notice, in particular, the dollar and BTU savings predicted by the two
rmo dels, Both predict savings which are, essentially, the same,

The on,e' exception to this close correlation between DYNSIM and SUNSIM
is for the case of the well insulated house. For this house, the walls are
made with 2x6's rather than 2x4's and there is 6 incheé of ingulation in the
walls and one inch of styrofoam insulation between the siding and framing,
In addition, there are 16 inches of insulation in the ceiling, Under these
circumstances, the building thermal mass had a significant effect on its
operating characteristics, The implication of this finding is that when
assessing the effects of significant alterations to a building's thermal
mass, a dynamic simulation gives a better reading on the size of the effects,
SUNSIM, however, is well within engineering accuracy to be used for
assessing economic tradeoffs, |

Since SUNSIM was on the conservative side when it does differ from DYNSIM
(i. e., predicts less of an impact than there is), and only one ECT signifi-
cantly affects the structure's thérmal mass and since SUNSIM is 18 times
cheaper to run than DYNSIM (about $6/run compared with $110/run) the
decision was made to complete the Mixed Strategies analysis using the
SUNSIM model, |

3.1 SINGLE FAMILY BUILDING
3.1, 1 Introduction
Results for the single family residence, both new and existing, are outlined

by region in the following paragraphs. The interaction of the solar system
with each energy conservation technique is described, Annual costs, cost



savings, and annual load savings are illustrated. Results for a specific
collector.area (600 FT, 2) the approximate design area required by the :
single family residence with a heating, hot water and air cond1t1on1ng system
are also shown, ' ‘ '

The analysis revealed that the interaction of the solar system with the single
family residences, energy conservation techniques and heating, and hot water
and cooling loads followed identical trends for each city, That is, those
energy conservation techniques, such as insulation, always ténd to decrease
heating loads and increase cooling loads. This trend is the same for all
regions with the amount of change depending on the amount of insulation
added, Those variables that do change with respect to regions are loads,
installed costs, and fuel prices, These variables determine whether a
particular energy conservation technique is cost effective.

Since resultant trends are identical for all regions, a detailed explanation

of the interaction of the solar system, building loads, and energy conservation
technique is provided only for the new single family residence for Omaha, |
Results for the existing building in Omaha and buildings in other cities are
tabulated in tables illustrating loads, percent of loads supplied by solar,
annual costs, annual savings, and load savings. Plots are also provided

for the base single family residences in all regions to illustrate the per-
centage of the load supplied by a given collector area. Since buil'ding loads
are known for each city, these curves also provide a relative compar1son of
the amount of solar radiation available in the representatwe cties,

3.1, 2 Building Description

The single family residence chosen for the study is a one story wood frame
structure with a non-conditioned attic, The representative new house has
a gross first-floor area of 1, 512 ft2, while the existing house has a floor
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area of 1,204 ftz. Depending upon the geographic location and whether the
house is of new or existing construction, the house may have either a base-
ment, a concrete slab-on-grade floor, or simply a crawlspace between the
wood floor and the ground. These two factors also determine the level of
insulation in the house. In general, new houses have better insulation than
existing houses, and houses located in the North Central and Northeast re-
gions of the country have better insulation than those in the South and West
regions,. A detailed description of the representative new and existing how es
for each region is given in Appendix A, '

The thermal performance of the building envelope is determined by the fol-
lowing factors: 1) the thickness and quality of the insulation in the walls,
ceiling, and crawlspace (if there is one), 2) whether or not the house has
storm windows and storm doors, 3) the quality and style of the window and
door frames, 4) whether or not the house is adequately caulked and weather-
stripped, and 5) the use of solar shading devices such as awnings,

3.1.3 Modeling Assumptions

The single family residence was modeled as a single zone conditioned space
employing on-off control for both the heating and cooling fmnctions.During
the cooling mode of operation the furnace fan cycles on and off with the air
conditioner, When heating either directly from the solar collectors or from
the storage tank, the furnace fan and the heating coil cycle on and off together.
For a gas or oil furnace there is a lag between the time the burner starts and
the furnace fan starts, Also, the furnace fan continues to run after the burner
hag stopped. For the simulation these lags were neglected, therefore, the
furnace fan and the burner run for the same length of time in this mode.

The thermostat set point was 68°F during the heating season and 78 °F during
the cooling season., It was assumed that the indoor dry-bulb temperature
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is equal to the thermostat .set -point whenever either heating or cooling aré
required. 'At all other times the indoor temperature was allowed to float
within the thermostat deadband (i.e., between the heating and cooling set
points). The humidity level inside the house was allowed to float at all
times, thus increasing the accuracy of the cooling load calculations.

The heating and cooling loads as well as the indoor moist air state, were
determined by considering the heat and moisture transfers through the
building envelope including solar radiation transmission through windows,
and the internal loads due to occupants, lights, appliances, domestic hot
water tank heat loss, and solar storage tank heat loss. The internal loads
resulting from occupants, lights, and appliances were varied throughout
the day according to the schedules given in Appendix B. The house
infiltration was condidered to be constant at all times, 'except for cases

of added insulation.

3.1.4 Results for Single Family Residence

Omaha-North Central Region

New Construction-Base Building -~

Percent of L.oad Supplicd by Solar vs Collector Area--The
percentages of the loads supplied by the solar heating/cooling systems

(Figure 3-2)are found by dividing the solar contribution to the load by the
load itself. Both the heating and hot water (H and HW) curve and the
heating, hot water and air conditioning (H,HW, and AC) curve increase

as the collector area increases. This is because as the collector becomes
larger, it is able to supply an ever incfeasing portion of the total load.

The total load remains nearly constant as the collector area changes.
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Figure 3-2, Percent of Load Supplied by Solar versus
Collector Area for (New) Omaha Single-
Family Base Building

The solar system can supply heating more efficiently than it can

supply cooling; thus, the heating and hot water curve lies above the
heating, hot water and air conditioning curve. The curves level off at
high collector areas because the solar system' s storage system is unable
to provide enough energy to satisfy the house' s heating requirements
throughout the year especially when depleted by several days of cold

weather.

Auxiliary Energy Demands vs Collector Area~-~ The Auxiliary energy
demand (Figure 3-3) is the sum of the heating, hot water and cooling
loads that cannot be met by the solar system. Both curves decrease

as the collector size increases, since the solar system can supply
increasingly larger por.tions of the load. The H, HW, and AC curve
lies above the H and HW curve because the solar system can supply
space heating and hot water more easily than it can supply cooling.
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Annual Cost versus Collector Area -- Two of the graphs (Figures 3-4 and
3-5) exhibit the same trends, The H, HW, and AC curve lies above the H and
HW curve simple because a system that can supply air conditioning is more

expensive than one that cannot. Both curves increase as the collector area
increases because collectors are fairly expensive., A minimum cost collector
area exists when electricity is used as an auxiliary fuel (Figure 3-6),

Impact of Individual Energy Conservation Techniques on New Construction --

Tables 3-2 through 3-4 present results which demonstrate the energy cost
impact of individual conservation techniques, Variations in annualized costs,
savings, and total load are shown in Table 3-2 for solar systems supplyirig
space and hot water heating, and in Table 3-3 for heating plus air conditioning,
An in-place solar system with 600 square feet of collectors was assumed as

a base case supplying about 60 percent of the load for the heating system and
50 percent of the load for the heating and air conditioning system. Any tech-
nique with a positive annual savings is cost effective and should be implemented,
although the overall solar system size is not necessarily most cost effective,

The dramatic impact of individual conservation techniques becomes apparent
when viewed in terms of a reduction in collector area (energy saved with
conservation compared to energy delivered by a certain collector size).
These data are shown in Table 3-4, The homeowner can choose the better
investment by comparing the cost of the conservation technique with the cost
of additional collector area,
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Table 3~-2. Summary Loads, Costs and Savings
Omaha - New - Single Family
Heating, Hot Water and Air Conditioning
Collector Area - 600 Ft2

Percent .-\r(u]i)ual Costs Annual Savings '
Total Supplied ollars) (Dollars) Annual T.oad Savings
ECT Description (Iéc’?g) S?){ar Gas Oil | Electrid] Gas Oil__ [Flectric }| BTU x 1_0-6 % Savings
x 1079
Base 108. 9 55 1880 1945 2101
Night Setback | 103.1 157 1867 1923 FOS? 13 22 44 "5.8 5
Insulation Case 1 85.0 60 1861 1893 1971 19 52 130 23.9 22
Insulation Case 2 86.5 60 1869 1903 1984 11 42 117 22. 4 21
Insulation Case 3 84.6 60 1866 1899 1976 14 46 125 24.3 22
Insulation Case 4 82.2 59 1877 1907 1979 3 38 122 26.17 25
Insu. HW Tank
Decr. Water Temp. 102. 8 58 1858 1914 E046 22 31 55 6.1 6
Air Econémizer 101.8 60 1879 1939 2082 1 6 19 - 7.1 7
Hizh Eff. Furnace 11108, 9 55 1868 1919 0101 12 24 0 0 0
High Eff. Lights 107. 6 57 1761 1832 2001 119 113 100 1.3 1
Reflective Film 104. 3 60 1862 1931 2095 18 14 8 4.5 4
Awnings 102.5 59 1872 1937 2093 8 8 8 6.4 6
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Table 3-3. Summary Loads, Costs and Savings
Omaha - New - Single Family
Heating and Hot Water ‘9
Collector Area - 600 Ft

Percent Ax:.x[‘l;:ii Costs \ Annual Savings _
Total  Supplied ars) (Dollars) Annual ILoad Savings
v
ECT Description (Il;’)rag) S?)iar Gas Oil | Electrid} Gas ot |Etectric |} BTU x107% | % Savings
x 10°°
Base 74.9 63 1341 1406 1562
Night Setbacx 69.1 65 . 1326 1382 1516 15 24 46 5.8 8
Insulation Czse 1 51.0 73 . 1318 1350  f1428 23 56 134 23.9 32 R
Insulation Case 2 52.8 73 1327 | 1361 1442 14 45 120 22.1 30 2-,)
Insulation Case 3 50. 6 73 1323 1355 1432 18 51 130 24.3 32 '
Insulation Case 4 47. 6 73 1330 1360 1432 11 46 130 27.3 3-6
‘Insul. HW Tznk
Decr. Water Tmp. 70.4 67 1328 1384 1516 13 22 46 4.5 6
Air Economizrer N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
High Eff. Furnace 74.9 63 1329 138(; 1562 12 26 0 0 0
High Eff. Lights 78.5 62 1250 1322 149! 91 84 71 -3.6 -5
Reflective Film 80. 1 64 1378 1446 1608 -37 -40 -46 -5.2 . -7
Awnings N/A | n/a N/A  |n/a |w/a N/a | NAa o w/a N/A N/A
N /A - Not Applicable




Table 3-4. Impact of Energy Conservation on Solar System
Sized for 50% of Load New Single-Family

Residence EQUIVALENT COLLECTOR AREA REDUCTION F’l‘2
SPACE AND HOT WATER
SPACE AND #iOT HEATING AND SPACE
ENERGY CONSERVATION TECHNIQULE WATER IMEATING AIR CONDITIONING
5F Night Setback 55 55
Improved Thermal Envelope* 150 150
Increased Hot Water Tank
Insulation and Reduced Temperature 45 60
Air Economizer NA 70
High Efficiency Furnace 100 - ' 100
Reflective Film on Windows -50 45
Awnings NA 45
High Efficiency Lights -30 . 15

*Case 4 Table 4-4.
Night Setback -= Night setback involves automatically setting the thermostat
down from 68 degrees F to 63 degrees F during the time period from 10:00 pm

t0 6:00 am in the heating season, This technique significantly reduces the
house heating load because the average indoor air temperature s lower.
Night setback has very little effect on the cooling and domestic hot water
loads, Night setback was found to be cost effective for each of the three
auxiliary energy sources -~ gas, oil, and electricity, The greatest dollar
savings are realized when the most expensive energy source is employed,
namely electricity. Of course, the lowest annual cost is achieved when night
setback is used in conjunction with gas, the cheapest auxiliary energy source,
Night setback is equally cost effective whether cooling is employed or not,
The energy saved by night setback is equivalent to about 55 additional square
feet of high efficiency collectors, '

Improved Thermal Envelope == Improving the Building envelope reduces heat

transfer due to conduction and air infiltration, Several different configurations
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were studied, Table 3-5, This energy conservation technique was found to
be cost effective for all three auxiliary energy sources and is very effective,
even though the initial cost is relatively high. The annual dollar savings are
somewhat lower when the house is equipped with a cooling system because the
improved insulation makes it more difficult to transfer the internal loads

to the outside whenever the outdoor air temperature is lower than the thermo-
stat setpoint for cooling. Under these conditions s tpe cooling load actually
increases. Of all the energy conservation techniques which were studied,
improved house insulation resulted in the greatest annual energy savings,

The improved thermal envelope (Case 4 from Table 3-5) is equivalent to a
collector area of approximately 250 square feet, a reduction of 42 percent

in solar system size,

Increased Insulation of the Hot Water Tank and Reduced Temperature -- When

the amount of insulation on the domestic hot water tank is increased (one inch
in this case) and the water temperature is decreased by 10 degrees F, the
amount of energy required to heat the water and maintain it at the given
temperature in the tank is signifiéantly reduced, Since the tank heat loss is
reduced, the space heating load increases somewhat, even though there is

no net change in the total heating load (i. e., space heating plus hot water)
during the heating season, However, during the .cooling season, the cooling
load is reduced due to the lower internal load. This energy conservation
technique is cost effective for all three types of auxiliary energy, whether
the house is equipped with a cooling system or not, although the annual dollar
savings are slightly greater when the house has a cooling system, This tech-
nique is equivalent to a collector area of 45 square feet.

Air Economizer -- The air economizer is an automatic device which brings

outdoor air into the house whenever the thermostat calls for cooling and the
outdoor air has a low enough temperature to provide at least part of that

cooling, The air economizer is connected to the forced air ductwork and
operates in conjunction with the furnace fan, For this study, the air economizer
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Table 3-5, Insulation Configurations Omaha New Single-Family Residence

Case Exterior Walls R Roof a2nd Ceiling R Windews R Doors Infiltration Basement Costs
Base Wood Siding 0.81 | 6" Loose Fill Ins. 13.00 | Single Pane and Storm | Solid Wood with Storm .74 ACH *12" Block 2.27 | Base
.5" Ply. Sheating 0.62 | 2x6 Joists €.86 U=0.19 .75" styrofoam 3.00 | Case
3.5" Batt Insul. 11,00 | .75" Plaster . 0,47 Sliding Glass Patio Door .5" Gypsumbd, .45
2x4 Studs U-=.65
.5" Gypsumbd, 0.45
1 Wood Siding 0.81 | 12" Batts Insul. 38.00 | Insulated Giass Same .45 Same 855
2" Styrofoam 10.82 | 2x6 Joists 6.85 | Double (1/4")
3.5" Batt Insul. 11.00 | .75" Plaster 0.47 | and Storm U = 0. 36
2x4 Studs 4.35
.5" Gypsumbd. 0,45
2 Wood Siding 0.81 | Same Same Same .50 Same 944
. 5" Plywood 0.62
Sheating
6" Batt Insul. 19, 00
2x6 Studs 6.75
5" Gypsumbd. 0.45
3 Wood Siding 0.81 [ Same Same Same .45 Same 958
1" Styrofoam 5,41
6" Batt Insul, 19,00
2x6 Studs 6,85
.5" Gypsumbd. 0,45
4 Wood Siding 0.81 §Same Same Same . 375 Same 1180
2" Styrofoam 10.82
6" Batt Insul. 19.00
2x6 Studs 6.85
5" Gypsumbd, 0.45

0L
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was permitted to operate whenever the outdoor drybulb temperature was 75
degrees F or less, If the economizer can meet the cooling load by itself, it
cycles on and off to try to maintain the house temperature at the thermbstat ‘
setpoint. If the economizer cannot handle the cooling load by itself, it runs
continuouély along with the furnace fan, while the direct expansion cooling
coil cycles on and off,

The air economizer significantly reduces the cooling load and has only a

very slight effect on the space heating and domestic hot water loads, as would
be expected., When the house has a solar cooling system, the air economizer
is marginally cost effective in Omaha and saves energy that could be supplied
by about 70 square feet of collectors. . b

High Efficiency Furnace -~ The high efficiency furnace (e.g., assuming a
stack damper, proper sizing, and intermittent ignition) has a seasonal
efficiency of about 80 percent, compared to the standard furnace seasonal
efficiency of an estimated 55 percent when used with a solar system, Of
course, the use of a high efficiency furnace does not change the house heating

load, but it significantly reduces the amount of oil or natural gas required for
auxiliary heating. The annual dollar savings obtained by using a high efficiency
oil furnace are greater than the savings for a gas furnace because oil is more
expensive than gas. However, this energy conservation technique is cost
effective in both instances. The high efficiency furnace obviously produces

no annual savings for the solar-electric home since electric resistance heating
has an efficiency of unity., A high efficiency furnace is equivalent to a collector
size of about 100 square feet,

High Efficiency Lights == 'i'he same lighting level as for the base case was
maintained but the energy requirement and heat output were reduced. Since

the lights normally supply a substantial portion of the heating load, the heating
load goes up for this case, However, the solar system is able to supply most
of this increased load. Since the internal load has decreased, the air-conditioning



load goes down, The large savings on the electric bill combined with the low
installed cost of this ECT make it cost effective.

Reflective Film =~ Reflective film cuts down solar insolation as well as heat

transmission through the coated surfaces. As the tables show, this technique
slightly increases the space heating load, but it decreases. the cooling load.
For/this reason, reflective film is naturally not cost effective for aheating and
hot water system unless active control is possible, but due to its moderate
cost, it is marginally cost effective for a system which must provide air
conditioning. For air conditioning systems, collector area is reduced by
45/3quare feet.

_ ,/Awnings' == Awnings were placed over the windows on three sides of the

" house, east, south and west. They were assumed to be down in summer
and up in winter. Awnings have the same effect on the total load as that
described for reflective film, However, due to their relatively high installed
cost, they are not cost effective.

Combined Conservation Techniques

Although the previous results demonstrate the benefits of conservation tech-
niques, they do not indicate the most attractive economic solution, To develop
insight into the most attractive combination of solar and conservation tech=
niques, Figures 3-7 and 3-8 were developed, These figures illustrate the
variation between annual cost and collector area for heating only systems

with electricity and natural gas as auxiliary energy sources, Each graph
shows a comparison between the base system and a system employing the
following conservation techniques:

e Improved thermal envelope (Case 5 from Table 3=5)

e Night setback
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e High efficiency gas furnace

e Improved hot water system

Figure 3-7 illustrates that for the electric auxiliary system, the base case has
a minimum annual cost at about a 350 square foot collector size., However, the
annual cost without solar is only $971, indicating that a solar system is not
cost effective under the assumptions employed., When conservation techniques
are added, the minimum annual cost is $300 less, at a smaller collector area
(250 feet équare), Notice that conservation techniques have a greater impact
as the collector area is reduced,

Natural gas system performance is shown in Figure 3-8, Here, a system
without solar is definitely the preferred solution., Significantly reduc:-:‘d annual
costs occur when compared with any solar system, Conservation techniques
do not impact the solar system performance as strongly here because the pur-
chased energy is relatively inexpensive,

Alternative Scenarios

To test the benefits of conservation under conditions most favorable to the
widespread implementation of solar systems, two alternative future scenarios
were examined., In one case, future energy prices were assumed to escalate

at 10 percent per year in constant dollars, A second case was tested where
current installed solar system costs are assumed to be reduced by 50 percent,
As could happen through government incentives or a technological breakthrough.

Figures 3-9 and 3-10 present data directly comparable to the orginal scenario
except that fuel prices escalate at 10 percent per year, Here, it is seen that
properly sized solar systems are justified for electric systems, but that
conservation techniques still should be implemented to minimize overall annual |
costs. Conservation techniques reduce the most effective solar system col-
lector area by about 45 percent,
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The effects of reduced initial system costs are shown in Figures 3-11 and 3-12,
With this assumption, a natural gas auxiliary solar system is still not justi-
fied although the annual cost difference between a solar and nonsolar system

is significantly less than that which occurs under the base scenario,

Omaha-North Central Region

Existing Construction -- Summary-results for the existing single family
residence in Omaha are illustrated in Figure 3«13 and Tables 3-7 and 3-8,
Four cases of insulation were analyzed (Table 3-6), All were found to be cost
effective; even though considerable expense was involved in retrofitting the

existing single family residence,

Air economizers were not cost effective for existing buildings because the
cooling load is less for the existing building; there being less insulation. In
addition, the retrofit and operating costs for the air economizer do not offset
the reduced operating costs for the solar/rankine air conditioning system,

New York-North East Region

New Construction == Results for the new single family residence in New York
are summarized in Figure 3-14 and Tables 3-9 and 3-10,

Four levels of insulation were analyzed, These are summarized in Appendix A,
Vol, III, All were cost effective for heating and hot water systems, Where
cooling was considered, all cases were cost effective for oil and auxiliary fuels.
None were cost effective where gas was used,
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Table 3-6, Insulation Package Costs for Existing
Single~-Family Residences
Case e . | Infiltration Cost For
No. Additions/Alterations (Air Change/Hr) Omaha (1976)
1 12" Loose Fill in Ceiling $675
Storm Windows
2 12" Loose Fill in Ceiling 0,75 $1532
3.5" Foam In Walls
Insulated Glass and Storms .
3 12" Loose Fill in Ceiling 0.5 $2025
3.5" Foam in Walls
Insulated Glass and Storms
Caulk and Weatherstrip

4 14" Loose Fill in Ceiling 0,72 $1593
3.5" Foam in Walls .
Insulated Glass and Storms



Table 3-7, Summary Loads, Costs and Savings
Omaha Single Family - Existing

Percent

Heating, Hot Water, ‘Ai
Collector Area --600 Ft

Annual Costs

L Conditioning

Annual Savings

Total Supplied (Dollars) _(Dollars) Annual Load Savings
ECT Description (Ié?g) ngar Gas Ol |Flectrid] Gas | oil__[|Flectric || BTUx107° | o savings

x 107%
Base 137.4 50. 4 2940 2164 2458
Night Setback 129.3 51.7 2021 2133 ‘2398 19 31 60 8.1 6
Insulation Case 1 120.1 55.1 1399 2094 2319 41 70 139 17.3 13
Insulati_(’)n Case 2 111.6 57.3 1390 2071 2264 50 93 194 25.8 19
Insulation Case 3 83.6 67.0 . 1350 1988 2079 90 176 379 53.8 39
Insulation Case 4 77.8 67.7 A 1967 2001 2080 73 163 378 59.6 43
Insul. Hot Water .
Tank & Decrease .
Water Temp. 131.9 52.4 2020 2134 2406 20 30 52 5.5 4
Air Economizer 134. 6 51.8 2061 2182 2471 -21 -18 -13 2.8 1
High Eff. Furnace 137. 4 50. 4 = 1999 2092 2458 41 72 0 0 0
High Eff. Lights 137.9) 0 1677 | 2106 | 2414 63 58 45 -0.5 0
Reflective Film 137.1 52.5 2057 2168 2477 3 -4 -18 .3 0
A\\'ninés 132.2 52. 4 2037 2161 2455 3 3 3 5.2 4

! i




Table 3-8, Summary Loads, Costs and Savings
Omaha - Single Family - Existing
Heating and Hot Water

COLLECTOR AREq=600 FT 2
Percent | Annual Co_sts Arnual Savings .
Total Supplied (Dollars’ (Dollars) Annual T.oad Savings
ECT Description (1;;3) | s'élyar Gas | oil [Flectrid| Gas | oi  |Electric || BTU x 107® | 4 savings
x 1079
Base 110.0 52.4 1545 1669 . 1964
Night Setback 101. 9 53.8 1525 1636 1901 §. 20 33 63 8.1 7
Insulation Case 1 94.5 57.17 1511 1606 1831 34 63 133 15.5 14
Insulation Case % 86. 2‘ 60. 3 1502 1583 1776 43 86 188 23.8 22
Insulation Case J 59.2 72.8 1463 1501 1592 82 168 372 50. 8 46
Insulation Case 1 53. 4 73.7 i 1478 1512 1591 67 157 373 56. 6 51
Insul. Hot Water
Tank & Decrease i
Water Temp. 105. 8 54. 4 ‘ 15334 1647 1920 12 22 44 4.2 4
Air Economizer N/A N/A N/A N/A N/A ] N/A N/ A NA N/A N/A
High Eff. Furn. 110.0 52.4 1504 1497 1964 41 12 0 0 0
High Eff. Lights 113.7 52,0 1502 1631 1939 43 ‘ 38 25 -3.7 -3
Reflective Film 116.9 53.0 1583 1714 2023 -38 -45 -59 -6.9 -6
Awnings N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
N/A - Not Applicable
: ]
E ! , 4
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Figure 3-14, Percent of Load Supplied by Solar versus
Collector Area for (New) New York
Single Family Base Building



Table 3-9, Summary Loads, Costs and Savings
New York - New - Single Family
Heating, Hot Water, Airé Conditioning
Collector Area - 600 Ft
Percent Annual Costs Annual Savings
(Dollars 1 lLoad Savin
Total Supplied ) (Dollars) Annua ad Savings
Load By
E ipti - . . -6 ,
CT Description  |l(gTy) | Solar || Gas Oil | Electriq] Gas | Oil _ [|Electric ]| BTU x 10" | % Savings
x 10°°
Base 84.8 56 1886 1907 2087
Night Setback 79.3 57 1869 1887 2059 17 20 48 5.5 6
Increased House .
Insulation Case 1 71.0 57 1890 1901 2001 -4 6 86 13.8 .16
Increased Insul.
Case 2 71.2 57 1895 1907 2010 -9 0 71 13. 6 16
- Increased Insul.
Case 3 70.8 57 1892 1904 2002 -6 3 85 14.0 16
Increased Insul.
Case 4 69.5 56 1906 1916 2007 -20- -9 80 15.3 18
Insulate Hot Waten
& Decrease Temp.] 78.9 59 1855 1872 2016 31 35 71 5.8 7
Air Economizer 76.1 63 1874 1693 2062 12 14 ) 25 8.7 10
High Eff. Furn. 84.8 56 1675 1893 2087 9 14 N/A 0 0
High Eff. Lights 83.8 58 1739 1752 1951 157 155 136 1.0 1
Reflective Film 82.4 62 1875 1898 2088 11 9 -1 2.4 3
Awnings 80.6 59 1881 1902 2086 5 5 1 1.2 2
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Table 3-10, Summary Load
New York - New - Single Family
Heating and Hot Water 9.
Collector Area - 600 Ft

)t

s, Costs and Savings

Annuzl Costs Annual Savings .
Percent (Dollars) (Dollars) Annual T.oad Savings
Total Supplied -
Load By
ECT Descripti ! . -
cription (BTU) | Solar Gas Qil Electrid] Gas Oil Electric BTU x 10 s % Savings
x 1079 j .
* Base . 61.6 67 1352 1373 1554
Night Setback 56.0 69 1332 1350 1502 20 23 ;52 5.6 9
- - Increased Insul. .
Case 1 45.0 75.0 1330 1342 1441 22 31 113 16. 6 27
Increased Insul. ) . '
Case 2 45.3 75.2 1340 1352 1455 12 - 21 99 ‘16,3 26 8
" Increased Insul. ' - . o - ) ) ]

Case 3 44.5 75.1 - 1541 1353 1455 11 20 .99 15.3 - 25
Incr2ased Insul. : . .
Case 4 . 42.4 75.6 1338 1349 1440 14 24 114 19.2 - 31
Insulate Hot Wate} :
& Decrease Temp 57.4 71.5 ‘1334 1351 1495 18 22 59 4.1 7
Air Economizer N/A N/A N/A N/A N/A N/A N/A N/A N/A NA
High Eff. Furn. 61.5 67 1343 1359 1554 9 14 N:A 0 0
High Eff. Lights || 65.4 65 1233 1256 1456 119 117 98 -3.8 6
Reflective Film 66. 4 68 1396 1418 1609 -44 -35 -55 -4.9 -9
Awnings .N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
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Figure 3-15, Percent of Load Supplied by Solar versus Collector
Area for (Existing) New York Single Family Base
Building

New York~North East Region

Existing Construction -~ Results for the Existing single family residence in

New York are summarized in Figure 3-15 and Tables 3-11 and 3-12, The four
cases of insulation (tabulated in Appendix A, Vol III) were cost effective for
all auxiliary fuel types. The air economizer was not cost effective. Savings
resulting from using the air economizer for cooling were not sufficient to
offset installed and operating costs, Reflective window films were not cost
effective, The reduction in the cooling load and the costs savings that re-
sulted from reduced utilization of the solar cooling system did not offset the
cost of the reflective film, Awnings also were not cost effective: the reasons

being similar to those for reflective film,



Table 3-11. Summary Loads, Costs and Savings
New York - Single Family - Existing
Heating, Hot Water and ﬁhr Conditioning
Collector Area - 600 Ft

Percent | Annual Costs Annual Savings
' (Dollars : _ i
ITotal Supplied ) (Dollars) Annual TLoad Savings
) Load By
. E . . R )
CT Description 1} (gTy) | Solar || Gas Oil_ | Electrid] Gas | o |Electric]] BTUx107° | % savings
x 1070
Base 104.8 54.9 2024 2063 2398
Night Setback 96.9 56.¢ 2000 2035 2330 24 28 68 ! 7.9 8
Increase Insul. i
Case 1 92.3. 58.1% 1995 2025 2283 29 38 115 12.5 12
Increase Insul.
Case 2 86.1 60. 2 1990 ; 2017 2240 | 34 46 158 18.17 18
Increase Insul.

Case 3 66. 4 66. 6 1969 1981 2089 55 82 309 38. 4 37

Increase Insul.
Case 4 62.8 66.3 1977 1988 - 2083 47 75 315 42.0 40

Increase Hot
Water Tank &

Decreaxe Temp.|]] 99.5 58.0 1997 2031 2328 27 32 70 5.3 5

Air Economizer}j 101.5 56.4 2047 2085 2416 -23 -22 -18 3.3 3

High Eff. Furn. 104.8 54.9 2007 2.033 2445 17 29 -47 0

High Eff. Lights}} 105.6 55,7 1939 1980 2332 85 33 66 i} -0.8 1

Reflective Film 106.5 57.2 | 2033 2074 2427 -9 -11 -29 -1.17 : -2
5

Awnings 101. 56.9 || 2025 2064 2398 -1 -1 0 1 3.3 3

-98-



Table 3-12, Sammary Loads, Costs and Savings
New York - Single Family - Existing
Heating and Hot Water

Percent

Collector Area - 600 Ft

Annual Costs

2

Annual Savings

Dollars !
Total Supplied ( ) (Dollars) Annusl Load Savings
Load By
ECT Description . -6 |
1pt {BTU) | Solar Gas Oil | Electrid} Gas oil__ |Electric |} BTUx 108 | % Savings
x 1079
Base 90.3 58.1 1565 1604 1939 ,
Night Setback 82.4 59.4 1538 1572 1868 27 32 71 7.9 9
Increase Insul. ‘
Case 1 78.0 62.5 1533 1563 1821 32 41 118 12.4 14
Increase Insul.
Case 2 71.2 64.6 | 1522 1548 1771 43 36 168 19.0 21
Increase Insul. ‘
Case 3 49.17 75'. 4 1471 1483 1591 94 121 348 40.6 45
Increase Insul. ]
Case 4 45. 2 76.3 1479 1490 1585 86 113 354 45,1 50
Increase Hot |
Water Tank &
Decrease Temp.|]f 86.0 61.0 1546 1580 | 1877 19 24 62 4.3 5
Air Economizer]] N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
High Eff. Furn 90.3 58.1 1548 1574 1986 17 30 -47 .01 -
High Eff. Lights}l 95.8 57.5 1503 1544 | 1896 62 60 43 -3.5 4
Reflective Film 96. 1 58.5 1608] 1649 | 2002 -43 -45 -63 -5.8 -6
Awnings N/ A N/A N/A N/A N/A N/A N/A N/A N/A N/A°

-98-



Atlanta-South East Region

New Construction =~ Results for the new single family residence in Atlanta
are summarized in Figure 3-16 and Tables 3-13 and 3-14, In addition, four
cases of insulation were analyzed, tabulated in Appendix A, Vol, III, None

were cost effective where air conditioning was considered, For heating and
hot water systems, additional insulation was cost effective only where elec=
tricity was used as the auxiliary fuel. )
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Figure 3-16. Percent of Load Supplied by.Solar versus
Collector Area for (New) Atlanta Single
Family Base Building



Table 3-13,

Summary Loads, Costs and Savings
Atlanta - New - Single Family

Heating, Hot Water, Air Conditioning

COLLECTOR AREf =600FT. 2
Annual Cos:s Annual Savings
Percent (Dollars) (Dollars) Annual Load Savi
Total Supplied | ollars nnual TLoad Savings
Load By
ECT Descripti . -

_Description (BTU) | Solar Gas Oil | Electrid] Gas oil__|Etectric || BTU x 10°° | 4 savings

x 10°° )
Base 100. 4 55.3 1937 1955 2041
Night Setback 93. hlh 54.8 1933 1949 2026 4 6 15 7.2 7
Insul. Case 1 5.5 52.5 1970 1982 2039 -33 -27 2 15.0 15
Insul. Case 2 86.14 52.3 1975 1986 2044 -38 -31 -3 14. 4 14
Insul. Case 3 85.9 52.4 1976 1988 2045 -39 -33 -4 f1s.1 15
Insul. Case 4 81.¢4¢ 51.9 1998 2009 2061 -61 -54 -20 18.9 19
Insul. Hot Wat.
Tank Decrease
Water Temp. 93.4 59.2 1903 1915 1969 34 40 72 7.2 7
Awnings 94. 59.0 1931 1948 2034 6 7 7 5.6 6
Air Economizer 90.3 61.4 1921 1936 2012 16 19 29 10. 2 10
High Eff. Furn 100.5 55.3 1928 1954 2041 9 1 0 0 0
High Eff. Lightd] 96.4| 59.2 1787 1805 1894 151 150 147 4.1 4
Reflective Film 91.1 64.1 1886 1902 1981 51 53 60 9.5 g
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Table 3-14,

Summary Loads, Costs and Savings

Atlanta - New - Single Family
Heating and Hot Water 2
Collector Area - 600 Ft

-68-

Percent Ar:g;i;osts Annual Savings )
Total Supplied s) (Dollars) Annual Load Savings
ECT Description (Ig’,rag) Szfar Gas 0il Electrid! Gas oiL__IFiectric || BTU x 1078 % Savings

x 107° - i
Base 53.9 76.4 1281 1299 1385
Night Setback 48.7 76.5 1274 1290 1367 7 9 18 5.2 10
Insul. Case 1 37.4 77.4 1298 1310 1367 -17 -11 18 16.5 31
Insul. Case 2 38.2 77.5 1304 1316 1374 -23 -17 11 15.7 29
Insul. Case 3 37.2 77.3 1303 1315 1372 -22 -16 13 16.7 31
Insul. Case 4 33.7 . 76. 8 1325 1335 1388 -44 -36 -3 20. 2 37
Insuli Hot Wat.
Tank & Decre. . .
Water Temp. 48.8 83.4 1261 1272 1327 20 27 58 5.1 9
Air Economizer||n/a N/A N/a | n/a | n/a N/a | NAa | na | wa N/A
High Eff. Furn [}53.9 76.4 1272 1298 1385 9 1 0 0 0
High Eff. Lightsi{s6.0 76.6 1170 1189 1277 111 110 107 -2.1 -4
Reflective Film |{57. 1 79.6 1306 1322 1401 -25 * |-23 -16 -3.2 -6
Awnings N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

:
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Figure 3-17, Percent of Load Supplied by Solar versus
Collector Area for (Existing) Atlanta
Single Family Base Building .

Atlanta~-South East Region

Existing Construction -- Results for the existing single family residences

in Atlanta are summarized in Figure 3-17 and Tables 3-15 and 3-16

(tabulated in Appendix A, Volume III), In addition, four cases of insulation
were found to be cost effective for all auxiliary fuel types. In contrast to the
new building, the existing building was poorly insulated., The air economizer
was not cost effective for the existing single family residence. Installed and
operating costs were greater than savings that resulted from reduced usage of
the solar/rankine cooling system. Awnings and reflective films (for oil and
electric auxiliary fuels) were not cost effective. In both cases, installed costs

were greater than savings,



Table 3-15. Summary Loads, Costs and Savings
Atlanta - Existing - Single Family
Heating, Hot Water, Air Conditioning
. Collector Area - 600 Ft2

Percent Annual Costs Annual Savings
(Dollars ' i
Total Supplied ) (Dollars) Annual Load Savings
o Load }| By :
E ipti . -
CT Description (BTU) | Solar Gas Oil | Electrid] Gas oit _|Flectric }{ BTU x107® | 9 savings
x 107°

Base T {{147.7 54.8 2142 | 2195 | 2456 | ,

Night Setback 136.2 57.2 2102 2145 2356 40 50 100 11.5 8
Insul. Case 1 137.93 57.5. 2119 2164 2384 23 31 72 9.8 7
Insul. Case = 90.55 62.6 2029 2046 2127 113 149 - 329 - 57.14 39
Insul. Case 3 76. 1 61.4 2054 2066 2126 88 129 330 71.62 48
Insul. Case 4 73.5 61.3 2033. 2075 2131 139 120 325 74.2 50
Insul. Hot Water

Tank Decrezse ) .

Water Temp. 141.7 56.8 2116 § 2164 2397 - 26 30 5¢ 6.0

Air Economizer _145.'6 56.2 21561 2213 ° 24651 -19 -18 - -¢ 2. 10 1
High Eff. Furn 147.7 54.8 2105 2145 2456 37 50 0 0 0
High Eff. Lights 147, 55.7 2065 2121 2393 77 74 63 . 6 : 0
Reflective Film 147.2 56.8 2140 2196 2468 2 -1 -12 .5 . 0
Awnings 144.0 56.2 © 2147 2201 2462 -5 -6 -6 3.7 2

i
!
L
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Table 3-16. Summary Loads, Costs and Savings
Atlanta - Existing - Single Family

Heating and Hot Water
Collector Area - 600 Ft

Annual Casts

2

Annual Savings

Percent (Dollars) (Dollars) Annual Toad Savings
Total Supplied
e - Load | By %
ECT Description (BTU) | Solar Gas Oil Electrid] Gas Qil__ |Electric ]| BTU x 10 % Savings
x 1070
Base 108.5 64. 4 1553 1606 1867
Night Setback 97.0 67.8 1510 1553 1764 43 53 103 11.5 11
Insulation Case 1 100.7 67. 6 1539 1584 1804 14 22 63 7.8 7
Insulation Case 2 54.8 77.9 1439 1456 1538 114 150 329 53.7 50
Insulation Case 3 40.1 77.9 1459 1471 1530 94 135 337 68.4 63
Insulation Case 4 37.4 77.6 1466 1478 1534 87 128 333 71.1 66
Insul. HW Tank .
Decr. Water Temp. 104. 9 66.7 1535 1583 1816 18 23 51 4.5 4
Air Economizer N/ A N/A N/A N/A N/ A N/A N/A N/A N/A N/A
High Eff. Furnace 108.5 |64.4 1516 1556 liser 37 50 0 0 0
High Eff. Lfghts ) 111.5 63.8 1500 1555 1827 53 51 40 -3.0 -3
Reflective Film ' 113.9 64.5 1588 1642 1914 ] -33 -36 -47 -5.4 -5
Awnings N/ A N/A N/A N/ A N/A N/ A N/A N/A" N/A N/A
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Figure 3-18. Percent of Load Supplied by Solar versus
Collector Area (New) Albuquerque Single
Family Base Building

Albuquerque-South West Region

New Construction -- Results fof the new singie family residence in Albuquerque
are summarized in Figure 3-18 and Tables 3-17 and 3-18. Four levels of
fngulation were analyzed, These levels are described in Appendix A, Volume
III. All were non-cost effective where air conditioning was considered. For

heating and hot water systems, most were cost effective where electricity

was the auxiliary fuel,



Table 3=-17. Summary Loads, Costs and Savings

Albuquerque - New - Single Family
Heating, Hot Water and Air Conditioning
Collector Area - 600 Ft2

Percent Annual Ccsts Annual Savings
(Dollars) : 1 T.oad Savings
Total Supplied {Dollars) Annua d g
E L Load By -6
CT Description  |}(gTy) | solar Gas Oil | Electrid| Gas Oil _|Flectric }| BTU x 10 % Savings
x 1079

Base 102.8 72. 1888 1904 1995
Night Setback .‘)6_. [ T2 1881 1896 1978 7 8 17 6.2 6
Insulation Case 1 83.9 69. 1955 1965 2023 -67 -61 -28 18. 9 18
Insulation Case 2 84.5 70. '936 1046 2005 -48 -42 -10 18.3 18
Insulation Case 3 83.7 69. 1940 1950 2007 -52 -46 -12 19 19
Insulation Case 4 79.1 69 1595 2005 2058 -107 101 -63 23.17 23
Insul. HW Tank
& Decr. Temp. 96. 3 7 1857 1867 1924 31! 37 71 6.5 6
Air Economizer 92.8 77 1878 1893 1978 10 11 17 10.0 10
High Eff. Furnace 102. 8 72 1837 1902 1995 1 2 - 0 0 0
High Eff. Lights 100. 1 75 1736 1753 1848 152 151 147 2.7 3
Reflective Film 98.0 80 1844 1861 1956 44 43 -39 4.8
Awnings 06,2 77 1872 1888 1979 ! 16 10 16 6.6 6

J

|

L




Table 3-18. Summary Loads, Costs and Savings

Albuquerque - New - Single Family

Heating and Hot Water
Collector Area - 600 Ft

Annual Costs

2

Annual Savings

Total g:;;lei:; (Pollars) (Dollars) Annual Load Savings
ECT Description (LB?I?S) ngar Gas 0il Electri Gas . 0il Electric BTU x 107° % Savings
x 1070
Base 67.a | a6 | 1200 { 1,07 | 1398
Night Setback _‘ .61.3 81.8 1283 1297 1379 8 10 19 6.2
Insulatic:. Cas;— 1 43. % 82.1 1319 1329 1386 -28 -22 12 23.:9 35 ]
Insulation Ca.se 2 44. 8 82.2 , 1305 1315 ‘ 1374 -14 -8 24 22.7 34 :D
. o
Insulation Case 3 43. 2 §2.1 1302 1312 1369 -11 -5 2¢ 24.3 36 i
Insulation Casec 4 3.8. 2 1.2 1354 1363 1416 -53 -56 -18 29,2 43
Insul. HW Tanx
& Decr., Water Temg)*‘ b2.6 ( 87.5 1271 1281 1339 20 26 59 4.8 7
Air Economizer NjA N/ A N/ A N/A N/A N/A | N NA W/A N/A
High Eff. Furn. 67.4 81.6 1290 1305 1398 1 2 0 0 0
High Eff. 'Lights 70. 2 81.5 1175 1193 1288 115 .1]4 110 -2.8 -4
Reflective Filir 75.1 82,7 1330 1347 1442 -39 -40 -44 7.7 ~11
Awnings N'A N/A NIA N N+ A N/ N A N‘A N A N oA
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Figure 3= 19. Percent of Load Supplied by Solar versus
Collector Area for (Existing) Albuquerque
Single Family Base Building

Albuquerque-South West Region

Existing Construction -- Results for the existing single family residence in

Albuquerque are summarized in Figure 3-19 and Tables 3-19 and 3-20
(tabulated in Appendix A, Volume III), All four cases of additional insulation
were cost effective for all auxiliary fuel types. The air economizer was not
cost effective, Awnings were cost effective, Savings resulting from reduced
operation of the solar/rankine system were sufficient to offset the cost of

awnings,



Table 3-19. Summary Loads, Costs and Savings

Albuquerque - Existing - Single Family

Heating, Hot Water and Air Conditioning

Collector Arca - 600 Ft2

Annual Costs Annuzl Savings
Percgnt {Dollars) (Dollars) Annual T.oad Savings
Total Supplied .
. . Load By . -6
ECT Descrip:ion (BTU) | Solar Gas  Oil Electrig] Gas oil Flectric BTU x 10 % Savings
) x 1079

Base 181. 8 56.2 2244 2328 2808
Night Setback 167.9 58.¢ 2195 2268 2680 49 60 128 13.9 8
Insulation Csse 1 168. 7 59. 6 2021 2272 2680 223 56 128 13.1 7
Insulation Case 2 110.58 76.11 2018 2040 2167 226 288 541 71.3 39
Insulation Case 3 76.78 78.5 2010 2021 2084 234 307 724 105.1 58 -
Insulation Case 4 73.9 77.7 2032 2042 2100 212 286 708 108.0 59
Insul HW Tank
& Decr. Water
Temp. 176. 6 57.9 2219 2298 2747 25 30 61 5.2 3
Air Economizer 180, 4 56. 6 2272 2356 2834 -28 -28 -26 1.5 1
High Eff. Furnace 181.8 56.2 2198 2260 2808 46 69 0 0 0
High Eff. Lights 182.5 56. 2 .2170 2257 2747 75 71 62 -7 0
Reflective Fi:m 187.9 55.8 2276 2370 2907 -32 -42 -99 -6..1 -3
Awnings 177.8 57.5 2243 2327 2807 1 1 1 4.0 2




Table 3-20.

Summary Loads, Costs and Savings

Albuquerque - Existing - Single Family
Heating and Hot Water 9
Collector Area - 600 Ft

p Annual Costs Arnual Savings -

Total S:;:ﬁ:fj (Dollars) (Dollars) Annual l.oad Savings
ECT Description | (Igfl?g) Sifa.r Gas 0il Elzctrid}] Gas Oil Electric BTU x !0-6 % Savings

x 1079
Base 154.3 | 57.5 1718 1802 2232
Night Setback 140. 4 59.7 1665 ' 1737 2139 53 65 133 13.9 9
Insulation Case 1 142.7 61.0 1683 1754 2152 35 48 120 11.6 Ki 1
Insulation Case 2 85.2 1 79.8 1493 1515 1642 225 287 ‘640 69.1 45 8
Insulation Case 3 49.0 82.7 1458 1470 1533 259 332 749 105.3 68 '
Insulation Case 4 44.9 82.5 1471 1481 1539 2417 321 743 109. 4 71
Insul. HW Tank &
Dec. Water Temp. 150.1 59.0 1700 1778 2228 18 24 54 4.20 3
Air Econoomizer N/A N/A N/A N/A | N/A N/A N/A N/A N/A N/A
High Eff. Furnace 154.3 57.5 1672 1733 2232 46 69 0 0 0
High Eff. Lights 157.8 56.7 1663 1750 2250 55 52 32 3.5 -2
Reflective Film 165.7 55.6 1784 1878 2415 -66 -76 -133 -11.5 -7
Awnings N/A N/A N/A N/A N/.-’\A ’ N/A N/A N/ A N/A N/A
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Conclusions

Results for the economic analysis are summarized in Tables 3-21 through
3=-26 which illustrate annual savings (dollars) and payback periods (years)
for each energy conservation technique for each of the four regions.

Results are summarized for each of the three auxiliary fuel types and for
both heating, hot water, and air conditioning and heating and hot water
systems. The magnitude of annual savings provide a means to rank energy
conservation techniques;providing an indication of which are most preferable.
Payback periods indicate the length of time required for savings to offset
initial investment costs. Paybacks of greater than 20 years are tabulated
and should be used as a means or relative ranking. Some instances of
negative annual saving with po'sitive payback years occur because the annual
savings are calculated from annual costs which include the cost of the energy

conservation technique.

Results shown in the summary are based on an analysis which considered
implementing each energy conservation technique separately. Greater’
energy savings and dollar savings can be achieved by combining the more
promising energy conservation techniques. The combined effect would
not be completely additive because of the interaction of the solar system

and energy conservation techniques.

Savings and payback periods for any single energy conservatioa technique
vary greatly between regions becauss= of differences in climate, the amount
of solar radiation available, fuel costs, auxiliary fuel types used, and
retrofitting costs. Night setback devices, for example, have payback periods
which vary from one year (electric auxiliary fuel, Albugquerque) to 11 years
(gas, auxiliary fuel, Atlanta). When retrofit costs differ markedly from o sts
for new buildings, energy conservation techxiiques becoms non-cost effective

and/or payback periods are greatly extended (e.g. high efficiency lights).

A summary of conclusions for each energy conservation technique
includes:
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® High Efficiency Furnace-Increasing the efficiency of the gas and oil

furnaces from a seasonal average of 0.55 to 0.80 reduces the amount
of gas and oil auxiliary fuel required. High efficiency furnaces are

cost effective for both new and existing residences in all four regions.,

® Night Setback-Night setback involves reducing the thermostat setpoint

from 68°F during the hours of 10:00 p.m. to 6:00 a.m. This technique
reduces the house heating load because the average indoor temperature
is lower. Night setback is cost effective for both new and existing
buildings in all regions.

The greatest dollar savings are realized where the most expensive
auxiliary fuel is employed. Incorporating night setback devices

also reduced the amount of collector area required to supply a

fixed percentage of the load. This resultéd in lower initial

investment costs for the solar system and lower annual costs.

® Air Economizer-The air economizer reduces the cooling load by

introducing outdoor air into the conditioned space to provide natural
cooling when outdoor air temperature and relative humidity are less
than 75°F and 50 %., respectively. Air economizers are marginally
cost effective, only in new single family residences with savings
being marginal and payback periods always greater than 10 years.

In these buildings, the cooling load is higher because the buildings
are better insulated. Operating and installed costs are lower.
Including an air economizer into the building reduced the amount of
collector area required resulting in lower initial investment costs

and annual costs.

® Increased Hot Water Tank Insulation/Decreased Temperature-

When the amount of insulation on the domestic hot water tank is increasec
(R-6) and the water temperature is decreased (140°F to 130°F), the
amount of energy required to heat the water and maintain it at the given
temperature in the tank is significantly reduced. Since the tank heat
loss is reduced, the space heating load increases somewhat, even

though there is no net change in the total heating load (i.e., space
heating plus hot water) during the heating season. | However, during
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the cooling season, the cooling load is reduced due to the lower

internal load. This energy conservation technique was found to be

cost effective in all four regions for both new and existing construction.
Collector areas can be reduced resulting in both lower initial investment

and annual costs.

.bReflective Films-Reflective films reduce the amount of radiation

that enters the building and heat loss through glass surfaces.

Reductions in the cooling load result while the heating load is

slightly increased. Reflective films are cost effective only when air
conditioning is considered. Even then, its cost effectiveness depends

on the type of auxiliary fuel used. Reflective films also allow the amount
of collector area to be reduced; further reducing the amount of initial

investment in solar system costs.

Awnings-Awnings shade a portion of the window keeping radiation

from entering the building ; reducing the cooling load. Awnings are

cost effective in all regions for new buildings. For existing buildings,
awnings were not cost effective for the Northeast and Southwest regions.
In those two instances, the amount of reduction in the cooling operational
costs did not offset the installed costs of the awnings. In those instances
where awnings are cost effective, collector area requirements can

be reduced.

High Efficiency Lights-High efficiency lights consist of using

80 percent fluorescent lights in lieu of incandescent lights, This
technique results in an increased heating requirement that must be
-satisfied by the solar systém and auxiliary furnace and a decreased
cooling load on the building. This technique is cost effective in most
regions where air conditioning is considered and for new buildings
for heating and hot water systems. Savings result primarily from the
reduced electrical usage for lighting. Collector area can be reduced
for heating, hot water and air conditioning systems resulting in lower
annual costs and initial.investment costs. For heating and hot water,
where the collector must be increased to satisfy a fixed percentage of

the load, a constant collector area minimizes annual costs.



Table 3-21,

Enzrgy Conservation Techniques, Cost Effectiveness
Single Family

Heating, Hot Water and f\ir Conditioning '
Collector Area - 500 Ft

Gas Auxiliary

e | It n :
ENERGY CONSERVATION] NORTH CENTRAL NORTH, EAST SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Ssvings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
Payback Payback Payback Payback Payback Payback Payback |[. Payback
Night Setback 1373 19/ 5 17/5 24/ 4 4/11 40/3 7/8 49/2
Insul. Case 1 19/15 41/7 -4/ 2 20/10 -33/49 23/10 -67/177 223/2
Insul. Case 2 11/17 50/ 9 -9/24 34/12 -38/55 113/8 -48/107 226/ 5
Insul. Case 3 1416 90/ 10 -6/22 55/13 -39/55 88/12 -52/153 234/7 '
Insul Case 4 3/13 73/ 13 -20/28 47/ 14 -61/6= 139/10 -107/209 212/8 '5
Insul. Hot Water Tank [\
& Decrease Water Temp. 22/2 20/2 31/1 27/1 34/ = 26/ 1 31/1 25/1 '
Air Economizer 1/ 1v -21/11 12/ 14 -23/65 16/12 -19/60 10/ 14 -28/1293
High Eff. Furnace 12/9 12/ 16 10/10 17/15 45/ 4 37/ 10 1/18 47/10
High Eff. Lights 119/2 63/7 157/1 85/6 187/ 1 71/6 152/ 1 75/6
Reflective Film 18/ 12 3/18 11/15 -9/32 51/7 2/18 44/1 -32/-
Awnings 8/15 3/18 5,17 -1/21 6/16 -5/25 16/12 1/19
% - Less than one year
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Table 3-22,

- Smes

Energy Conservation Techniques, Cost Effectiveness
Single Family

Heating and Hot Water
Collector Area - 600 Ft

Gas Auxiliary

2

ENERGY CONSERVATIONHSLH CENTRAL NORTH EAST SOUTH _EAST SOUTH WEST
TECHNIQUE NEW EXISTING | NEW EXISTING NEW EXISTING NEW EXISTING
T Savings/ | Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ vSavings/
Payback Payback Payback Payback Payback Payback Payback Payback
Night Setback 153 20,5 20/4 27/4 7/8 43/2 8/7 53/2
Insul. Case 1 23714 34/8 22/ 14 32/9 -17/29 14/12 -28/32 35/8
Insul. Case 2 14/ 16 43/10 12/ 117 43/ 10 -23/32 114/8 -14/26 225/5
Insul. Case 3 18/ 15 82/11 11/17 94/ 10 -22/31 94/11 . -11/25 259/6
Insul. Case ¢ 11/ 17 67/13 14/17 86/12 -44/40 87/12 -63/43 247/17
Insul. Hot Water Tank
& Decrease Water Tem 13/2 12/3 18/2 19/2 20/2 18/2 20/2 18/2
Air Economizer N/A N/A N/A N/A N/A N/A N/A N/A
High Eff. Furn. 12/9 41/10 9/10 17/ 15 9/10 37/10 1/18 47/10
High Eff. Lights 91;/2 43/9 119/2 62/8 S 111/2 53/8 115/2 55/8
Reflective Film -37/- -38/- -44/- -43/ - -25/414 -33/- -39/- -ik/-
Awnings N/A N/A. N/A N/A N/A N/A N/A N/A
N/A Not Applicable -
'
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Tabl= 3-23, Energy Conservation Techniques, Cost Effectiveness -

Single Family

Heating, Hot Water and Air Conditioning
Collector Area - 300 Ft2

Oil Auxiliary

ENERGY CONSERVATION L NORTH CENTRAL NOIRTH, EAST SOUTH EAST SOUTH WEST
_ TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
Payback Payback Paybaczk Payback Payback Payback Payback Payback
Night Setback 22/ 4 31/3 20/4 28/ 4 6/9 50/2 8/1 60/ 2
Insul. Case 1 52/ 70/5 6/18 38/8 -27/39 31/8 -61/104 56/6
Insul Case 2 42/ 12 93/ 86 0/20 46/ 10 -31/41 149/17 -42/69 288/4
Insul. Case 3 46/ i1 176/7 3/19 82/11 -33/43 129/ 10 -46/87 307/6 N
Insul. Case 4 38,135 163/9 -9/23 75/ 12 -54/51 120/11 —101/136 286/7 =
Insul. Hot Water Tank g
& Decrease Water Temp 31/1 30/1 35,1 32/1 40/ 30/1 37/ % 30/1 1
Air Economizer /it -18/52 14, 14 -22/59 19/12 -18/54 11/14 -28/1293
High Eff. Furnace 2i/5 72/1 1478 29/ 12 1/18 50/9 2/17 67/8
High Eff. Lights 113/2 58/7 1551 83/6 150/ 1 74/ 6 151/1 71/6
Reflective Film 14/13 -4/25 9,15 -11/38 53/7 -1/21 43/7 -42/ -
Awnings 8/15 3/18 5,17 -1/21 7/16 -6/ 21 16/12 1/19
* Less than once a year
|




Table 3-24, Energy Conservation Techniques, Cost Effectiveness
Single Family

Heating and Hot Water
Collector Area - 600 Ft

Oil Auxiliary
ENERGY CONSERVATION _!_;‘_JORTH CENTRAL NORTH EAST SOUTH EAST SOUTH WEST
_ TECHNIQUE ’ NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
Payback Payback Payback Payback Payback Payback Payback | Payback
Night Setback i 24,3 33/3 23/4 32/4 .9/7 53/2 10/ 6 65/2
1nsul. Case 1 56; 1C 63/5 31/12 41/8 -11/25 22/10 -22/28 48/6
Insul. Case 2 45/11 86/ 6 21/15 36/ 11 -17/28 150/17 -8/23 287/4
Insul. Case 3 51/11 168/7 20/ 15 121/9 -16/ 27 135/ 10 -5/22 332/5
Insul. Case 4 ° 46/12 157/9 24/15 113/ 10 -36/34 128/10 -56/38 321/6
Insul. Hot Water Tank
& Decrease Water Tem$]  22/2 22/2 22/2 24/2 27/1 23/1 .26/ 1 24/1
Air Economizer N/A N/A N/A N/A. N/A N/A N/A N/A
High Eff. Furnace 26/5 72/17 13/9 30/12 1/18 50/9 2/17 67/8
High Eff. Lights 84/2 38/9 117/ 2 60/8 110/ 2 51/8 114/2 52/8
Reflective Film -40/ - -45/- -35/- -45/— -23/161 -36/- -40/ - -76/-
Awnings N/A N/A N/A N/A N/A N/A N/A N/A
N/A Not Applicable
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Table 3-25., Energy Conservation Techniques, Cost Effectiveness
Single Family
Heating, Hot Water and Air Conditioning
Collector Area - 600 Ft2
Electric Auxiliary

- ——— —n ——— . T e - e SIS £ ot . o

e NORT NTRA o SOU EA UTH WES
ENERGY CONSERVATION rP‘:"OR H CENTRAL ORTH, ZEAST OUTH ST SOuUT T
TECHNIQUE NEW | EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/

Payback Payback Payback Payback Payback Payback Payback Payback

Night Setback 44/ 2 60/ 12 48/2 68/ 2 15/5 100/ 1 17/4 128/
Insul. Case 1 130/6 139/3 €6/7 115/4 2/19 T 12/5 -28/32 128/3
Insul. Case 2 117,17 194/4 t1/9 158/5 -3/21 329/4 -10/24 | 641/2
Insul. Case 3 125/6 379/4 £5/8 309/5 -4/21 330/6 -12/25 7:4/3
Insul. Case 4 . 122/1 378/5 e0/9 | 315/5 -20/26 325/6 -63/43 708/3
Insul. Hot Water Tank o

& Decr. Water Temp. - 55/ 52/ * T1/% 70, * 72/ * 59/ 71/ * 61/
Air Economizer 19/12 -13/36 25/11 -18/43 29/10 -9/29 17/ 12 -26/233
High Eff. Furnace N/A N/A N/A N/A N/A N/A N/A N/A
High Eff. Lights 100/2 | 45/9 | 136/ 1 66/17 147/ 1 63/17 147/1 | 62/7
Reflective Film 8/15 -19/1863 -1/21 -29/- 60/6 -12/5 39/8 -99/ -
Awnings 8/ 15 3/18 1/19 0/20 7/18 -6/27 16/ 12 1/19

% = Less than once a %ar
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Table 3-26. Energy Conservation Techniques, Cost Effectiveness
Single Family
Heating and Hot Water 9
Collector Area - 600 Ft
Electric Auxiliary

ENERGY CONSERVATION NORTH CENTRAL NORTH, EAST ) SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING |{ NEW EXISTING NEW EXISTING
Savings/. | Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
Payback | Payback Payback Payback Payback Payback Payback Payback
Night Setback 46/2 63/ 2 52/2 71/2 18/4 103/ 1 19/4 133/ %
Insul. Case 1 134/6 133/3 113/6 118/4 18/15 63/5 12/17 120/3"
Insul. Case 2 | B R T 188/ 4 99/17 168/ 4 11/17 329/4 24/ 14 640/ 2
Insul. Case 3 130/ € 372/4 99/17 348/5 13/16 337/5 29/13 749/3 .
- Irsul. Case 4 130/ 7 373/5 114/8 354/5 -3/21 333/6 -18/24 743/3 —
Insul. Hot Water TanK ' 3
& Decr. Water Temp." 46/ * 14/ = 59/ % 62/ * 58/ % 51/ 59/ = 54/ !
Air Econcmizer N/A N/A N/A N/A N/A N/A N/A N/A
High Eff. Furn. N/A N/A N A N/A N/A N/A N/A N/ A
High Eff. Lights 71/2 25/12 98/ 2 43/9 107/ 2 40/9 110/ 2 32/10
Reflective Film -47/- -59/- -55/- -63/- -16/51 -47/- -44/- -133/-
Awnings N/A N/A N/A 'N/A N/A N/A N/A N/A
* Less than once a year
N/A Not Applicable
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® Insulation-Improving the thermal resistance of the building significantly

‘reduced the heating load while increasing the cooling load. Four cases
were analyzed for each region. Results indicate that some amount of
additional insulation is cost effective in all regions. The amount is
dependent on the heating load, auxiliary fuel costs and type of auxiliary
fuel used. Since added insulation heavily impacts heating loads, annual
savings and additional amounts are greater for heating and hot water
systems. In these systems, the amount of collector area required can

. be reduced significantly and initial investment and annual costs can be
greatly reduced. Where air conditioning is considered, savings occur
but are not as substantial. In these cases, collector area can be slightly-
reduced,

3.2 MULTIFAMILY BUILDING

3.2.1 Introduction

Results for the multifamily residence, both new and existing, by re.gion

are outlined in the following paragraphs. The interaction of the solar system
with each energy conservation technique is described. Annual costs, cost
savings and annual load saving are illustrated. Results are illustrated for

a specific collector area: the approximate design area required by the
multifamily residence with a heating, hot water and air conditioning system.
Buildings analyzed wereé similar In size and internal loads. The buildings
differed with respect to construction characteristics and insulation, all of
which varied by region.

The analysis revealed that the interaction of the solar system with the
multifamily residence s energy conservation techniques, and heating,

hot water, and cooling loads followed identical trends for each region. That
is, those energy conservation techniques, such as insulation, always tend
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to decrease heating loads and increase cooling loads. This trend is the
same for all regions;the amount of change. depends on the amount of
insulation added. Those variables that did change with respect to regions
are loads, installed costs and fuel prices. These variables determine
whether or not a particular energy conservation technique is cost effective.
Since resultant trends are identical, a detailed explanation of the interaction
of the solar system, building loads and energy conservation technique is
provided only for the new multifamily residence for Omaha. Results for
the existing building in Omaha and buildings in other cities are shown in
tables illustrating loads, percent of loads supplied by solar, annual costé,
annual savings and load savings. Plots are also provided for the base
multifamily residences to illustrate the percentage of the load supplied

by a given collector area. These plots show the percentage of both heating,
hot water and air conditioning, and heating and hot water loads supplied by
the solar system. Since building loads are known for each city,

these curves also provide a relative comparison of the amount of solar

radiation available in the representative cities.

The multifamily building is a low rise structure containing 11 occupied
apartments. Each of the three floors contains four apartments, one apartment
being designated as a storage/laundry room. Each unit was assumed to have
its own forced air heating and cooling and domestic hot water facilities.

The solar system (Appendix F) was assumed integrated ini:o each facility. .
Appendix A itemized construction speéifics, surface areas, building

dimensions, etc.

3.2.2 Building Modeling Assumptions

Building loads are calculated as a function of outdoor temperature and

internal loads. The building is considered to be a single zone with a
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controlled temperature of 68°F during the heating season and 78°F during
the cooling season. Heat gain/loss through the ceiling, walls, windows,
sliding glass doors and doors are calculated hourly as a function of outdoor
dry-bulb temperature and construction characteristics. A wmodel calculates
the temperature of the attic as a function of both indoor and outdoor dry-
bulb temperature. Heat loss through walls below ground are calculated as
a function of ground temperature which varies monthly with location.

Heat loss through slab floors is not considered. Infiltration loads are
based on 0.75 air changes per hour for new building and 1. 0 air changes
for an existing building, No ventilation loads are assumed. The various
tabulation levels studied are tabulated in Table 3-27,

Internal loads simulated include occupants, lights, appliances, losses from
domestic hot water tanks and, for new buildings, losses from the solar
storage tank. For existing buildings, the solar storage tank is assumed to
be outside the building. Occupancy, lights and appliance loads are calcuiated
using schedules (Appendix A) which describe the percentage of peak loads

on an hourly basis. No special provisions are made for weekends and holidays.

3.2.3 Resulis for Multifamily Building

Omaha-North Central Region--

New Construction-Base Building--The base case represents the

interaction of the solar system with the new multifamily building in Omaha
for both heating/hot water/air conditioning and heating/hot water. The
results are illustrated in Figures 3-20 through 3-23 and are expressed as
the percentage of the load supplied by solar and annual costs expressed as

a function of collector area. These curves will form the basis of comparison
against which each energy conservation technique will be corhpared to

determine if collector areas can be reduced and cost effectiveness of the



Table 3-27. Insulation Case Multi-Family Residence

CITY
CASE /5URFACE OMAHA NEW YORK ATLANTA ALBUQUERQUE
NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
1 (BASE CASE) CEILING R-13 R-9 R-13 R-9 R-13 R-0 R-19 R-0
WALLS P-11 R-0 R-11 R-0 R-11 R-0 R-11 R-0
WINDOW DOUBLE GLAZE | SINGLE GLAZE DOUBLE GLAZE | SINGLE GLAZE SINGLE GLAZE SINGLE GLAZE SINGLE GLAZE SINGLE GLAZE
2 CEILING N/A R-30 N/A "R-30 R-38 /A N/A N/A
WALLS R-12 R-12 R-15
WINDOW DOUBLE GLAZE DOUBLE GLAZE | DOUBLE GLAZE
3 CEILING N/A R-38 R-38 R-38 R-38 R-30 R-38 R-30
- WALLS R-12 R-19 * R-12 R-22 R-12 R-19 . R-12
WINDOW DOUBLE GLAZE | DOUBLE GLAZE | DOUBLE GLAZE | DOUBLE GLAZE |DOUBLE GLAZE | DOUBLE GLAZE | DOUBLE GLAZE
4 CEILING N/A N/A R-38 L ON/A R-38 R-38 R-38 R-38
WALLS R-24 R-19 R-12 R-24 R-12
WINDOWS DOUBLE GLAZE DOUBLE GLAZE |DOUBLE GLAZE DOUBLE GLAZE | DOUBLE GLAZE
5 CEILING N/A N/A R-38 N/A R-38 ’ N/A R-38 N/A
WALLS R-24 R-24 ’ R-24
WINDOW TRIPLE GLAZE TRIPLE GLAZE TRIPLE GLAZE
6 CEILING N/A R-38 N/A R-38 N/A R-30 R-38 R-30
WALLS . R-18 R-18 . R-18 R-30 R-18 .
. WINDOW DOUBLE GLAZE DOUBLE GLAZE DOUBLE GLAZE | TRIPLE GLAZE DOUBLE GLAZE
7 CEILING N/A ) N/A N/A N/A  N/A R-38 N/A R-38
WALLS R-18 R-18
WINDOW DOUBLE GLAZE DOUBLE GLAZE
8 CEILING - R-38 N/A N/A N/A . N/a N/A N/A N/A
WALLS R-24
WINDOW DOUBLE GLAZL ]
9 CEILING R-38 N/A N/A N/A N/A N/A. N/A N/A
WALLS . R-24
WINDOW _TRIPLE GLAZE i
10 CEILING N/A N/A N/A N/A N/A N/A N/A N/A
WALLS
WINDOW
11 CEILING R-38 - N/A N/A N/A N/A. N/A N/A N/A
WALLS ) R-30
WINDOW - TRIPLE GLAZE
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LOAD SUPPLIED BY SOLAR (PERCENT)
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Figure 3-20, Percent of Load Supplied by Solar Versus Collector Area
for Multifamily (N2w) Omaha Base Building
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Figure 3-21, Annual Cost Versus Collector Area for Multifamily (New)
Omaha Base Building with Gas Auxiliary Fuel
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ANNUAL COST (DOLLARS IN THOUSANDS)
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ANNUAL COST (DOLLARS IN THOUSANDS)
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Figure 3-23. Annual Cost Versus Collector Area for
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energy conservation technique achieved.

Example costs, percentages and cost savings will be cited during
the analysis of the energy conservation techniques. Examples will be
compared on the basis of 3600 FT2. This is the approximate design point

collector area for cooling for the multifamily building summarized in Tables
3-28 and 3-29,

New Construction-Application of ECT' s--Night s2tback-involves
reducing the heating thermostat setpoint from 68°F to 53°F during the
hours of 10:00 p.m. and 6:00 a. m. Incorporating night setback devices
into each of the eleven apartments of the multifamily building, reduces
the heating load, allowing the solar system to supply a greater percentage
(Figure 3-24) of the load for a fixed collector area. Annual savings,
Figure 3-25, indicates that night setback devices are only cost effective
in the lower collector areas; where the solar system is not supplying a
high percentage of the load. At higher collector areas, cost savings of
auxiliary fuels do not offset the cost of the night setback devices. This
later trend exists for all fuel types with cost savings increasing for fuels
(e.g., electricity) that are more costly.

By keeping the percentage of the load supplied by solar fixed (e.g., 59.4.
percent for heating/hot water/air conditioning and 72.4 percent for heating
and hot water), it is possible to achieve the same results by decreasing

the collector area approximately 250 and 350 square feet, respectively.
These reduced collector areas, shown in Figure 3-24, resull in initial solar
. sy stemn investment savings of approximately$ 6450 and $9030 at a collector
price of?25, 80 per square foot. This decrease can then be compared to
the$ 839.96 increased initial invesiment cost of the night setback devices.
Alternately, night setback devices are good investment strategies at any
point where collector areas can be reduced by 33 1339.96/25, 80) or more



Table 3-28., Summary Loads, Costs and Savings
Omaha -~ New - Multi~-Family
Heating, Hot Water, Air Conditioning

3600 Ft2 .
Percent Annual Costs Annual Savings :
Total Supplied (Dollars) (Dollars) Annual Load Savings
Load By ‘ -
ECT Description (BTU) | Solar Gas Oil  [lectric || Gas Oil  |Electric|| BTU x 10°® | % Savings
x 10-P -
Buse 620.9 | 59 14494 | 14895 | 15844
Night Setback 593.5 | 61 14455 | 14816 | 15674 39 8ol 175 27. 4 4
Air Yconomizer 575.2 | 64 15668 | 16058 | 16985 |} -1173 | -1162)-1135 .45.7 7 .
Awnings 591.1 | 62 14489. | 14890 | 15844 5 5 6 29.8 4 -
-3
Reflective Iilm 581.0 | 65 14446 | 14826 | 15727 48 70 122 39.9 6 .
ligh K. Lights 611.0 | 61 13840 | 14285 | 15338 || 654 610 506 9.9 2
Water Tank Insul. 607.5 | 61 14303 | 14604 | 15316 191 202{ 533 13.4 : 2
Dcee. Temp.-
Insulation 500.4 | 62 14281 | 14529 | 15116 213 367| 733 111.5 16
Case 8
Case 9 485.2 | 59 14344 | 14559 | 15070 150 337] 779 135.7 20
Case 11 484.0 | 59 14410 | 14621 | 15122 84 275 | 727 136.9 20
Furnace Eff. 620.9 | 59 14269 | 14546 | 15827 225 350 0 0 0




Table 3-29. Summary Loads, Costs and Savings
Omaha - New - Multi~-Family
Heating and Hot Water

3600 Ft2
Annual Costs Annual Savings
Percent | (Dollars) (Dollars) Annual Load Savings
Total Suppl:ed
Load By . ,
E e : ' -6 .
CT Description  1}(gTU) | Solar |} Gas Oil | Etectriq] Gas | Oit _|Flectric J| BTU x 10 % Savings
x 1079
Base 408.7 72 12159 12561 } 13514
Night Setback 380. 5 64  [h2113 12475 | 13332 46 86 132 28. 2 6
Air Economizer N/A
Awnings N/A
Reflective Films 412.8 5 12279 12659 | 13560 -120 -98 | -45 -4.1 -1
High Eff. Lights 431.7 70 11629 | 12075 | 13132 530 486 | 382 . -23.0 -8
Water Tank Insul. 413.9 72 12046 12347 | 13059 112 214 455 -5.2 -1
Dec. Temp.
Insulztion 278. 2 84 11850 12098 | 12686 309 463 | 829 130.5 27
Case 8
Case 9 235.6 87 11837 12053 | 12564 ||. 321 s08 | 950 173.1 36
Case 11 231.8 87 11894 12105 | 32606 265 456 208 176. 9 27
fligh Eff. Furnacel] 408.7 -2 11934 12210 | 13492 225 351 0 0 0
N/A Not Applicable
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LOAD SUPPLIED BY SOLAR (PERCENT)
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square feet. The strategy of reducing the collector area also reduces annual
costs. | |

The air economizer introduces outdoor air into the conditioned space to

provide natural cooling. Installing air economizer systems into =2ach

of the 11 apartments reduces the cooling load allowing the cooling system
to satisfy a greater percentage of the heating, hot water, and air
conditioning load (Figure 3-26), A small increase in the percentage of load
supplied‘to heating/hot water is also realized since the solar system has
additional energy to satisfy these loads.

If collector areas are fixed, the increased costs of the air economizer
systems do not offset the decreased costs of auxiliary fuels. Negative
annual savings occur indicating that air economizers are not cost effective
~ when compared on the basis of fixed collector areas. If the percentage

of the load is held constant, the collector area must be reduced by a
minimum of 188 (4340/25. 8) square feet to offset initial investment costs.
This occurs for heating, hot water, and air conditioning. However, yearly
operational and maintenance costs further extend the amount of collector
area reduction required. Examination of the annual cost curves indicate
that the air economizer is not cost effective at any collector area. Thus,
the air economizer does not appear to be a cost~effective energy conservation
technique at a fixed or reduced collector area.

Awnings act to shade a portion of the window, keeping radiation from entering
the building., Awnings considered in this analysis consisted of metal roll.

up awnings. They were considered to be down during the cooling season and
raised during the heating season. The building was oriented south with
awnings on three sides.
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Awnings reduced the net cooling load allowing the percentage of load
supplied by solar, (Figure 3=-27) to increase. For fixed collector areas,
cost savings, (Figure 3-28) from auxiliary fuels and pump consumption

. slightly offset initial investment costs of the awanings. This occurs only in
the lower collector areas. The amount of savings indicate a long payback
period. Awnings are not cost effective at larger collector areas because
the solar system supplies such a large percentage of the load.. Awnings

- do not interact with heating/hot‘ water.

Using the alternate strategy of keeping the percentage of the load supplied

by solar constant, the collector area can be reduced approximately 150

ft. 2 for heating, hot water and air conditioning. This reduced area represents
a-cost reduction greater than that required to offsest the initial cost of the
awnings. Since annual costs are lower, awnings represent a good investment

strategy when combined with a solar system using cooling.

Reflective films act to reduce the amount of radiation that enters the building
and heat loss through glass surfaces., All windows and sliding glass patio

doors were considered to have reflective films.

Results indicate that reflective films significantly reduce the cooiing load
“and slightly increase the heating load. The latter results from reduced
radiation through the glass during the heating ssason. However, the
pércentage of load supplied by solar (Figure 3=29) increases for both heat/
‘hot water/air conditioning and heat/hot water. The latter occurs since the

solar system is able to supply more energy to heating/hot water.

For a fixed collector area, reflective films are cost effective for heating,
hot water and air conditioning systems (Figure 3=30). Annual cost savings
indicate that the payback period is relatively long; especially for larger
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collector areas and for less expensive auxiliary fuels. Annual savings for
heating and hot water are negative since the cost of installing reflective
films is greater than the savings from auxiliary fuels.

Figure 3-29 indicates that collector area can be substantially reduced by
keeping the percentage of load supplied by solar constant. Since reflective
films have no operational costs associated with them, the collector area
must be reduced by 2144/25.8 or 84 square feet in ordar to equal initial
investment costs. From the percentage of load supplied by solar versus

collector area curve, the collector area can be reduced considerably
more than this amouat for both heating, hot water and heating, hot water and

air conditioning. Since annual costs are lower, reflective films are cost
effective and represent a good investment strategy where air conditioning
occurs. For heating and hot water systems, reflective films are not cost

effective, even at reduced collector area.

High efficiency lights consist of using 80 percent fluorescent lights in lieu
of incandescent lights while holding the level of light (lumens) at a constant
level., The resultant heating load on the building increases while the cooling
load decreases., The net effect is a slight decrease in the total annual load
for heating/hot water/air conditioning and an increase for heating/hot water.
The percentage of the load satisfied by solar (Figure 3-31) increases
where cooling occurs and decreases with respect to heating and hot water.

Annual savings (Figure 3-32) for fixed collector areas occur primarily
from reduced electrical usage for lighting. Annual savings

increase with increased area because the solar system is contributing
additional heat, etc. and less auxiliary fuels are required. Thus, auxiliary
fuel costs decrease and net saving increase.
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If the percentage of the load is held constant, collector area can be reduced
approxinma tely 200 ft.2 where air conditioning is considered, but must be
increased approximately 300 ft2 for heating and hot wuter. At constant and
lower collector areas, annual costs are always lower when high efficiency
lights are included in the building. For heating and hot water, where the
collector area must be increased, annual costs are greater. Thus a strategy
of decreased collector area for heating, hot water and air conditioning and
coastant collector area for heating and hot water minimize annual costs and

maximize savings.

Increasing the level of insulation on the domestic hot water tank (R-6) and

~ decreasing the temperature by 10°F resulted in a decreased ‘cooling and

hot water load and an increased heating load. Because the domestic hot
water tank is now better insulated, losses to the building are decreased.
Therefore, less cooling is required to maint‘;ain the space temperature and
additional heat is required to match previous losses. These shifts are
‘reflected in the percentage of load supplied by the solar system (Figure
3-33).

Annual cost savings (Figure 3=34) result for both heating/hot water and air
conditioning and heating/hot water. Savings occur as a result of decreased
cooling operational costs and auxiliary fuel 'usage for both hot water and
air conditioning. The magnitude of the annual savings indicates a short
payback period for fixed collector areas. Holding the percentage of solar
supplied to the load constant, the collector area can be reduced by approx-
imately 150 ft2 for heating/hot water and air conditioning. This represents
an initial investment cost decrease considerably greater than the initial
cost of $ 329.45 for the additional tank insulation. Since annual costs are
lower, added tank insulation and decreased temperature represent a

cost effective energy conservation technique.



LOAD SUPPLIED BY SOLAR (PERCENT)

10 1

100 -
90.<
80 A
70 A
60 1—
50 1
40 -
30 A

20 1

BASE BUILDING

- g1~

— — ~ BASE BUILDING WITH
INC INSUL/DC TEMP

g L ¥ A L

L § - Y <
1200 2400 3600 4800 6000 7200 8400 9600

COLLECTOR AREA (FT2)

Figure 3-33. Percent of Load Supplied by Solar Versus Collector Area

for Multifamily (New) Base Building with Increased Domestic
Water Heater Insulation/Decreased Temperature



ANNUAL SAVINGS (DOLLARS)

600

.500

400

300

200

100

ELECTRIC

——— — H, HW

H, HW, AC
— | !

/’—-— ’ T e ;
e w
/ . GAS '

//— —__——_--—-’

”~
P
T~ v T T - — — T T

1200 2400 3600 4800 6000 72006 8400 9600

COLLECTOR AREA (FT?)

Figure 3-34, Annual Savings Versus Collector.-Area forlMuItifamily
(New) Omaha Base Building with Increased Tank Insulation
and Decreased Temperature



g v
LIS A B W

- 134 -

For heating and hot water, the collector area must be slightly increased.
Examination of the annual cost curves indicate that the increased area

still results in lower annual costs as compared to the base case. However,
annual costs are minimized at a fixed collector area indicating the preferable
strategy.

Improving the thermal resistance (Figure 3-35) of the multifamily building
significantly reduced the heating load while increasing the cooling load.
The cooling load tends to increase because the added insulation traps

the heat within the building. As a net result, a sizeable decrease in the
building load is achieved and a significant amount of energy saved.

® Case 8 Ceiling R-38 Total
2x6 Walls R-~-19
1" Styrofoam sheathing
Double Glazing

@® Case 9 Ceiling R-38 Total
"2x6 Walls R-19
1" Styrofoam
Triple Glazing

@® Case 11 Ceiling R-38 Total
2x6 Walls R-19.
2" Styrotoam
Triple Glazing

All three cases of insulation were cost effective with respect to fixed
collector area. Annual savings (Figures 3-36 through 3-38) are maximizec
at different insulation levels with respect to the type of auxiliary fuel.
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For gas and oil, Case 8 provided maximum savings. For more expensive

electric fuel, Case 9 provided maximum savings.
. cap

Keeping the percentage of load supplied by solar constant, the-collector
area can be significantly reduced for heating and hot water (F«i”g\vg‘r;e?3,-:37').
The amount of reduction repressants initial investment savings f'ar;"i:r'r
excess of the initial cost of the added insulation. Where air conditioning
is considered, the reduction in collector area about equals the cost of
added insulation for Case 8. For Case 9, the amount of reduction does
not appear to offset insulation costs. Howeve;r, since annual costs are

lower, additional insulation is cost effective.

Increasing the efficiency of the gas and oil furnaces from-0.55 to 0.80

reduces the amount of auxiliary fuels used and operational times of
furnace fans. For analysis purposes, the high efficiency furnace was assumed
to be a part of the heating plant within the new multifamily building.

Hence, no installed costs are assumed.

Annual cost savings (Figures 3=39) reflect the amount of fuel savings and

electric fan consumption for gas and oil auxiliary fuels. At 3600 ft2 of
collector, auxiliary fuel savings amount to 102 x 106 BTU/year.

Existing Construction-Omaha, North Central Region-~The interaction

of the solar system with the existing multifamily building in Omaha is
illustrated in Figures 3-40 and tabulated in Tables 3-30 and 3-31, The
existing multifamily residence is similar in size and internal loads, but
differs considerably in the amount of insulation. As a result, the heating
luad is noticeably higher and the percentage of the load supplied.by solar

is lower for comparable collector areas. Comparative results include:-
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Table 3-30.

Summary Loads, Costs and Savings
Omaha - Existing - Multi-Family
Heating and Hot Water

3600 Ft2
Percent -\J:I;Juﬂ Cos:s Annual Savings
{Total Supplied (Dollars) (Dollars) Annual 1.oad Savings
. Load By
- ECT Description . ‘ -
] p . (B;E,lj% Solar |} Gas il i Electrid] Gas Oil Electric BTU x 10 6 % Savings
- S, X — -
Base 717.0 | 53 13977 | 14939 17219
Air Economizer NA
High Eff. Lights 755.0 | 52 13752 14776 17204 225 163 1541-38 -5
Water Tank Insul.
& Decrease Temp. 727.1 52 12871 14732 16776 106 207 443 11-10.1 -1
Awnings NA
Increased Insul.
Case 3 361. 6 80 13000 13332 14121 977 1607 3098 355.3
Increased Insul. ) .
Case 2 409. 8 5 13165 13567 14520 812 1372 2699 307.2 43
Increased Insul.
Case 61 308.3 83 12915 13197 {4 13866 1062 1742 3353 408.7 57
Night Setback 664. 3 55 12859 14733 163804 118 204 415 52.17 i
Reflective Films 730.3 54 14101 15059 17332 -124 -120 -113)) -13.3 -2
Improved Furnace
Efficiency 717.0 53 14120 14856 17725 -143 83 4] 0 0
NA - Not Applicable
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Table 3=-31., Summary Loads, Costs and Savings
Omaha - Existing - Multi-Family

Hea’cing2 Hot Water, Air Conditioning
3600 Ft
Percent Annual Costs Annual Savings
Total Suppiied (Dollare) (Dollars) 'l Annual Load Savings
Load By -6
ECT Description (BTU) | Solar Gas 0Oil Electric Gas 0Oil Electric BTU x 10 % Savings
- X 10-9
Base 925.7 48 18370 | 17331 | 19611
Air Economizer 901. 3 50 17637 | 18590 | 20849 -1267 | -1259 -1238 24. 4 3
’  High Eff. Lights 932. 3 49 15995 | 17019 | 19448 375 312 163 -6.6 -1
Water Tank Insul. ||-921.0 49 || 16192 | 17054 | 19098 178 277 513 4.7 1
Awnings 890. 3 s0 || 16318 | 17276 | 19549 52 55 | 62 35.4 4
g‘:::a;ed Insul. 567.9 | 65 15414 | 15747 | 16535 956 | 1584 3076 357. 8 39
g’:::a;ed losul. 611.9 63 15556 | 15958 | 16911 814 | 1373 2700 313.8 34
Increased Insul. 521.5 65 15372 | 15654 | 16323 998 | 1677 3288 404. 2 . 44
Case 6 .
Night Setback 873.0 | .50 ~16258 | 17131 | 19202 112 200 409 52.7 .6
Reflective Films " || 895.6 | 51 16313 | 17271 | 19544 57 60 |~ 67} 30.1 3
Improved Furnace |} 955 7 | 45 || 16512 | 17248 ! 19611 1142 83 0 0 0
Efficiency ]
——
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- To realize the same load contribution by the solar system as that
obtained on the new multifamily residence in Omaha, the collector
would have to be increased by approximately 1200 square feet
for heating, hot water and air conditioning and 3300 square
feet for heating/hot water. This considerable increase in
collector area represents a substantial increase ir} initial system
costs and is a further indication of the cost.effectiveness of

energy conservation.

- The high-efficiency furnace is not cost effective where gas
auxiliary fuel is used. Retrofit costs for high-efficiency

furnaces exceed fuel cost savings.

- Three cases of insulation were analyzed. All included filling
cavities within the stud walls with insulation. Even though
this involves considerable expense, the added insulation is

cost effective.

New Construction-New York, Northeast Region--Figure 3-41 illustrates

the interaction of the solar system with the multifamily residence for
New York (Northeast Region). Tables 3=32 and 3-33 are tabulated
results for the new residence with each energy conservation technique.

Annual costs, annual savings and load savings are tabulated for a collector
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Table 3232,

Summary Loads, Costs and Savings
New York - New - Multi-Family
Heating and Hot Water

3600 Ft2
Annual Costs A i
Percent Dollare) nnual Savings '
Total Supplied (Dollars) Annual .oad Savings
Load By
ECT Description . . -
P (BTng Solar Gas Oil ! Electriq| Gas Oil Electric BTU x 10 s % Savings

x 10~
Base 325.9 80 12245 12381 13552 '
Night Setback 300.4 82 12188 12311 13373 57 ' 70 179 25.5 6.5
Air Economizer N/A N/A N/A N/A N/A N/A N/J N/A N/A N/A
Awnings N/ A N/A N/ A N/A N/A N/A N,/J N/A N/A N/A
Reflective Films 333.3 32 12392 12520 | 13639 -145 -139 -78 -8.4 -2
High Eff. Lights 383.2 14 11677 11845 13296 568 - 334 234 D3
Water Tank Insul
& Decreased Terp} 328 79 12050, 12150 12924 186 232 632 -2.1 -1
Increased Insul
Case 4 232. 8 90 11911 12000 12764 334 381 78+ 93.1 23
Increased Insul.
Case 5 207. 3 90 11947 12034 12783 298 347 769 118.1 30
Increased Insul
Case 3 244. 4 90 12017 12112 129285 229 270 627 81.5 21

X .
Increased Fur. H
Efficiency 325.9 80 12155 12249 13552 90 132 0 0 0
N/A Not .\pplicable

- 9%1 -~



Table 3-33.

Summary Loads, Costs and Savings

New York - New - Multi~-Family

Heating, Hot Water, Air Conditioning
3600 Ft2
Percent Annual Costs Annual Savings
' (Dollars Qaui
Total Supplied ) (Dollars) Annual T.oad Savings
’ Load Ey :
EC ipti o . -
T Description | (g7y) | sclar Gas Oil | Flectrid] Gas oit__IEtectric || BTUx10® | % savirgs
] x 10°°
Base 487.9 51 14706 | 14841 16013
Night Setback 461. % 52 14657 14780 ° 15842 49 61 171 25.3 5
Air Ecoaomizer 424.9 73 15651 15786 16865 -955 -945 -852. 82.4 15 -
Awnings 465.1 63 14695 14831 16001 11 11 12 21.3 4
Reflective Fiims .462.1 68 14680 14809 15918 27 32 95 25:1 5
Water Tank Inasul. : .
& Decreased Tem 467. ﬁ 64 14399 14488 15259 308 353 754 19.3 3
Increased Insul.
Case 4 442, 11 57 14668 14757 15524 39 85 489 45.0 8
Increased Insul. ' ‘
Case 5 450.% 51 14886 14972 15721 -179 ~131 292 32.0 6
Increased Insul A -
Case 3 444.q 59" 14717 | 14811 15625 -10 30 383 43,2 8
Increased Furnacyg _
Efficiency 487. 4 61 14616 14709 16013 90 132 0 0 0
High Eff. Lights 475.77 67 13733 13901 15352 973 940 661 11.5

- LYT -
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area of 3600 square feet.

Three cases of added insulation, corresponding to descriptions provided
in Appendix B, were analyzed. All cases were cost effective for heating
and hot water systems, while only Case 4 was cost effective for heating,
hot water and air conditioning. Case 4 was the most cost effective as

indicated by the annual savings.

Existing Construction-New York, Northeast Region--Summary

results for an existing multifamily residence in New York are illustrated

in Figures 3-42 and Tables 3-34 and 3-35,

Three cases of added insulation were analyzed. All caocse involved adding
insulation to the wall cavities and ceiling. All were cost effective as

indicated by the positive annual savings.

High efficiency furnaces were not cost effective because the high cost

of replacing furnaces did not offset the additional fuel savings.

Reflective films were not cost effective for existing residences because .
savings resulting from a low air conditioning load were not sufficient

to offset the cost of installing reflective films.
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Table 3-34, Summary Loads, Costs and Savings
New York - Existing - Multi- Family
Heating and Hot Water, Air Conditioning

3600 Ft<
Percent Annual Costs Annual Savings
1 Y .
(Dollars 11 Savi
’Total Supplied ] (Dollars) Annual T.oad Savings
Load By .
E . : -6 .
CT Description (BTU) { Solar Gss Oil | Electrid] Gas Oil__ |Flectric J] BTU x 10 % Savings
’ x 1070 j .
Base ' 1692 54 16,387 | 16695 19553
Night Setback 642. 2 56 16225 16501 18877 161 179 445 16. 8 2
- Air Eccnomizer 656.7 56 16555 16860 19485 -169 -178 | -146 2.6 0
Awnings 670.3 56 16369 16676 19329 18 12 17 -11.3 -2
[}
Reflective Films 678. 4 57 116388 16697 19355 -2 ’ -7 -6 -19.4 -3 -
} : High Eff. Lights 719.8 |54 15950 | 16307 19375 437 388 178 -27.2 -4 3
\ . .
: Water Tank Insul. '
& Decreased Temp|}687.1 54 16129 16404 18683 247 274 631 -28.1 -4
. Increased Insul.
' Case 2 441.5 63 15707 15814 16740 680 806 2441 217.5 30
Increased Insul. )
Case 3 452. 8 63 15610 15727 16736 7176 888 2444 206. 2 28
Increased Insul. .
Case 6 439.8 63 15652 15759 . 16683 735 853 2489 219.2 30
Improved Furnace
Efficiency 692.0 54 ’ 16557 16797 553 -170 -102 | O 0 0




Table 3-35. Summary Loads, Costs and -Savings
New York - Existing - Multi-Family
Hot Water

Heating

3600 Ft2

Annual Costs

Percent rigen Annual Savings
Total Supplied (Dollars) (Dollars) Annual Load Savings
Load
ECT Description (BTU) Sﬁy B . -6
: ALY lar Gas Oil Electrid] Gas Oil __ [Flectric }] BTU x 10 % Savings
x
Base 575 59 14189 |14498 | 17156
Night Setbazk 525.3 62 14015 14290 16666 160 191 458 49.7 8
Air Economizer N/ A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Awnings {N/a N/A N/A N/A N/A N/A N/A N/A N/A N/A .
Reflective Films 587. 4 50.3 14330 14639 17297 -139 -139 -138 -12.4 -2 =t
. : : (3]
High Eff. Lights 643 157 13998 14354 17423 191 144 =267 -68 -12 Land
Water Tank ILasul -
& Decreased Temp{{583.3 59 14016 14280 16560 162 204 561 -8.3 -1
Increased Insul. )
Case 2 274.4 86 13170 13277 14202 937 1127 2762 300. 6 47
Increased Insul. . ' .
Case 3 293.8 {84 13127 13244 14253 977 1158 2714 281.2 44
Increased Imsul.
--Case 6 274.1 86 13121 -§153229 14153 997 1269 2467 300.9 47
Improved Fuarnace
Efficiency 575 59 14359 14600 17156 -170 -102 0 0 0
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New Construction-Atlanta, Southeast Region--Summary results for

a new multifamily residence in Atlanta are illustrated in Figures 3-43

and tabulated in Tables 3-36 and 3-37.
Four cases of insulation were analyzed. None were cost effective where
air conditioning was considered. For heating and hot water systems, only

Caée 2 was cost effective.

Reflective films became cost effective for heating and hot water systems

where electric auxiliary fuel wus used.

Existing Construction-Atlanta, Southeast Region--Summary results

for the existing multifamily residence in Atlanta are illustrated in

Figure 3-44 ahd tabulated in Tables 3-38 and 3-39,

Four cases of insulation were analyzed for existing multifamily residences.

All were cost effective; Case 2 being the most cost effective.

High efficiency furnaces were not cost effective because of the high cost

of retrofitting.

New Construction-Albuguerque, Southwest Region--Summary results

for the new multifamily residence in Albuquerque are illustrated in

Figures 3-45 and tabulated in Tables 3-40 and 3-41,
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Table 3-36,

Percen:

Summary Loads, Costs and Savings
Atlanta - New - Multi-Family

Heating
3600 Ft2

Annual Costs

Hot Water, Air Conditioning

Annual Savings

Dollar '
Total Supplied ( s) {Dollars) Annual T.oad Savings
Load By
ECT Description . . ‘ -
Serip (BTU) | Solar Gas Oil FElectrid] Gas Oil Electric BTU x 10 6 % Savings

x 1070
Base 642 55 14715 14852 15517
Reflective Film 564 59 14563 14683 15270 154 169 247 78 12
Inérease Water
Tuank Insulation 565 62 14384 14451 14779 332 401 738 71 12
Night Setback 615.9 54 14716 14842 15461 1 10 56 26 4 '

b
Air Economizer 561.9 60 16014 16143 16787 -1298 -1290 -1270 80 12 g‘
High Eff. Lights 600. 4 63 13682 15883 14571 1034 1019 946 41.6 6 ]
Awnings 602.9 58 14632 14767 15429 84 85 88 39 6
Improved Furnace
Efficiency 642.0 55 14680 14806 15517 36 5 0 0 (
Increased Insul.
Case 2 599.5 50 14874 14985 15529 -158 -133 -12 39 6
Increased Insul.
Case 3 600. 8 50 14954 15065 ! 15607 -238 -213 -90 41 6
Increased Insul. :
Case 4 600.3 50 14946 15058 15605 -230 -206 -87 42 6
Increased Insul.
Case * 500. 7 49 14980 15090 15629 -264 -238 -112 41 6
|




Table 3-37. Summary Loads, Costs and Savings
Atlanta - New - Multi-Family
Heating and Hot Water

3600 Ft2
) Percent Annual Costs » Annual Savings
" (Dollars) g .
Total Supplied (Dollars) Annual lLoad Savings
L Load By
ECT Description (BTU) | Soler Gas Oil | Electrid] Gas oil _|Electric || BTU x10°% | % savings
x 1070

Base ' 358.2 72 11808 11944 12609

Reflective Film 330.5 74 11872 11993 12580 -64 -48 29 28 8

Increase Water . .

Tank Insulation 307.2 84 11599 11666 11994 209 278 515 51 14 '

Night Setl:ack 331.9 72 11804 '} 11931 12550 4 13 £9 26 7 -
(3

Air Economizer N/A N/A  |jJN/A - I N/A N/A N/A N/A N/A N/A N/A w

High Eff. Lights 405.6 | 73 11209 11361 12099 599 583 510 -47.4 - 13 !

~Awnings N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Improved Furnace ‘

Efficiency 358.2 72 11772 11898 12609 36 46 0 0 0

Increased Insul.

Case 2 276.1 71 1111764 11876 12419 44 69 190 83 23

Increased Insul-.

Case 3 277.2 71 11343 11954 12497 -35 -10 113 81 23

Increased Insul.

Case 4 280. 7 71 1] 11854 11966 12512 ~-45 -21 97 77 22

Increased Insul.

Case 5 271.6 71 11843 11953 12492 -34 -9 117 87 24

N/A Not Applicable
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for Multifamily Residence (Existing) Atlanta Base Building




Table 3-38. Summary Loads, Costs and Savings
L Atlanta - Existing - Multi-Family
Heating, Hot Water, Air Conditioning

3600 Ft .
Annual Costs Annual Savings
Perzent (Dollars) (Dollars) Annual T.oad Savings
Total Supplied c
: ’ Load By i
E D ipti H -
CT Description |} (g1y) | Solar Gas Oil | Electrid] Gas oil__|Electric || BTUx10™% | % Savings
x 10°°
Base 856.8 56 16028 16292 17582
Improved Furnace
Efficiency 856.8 | 56 1 16273 16491 582 -245 - 19% 0 0 0
Night Setback 802.6 56 15925 16155 17282 104 1377 301 54.2 6
Ins. Water Tank 793.4 v 61 15745 15944 16914 283 349 6569 63.4 7 '
. o
Reflective Films 820.4 } 59 15962 16218 17469 67 751 114 36.4 4 g
Awnings 831.1 58 15987 16250 17538 42 42 44 25.17 3 (]
Air Economizer 828.3 57 17501 17759 19023 -1472 -1467- 1440 28.5 3
High Eff. Lights 853.2 | 58 15351 15656 17143 677 634 439 3.2 0
Increased Insul.
Case 3 607.1 54 15667 15788 16381 362 504r 1202 249.7 29
Increased Insul. .
Case 4 603.9 | 54 15697 15817 16405 332 47¢ 1177 252.9 30
Increased Insul. '
Case 6 599.9 { 52 15749 15865 16428 279 428 1154 256.9 30
Increased Insul
Case 7 592.7 52 15783 15898 16455 245 395f 1128 264.1 31
|
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Table 3-39.

Summary Loads, Costs and Savings
Atlanta - Existing - Multi-Family

Heating and Hot Water

3600 Ft2
Percent Annual Costs Annual Savings
: {Dollars 17, i
Total Supplied ) (Dollars) Annual T.oad Savings
'] Load By
i : -6 .
ECT Description (BTU) | Solar Gas Oil__ | Electrid] Gas Oil _ |Flectric }| BTU x 10 % Savings

x 10°° <
Base 593.3 88 13210 13475 164765
Improved Furnacel
Efficiency £93.3 68 13455 13673 14765 -245 -194 0 0 0
Night Setback  £39. 1 69 13099 13329 14456 112 146] 309 54,2 9
Insulated Water ]
Tank 548. 4 74 13022 13221 14191 189 255 275 44.9 8 -
Reflective Films 600. 1 69 13345 13602 14853 -135 -129 -88 -6.8 -1 g
Awnings N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A '
Air Economizer N/A N/A N/A N/A N/A N/A N/A N/A{ N/A N/A
High Eff. Lights 549.4 66 12835 13140 14627 317¢ 335 138 -51.5 -9
Increased Insul. .
Case 3 318.9 72 12697 12819 13412 504 656§ 1353 274.4 46
Increased Insul.
Case 4 313.5 72 12715 12835 13423 496 640 1342 279.8 47
Increased Insul. :
Case 6 292.9 72 12724 12840 13404 486 635] 1361 300.4 51

-
Increased Insul.
Case 7 290.0 | 73 17436 | 17544 18071 99 175] 544 303.3 51
N/A Not Applicabl¢}

J
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Table 3-40. Summary Loads, Costs and Savings
Albuquerque - New - Multi-Family

Heating2 Hot Water, Air Conditioning
2400 Ft
Annual Costs ! i
Percent Dotlaroy Annual Savings ..
Total Supplied ' (Dollars) Annual T.oad Savings
Load By '
ECT Description : -
p (B’I‘Ut)i Solar Gas 0il Electri Gas Oil __ |Electric BTU x 10 s % Savings
x 10~
Base 646. 3 56 12558 12730 13715
Improved Furnace
Efficiency 646. 3 56 12476 12629 13715 82 101 0 0 0
Air Economizer 577.0 64 14015 14177 15104 1457 -1447 |-1389 69.3 11
Night Setback 612.6 7 12500 12653 .13525 58 11 190 33.7 5 '
High Eff. Lights 628.3 58 11437 11638 12792 1121 1092 923 18.0 3 ;
o
Awnings 607.6 61 12460 12631 13508 98 9¢ 107 38.7 6 .
Reflective Films 598.3 64 12448 12608 13525 110 122 190 48.0 7
Increase Water
Tank Insulation 579.9 63 12274 12388 13040 284 342 675 66. 4 10
Increased Insul.
Case 3 559.9 53 12550 12667 13332 8 63 383 86. 4 13
Increased Insul. : o
Case 4 556.17 51 12648 12762 13411 -90 -32 304 89.6 14
Increased Insul.
Case 5 546.3 49 12752 12857 13461 -194 -127 254 100.0 15
Increased Insul.
Case 6° 547.5 48 12845 12949 13544 -287 -219 171 98.8 15




Table 3-41, Summary Loads, Costs and Savings
: Albuquerque - New - Multi-Family
Heating and Hot Water '

2400 Ft2
. Percent ]| Ar:;\)uali Costs Annual Savings
Total Suppliec : ollars) . (Dollars) Annual T.oad Savings
.Load By
ECT Description . - T i -
(BI'I(;I_J) Solar Gas Oil Electrid] .Gas QOil Electric }| BTU x 10 6 % Savings
” -
Base 442.6 70 99617 10139 11124
Improved Furnace
Efficiency 442.6 70 9886 10038 11124 81 101 0 0 0
Air Economizer N/A N/A N/A N/A .N/A N/A N/A N/A N/A ‘ N/A .
Night Setback 408.7 71 9885 10038 10910 82 101 214 - 33.9 8 -
o))
High Eff. Lights 473.2 67 9519 9721 10875 448 418 249 -30.6 -7 -
Awnings N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A !
Reflective Films 447,17 72 10108 10269 11186 -141 -130 -62 -5.1 -1
Increase Water
Tank Insulation 396.6 78 9790 9904 10556 177 235 568 46.0 10
Increased Insul. . .
Case 3 323.4 72 9791 9907 10572 176 232 552 119.2 27
Increased Insul.
Case 4 307.6 71 9830 9944 10593 137 195 531 135.0 31
Increased Insul.
Case 5 280.1 71 9846 9951 10555 121 188 569 162.5 37
Increased Insul. ’
Case 6 276.6 71 9915 10019 10614 52 120 510 166.0 38
N/A Not Applicable

P
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Four cases of insulation were examined. All were cost effective where
only heating and hot water were analyzed. Only Case 3 was cost effective

where air conditioning was considered.

Existing Construction-Albuquerque, Southwest Region--Summary

results for the new multifamily residence in Albuquerque are illustrated

in Figures 3-46 and tabulated in Tables 3-42 and 3-43.

Four cases of insulation were analyzed. All were cost effective, even

when air conditioning was considered.

High efficiency furnaces were cost effective for existing buildings
because the saving resulting from the reduced fuel auxiliary usage
was sufficient to offset the cost of retrofitting the building with high

efficiency furnaces.

Reflective films were not cost effective where air conditioning was considered

because of the same cooling load.
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Table 3-42. Summary Loads, Costs and Savings
Albuquerjue - Existing - Multi-Family
Heating2 Hot Water, Air Conditioning

"

3600 Ft
Annual sts - ; .
Percent (DU ! Costs Annual Savings
Total Supplied ollars) (Dollars) Annual Toad Savings
Load By
ECT Description . . -

(B;E; Solar Gas 0il Electrid] Gas Oil __ |Electric {{ BTU x 10 s % Savings

X .
Base 1239.0 ] 53 17590 18221 -+ 21826
Improved Furnace
Efficiency 1239.0 {53 17430 17902 21816 160 319 0 0 0
Night Setback 1149.0 | 55 17263 17812 20946 327 409 880 90.0 7
Air Economizer 1216.0 | 54 19170 19798 23386 -1580 -1577 $1560 23.0 2 .
Awnings . 1217.0 | 54 17561 18192 21800 29 29 26 22.0 2 -
High Eff. Lights 1247.0 | 52 17153 17828 21691 4317 395 135 -8.0 -1 f,’:
Reflective Film 1228.0 | 54 17640 18282 21952 -50 -61 | -126 11.0 1 '
Increase Tank .
Insulation 1186.0 | 55 17355 17934 21243 235 287 583 53.0 4
Increased Insul.
Case 3 591.5 ] 71 15337 15453 16115 2253 2768 | 5711 647.5 52
Increased Insul
Case 4 577.0 64 1542° 15587 16514 2165 2634 | 5312 662.0 53
Increased Insul. ' i )
Case 6 565.7 |} 70 15400 15507 16119 - 2190 2714 }5707 673.3 54
Increased Insul. )
Case 7 561.6 | 69 15428 15533 16132 2162 2688 § 5694 677.4 54




Table 3-43. Suinmary Loads, Costs and Savings
Albuquerque - Existing - Multi-Family
Heating and Hot Water ’

3600 Ft2
Percent Annual Costs Annual Savings
Total Supplied | (Dollars) (Dollars) Annual T.oad Savings
. Load | :
ECT Description (BTS) SB{ . . . -6
Gl olar Gas Oil | Electridl Gas Oil Electric BTU x 10 % Savings
x ‘ .
Base 1063.0] 54 15200 15331 19436
Improved Furnace
Efficiency 1063.0] 54 15040 15512 - 19436 160 319 0
Night Setback 972.7{ 56 ' 14869 15418 18552 331 413 884 90. 3 8
Air Economizer N/A N/A N/A N/A N/A N/ A N/A N/A N/A N/A '
Awnings N/A N/A N/A N/A N/A N/A N/ A N/A N/A N/A o
High Eff. Lights 1101 52 14922 15598 19460 278 233 ~24 -62 -6 o
[}
Reflective Film 1087.0{ 54 15431 16073 19743 ~231 -242] -307 -24.0 -2
Increased Tank A
Insulation 1023.0] 56 15036 15615 18923 164 216 513 40.0 4
Increased Instl. | - . |
Case 3 391.0) 77 12768 12884 13546 2432 2947] 5890 672.0 63
Increased Insul. ’ .
Case 4 441.8 72 13120 13282 14209 2080 2549 5227 621.2 58
Increased Insul.
Case 6 350.3} 76 12757 12864 134717 2443 2967) 5959 712.7 67
Increased Insul. .
Case 7 342.01 76 12766 12871 13470 2434 2960) 5966 721.0 68
N/A Not Applicable




- 166 -

Conclusions-- Results for the economic analysis are summarized in Tables

3-44 through 3-51 which illustrate annual saving (dollars) and payback
periods (years) for each energy cohéervation teéhnique for each of the
four regions. Results are summarized for each of the three auxiliary
fuel typeé and for both heating, hot water, and air conditioning and heating

and hot water systems. The magnitude of annual savings provide a means

~ T <

- to rank energy conservation techniques; providing an indication of which

%z <

- are most preferable. Payback periods indicate the length of time required
for savings to offset initial investment costs. Paybacks of greater than
20 years are tabulated and should be used as a means of relative ranking.
Some instan;:e‘s- of negative annual saving with positive payback years
occur because the annual saving are calculated-from annual costs which

include the cost of the energy conservation technique.

Results shown are based on an analysis which considered implementing
each energy conservation technique separately. No computerized analysis
of combinations of energy conservation techniques was performed for thé
multifamily residence. Greater energy and dollar savings can be achieved
by combining the more promising energy conservation techniques. The
combined effecf woﬁld not be completely additive because of the inter-

action of the solar system and energy conservation techniques.

Savings and payback periods for any single energy conservation technique

vary greatly between regions because of differences in climate, in amount

MRESERREY B T



Table 3-44. Energy Conservation Techniques, Cost Effectiveness
Multi-Family Residence
Heating, Hot Water, Air Conditioning
Gas Auxiliary Fuel

ENERGY CONSERVATION NORTH CENTRAL NORTH_EAST SOUTH EAST SOUTH WEST ‘
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ ' Savings/ Savings/ Savings/
Payback Payback Payback Payback Payback Payback Payback Payback
"High Eff. Furnace 225/ % -142/28 90/ * -170/31 36/- 245/13 82/ - . 629/9
Night Setback 35/ 11 112/7 49/11 161/6 1/20 104/8 58/9 327/3
Air Economizer -1173/- -1267/- -955/ - -169/37)} -1298/- | -1472/- -1457/- § -1580/-
High Eff Lights 654/3 375/ 10 973/ 2 437/10 1034/2 677/5 1121/2 437/9
Reflective Films  48/15 57/12 27/17 -2/20 154/9 57/13 110/ 11 -50/32
Awnings 5/19 52/147) 11/18 18/17 84/11 42/14 98/11 29/16
Water Tank Ingulation
Decreased Temp. 191/2 178/2 308/ 1 247/2 332/1 283/1 284/1 235/1
\Incrsased Insulation 213/8 998/7 39/16 776/17 -158/ - 362/10 8/19 2253/3

- L91 -



Table 3-45,

Multi-Family Residence
Heating, Hct Water
Gas Auxiliary Fuel

Energy Conservatior Techniques, Cost Effectiveness

ENERGY CONSERVATIONHNAH CENTRAL NORTH EAST SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING

Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
Payback Payback  Payback Payback Payback Payback Payback Payback

High Eff Furnace 225/ * -143/2¢€ 90/ * -170/31 36/ - 245/ 13 81/- 629/9

Night Setback 46/11 118/1 57/10 160/ 6 4/19 112/17 82/17 331/3

Air Economizer N/A N/A N/A N/A N/A N/A N/A N/A

High Eff. Lights 530/3 225/12 568/3 191/ 14 599/3 375/17 448/4 278/11 .

‘Reflective Films -120/236 -124/ - -145/~ -139/ - -64/37} -135/- -411/- -231/- -

Awnings N/A N/A N/A N/A N/A N/A N/A N/A g

Water Tank Insulation '

Decreased Temp. 112/3 106/3 186/2 162/ 2 209/2 189/2 177/ 2 164/2

Increased Insulation 321/9 1062/ 6 334/6 997/ 6 44/17 504/9 176/ 12 2443/3

N/A Not Applicable




Table 3-46. Energy Conservation Techniques, Cost Effectiveness
Multi-Family Residence
Heating, Hot Water, Air Conditioning
Qil Auxiliary Fus=1l

NORTH EAST

( ENERGY CONSERVATION} NORTH CENTRAL SOUTH EAST SOUTH WEST

TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING

R Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
Payback Payback Payback Payback Payback Payback Payback Payback

High Eff. Furnace 350/5 83/17 132/9 - 102/ 25 5/19 193/13 101/10 788/7
Night Setback 80/8 200/5 61/10 179/ 6 10/17 137/6 77/8 409/3
Air Economizer -1162/- | -1259/- -945/ - -178/39 |} -1290/- -1467)- -1447/- -1577/-
'High Eff. Lights 610/3 312/11 940/ 2 388/10 1019/ 2 636/5 1092/ 2 393/10
Reflective Films 70/13 60/ 11 32/16 -7/22 169/9 75/13 122/ 10 | -61/37
Awnings 5/19 55/13 11/18 12/18 85/11 42/ 14 99/ 17 29/16

Water Tank Insulation » :

Decreased Temp. 292/ 1 277/1 353/1 274/ 1 401/* " 349/1 342/1 287/ 1
Increased Insulation 367/6 | 1671/5 85/12 888/7 -133/46 504/ 9 63/ 16 2768/ 2

N/A Not Applicable

* Less than 1 year
- Negative

Paybacks greater
than 20 years for
relative ranking
only

- 691 -



Table 3-47. Energy Conservation Techniques, Cost Effectiveness
Multi-Family Residence
Heating, Hot Water
Oil Auxiliary Fuel

N/A Not Applicable

.

* Less than 1 year
- Negat'ive

Paybacks greater
than 20 years for
relative ranking
only

:NERGY CONSERVATION NORTH CENTRAI... NORTH EAST SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
l_"a\B_\ck Payback Payback Payback Payback Payback Payback Payback
High 6 Foenoee 351/5 83/ 17 132/ 9] -102/ H 46/ 14 198/ 14 101/10 788/7
Nipht Setback 867 206/5 70/9 | 191/6 13/16 146/ 6 101/7 413/3
A Feonouucer N AL N/A N/A N/A N/A N/A N/A N/A
Hagh 100 1 aghts 4867 4 163/ 14 536/3 laa/1H  583/3 335/8 418/4 233/12
Reflechive Filims -98/79 -120/- -139/492 -139/ -48/31 -127/101} -130/100 -242/-
Awnings N/A N/A N/A N/A N/A N/A N/A N/A
Water Tank Insulation]
Decreased Temp 214/2 207/ 2 232/2 204/2 278/ 1 255/ 1 235/1 2145/ 2
lnereased Insulation 508/17 1742/4 381/5 2467/4 69/15 656/ 7 232/10 2967/3

- 0LT -



-~

Table

3-48. Energy Conservation Techniques, Cost Effactlveness
Multi-Family Residence
Heating, Hot Water, Air Conditiohing
Electric Auxiliary Fuel

—— - -

* J.ess than 1 year
- Negative

Paybacks greater
20 years for
relative ranking

- only

ENERGY CONSERVATIONHSORLH CeNIRAL NORTH EAST SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
T Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ "‘Savings/
Payback Payback Payback Payback Payback Payback Payback Payback

High Eff. Furnace 0/ - - 0/~ 0/- 0/- o/ - o/- 0/-
Night Setback 175/5 409/3 171/5 445/3 56/ 10 301/4 190/ 4 880/ 1
Air Economizer -1135/- -1238/- -852/- -146/33 {R270/- 1440/ - 1389/ - -1560/ -
High Eff. Lights 506/4 163/14 661/3 178/14 |} 946/2 439/6 923/2 135/15
Reflective Films i22/10 €7/ 11 95/12 -6/ 21 247/7 114/11 190/§ -126/399
Awnings 6/19 62/13 12/18 17/ 17 88/ 11 44/ 14 107/ 10 26/16
Water Tank Insutation
Decreassd Temp. * 533/ 513/ % 754/ % 631/ % 738/ 669/ % 675/ % 583/ *
Increased Insulation 779/5 32€8/3 489/4 2489/ 4 -12/21 1202/5 383/8 5711/1



—

Multi-Family Residence

Heating, Hot Water

Electric Auxiliary Fuel

e

-

Table 3-49. Energy Conservation T=chniques, Cost Effectiveness

INERGY CONSERVATIONJ-NORLH. CEXTRAL NORTH EAST SOUTH EAST SOUTH WEST
TECHNIQUE NEW |EXISTING || NEW | EXISTING || NEW | EXISTING || NEW | EXISTING
Savings Savin i i ; . . .
bayack | Poyvak || Dervem | povbenk || Pevbes | Peymesk || Parvenk | Poyes
High Eff. Furnace 0/- 0/- 0/- o/- 0/- 0/- 0/- o/ -
Night Setback 182/4 415/3 179/5 458/3 59/9 309/3 214/4 884/ 1
Air Economizer N/A N/A N/A N/A N/A N/A N/A N/A
High Eff. Lights 382/ 4 14/19 256/6 | -267/57 510/4 138/ 12 249/6 -24/21
Reflective Films -45/30 -113/- -18/43 | -138/- 29/ 17 -88/ 62 -62/38 -307/ -
Awnings N/A N/A N/A N/A N/A N/A N/A N/A
Water Tank Insulatis
Decreased Temp. T 455/1 443 /% 632/ % 561/ * 615/ 215/ 1 -62/- 513/ %
Increased Insulation 950/ 4 3353/3 784/% 2762/3 .)190/ 11 1361/5 569/9 5966/ 1

i

N/A Not Applicable

* Less than 1 year

- Negative

Paybacks greater
than 20 for

relative ranking
only

- oLl -



Table 3-50. Energy Conservation Techniques, Cost Effectiveness
" Multi-Family Residence
Heating, Hot Water, Air Conditioning

NORTH CENTRAL NORTH EAST SOUTH EAST SOUTH WEST
ENERGY CONSERVATION ‘
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
High Eff Furnace' 2 v? v? N Y N y? Y
Night Setback Y Y Y Y Y Y Y Y
Air Economizer N N N N N N N N
High Eff. Lights Y Y2 Y Y Y Y Y y?
Reflective Fi.ms Y Y N Y Y Y N
Awnings . Y Y Y Y Y Y Y Y .._.
Water Tank Insulation ;
Decreased Temp. Y Y Y Y Y Y Y Y .'
. 1 1 3 1 1 1 1 1
Increased Insulatian Y Y N Y Y Y

Y-~ Cost Effective
N~ Not Cost Effective

1 All Cases Examinaed

2 Depends on Aux
fuel type

3 Depends on amounts
added




Table 3-51.

Multi-Family Residence
Heating, Hot Water

Energy Conservation Techniques, Cost Effectiveness

1l NORTH CENTRAL NORTH EAST SOUTH EAST SOUTH WEST
ENERGY CONSERVATION
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING

High Eff Furnace Y Y2 Y N Y N Y Y

Night Setback Y Y Y Y Y Y Y Y

Air Economizer N N N N N N N N

High Eff Lights Y Y Y Y Y Y Y Y

Reflective Films N N N N Y2 N N N '
Awnings N N N N N N N N ’:;
Water Tank Insulation w
Decreased Temp Y Y Y Y Y Y Y !
Increased Insulation Y1 Y1 Y1 Y1 Y3 Y1 Y1 Y1

Y - Cost Effective
N - Not Cost Effective
1 All Cases Examined

2 Depends on Aux
fuel type

3 Depends on amounts
added
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of solar radiation available, fuel costs, auxiliary fuel type.s used, and
retrofitting costs. Night setback devices, for example, have payback periods
which vary from one year (electric auxiliary fuel, Albuquerque) to 17

years (oil, auxiliary fuel, Atlanta). When retrofit costs differ markedly
from costs for new bu'ildings,r energy conservation techniques become
non-cost effective and/or payback periods are greatly extended (e.g.

improved furnace efficiency and high efficiency lights).

A summary of conclusions for each energy conservation technique analyzed

include:

® High Efficiency Furnace-Increasing the efficiency of the gas and

oil furnaces from a seasonal average of 0.55 to 0. 80 reduces

the amount of auxiliary fuel required. For new buildings, the

small additional cost for a high efficiency furnace is offset by
auxiliary fuel savings making this a cost effective technique for

all regions. For existing bliildings, 'the high cost of retrofitting

is greater than fuel savings except in regions that have a considerable
heating load. High efficiency furnaces were cost effective for

existing buildings in Omaha (o0il only) and Albuquerque.

® Night Setback-Night setback involves reducing the thermostat
setpoint from 68°F to 63°F during the hours of 10:00 pm to

-6:00 am. Night setback is cost effective for both new and
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existing buildings in all regions. Fuel savings resulting from

*he reduced heating load were sufficient to offset the installed
costs of night setback devices even when each of the 11 apartments
was assumed to have its own device. Incorporating night setback
devices also reduced the amount of collector area required to
supply a fixed percentage of the load resulting in lower

initial investment costs for a solar system and lower annual

costs.

Air Economizer-The air economizer reduces the cooling load

by introducing outdoor air into the conditioned space to provide
natural cooling when outdoor air temperature and relative
humidity are less than 75°F and 50 percent RH. Negative annual
savings resulted in all regions for both new and existing buildings
indicating that the costs of installing and operating the air
economizer (one for each apartment) were far greater than the
fuel saved. Incorporating air economizers into the buildings

did result in reduced collector requirements where air
conditioning was considered. Even though this resulted in

lower initial investment and annual costs, the air economizer

still is not cost effective.
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High Efficiency Lights-High efficiency lights consist of using

80 percent fluorescent lights in lieu of incandescent lights.
This technique results in an increased heating requirement -
that must be satisfied by the solar system and auxiliary furnace
and a decreased cooling load on the building. This technique
is cost effective in all regions for new buildings. For existing
buildings, the coét effectiveness depends on auxiliary fuel
types in the Northeast and Southwest regions. Savings result
primarily from the reduced electrical usage for lighting.
Collector area can be reduced for heating, hot water and air 4
conditioning to supply a fixed percentage 4of the load .resulting
in lower annual costs. For heating and hot water, where the
collector must be increased to ~satisfy a fixed percentage of

the load, a constant collector area minimized annual costs.

" Reflective Films-Reflective films reduce the amount of

radiation that enters the building and heat loss through glass
surfaces reducing the cooling load while increasing the heating
load slightly. Reflective films are cost effectiw./e where air
condition{ng is considered in all regions except the existing
residence in the southv‘.rest (as represented by Albuquerque).
In this single incidence, the réduction in the cooling load did

not offset installed costs. For heating and hot water systems,
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reflective films are only cost effective for new buildings in the
south region, and then only where electricity is the auxiliary
fuel., The analysis indicated collector areas can be substantially
reduced, while maintaining a constént percentage. of load supplied
by solar, in both sysfems. Reducing collector area further

reduces initial investments and annual costs.

Awnings-Awnings .shade a portion of the wind.ow keeping radiation
from entering the building and reduce the cooling load. Awnings

are cost effective in all regions where air ;:onditioning is considered.
There is no interaction with heating and hot water systems.
Collector areas can be reduced while supplying a constant
percentage of the load, At reduced coilector areas, iiitial

investment and annual costs are lower.

Increased Domestic Hot Water Tank Insulation/Decreased

Temperature-Increasing the level of insulation on the domestic

hot water tank(R-6) and decreasing the temperature from 140°
to 130° reduced the hot water and cooling loads and increase the
heating loads. This energy conservation technique was found

to be cost effective in all four regions; for both new and existing
construction. Where air conditioning is considered, collector
areas can be reduced resulting in both lower initial investment

and annual costs. The collector area must be slightly increasesd
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for heating and hot water ‘s}"stems. Even at increased areas,

annual costs are still lower aé compared to the base case.

InSulation;ImI.)rc;ving the thermal resistance of the building
si-gnificantl.y reduced the heating load while increasing the cooling
load. A number of cases were analyzed for each 'region.

Results indicate that some amount of additional insulation is

cost efféctive in all regions. The amount is dependent on

the heating load, auxiliaﬁ :fuel costs and type of auxiliary fuel
used. Since added 1nsu1atioh heavily impacts heating loads,
annual savings and additipnal amounts are greater for heating
and hot wafér systems. In these sy stems, the amount of collector
area réquired can be reduced significantly and initial investment
and annual costs can be greatly reduced. Where air conditioning
is considered, savings occur but not as substantial. In these

cases, collector area can be sli'ghtly reduced.



~ 180 -
3.3 RETAIL STORE

3. 3.1 Building Description

The retail store which has been chosen for study is a fairly small (5035 ftz)
one-story building, It has one window and one glass door., It is built on a
4-inch concrete slab, The entire floor area is open with the exception of
one restroom and one small office,

Depending on location, the walls are either curtain wall or masmry construc-
tion, In either case, new retail stores have wall insulation, while existing
stores do not, Similarly, new stores have roof insulation, while existing
stores do not, In all cases, roof construction is a 3/8 inch built-up roof with
a metal deck.

The glass in the windows and doors is single pane for existing buildings and
air-insulated double pane for new ~Bui1d1ngs, for all lucations,

3.3.2 Modeling Assumptions

- The model of the retail store is fairly uncomplicated, Since the floor area

is almost entirely open, the store was modeled as a single zone with a uni-
form indoor temperature. Heat loss through the floor was neglected, Thus,
the only surfaces which had heat transfer were the walls, roof, window, and
door. Heat transfer effects associated with the introduction of outdoor air
due to ventilation and infiltration were modeled. The heat given off by the
ventilation fan motors was not modeled since it is very small in comparison .
with the just-mentioned effects. , - ‘

Heating and cooling effects associated with the presence of people, lights, and
hot water uSage as well as fresh air ventilation were include'd. These effects
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were varied during the day according to the schedules provided in the Appendix.
Additionally, heat gain due to solar insolation through the window and the

glass door was modeled, All glass surfaces are on the same side of the
building. It was assumed that these surfaces face southeast,

3.3.3 Results for Retail Store

Results for the retail store, both new and existing, for all four regions are
outlined in the following paragraphs. Each energy conservation technique is
discussed individually, Annual costs, cost savings and annual load savings
are presented. The results that are presented for the energy conservation
techniques are for a specifiec collector area: namely, the approximate design
‘area required by the retail store. '

The retail stores that were analyzed (new and existing construction in four
different regions) were similar in size and internal loads, The buildings
differed with respect to constructian characteristics and insulation, which
varied by region,

The analysis revealed that the interactim of the solar system with any partic-
ular energy conservation technique followed the same trend regardless of
building type or regimm, That is, certain energy conservation techniques,
such as increased insulation, always tend.to decrease heating loads-and
increase cooling loads. This trend is the same for all regions, the amount

of change being dependent on the amount of insulation added,

Those variables that do change with respect to regions are loads, installed
costs and fuel prices. These variables determine whether or not a particu-
lar energy conservation technique is cost effective,

Since resultant trends are identical and costs vary, a detailed explanation
of the interaction of the solar system, building loads and energy conservation
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techniques is provided only for the new retail store in Omaha, Results for
the existing building and other cities are presented in tables and graphs il-
lustrating loads, percent of loads supplied by solar, annual costs, annual
savings and load savings (Tables 3-52 through 3-67 and Figures 3-47 through
3-58), Also tabulated are regional comparisons of cost effectiveness and pay-
back periods (Tables 3-68 through3-73).

Omaha - North Central Region

e New Construction - Base Building --

Percent of Load Supplied by Solar vs Collector Area (Figure 3-47) -- The
percentages of the loads supplied by the solar heating/cooling systems are
found by dividing the solar contribution to the load by the load itself. Both the
heating and hot water (H and HW) curve and the heating, hot water and air
conditioning (H, HW and AC) curve increase as the collector area increases,
This is because, as the collector becotnes lurger aud larger, it is able to
supply an ever increasing portion of the total load. The total load remains
nearly constant as the collector area changes,

The solar system can supply heating more efficiently than it can supply cooling;
thus, the heating and hot water curve lies above the heating, hot water and air
conditioning curve. The H and HW curve levels off at high collector areas be-
cause the solar system's storage system is unable to provide enough energy

to simultaneously satisfy the store's heating requirements and charge a large
storage tank which has been depleged by several days of cold wealher, The

H, HW and AC curve would level off at a higher level and at even higher col-
lector areas because effective solar powered air conditioning requires a large
collector area, relative to heating and hot water collector area requirements,

Auxiliary Energy Demands vs Collector Area (Figure 3-48) -- The aux-
iliary energy demand is the sum of the heating, hot water and cooling loads

1
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that cannot be met by the solar system, Both curves decrease as the collector
size increases, since the solar system can supply increasingly larger portions
of the load. The H, HW and AC curve lies above the H and HW curve because
the solar system can supply space heating and hot water more easily than it
can supply cooling, The H and HW curve levels out much sooner than the H,
HW and AC curve does because the solar system can supply nearly all of the
store's heating and hot water requirements with a minimal amount of collector

area,

Annual Cost vs Collector Area (Figures 3-49 - 3-51) -- All three graphs
(oil, gas and electric) exhibit the same trends, The H, HW, and AC curve
lies above the H and HW curve simply because a system that can supply air
conditioning is more expensive than one that cannot, Both curves increase as
the collector area increases because collectors are fairly expensive, The
ncticeable lack of a minimum in the curves suggests that solar collectors are
not cost effective, given present fuel price projections and analyses time per-

iod,

° New Construction -- Application of Energy Conservation Techniques
(ECT's) -- Tables 3-52 and 3-53 summarize the loads, costs, and savings

for the base case and each ECT, Table3-52 presents the data for a heating

and hot water system, while Table 3-53 presents the data for a heating, hot
water, and air conditioning system., Since the solar-powered air condition-
ing system is quite expensive, the annual costs in Table 3-53 are higher than
those in Table 3-52. Both tables are for a collector area of 4000 ftz.

Each of the ECTs listed in the tables will be briefly discussed in the following
paragraphs. In general, a brief description of the ECT is given, followed by
a discussim of the energy and annual cost data in the appropriate lines of the
tables.

Adjust Minimum Ventilation Level and Close Dampers at Night -~ It was
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Table 3-52. Summary Loads, Costs and Savings, Omaha - New Retail Store,
Heating and Hot Water (Collector Area = 4000)

P Annual Costs "~ Annual Savings
Total S:;:li::i (Dollars) (Dollars) - Annual Load Savings
E Lo Load By -6
CT Description  11(gTy) | Solar Gas Oil__ | Electrid! Gas Oil _|Electric |} BTU x 10 % Savings
x 107° %
Base Case 151.8 ™ 9731 9840 10046
Lowered Ventilatioph] 96.7 81 9660 9725 9849 71 115 197 55.1 36
Air Economizer N/A
Vent. Heat Recov.|| 114.2| 82 9808 | 9880 | 10016 ||-78 -41 30 37.6 25 '
-
(0]
Reflective Film 154.4 77 9777 9886 10093 -46 -46 -47 ‘ ~2.6 -2 ©
]
Awnings N/A
Triple Glazing 148. 8 77 9752 | 9859 10061 -21 -19 -15 3.0 2
Reduced Lighting . 183.3 78 9169 9295 9534 561 545 512 -31.5 =21
-Schedule
Night Setback 135.5 77 9718 9817 10005 13 22 41 16. 3 11
Wall Insulation 128.6 79 9745 9833 10010 -15 6 36 23.2 15
Wall & Roof Insul. 87.7 81 9880 9941 10058 -150 -102 -12 64.1 42
Water Tank Insul. 1 4,8 71 79 || 9720 | 9818 | 10004 |{ 11 " 22 42 3.1 2
& lower water temp. :
High Eff. Furnace 151.8 7 9716 9797 10046 14 43 0 0 0




Table

3-53. Summary Loacs, Costs and Savings, Omaha- New Retail Store,
Heatirg, Hot Water, Air Conditioning (Collector Area = 4000)

Percent Anrual Costs Annual Savings
Total Supplied {Dollare) (Dollars) Annual Load Savings
Load By L 6
ECT Description (BTU) | Solar Gas Oil lectric Gas 0Oil Electric BTU x 10 % Savings
x 10-0
Base Case 424.0 59 11838 11947 12154
Lowered Ventilation 379.17 58 11835 11901 12025 3 46 129 44.3 10
Aif Economizer 371.17 64 11661 11770 11977 177 177 177 52.3 12
Ventilation Heat Recov)| 387.3 59 11921 11993 12129 -83 -46 25 36. 7 9
Reflective Film 407.5 61 11834 11943 12150 4 4 4 16.5 4
Awnings 411.1 61 11813 11922 12128 25 25 25 ) 12.9 3
Triple Glazing 417.8 60 11853 11960 12162 -15 -13 -7 6.2 1
Reduced Lighting Sch. 435.8 62 11209'f 11335 11574 629 612 580 -11.8 -3
Night Setback 408. 4 59 11829 11928 12116 9 19 37 15.6 - 4
Wall Insulation 404.8 59 11873 11961 12132 -35 -14 21 19.2 4
Wall & Roof Insulation }| 374.3 57 12056 12117 12234 ~218 -170 -80 49. 7 12
Water Tank Insulation
2
& Lower Water Temp. 423.3 60 11821 11919 12106 16 27 48 0.7 0.2
High Eff. Furnece 424.0 59 11824 | 11904 | 12154 14 43 0 0 0

- 061 -
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assumed that the ventilation was maladjusted, as is typically found in the field,
and was at twice the recommended level of the base case. The fresh air
ventilation level was decreased from 14 cfm per person to 7 cfm per person,
and the fresh air vent dampers were closed from 9:00 pm to 6:00 am, This
greatly decreases the heating load and slightly increases the cooling load.

This can be seen by comparing the percentage of total annual BTU savings for
H and HW to those for H, HW and AC , Note that this ECT saves 1argé amou.;nts;
of energy, and is also quite cost effective. Additionally, it does not involve . .~
the purchase and installation of new equipment, It simply requires resetting:
the controls of existing equipment. Therefore, it is a recommended ECT.

Air Economizer -- If the retail store requires cooling and if the outdoor
air temper ature is low enough to provide natural cooling, an.air economizer
will provide cool outside air to the store, thus reducing the air conditioning
load, Since the air economizer is air conditioning related, this explains why
the H and HW load is. essentially constant while the H, HW and AC' load drops
markedly, In fact, the air economizer reduces the H, HW and AC' load more
than any other ECT that was examined, When air conditioning is required,

the air economizer saves large amounts of energy and is very cost-effective,

Heat Reccovery of Ixhausi Air -- Heat is recovered from the exhaust air

by passing the incoming outdoor air and the outgoing exhaust air through an_

air-to-air heat exchanger, In this way, cold incoming air can accept s&mg L
. . \\\

s

of the heat from the exhaust air that would otherwise be lost to the swromdlgés‘.>‘»~“
The tables show that the total load has been lowered by the use of this tech-
nique. This overall reduction is primarily due to the reduction in the space
heating load. However, due to its fairly high cost, this ECT is only cost-ef-
fective for electricity. It is not cost-effective for other fuels. '

Reflective Film -- Reflective film cuts down solar insolatim as well as

heat transmission through the coated surfaces, Both the glass window and '
the door were coated. As the tables show, this ECT slightly increases the
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space heating load, but it decreases the cooling load. For this reason, re-
flective film is naturally not cost-effective for a heating and hot water sys-
tem, but due to its moderate cost, it is marginally cost-effective for a sys-
‘ Atém which must provide air conditioning,

Awnings -- An awning was placed over the retail stores single window,
which faces southeast., Like reflective film, this reduces solar insolation,
but it does not reduce heat transmission through the window. Consequently,
the heating load increased only by a very small amount, much smaller than
it did with reflective films. The cooling load was decreased, but. not as much
as reflective film reduced it, However, because the awnings cost less than
reflective film, it was more cost effective than the film,

Triple Glazing -- Triple glazing involves adding a third pane of glass
to the standard double-pane window., This has the effect of decreasing both
the solar insolation and the heat transmission through the window. The door
was not triple glazed. In this case, both the heating and cooling loads de-
creased d ightly, but not enough to offset the cost of the ECT for any fuel
type. Due to its moderate cost and modest fuel savings, it is not cost-ef-
fective,

Reduced Lighting Schedule -- For this ECT, the maximum lighting level
of 3 watts/ft“ was maintained, but the schedule was reduced. That is, from
the 9:00 pm to 6:00 am, the schedule was reduced from 50 percent or 60 per-
cent of this maximum level to only 25 percent of maximum, Also, the sche-
dule was reduced from 100 percent to 75 percent from noon to 2:00 pm.

Since the lights nar mally supply a substantial portion of the heating load,

the heating load goes up for this ECT; however, the solar system is able to
supply most of this increased load. Since the internal cooling load has de-
creased due to the reduced lighting schedule, the air conditioning load goes
down markedly., The net result is that, even though the total load has increased,
the auxiliary load has not increased. The large savings on the electric bill
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combined with the negligible cost of manually turning on fewer lights combi.
to made this ECT by far the most cost-effective technique that was examined,

It is highly recommended.

Night Setback -~ Night setback involves setting the thermostat down from
68°F to 63°F from 10:00 pm to 6:00 am, This type of technique has a major
effect only on the heating load; the cooling and hot water loads for a retail

store are nearly unchanged. These trends can be seen in the tables, Con-
sequently, night setback is proportionately more cost-effective for a heat-
‘ing and hot water system than for a system which must also provide air
conditioning, although it still is cost-effective for such a system,

Wall Ingylation -- For this ECT, the wall insulation was increased from
one inch of rigid insulation to two inches, This has the effect of significantly
decreasing the heating load and slightly increasing the cooling load. The net
auxiliary load decreases. However, due to the moderate cost of the insulation,
this ECT is not always cost-effective.

Wall and Roof Insulation -- For this ECT, the roof insulation was in-
-creased from two inches to four inches, in addition to the wall insulation just
discussed. The effects that were discussed in the preceding paragraph were
again.evidenced with this ECT, but the magnitude of the changes was larger,
That is, the heating load shbwed a very large drop while the cooling load

increased moderately, Even though the total load was reduced substantially,
this combination of wall and roof insulation is not cost-effective, This is
due primarily to the substantial cost of the additional roof insulation,

Insulate Hot Water Tank and Decrease the Temperature -- Extra insul-
ation was added to the hot water tank and its temperature was decreased from
- 140°F to 130°F. Since the retail store's hot water usége is so minimal, the
energy effects associated with this ECT are very small. Since the already
small tank losses to the house are reduced, \-,the heating load increases very
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slightly, The solar system is able to supply most of this increased load,
however, so the load for heating and hot water decreases slightly, The
cooling load also decreases., In the case of H, HW, AC, this decrease is
enough to decrease the total load slightly, The tables show that the reduced
cooling requirements are enough to make this inexpensive ECT more attrac-
' tive for a H, HW and AC system than for a H and HW only system, Even
though its energy effects are slight, this ECT's low cost makes for moderate
savings. |

High-Efficiency Furnace -- The assumed furnace efficiency was increased

from 0, 55 to 0. 80. (This efficiency applies only to a gas or oil-fired furnace.
Electric furnace efficiency is always assumed to be unity,) This efficiency
increase does not affect the total load for either H & HW or H, HW and AC,

It does affect the amount of fuel which must be consumed by the furnace in
order to meet the heating load in either case, Since the loads remain un-
changed while the fuel requirement decreases, one wouid naturally expect
this ECT to be cost-effective. It is quite cost-effective; particularly for an
oil-fired furnace,



SUPPLIED BY SOLAR (PERCENT)

100
i
80 -

60 4

20 1

H, HW, AC

- 66T -

0 ~+ +———t- + + + t + 1
0 1000 2000 - 3000 4000 5000 6000 7000 8000

COLLECTOR AREA (FT2)

Figure 3-52.. Percent of Load Supplied by Sclar Vérsus Collector Area for
Retail Store (Existing) Omaha Base Building

9000



Table 3-54.

Summary Loads. Costs and Savings2

Omaha Retail (Existing),

Heating and Hot Water, A = 4000 Ft
Percent Annual Costs Annual Savings
c .
- (Dollars) Dollars Annual T.oad Savings
Total Supplied ( rs) &
ECT Descripti Load | By -6
escription (BTU) | Solar Gas 0il Electrid] Gas Oil _ |Electric }| BTU x 10 % Savings
x 1079
Base 629 44.5 11193 12137 3927
Min. Ventilation 562 47.0 11034 11843 13375 159 294 552 66.8 11
Air Economizer N/A
Vent Heat Recovery 583 46.4 11211 12059 13666 -18 78 261 45.6 7
Reflective Film 633 45.0 11257 12199 13986 -64 -62 -59 -4.7 -1 '
Awnings N/A S
Double Glaze 619 45.0 11198 12120 13869 -5 17 58 9.2 1 *
] '
Reduce Light Level 821 42.0 T767% 8956 11381 3516 3181 2546 -191.9 -31
Reduce Light Sch. 702 43.6 10106 11177 13208 1087 960 719 -73.6 -12
Night Setback 569 46.6 11041 11865 13428 152 272 499 59.3 9
Wall Insulation 500 50.6 11069 11742 13017 124 395 910 129.0 21
Wall & Roof Insul. 29 71.9 10504 10542 10612 689 1595 3315 600.0 95
Hot Water Tank 626 44.9 11183 12118 13800 9 19 37 2.7 0
High Eff. Furnace 629 44.5 10872 11526 ¢3927 321 611 N/A 0 0
|
I
, ! l
N {
i
]




| Table 3-55.. ‘Summary Loads, Costs and Savings, Omaha Rétailz(Existing),

Heating, Hot Water, Air Conditioning, A = 4000 Ft

!
: Percent Annual Costs Annual Savings
Total Supplied (Dollare) {Dollars). Annual Load Savings
Load By -6
ECT Description (BTU) | Solar Gas 0Oil Electric Gas 0Oil Electric BTU x 10 % Savings
x 10-0
Base i| 1019 39.8 13562 '14506 16296
Min. Ventilation I 944 41.5 13423 14231 1.5764 139 275 532 75.1 7
¥ Air Economizer 983 41.2 13429 14358 16119 133 148 177 35.7 4
Vent Heat Recovery{ 973 40.7 13581 14428 16036 -19 78 260 45.8 4
Réflective Film 1007 40.6 '113600 14543 16330 -38 -37 -34 12.0 1
Avs;nings 1006 40.3 13548 14492 16?81 14 14 15 13.0 1
Double Glazed 1007 40.1 13565 14487 16236 -3 19 60 12.0 1
Reduce Light Level 1076 42.3 9750 11029 13454 3812 3477 2842 -57.0 -6
Reduce Light Schedee 1067 | 40.0 [12393 (13464 15495 1169 1042 801 -48.0 -5
Night Setback 960 40.9 13412 14236 15799 150 270 497 59.5 6
Wall Insulation 694 L7 1 3484 14157 15432 78 349 864 124.8 12
’ . Wall & Roof Insul. 549 | 33.4 13554 13591 13662 8 915 2634 470.0 46
Hot Water Tank 1019 39.9 i3549 14483 16255 13 23 41 0 0
High Eff.. F“:Jrnavce Y1019 39.8- i 3241 13895 16296 321 611 0 0 0

- LBT ~
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Table 3-56.

Summary Loads, Costs and Savings, Retail Store New York,
Heating and Hot Water (Collector = 4000 Ft2)

Percent A.rle'n)\;al; Costs Annual Savings _
Total Supplied ars) (Dollars) Annual Load Savings
ECT Description (I;’,I?S) nga: | Cas Qil Electrid] Gas Oil Electric BTU x 10°° % Savings
; x 10°°
Base 87.52 | 78.5 9,673 | 9,704 |9, 881
Mih. Ventilaticn 51.87 }72.9 9, 631 9, 655 9, 787 42 49 94 35.7 41%
Air Economizer [IN/A .
Vent Heat Recove 14 63.05 |75.0 9, 8'20 9, 846 9, 994 -147 -142 -113 24.5 28% .
" Reflective Film 88.27 78.9 9, 7.28 9, 759 9, 934 - 55 - 55 - 53 - .75 - 1% .
Awnings N/A g
Triple Glaze 85.19 |78.3 9, 703 9,733 9, 907 - 30 - 29 - 26 2.33 3% '
Reduce Lt. Sched]]l15.9 81.7 8, 808 {8,843 9, 043 865 861 838 -28.38 -32%
N'ight Setback 75.54 ) 78.0 9, 667 |9, 696 9, 860 6 8 21 11. 98 14%
Wall Insulation 74.16 177.0 9,841 19,870 10, 030 -168 -166 -149 13.36 15%
Wall & Roof Ins. 47.66 | 72.2 19, 041 |10, 0.63 10, 187 -368 -359 ~-306 39. 86 46%
Hot lWater Tank 83.99 |82.8 9, 657 9, 681 9, 816 16 23 . 65 3. 53‘ 4%
" High Eff. Furnacd| 87.52|78.5 9,675 |9,699 |9, 881 2 5 0 0 0
<
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Table 3-57.

i

v

Summary Loads, Costs and Savings, Retail Store New York \
Heating, Hot Water, A-.r Conditioning (Collector = 4000 Ft2 )

Annual Costs Annual Savings .
Percgnt (Dollars) (Dollars) Annual Toad Savings
Total Supplied
E L Load By -6 '
CT Description (BTU) | Solar Gas Oil Electrid] Gas Qil Electric BTU x 10 % Savings
x 107° .
Base 313.5 49.3 12, 0921 12,124 | 12, 300
Min Ventilation 309.3 42.6 12, 2281 12, 249} 12, 381 -134 -125 - 81 4.2 1%
Air Economizer 229.2 57.6 11, 6681 11, 699 } 11, 876 424 425 424 84.2 27%
Vent Heat Recoveryf] 289.1 46. 2 12, 241} 12, 267 ) 12, 415 -149 -143 -115 24.4 8%
Reflective Film 297.17 50. 6 12, 075] 12,106 } 12, 280 17 18 20 15.8 5%
Awnings 303.8 50. 6 12,061} 12,0921 12, 268 31 32 32 9.7 3%
Triple Glaze 309.4 49,2 12, 114 12,145 | 12, 318 - 53 -21 - 18 4.1 1%
Reduce Lt. Schedul§] 320.1 55.1 11, 115 11, 150 11, 350 9717 974 950 - 6.6 - 2%
Night Setback 301.5 47.8 12, 0871 12,115 12, 279 5 9 21 12.0 4%
Wall Insulation 307.6 47.3 12, 303§ 12, 331 § 12,491 -211 -207 -191 5.9 2%
Wall & Roof Insul. 300.8 42.3 12,612 | 12,634 | 12, 758 -520 -510 -458 12. 7 4%,
Hot Water Tank 307.5 50. 6 12,0631 12, 087 | 12, 223 29 317 11 6.0 2%
High Eff. Furnace 313.5 49.3 12, 094} 12, 119 5 12, 300 - 2 5 0 0 0

= 002 -
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Table 3-58. Summary Loads, Cos:s and Savings, Retail StoEe (Existing) . \
New York, Heating ard Hot Water, A = 4000 Ft .
Percent A_r(xgual Costs Annual Savings '
Total Supplied ollars) (Dollars) Annual T.oad Savings
ECT Description (l;',l‘alcjl) SB;{a.r Gas Oil Electrid[ Gas Oil Electric BTU x 107° % Savings
x 10°°
Base 481. 6 51.1 11, 201 11, 588 | °3,778
Min Ventilation 427.3 53.9 11,021 ] 11,345 | 3,178 180 L 243 600 54.3 1
Air Economizer N/A
Vent Heat Recovery |]444.5 53.1 11, 254 | 1,596 | 13,535 -53 - -8 243 37.1 8
Reflective Film 484.7 51. 4 T 1L, 291§ 11, 678 | 13, 867 -90 -90 -89 -3.1 -1
Awnings N/A ] d
Double Glaze 474.1 51.5 11, 214 11,592 | 13,730 -13 -4 48 7.5 -2
Reduce L.t. Level 658. 9 47.3 6, 165 6, 739 9,963 5036 4852 3815 -177.3 -317
Reduce Light Schedul.ﬁ 551. 4 49.17 9, 641 10, 098 { 12, 680 1560 1490 1098 - 69.8 -14
Night Setback 420.1 53.0 10, 996} 11, 319 13, 150 205 269 628 61.5 13
Wall Insulation 340.3 | 59.1 11, 033§ 11,262 | 12,556 168 326 1222 141.3 . 29
Wall & Roof Insul. 157.9 56.1 10, 695§ 10,706 ] 10, 771 506 - 882 3007 323.7 67
Hot Water Tank 478. 8 51.4 v i1, 188 11, 570 { 13, 731 13 18 47 2.8 1
High Eff. Furnace 481. 6 511 10, 898} 11, 167 13,778 303 421 0 0 0

¢0¢ -



Table 3-59. Summary Loads, Costs and Savings, Retail Store (Existing) 9
N=w York, Heating, Hot Water, Air Conditioning, A = 4000 Ft

Pescent Ar‘(LnD\:)ali Costs ~ Annual Savings , .
' Total Supplied ars) " (Dollars) Annual TLoad Savings
ECT Description ([éel?g) S?){ar Gas 0Oil Electrid] Gas 0il Electric BTU x 10-6 % Savings
x 1079
Base 748.2 42. 2 13, 799 | 14, 187 16, 377
Min. Ventilation 698, 2 43.4 13, 675 | 13, 999 }15, 832 - 124 188 545 ¢ 86.0 11
Air Economizer H711.7 | 44.5 13, 615 14, 000 }16, 176 184 187 201 72.5 9
Vent Heat Recov. 711. 1 43.1 13, 856 | 14, 196 16, 137 ' -57 -11 240 73.1 9
Reflective Film 740.1 43.0 13,858 | 14, 246 116, 435 -59 -59 -58 44.1 6
" Awnings 738.17 42.8 13, 780 § 14, 167 16, 357 19 20 20 45.5 6
DOuble'Glage 739.8 42.5 13, 814 } 14,192 |16, 330 -15 -5 47 44.4 6
Reduce L't. Level}}803. 3 45.9 8,256 | 8,826 (12,053 : 5543 5361 4324 -19.1 -2
Reduce Lt. Sched}]795.9 42.5 12,122 12,578 |15, 161 1677 1609 1216 -1, 7 -1
Night Setback 686. 8 43.2 13, 61 13, 935 |15, 766 188 252 611 . 97.4 12
Wall Insulation 630.0 44.1 13, 786 ] 14, 015 15, 309 13 172 1668 154. 2 20
Wall & Roof Insul]{535. 2 21. 4 14, 734 {14,745 |14, 810 -935 -558 1567 249.0 32
Hot Water Tank 743.9 42.6 13,782 |14, 164 16, 325 17 23 52 40.3 5
High Eff. Furn. 7482 |42.2 13, 496 |13, 766 {16, 377 303 421 0 0- 0

- €0¢ -
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Table 3-60. Summary Loads, Costs and Savings, Retail Store (Ngw)' .
Atlanta, Heating and Hot Water (Collector = 4000 Ft“)

Percent Ar(lg;ﬂiosts Annual Savings .
Total Supplied s) (Dollars) Annual TLoad Savings
L
ECT Description (B:’)IZS'YZ S?){ar Gas 0il Electrid] Gas Qil Eiectric BTU x 10° | Savings
x .
Bas-» 43.74 77.8 {19,539 9, 607 9, 667
Min. Ventilation 28.19 71. 2 9,579 9,595 9, 645 10 12 22 15.55 36
Air Economizer N/A i
Vent Heat Recoversy 34. 27 75.0 [19,709 |9, 725 9,778 - 120] - 8 - 9. 47 22
Reflective Film " 43.18 77.8 9, 632 9, 650 9, 709 - 43 - 43 - 42 .50 1 - :\3
Awnings N/A 8
Triple Glaze 42.3§ 77.7 119, 612 9, 630 9, 689 - 23] - 23 - 22 1. 36 3 ]
Reduce Lt Sched. 64. 21 80.6 ({8,900 8, 923 9, 000 689 684 667 - 20.53 - 47
Night Setback 33. 9'{ 73.9 ]9, 588 9, 604 9, 659 1 3 § 9.77 22
Wal Inaulation 36.5é 76.0 |]9, 719 9,736 9, 790 - 1301 - 129 - 123 7.15 16
Wall & Roof Insul. 22. 66 66.2 |[|9,879 9, 894 9, 941 - 290y - 287 - 274 21. 08 48
Hot Water Tark 39. 64 86.0 119,573 9,584 9, 618 16 23 " 49 4.06 9
. High Eff. Furnace 43.74 77.8 {19, 604 9, 620 9, 667 - 15 - 13 0 0 0



Table 3-61. Summary Loads, Costs and Savings, Retail Store (New)
Atlanta, Heating, Hot Water, Air Conditioner (Collector =

-

L Ve

4000 Ft2)

Pex;cent A.r{%\;alia(;osts Annual Savings ..

Total - Supplied { s) (Dollar;) Annual Load Savings
ECT Description (Ié?rag) S?;{ar Gas ot |Etectrid] Gas | on |Flectric || BTUx107° | % savings

x 10°°
Base 397.0 49. 4 12,156} 12,174 12, 234
Min Ventilation 401. 2 48.17 12, 258 12, 273| 12,323 - 102 - 99 - 8¢9 - 4.2 -1
Air Economizer 307.8 52.2 11, 830§ 11, 848 | 11, 908 326 326 326 89.2 22
Vent Heat Recovery 387.6 48. 5 12, 277 12, 293} 12, 346 - 121 - 19 - 12 9.4 2
Reflective Film 373.4 49. 8B 12,1301 12,148 12., 207 26 26 27 23.6 6 1
Awnings . = 386. 4 50.6 12,135) 12,153 ] 12, 213 21 21 21 10. 6 3 )
Triple Glaze 392.4 49.4 12,172) 12,190 | 12, 249 - 16 - 16 - 15 4.6 1 8
Reduce Light Sched. {| 388.2{ s53.7 1, 356] 11,379} 11, 456 800 795 718 8.8 2 !
Night Setback 387.3 48.5 12,154} 12,171 12, 226 2 3 8 9.1 2
Wall Insulation 396.0 48.9 12, 317} 12, 334 = 12,389 - 161 - 160 - 155 ..o 0
Wall & Roof Insul. 399.0 46.8 12,554] 12,569] 12, 616 - 398 1 - 395 - 3'82 - 2.0 - 1
Hot Water Tank 389.¢1 50.2 12,1301 12,141 12, 175 26 33 59 7.1 2
High Eff. Furnace 397.0 49.4 12, 171 12, 187 } 12, 234 - 15 |- 13 0 0 0




Table 3-62. Summary Loads, Costs and Savings, Retail %tore (Existing)
Atlanta, Heating and Hot Water, A = 4000 th

i
Percent A.rz.;x)ual Costs Annual Savings .
—HTotal  Supplied ollars) {Dollars) Annual I.oad Savings
ECT Descrigtion ‘ (LB;")I‘aS) Sﬁfar Gas Oil Electrid] Gas 0il Electric BTU x 10°° % Savings
x 10°°
Base C o 2705 773 | 10,254 10,369] 10, 745
Min. Ventilation 23¢. 6 78.1 10, 212 10; 310 ' 10, 634 42 50 g 111 30.9 11
Air Economizer N/A ‘
Vent Heat Recovery 250.1 78 .4 10, 347} 10, 448§ 10,780 {}- 93 - 7199 - 35 20. 4 8
Reflective Film- 273.2 78.8 10, 298 10, 406} 10,763 |- 44 - 3711 - 18 - 2.7 - 1 1
Awnings N:A ) . g
Double Glaze 265.9 77.5 10, 277§y 10, 389¢ 10, 757 }I- 23 - zoq - 12 4.6 2 :]
Reduced Lt. Lev. 403. 2 75.8 6, 032 6, 212 6, 803 4222 4157 3942 - 132.7 - 49
Reduced Lt. Sch. 372. 2 76.9 8, 935 9, 076 9, 540 1319 1293)] 1205 - 101.7 - 38
Night Setback 223.1 78. 4 10, 175 10, 265 § 10, 561 79 104)h 184 47. 4 18
Wall Insulation 184.1 8l. 4 10, 393§ 10, 4571 10, 668 {}|- 139 - 884 71 184.1 68
Wall & Roof Ins. 11.51 48.6 10,529}y 10,540} 10,576 }} 275 - 171 169 259.08 6
Hot Water Tank 267.1 78.4 16, 240§ 10, 3491 10, 704 14 20:p 41 3.4 1
High Eff. Furnace| 270.5 | 77.3 10, 200} 10, 284 | 10745 54 85:h 0
)
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Table

3-63.

Summary Loads, Costs and Savings, Retail Store (Existing)
Atlanta, Heating, Hot Water, Air Conditioning, A = 4000 Ft

2

- 602 -

Percent A:(ulx)uii Costs Annual Savings .
’ Total Supplied ollars) (Dollars) Annual Load Savings
ECT Description (Iéc')I'aS) SB;{a.r Gas 0il Electriq] Gas Oil _ |Flectr.. BTU x 10°° % Savings
' x 1079
Base 761.0 {47.3 13,154 |13, 268 13, 645
Min Ventilation 719.3 47. 4 13,136 |13, 235 13,558 18 33 87 41.7 5
Air Economizer 711.1 49.6 12, 338 | 13,040 13,373 216 228 275 49. 9 7
Vent Heat Recovery[740. 6 46.8 13, 249 113, 350 |13, 683 951 - 821\ - 38 20.4 3
Reflective Film 744. 4 48.5 13,160 |13, 268 |13, 625 6 0 20 16. 6 2
Awnings' 749.9 47.9. 13,144 {13, 258 |13, 635 10 10 10 1.1 1
Double Glaza 753.5 47.2 13,174 {13, 286 |13, 654 20y - 18 - 9 7.5 1
Reduced Light Lev{]712.8 |60.4 8,450 | 8,630 |9, 221 4704 4638 4424 48.2 6
Reduced Lt. Schedy{780.6 |}50.5 11, 696 |11, 838 |12, 301 1458 1430 1344A - 19.6 3
- Night Setback 713.7 ] 46.1 13, 084 13,174 {3, 470 70 94 1754 47.3 fi
Wall Insulation 684. 6 45.1 13, 389 113, 453 |13, 664 2351 - 185} - 19 76. 4 10
Wall & Roof Insul. |]697.0 28.0 14, 444 114, 455 (14, 491 . 1290 - 1187 | - 846 64.0 b
Hot Water Tank 755.6 |47.6 13,134 |13, 243 13,598 20 251 47 5.4 l
High Eff. Furnace }|761.0 |[47.3 13,100 13,183 13, 645 54 85 0 0 0
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Table 3-64. Summary Loads, Costs and Savings, Retail Store (New)

Albuquerque, Heating and Hot Water, A = 4000 Ft2

Percent Ax:guoa& Costs - Annual Savings -
Total Supplied ars) (Dollars) Annual Load Savings
ECT Description (Ig')l‘ag) Sgi,ar Gas Oil Electrid] Gas 0il Electric BTU x 107° % Savings

x 10°° j
Base 94. 20 87.1 9, 620 9, 641 9, 715
Min Ventilazion 61. 81 82.6 9, 604 9, 623 9, 688 16 18 27 27 34
Air Economizer N:A
Vent He‘at Recovdty 73.4985.5 9, 728 9, 749 g, 818 - 108 - 108 - 103 20.78 22
Reflective Film 98. 93 87.7 9, 660 9, 682 9,756 - 40 - 41 - 41 - 4,73 - 5 s
Awnings N/A E’l
'i’riplg Glaze 92.38 86. 9 9, 640 9, 6562 9, 735 ) - 20 - 21 |- 20 L. 82 2 T
Reduced Lt.Sch.}}22. 8 89.2 8,936 8, 959 9, 040 684 682 675 - 28.6 - 30
Night Setback 78.79 85.2 9, 617 19, 638 9, 709 3 3 6 15. 41 16
_Wall Insulation 78. 24 85. 4 9,699 {9,719 9, 788 - 791- 18 - 173 15. 96 17
Wa].‘l & Ropf Insu.f{51. 24 80.7 9, 846 9, 863 9, 924 - 226]- 2221- 209 42. 96 46
Hot Water Tank }}90.73 9l. 4 9, 603 9, 617 9, 664 . 17 24 ' 51 3. 47 4
High Eff. Furna.§{]94. 20 87.1 9, 631 9, 649 9, 715 - 11 - 8 0 0 0



Table 3-65. Summary Loads, Costs and Savings, Retail Store (New)

Albuquerque, Heating, Hot Water, ‘Air Conditioning, A = 4000 Ft

2

Percent szgzﬂagz)sts An(r’;xal Savings .
Total Suppliec ollars) Annual Load Savings
' ECT Description (Ié?gg Sifar Gas Oil Electrid] Gas Qil _ |Electric J| BTU x 10™° % Savings

x 10~
Base 326.0 76.1 11,724 11,745 |} U, 820
Min Ventilation 320.0 73.8 11, 805 11, 824 | 1, 889 81 - 19 - 69 6.0 2
Air Economizer 260. 4 8l.4 11, 496 § 11,518 1,592 228 227 228 65. 6 20
Vent Heat RecoveHy 305.3 5.1 11, 833 § 11,853 | M, 922 109 - 108} - 102 20. 7 6
Reflective Film 309.4 78.3 11, 697 § 11, 718 11, 793 27 27 27 16. 6 5 1
-Awnings 313. 4 78.5 11, 687 } 11, 709 | :l, 783 317 36 37 12. 6 4 20
Triple Glaze 320.9 76.4 11, 735 § 11, 757 | 11, 830 11 - 12 - 10 5.1 2 K;
Reduced Light. S. 336. 2 80.5 10, 966] 10, 990 | 11, 070 758 755 750 - 10.2 - 3 !
Night Setback 310. 7 75.4 11,720 § 11, 740 | 11, 811 4 5 9 15.3 5
Wall Insulation 316.5 75.1 11, 826 | 11, 846 | 11, 916 102 - 101 §- 96 9.5 3
Wall & Roof Insul.f{ 304.8 72.17 12, 030} 12, 048 | 12,108 306 - 303f- 288 2. 2 7
Hot Water Tank 320.4 7.7 11, 699 § 11, 713 11, 760 25 32 60 5.6 2
High Eff. Furnace}| 326.0 76.1 11, 735 | 11, 753 | 11, 820 11 - 8 0 0 0
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Table 3-66. Summary Loads, Costs and Savings, Retail Store (Existing)
ATtuquerque, Heating and Hot Water, A = 4000 Ft2
Percent Ax:nDt:’ali aS:)sts Annual Savings '
Total Supplied (Dollars) Annual T.oad Savings
ECT Description (Ifafr:é SBo{ar Gas Oil | Elextrid] Gas oit_ |Electric}] BTU x10® | % savings

X
Base 446.4 |79.7 10, 438 [10,597 | 11,141
Min. Ventilation [[397.3 |82.1 10, 343 {10,468 | 10,896 95 129 245 49.1 1
Air Economizer N/a
Vent Heat Recovery|413.7 |81.3 10,490 §10,627 | 1,992 || - s2|- 30 49 32.7 7
Reflective Film 457.9 [79.7 10,504 {10,667 | 1,225 {}{ - 66)- 70 |- 84 1.5 - 3
Awnings N/A ]
Double Glaze 44¢.5 ]80.0 10, 450 }10, 605 | 11,133 - 12)- 8 8 5.9 1
Reduce Lt. Level }[615.6 |71.3 6,498 | 6, 810 7, 874 3940 3787 3267 169. 2 - 38
Reduce Lt. Sched. }|515.9 }77.9 9,175 | 9,375 | 10,061 1263 1222 1080 69.5 - 16
Night Setback 389.8 |81.0 10, 343 |10, 473 | 10,918 95 124 223 47.6 1
Wall Insualation 346.2 |84.7 10, 430 10,523 | 10, 843 8 74 298 100. 2 22
Wall & Roof Insul. ||18.46 }57.5 10, 422 |10, 436 | 10, 484 16 161 657 427. 94 96
Hot Water Tank 443.5 180.6 10, 421 {10,573 | 11,090 17 24 51 2.9 1
High Eff. Furnace |l4s5.4 [79.7 10, 346 {10,459 | 11,141 92 138 0 0 0

N g~
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Table 3-67. Summary Loads, Costs and Savings, Retail Store (Existing) 0
Albuquerque, Heating, Hot Water, Air Conditioning, A = 4000 Ft

Percent Ar;gl:i aStsa)sts Annual Savings '
Total Supplied (Dollars) Annual Load Savings
Load
ECT Description (B;UT)’ Sﬁ{ar Gas Oit_ |Electrid] Gas | oit  [Flectric || BTUx107% | % savings
<10
Base ' 774.4 66.5 12, 897 } 13, 056 13, 600
Min. Ventilation 732.7 66 .9 V 12, 844 §12, 969 13, 397 53 87 203 41.7 5
Alr Econorr.izer 734.5 68. 4 .12, 755 112, 914 13, 458 142 142 142 39.9 5
Vent Heat Recover* 741.7 67.0 12,952 § 13, 089 13, 554 - 551 - 33 46 32.17 "4
Reflective Film 770. 4 67.6 12, 927 13, 090 13, 647 - 301 - 341 - 17 4.0 . ]
Awnings 762.3 67.5 12, 374 | 13, 033 13, 577 23 23 ?:3 12.1 2 S
Double Glaze 766.2 66. 8 12, 307 {13, 062 13, 590 - 0] - 6 »lO 8.2 : 1 ?1
Reduce Lt. Level 812. 8 70.1 ) 8,589 8, 900 9, 964 4308 4156 3636 38.4 - 5
Reduce Lt. S:hed. }}82l.6 67.2 11, 5»55. 11, 756 12, 442 1342 1300 1158 47.2 - 6
Night Setback 717.8 66.8 12,802 |12, 932 13, 377 - 95 124 223 56. 6 7
Waull Insulation 681.7 67.5 12, 950 § 13, 043 13, 363 - 53 13 237 92.17 12
Wall & Roof Insui. |}526.3 48. 4 13, 739 113, 753 13, 801 - 842) - 697 - 201 248.10 32
Hot Water Tank 769.9 67.1 12,876 §13, 027 13,544 21 29 56 f 2.5 1
High Bfi. Furnace ||774.4 | 6.5 12,805 | 12,918 | 13, 600 92 138 0 0 0
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Regional Savings/Payback Periods -- Regional comparison tables were

constructed to illustrate the cost effectiveness and payback period for each
energy conservation technique. Tables were tabulated for each building

type and for the three auxiliary fuels, Tables 3-68 and 3-69 summarize the
results for the retail store using gas auxiliary fuel for heating only and heating

and cooling systems,

The magnitude of the annual savings provides a means to rank each energy
conservation technique, providing an indication of which are most prefer-
able and should be implemented first, Payback periods indicate the length
of time required for savings to offset initial investment costs, Paybacks
greater than 20 years are tabulated and are illustrated only for relative
ranking, Some instances of negative savings with positive payback pe riods
occur. This occurs because annual savings are calculated from annual costs
which include the cost of the energy conservation technique,



Table 3-68. Energy Conservation Techniques, Cost Effectiveness
Retail Store, Heating and Hot Water, Collector Area = 4000 Ft

Auxiliary Fuel: Gas

2

SOUTH WEST

ENERGY CONSERVATION NORTH CENTRAL NORTH EAST SOUTH EAST
TECHNIQUE NEwW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
_liaﬁxback_ I:a)_}_)ici JJ_"P_a_)ﬂn_gck Payback Payback Payback Payback Payback
Minimum Ventilation 71/2 159/ 42/4 180/1 10/8. 42/3 16/6 95/1
Air Economizer N/A
Vent Heat Recovery -78/42 -18/23 -147/79 -53/27 -120/136 -93/59 - -168/110; -52/33
Reflective Film -46/1940 -64/177}} -55/1099 -90/292 -43/- -44/65 -40/- -66/- 1
Awnings N/A . S
Double/Triple Glazing -21/99 -5/24 -30/218 -13/29 -23/242 -23/172 -20/218 -12/35 T
Reduced Light Level NA/NA 3516/ * NA/NA 5036 /= NA/NA 4222/=* NA/NA 3940/*
Reduced Light Schecule 561/ 1087/ 865/ * 1560/ = 689/* 1319/=* 684/* 1263/*
Night Setback 13/7 152/ 6/12 205/ * 1/17 79/1 3/13 95/1
Additional Wall Insutationj| -15/29 124/13 -168/196 ] 168/13 || -130/337 -139/38 -79/1651 8/19
Additional Wall and Roof -150/55 689/9 -368/150 506/12 ~-290/301 -275/35 -226/169] 16/19
Insulation ‘ .
Water Tank Insulation/ 11/3 9/3 16/3 13/3 16/2 14/2 17/2 17/2
Decreased Temperaziure :
High Efficiency Furnace 14/12 321/1 -2/22 303/1 -15/86 54/5 -11/46 92/4
*Payback less than ] year
i




Table 3-69. Energy Conszrvation Techniques, Cost Effectiveness
Retail Store, Heating, H%t Water, Air Conditioning,

Collector Arza = 4000 Ft

Auxiliary Fuel: Gas

e . NORTH CENTRAL NORTH EAST SOUTH EAST SOUTH WEST
ENKERGY CONSERVATIONYH - SRS
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savingsj Savings/ Savings/ Savings/ Savings/ Savings/
Payback Payback Payback Payback Payback Payback Payback Payback
-—
Minimum Ventilation 3/14 139/1 -134/- 124/2 -102/- 18/6 -81/- 53/2
Air Economizer - 177/1 133/2 424/ % 184/2 326/ 216/ * 228/ * 142/1
Vent Heat Recovery -83/46 -19/23 -149/82 -57/28 -121/143 -95/62 -109/114f -55/34
Reflective Film 4/18 -38/42 17/15 -59/51 26/12 -6/22 27/12 -30/41 !
) . X]
Awnings 25/5 14/8 31/5 19/7 21/5% 10/9 37/3 23/5 -
| (=]
Double/Triple Glazing ~-15/41 -3/22 -53/- -15/31 -16/55 -20/54 -11/40 -10/31 3
Reduced Light Level NA/NA 3812/ NA/NA 5543/ NA/NA 4704/ * NA/NA 4308/
Reduced Light Schedule 629/ 1169/ 977/ * 1677/ 800/ =* 1458/ * 758/ 1342/
Night Setback 9/9 150/ 5/13 188/ 2/15 70/2 4/12 95/1
Additional Wall Insulation -35/170 78/1% -211/- 13/19 -161/- -235/99 -102/- -53/28
Additional Wall and Roof -218/253 8/20 -520/- -935/- -398/- -1290/- -306/- -842/-
Insulation
~Water Tank Insulation/ 16/2 13/2 29/1 17/2 26/1 20/2 25/1 21/1
Decreased Temperature
"High Efficiency Furnace L 14/12 321/1 o -2/22 303/1 -15/86 54/5 -11/46 92/4
. . i
“Payback less than 1 year!
. i
;
¢



Table 3-70. Energy Conservation, Techniques, Cost Effectivehess
Retail Store, Heating and Hot Water, Collector Area
Oil Aux111ary Fuel

4000 Ft2

ENERGY CONSERVATIONM-NORTH CENTRAL NORTH EAST SOUTH EAST 1|_souTth wEST
TECHNIQUE NEW EXISTING NEW EXISTING || NEW EXISTING NEW EXISTING

Savings/ Savings/ Savings/ Savings/ Savings/ | Savings/ Savings/ Savings/
Payback Payback Payback Payback Payback Pa\ back Payback Payback

Minimum Ventilatiun 115/1 294/ 49/4 243/ 12/7 59/2 18/5 129/

Jir lconomizer N/A

Vent Ieat Recovery -a1/28 78/13 -142/72|  -8/21 -118/124 |  -79/46 -106/110} -30/26

Reflective Film -46/1940| -62/142 -55/1094 -90/292 || -43/- -37/48 -41/- -70/- :\:

Awnings N/A =

Double/Triple Glaxing -19/172 17/13 -29/164| -4/22 -23/242 -20/54 -21/433 | -8/28 !

Reduced Light Lev=al NA/NA 3181/ NA/NA 4852/ = NA/NA 4157/ = NA/NA 3787/ %

Reduced Ligh: Schedule 545/ - 960/ 861/ 1490/ = 684/ 1293/ = 682 ) = 1222/

Night Setback 2275 272/ = 8/10 269/ 3/13 104/1 3/13 124/

- Additional Wall Insulation}} 6/18 395/17 -166/177)  326/10 -129/300 | -88/29 -78/151 | 174/14
Additional Wall andRoof -102/35 1595/5 -359/130| 882/10 -287/262 | -171/27 -222/150y 161/15
Insulation
Water Tank Insulation/ 22/2 15/2 23/2 18/2 23/1 20/2 24/1 24/1
Decreased Temperature
High Efficiency Furnace 43/6 611/ 5/16 421 /= -13/60 85/4 -8/34 138/2
“Payback less than 1 year




Table 3-71.

Energy Conservation Techniques, Cost Effectiveness

Retail Store, Heating, Hot Water and Air Cond1t1on1ng,

Collector Area = 400C Ft2
Aaxiliary Fuel: Oil
ENERGY CONSERVATION ’f\IORTH CENTRAL NCRTH EAS'I“ SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ 1 Savings/ Savings/ Savings/ Savings/
Payback Payback Payback Payback Payback Payback Payback Payback
Minimum Ventilation 46/3 275/ = -125/- 188/1 -99/- 33/4 -79/- 87/1
Air Economizer * 177/1 148/2 425/ * 187/2 326/ % 228/ 227/ * 142/1
Vent Heat Recovery -46/29 78/13 -143/73 -11/21 -113/130 1 -82/48 ~-108/1100 -33/27
Reflective Film 4/18 -37/41 18715 -59/51 26/12 0/20 - 27/12 -34/48 I:.O
Awnings 25/5 14/8 32/5 20/7 . 21/5 10/9 36/3 "23/5 g
Double/Triple Glazing -13/40 19/13 -21/55 -5/23 --16/55 -18/46 -12/44 -6/26 ]
Reduced Light Level NA/NA 3477/ * NA/NA 5361/ % ‘NA/NA i 4638/ * NA/NA 4156/ %
Reduced Light Schedule 612/ 1042/ * 974 /% 1609/* 795/ * " 1430/* 755/ * 1300/ *
Night Setback 19/5 v 270/% 9/10 ' 252/ % 3/13 " 94/1 5/10 124/*
Additional Wall Insulation -14/28 . 349/8 -2¢7/- 172/13 -160/- -185/54 -101/- 13/19
Additional Wall and Rooi -170/71 915/8 -5L0/- -558/66 -395/- ‘ -1187/- -303/- -697/-
Insulation i
Water Tank Insulation/ 271 23/1 . 31N i 23/2 33/* 25/1 32/ 29/1
Decreased Temperature
High Efficiency Furnace 43/6 611/ 5/16 421/% -13/60 85/4 -8/34 138/2
*Payback less than 1 year
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Table -3-72, Energy Conservation Techniqué's, Cost Effectiveness 9
Retail Store, Heating and Hot Water, Collector Area = 4000 Ft

Auxiliary Fuel: Electric

ENERGY CONSERVATION NORTH CENTRAL NORTH, EAST SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Sa‘;;r;gs/ Sav;;gs/ Savi'ngs/ Szvings/ | Savings/
: Payback Payback Payback Payback Payback Payback Payback Payback
Minimum Ventilation 197/ = 552/ . 94/2 600/* 22/5 111/1 27/4 245/
Air Economicer N/A
Vent Heat Hecovery 30/17 261/17 -113/47 243/9 -111/95 -35/217 -103/91 49/15
Reflective Film -47/- -59/110 -53/371 -89/253 -42/1057] -18/28 -41/- -84/- '
Awnings N/A [ X]
Double/Triple Glazing -15/47 58/17 -26/94 48/9 -22/163 -12/32 -20/218 8/15 'tg
Reduced Light Level NA/NA 2546/ NA/NA 3815/ NA/NA 3942/ NA/NA 3267/ !
Reduced Light Schedule 512/ 719/=* 838/ 1098/*\ 667/ 1205/ 675/ 1080/
Night Setback 41/3 499/ 21/6 628/ 8/9 184/ 6/10 2237 =
Additional Wall Insulation 36/12 910/4 -149/98 1222/4 -123/182) 177/16 -73/106 298/8
Additional Wall and Roof -12/21 3315/3 -306/72 3007/4 -274/169] 169/16 -209/108) 657/9
Insulation
Water Tank Insulation/ 42/ 37/ % 65/ 47/ 49/ 41/~ 51/ 51/
Decreased Temperature
*Payback less than 1 year
X
|



Table 3

-173.

Collector Area = 4000 Ft2

Energy Ccnservation Techniques, Cost Effectiveness
Retail Store, Heating, Hot Water, Air Conditioning

AUXILIARY FUEL: ELECTRICITY

‘TH CENTRAL NORTH_EAST SOUTH EAST SOUTH WEST
ENERGY CONSERVATION NOR
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
Paybach Payback Payback Payback Payback Payback Payback Payback

Minimum Ventilation 129/1 532/ -81/- 545/ -89/- 87/1 -69/- 203/*

Air Economizer 177/1 177/1 424 /* 201 /1 326/ 275/ * 228/* 142/1

Vent Heat Recovery 25/17 260/7 -115/48 240/9 -112/98 -38/27 -102/88 46/15
Reflective Film 4/18 -34/38 20/15 -58/50 27/12 20/15 27/12 -47/105 6
Awnings 25/5 15/7 { 32/5 20/7 21/5 10/9 37/3 23/5 tlg
Double/Triple Glazing -1/21 60/7 -18/44 47/9 -15/50 -9/28 -10/37 10/15 N

[ ]

Reduced Light Level NA/NA 2842/= NA/NA 4324/ NA/NA 4424 /* NA/NA 3636/*
Reduced Light Schedule 580/ * 801 /* 950/ 1216/ 778/ * 1344/* 750/* 1158/*

Night Setback 37/3 497/ 21/6 611/= 8/9 175/* 9/8 223/*
Additional Wall Insulation 21/14 864/4 -191/- 1068/5 -155/- -19/21 -96/- 237/9
Additional Wall and Roof -80/30a 2634/4 -458/- 1567/7 -382/- -846/- -288/- -201/82
Insulation ! ~

Water Tank Insulation/ 48/ 41/= 77/ 52/ 59/ 47/ 60/* 56/*
Decreased Temperature )

“Payback less than 1 year

-Negative Payback

Note- Payback greater t%}n

20 should be used only

for relative ranking
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3.4 OFFICE BUILDINGS

Results for the Office Building, both new and existing, are outlined in the
following paragraphs., First, the building description as well as its inter-
action with the solar system is presented, then a description of the various
techniques for energy conservation and their interaction with the building

is given, Tables for both building types in each city for heating and hot

water systems and heating, hot water and air conditioning systems are listed.
These tables show the various energy conservation techniques with the améunt
of energy saved or lost by the techniques, as well as the dollar savings or
loss for the various auxiliary fuels,

Since the description of the conservation techniqueé is a general one which
describes the cause and effect relationship of conservation techniques and
| amount of energy saved or lost; it has only been describAed once (for the new
and existing building in Omaha), The effects of the techniques remain the
same for the various locations, although the load and energy savings may
change greatly, This variation is due to the different climatic conditions, as
_well as the various construction types of the different locations, The savings
will also vacillate greatly from location to location due to the varying loads,
different costs of implementation and fuels.

At the end of the section, a brief discussion is given on the overall results

~ of the conservation techniques., Also, a set of comprehensive tables are
given showing the payback times for these techniques,

3.4.1 Building Description

Several office buildings were studied for this report and the tirpical existing
as well as improved building types were chosen as documented in Appendix A.
The typical office building consists of three stories,. with a floor area
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of 10, 000 square feet. It has 15 zones, 5 on each floor; one large central
zone and 4 exterior zones, Each zone has one air flow terminal controlled
from a zone thermostat, The existing building utilizes a constant volume
terminal reheat (CVTR) system, while the new building incorporates a
variable air volume (VAV) system, Minimum outdoor air ventilation is
0.3 CFM/ft? (30 CFM/person), unless the zone is incapable of maintaining
the desired temperatures, in which case the CFM would be reduced. This
meets ASHRAE Standard 62-73., Occupants consume 0. 5 gallons of hot
water per day per person,

Control of the central air handling unit (shown in Figure 3-59) for the VAV
and CVTR systems is sequenced as illustrated in Figure 3-60, The HVAC
system modeled has a 15°F throttling range and a discharge air set point of
55°F, It is capable of preheat, if necessary, and the heating and cooling
coils are operable year round depending on ambient conditions. The relative
humidity of the office space is maintained at a minimum of 25 percent (15
percent for Albuquerque). System design is based on summer and winter
room temperatures of 75°F with twice the minimum requirement of outdoor
air, Convective radiation units are assumed to be located in any zone where
heat would be required to maintain the desired temperature.

Design of a solar heating and cooling system for a multi-storied building is
different than the system design for a residential dwelling, The reason for
this difference is the complexity of the building systems as well as the
enormous energy requirements of the building, To maintain comfortable
conditions year round, the building design requires that the HVAC system be
capable of simultaneous heating and cooling, Figure 3-61 shows a schematic
diagram of the solar heating and cooling system, Pump 2 will be activated if
the solar panels supply enough energy for direct heating, pump 4 will be
activated if stored energy is to be utilized. If there is no energy available
from either of these sources, auxiliary energy will be used. If cooling is
necessary and the solar panels collect enough energy to run the Rankine cycle,
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Figure 3-59, Schematic of Central Air Handling Unit
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pump 1 will run. Pump 4 will run in conjunction with pump 1 if the stored
energy plus energy collected by the solar panels is enough to run the Rankine
cycle. Otherwise electrical energy will be input to the motor generator
which will run the vapor compression cycle, thus supplying the necessary
cooling by auxiliary energy. The entire system is monitored by measuring
temperature at the desired points shown in the figure. Since no present
control scheme exists (software as well as hardware), for the optimization

in diverting simultaneous heating and cooling loads between the Rankine
system and the heating system, the system will simply use the total col-
lected and stored energy for heating purposes from January to May and from
October to December, and use auxiliary energy to meet the cooling load if
one exists during this period, From May to October, all the collected energy
is used for cooling, while any heating requirements are met by auxiliary fuels,

3.4. 2 Modeling Assumptions

'

Simulation of the office building makes the following assumptions:

e There is no heat transfer between zones.

e All loads go into the zones and not the return air plenum
(i. e., return air temperature is equal to the room
temperature).

e Air handling unit losses are not building gains since the
central unit is in an unconditioned space.

e Seventy-five percent of the fan heat is rejected into the air °
stream while the remainder is lost to the unconditioned
space,

0y
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e The storage tank (which is optimized for minimum surface
area per required volume) is located outside the building
since its size prohibits burying beneath the building, thus
tank losses are not assumed to be building gains,

e 1,5 gallons of stoi'age per square foot of colléctor,

3.4.3 Results for Office Building

‘Omaha - North Central Region

'New Construction - Base Building -- The base case (system before Energy

Conservation Techniques (ECTs) have been implemented) is a VAV system
using an air economizer, Hours of operation are from 6:00 am to 10:00

pm and the various operating schedules can be seen in Appendix A, Heat is
supplied from baseboard radiators operated on an outdoor air reset schedule
which is based on satisfying the entire transmission load at design and humidifi-
cation only (dehumidification occurs if the right coil condition exists). The
thermostat is set at 75°F year round,

Although the base case was run with a setpoint of 75°F, a simulation was

run with the thermostat lowered to 72°F during the winter (October-March),
Figure 3-62 -shows the energy profiles of this run compared to the base case.
The cooling loads are coincident during the period when the temperatures are
both at 75°F and increases slightly when the temperature is set down to 72°F,
Almost no deFrease in heatmg load is realized by reducmg the thermostat
setp01/nt durmg the winter since the heat delivered by the radiators is con-
trolled by outdoor air reset., There is, however, a very slight reduction

in humidification necessary at the reduced temperature. The interesting
result is that the fan power consumption increases significantly when the
thermostat is' set down. If there were no mechanical cooling possible during
‘he months of temperature setback even more power would be consumed by
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the fans, Increasing the setpoint during the winter will result in a reduc-
tion in power consumption, Decreasing the thermostat during the summer
will result in an increase in power consumption (cooling load as well as in-
crease electrical demand by the fan), while an increase in temperature.
during the summer will result in a reduction in power consumption.

The heating, cooling and fanpower consumption profiles of the base case

(VAV) system can be seen in Figure 3-63. The trends depicted on this

graph are general for a VAV system., Their particular energy profiles are
for the city of Omaha, It can be seen that the heating energy (baseboard heat
plus preheat and latent heat of vaporization for humidification if necessary)
decreases through the summer and increases through the winter while cool-
ing and fan energy peak during the summer, Figure 3-64 shows the auxiliary
energy demand of the solar heating and cooling system as a function of collec-
tor area for the load profile shown in Figure 3-63,

The general trend is for a decrease in auxiliary energy demand as the size
of the solar collectors (and storage tank) increase, This happens since the
building load is fixed and the amount of collected solar energy increases,
thus the auxiliary energy demand decreases. At low collector areas, the
system is incapable of supplying any cooling (the Rankine cooling cycle is
inefficient compared to the solar heating cycle) which requires that all of the
cooling load be met by auxiliary fuel, thérefore, the heating, hot water and
air conditioning curve (H, HW, AC) lies above the heating and hot water
curve (H, HW), As the collector area increases, more and more of the
cooling load is supplied by the solar energy. Thus, the curves approach one
another. This approach is not asymptotic since there is a demand for cool-
ing before the Rankine system is operable and this cooling is always supplied
by auxiliary energy. Figure 3-65 shows how much of the load is supplied by
the solar heating and cooling system for various collector areas (and storage
tank size) for the base system, The most striking result depicted in this
figure is that the system is incapable of meeting the entire load with solar
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- energy regardless of the collector area, Again, this anomoly is due to
the fact that heating energy during the summer and cooling energy during
the winter, is supplied by auxiliary fuel, For smaller collector areas,
there lies above the H, HW, and AC curve. As the collector area increases,

more cooling energy is supplied by the solar collector. .

Figures 3-66, 3-67 and 3-68 show the annual cost of the base system as a
function of collector area for oil, gas and electric., The most obvious trend
in the three figures is the continual increasing cost for systems with increas-
ing collector areas. This trend points out that for the given period (20 years)
and economic inputs (see Appendix E) there is no optimum solar heating and
cooling system. As one would expect, the curves shift upward for the more
expensive fuels, gas being the cheapest, and electric being the most expen-
sive. The H, HW, and AC curve is always greater than the H, HW curve.
This is because of the added expense of the Rankine cooling cycle.

New Construction - Application of Energy Conservation Tecliniques (ECTs) -~

Tables 3-74 and 3-75 show the loads and savings for the base case and each
ECT. Table 3-74 is for the heating, hot water and air conditioning system,
while Table 3-75 is for the heating and hot water system., This set of tables
is for a collector area of 22, 500 squarc fcct,

Annual costs represent the cost of solar heating and/or cooling systems,
auxiliary fuel and ECT cost with associated fuel cost, if they exist, ‘am-
mortized over the 20 year period. Annual savings are the differences be-
tween base case and ECT annual cost, BTU savings are the differences be-
tween the total load for the hase case.and the ECT.

Reflective Film -- In order to understand how the VAV system r’eSp'onds

to various ECTs, one must realize how ‘the VAV system works. - As mentioned
earlier, the central air handling unit supplies the cooling gnd humidification



ANNUAL COST (DOLLARS x 10°)

2C0
190 4
180-
170-
1601
1504
1404
130-
120
1104
100
904
80 1
701
60+
50 -
40 4
30
204
104

- 9¢¢ -

5,622 11,250 22,500 45,000 90,000

COLLECTOR AREA (FT2 x 103,

Figure 3-66., Annual Cost Versus Collector Area,
Base Cese -- Omaha
Gas Auxiliary Fuzl



ANNUAL COST (DOLLARS x 10°)

200 A

180 1
160 1
140 -
120 |

100 A

-ng—

80 A

60 -

40 -

204

5.6 11.2 22.5 45.0 " 90.0°

COLLECTOR AREA (FT2 103,

Figure 3-67. Anmual Cost versus Collector Area, Base Case - Omaha
(Oil Auxiliary Fuel)



200 4
180 4
160 1
“o 140 .
~-
x
4
e 120 1
-
|
o
o 100 A
[ ]
) [\
S 80 1 &
4 )
3
=2 60
=
<
40
20 -
T . L v 1
5.6 11.2 22.5 45.0 90.0
' 2 .3 .
COLLECTOR AREA (FT™ x 107).
Figure 3-68.

Annual Cost versus Collector Area, Base Case - Omaha
\ (Electric)

P




T

— Table 3-74,

Summary
and Air Conditioning (Collector area 22, 500 ft2)

Loads, Costs and Savings, Omaha - Heating, Hot Water

OFFICE BLDG.

. OMAHA
VAV
. Annual Costs Annual Savings
Percgnt (Dollars) (Dollars) Annual TLoad Savings
_ Total Supplied g .
. Load By
) ipti = . . -6 .
ECT Descrigtion (BTU) | Solar Gas Oil | Electrid] Gas Oil _ |Electric ]| BTU x 10 % Savings
x 1079

Base 2,897 b6.30 61, 447 52,005 | 63,982

Reflective Film 2, 647 Pl. 33 61,162 Ppl, 723 63, 618 285 282 274 250 9
Shading 2, 679 [60.44 60, 469 B1, 020 62, 878 977 986 1, 014 218 8

Triple Clazing 2,856 p7.48 62,154 B2, 724 64, 650 707 F 719 - 759 41 1

Reduaced Lighting 2, 617 [Gl. 44 4 54, 487 b5, 027 56, 850 6, 960 6, 978 7, 041 280 10

. : ]
Night Setback 2, 897 b6.30 61, 459 B2, 017 63, 904 12 - 12 - 12 0 0 o
_In(:rc::vzs'-:d Wall ' . ' ch
Insulstion 2,899 PB6.57 61, 616 2,179 64, 082 169 - 174 - 190 - 2 0 '
Increased Wall & A

Roof insulation 2,902 PB6.77 62, 048 B2, 624 64, 571 601 |- 619 |- 679 - 5 0

Reduced Hot Water E

Temperature 2, 848 6. 34 61, 440 Fl, 972 63, 770 7 33 122 49 2

Hydronic Control '

I'rom Zone Thermo. -

With Night Sellrack 2,652 bp4.48 61, 539 pl, 976 63, 452 92 29 440 245 9

’neray Reclamation
from Exhaust Air 2,856 p7.06 61,576 p2, 135 64, 022 130 F 130 } 131 41 1

o




Summary Loads, Costs and Savings, Omaha -

Table 3-75.
Heating and Hot Water
g Office Bldg.
Omaha
2 VAV
collector area 22,500 FT
Annual Costs Annual Savings
Percent iDollars) (Dollars) Annual Load Savings
Total Supplied
' Load By
. 3 -6 .
ECT Description (BTU) | Solar Gas Oil | Electriq] Gas Oil _ |Electric |! BTU x 10 % Savings
x 1079
Base 1,524 § 81. 43 49, Olé 49,574 £1, 461
Reflective Film 1, 519 } 81. 34 49, 464 50, 027 c1, 922 - 450 } - 453 1 - 461 5 0
Shading 1, 509 { 81.55 48, 6194 49, 169 £1, 027 397 405 434 15 1
Triple Glazing 1, 541 | 81. 24 49, 889 50, 455 £2,381 - 869} - 881 - 920 17 - 1
Reduced Lighting 1,493 | 81.73 42, 79¢ 43, 330 45,154 6,226 6, 24& 6, 307 31 2
L]
Night Setback 1,524 | 81.43 49, 02# 49,586 $1, 473 |t - 12 - 12 - 12 0 0 o
Increcased Wall g
Insulation 1,533 | 81. 39 49, 193% 49, 757 51, 660 - 178 - 183 | - 199 9 - 1 .
Incireased Wall &
Roof Insulation 1,547 | 81.12 49, 664 50, 238 52,185 - 646 | - 664 | - 724 23 - 2
Reduced Hot Wate
Termperature 1,476 | 81.72 48, 98:1 49, 515 51,313 32 59 147 48 3
Hydronic Control
From Zone Thermd
With Night Setback 1, 274 | 82. 63 49, 029 49, 466 50, 943 - 14 108 518 250 16
Energy Reclamatio
From Exhaust Air 1,524 |} 81. 43 49, 26% 49, 821 51, 707 - 247 ¢ - 247 1 - 247 0 0
!
y
{
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or dehumidification (the energy for vaporization is accounted for by adding it
to the energy needed for heating and the latent heat involved in dehumidifica-
tion is part of the cooling load); while heat is supplied by the convective
radiators which are controlled based on outdoor air reset., This means that
the amount of heat put into the space is independent of the space conditions
(unless control of the hydronic loop is altered), while the amount of supply
air delivered to the space is a direct function of the space conditions.

Therefore, if the load in the space decreases, the amount of air delivered by
the discharge unit will decrease, This decrease will mean a reduction in the
amount of humidification (if any is necessary), a reduction in the amount of
mechanical cooling (if any is necessary), and a reduction in electrical power
required by the supply fan. The converse is true if the load in the space .
increases, For both situations, the amount of heat delivered by the radiators

remains constant,

By incorporating reflection film into the building structure, which is done by
using specially treated windows instead of the standard double paned windows,
_the transmissivity (amount of sunlight passing through the window) is reduced
by 80 percent while the transmission coefficient is also slightly reduced.,
Putting these windows on a building reduces the solar heat gain year round,
as well as slightly reducing the heat loss in winter and the heat gain in sum-
mer. In effect, the average load on the space is decreased which results

in a substantial decrease in the cooling load and a slight decrease in the
heating load for the reason described above.

Shading -- Little information exists on the cost of shading an office"
buflding since this is not generally done. Therefore, this ECT cost was as-
signed zero dollars for the economic simulation, To evaluate this measure,
‘the owner would find the amount of dollars saved per year by this technique
and see if the implementation cost is less than this value. The positive
difference between the savings per year and the implementation cost per year

s the actual savings realized by the owner per year.
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For the VAV system, the effect of shading is basically the same as it was for
reflective film. The difference is that for shading, only the solar load is
reduced, while for reflective film, the solar load as well as heat transfer through
the window is reduced. As is the case for this and most of the ECTs, most of
the savings are realized through the reduction in fan power consumption, since
the humidification load is only a small portion of the total load.

Triple Glazing -- This ECT causes a decrease in the window U valve (less

heat transfer) and a slight decrease in the window transmissivity. The overall
effect is to reduce the transmission heat loss in the winter and to reduce the

heat gain in the summer,

Anything done to reduce the heat loss through the windows (or walls or roof)
will result in a larger load in the conditioned space and thus, increase the
building's energy consumption, Anything done to reduce the heat gain
through the windows (or wall or roof) will result in a smaller load on the
conditioned space and thus decrease the building's energy consumption,
provided that the perimeter heat reset schedule is not changed. As shown
in Tables 3-74 and 3-75, implementation of this ECT in Omaha results in an
overall Energy savings with a heating, hot water, and air conditioning sys-
tem, but a loss with a heating and hot water only system.

Reduced Lighting -- Reduced lighting is implemented by uniformly de-

lamping the building, decreasing the overall lighting level from 3 watts per
square foot to 2 watts per square foot. The effect is a large reductidn in the
internal load, thus a decrease in the required air supply CFM. The heating
load is reduced due to a lower humidification load during the winter which
results from a reduction in outdoor air intake (reduced fan, CFM). The cooling
load is also reduced since less supply air CFM during the summer is needed.
The third benefit of reduced lighting is a reduction in electrical power con-
sumption, not only due to the reduced fan consumption, but also due to the de-
creased power needed by the lights. Since there is no cost associated with

de-lamping this measure is very cost effective as shown in the figures,
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Night Setback ~- This is implemented by setting the thermostat down to
55°F from 10 pm to 6 am (when the HVAC system is off). Night setback has no
effect on the VAV system with perimeter heat on an outdoor air reset schedule
since the zone thermostat has no control over the heating system and the

central air handling unit is off,

Increased Wall Insulation -- This ECT consists of using an extra inch of
insulation in the walls at the time of construction. The effect is to decrease
the heat loss during the winter and decrease the heat gain during the summer.,
The net load savings depends on whether the savings in the summer are
larger than the losses in the winter and this depends upon local climatological
inputs, Three important factors include: the base building is fairly well
insulated so that the increase in insulation is not as significant as it would
be in a poorly insulated building; the major cooling load is due to ventilation;
the heat delivered by the radiators is designed for the heat losses of the base
system. Cooling loads can increase with increased insulation as would be
the case when the outside temperature is less than 75°F and greater than
55°F (in this situation, there is less heat loss with the increased insulation,
thus more required CFM, since the outdoor air is greater than 55°F, the
mechanical cooling system is on; hence, the cooling loads increase).

Increaséd Wall and Roof Insulation ~-- This ECT consists of an additional
one inch of wall insulation and two inches of roof insulation and has the effect
of reducing the heat loss in the winter and the heat gain in the summer., The

loads are affected in the same way as with the increased wall insulation only

to a greater extent,

Reduced Hot Water Temperature -- The hot water temperature is reduced
from a nominal temperature of 140°F to 130°F, This reduction in temperature
has no effect on building loads since the hot water tank is in an unconditioned

pace. The results of this measure can be seen in Tables 3-74 and 3-75.




- 244 -

Hydronic Control From Space Thermostat with Night Setback -- This

technique entails controlling the heating in each zone, as well as the cooling
by zone thermostats, The effect is to reduce the fighting between heating and
cooling systems, and to make night setback effective by enabling the heating
system to respond to a thermostat setback, The wintertime heating load is
reduced significantly (23 percent in Omaha) since the heat is linked more
closely to the actual zone requirements. The heating load is also reduced
during the setback periods. This measure has no effect on the cooling load
when the heating system is inoperable, but it can lead to increases in the cool-
ing load compared to the base case when the heating system is on. This anomaly
is possible since the base case CFM was allowed to drop below minimum
required CFM when the internal loads were small (in order to maintain the
desired temperature) whereas this method will supply the necessary heat to
maintain the required minimum CFM. Thus, with an increase in CFM, the

cooling load will increase if the outdoor air temperature is greater than 55°F.

Energy Reclamation From Exhaust Air -- This ECT is implemented by

using an air-to-air heat exchanger with an effectiveness of 0.4 which is capable
of transferring heat between the exhaust and intake air streams. Heat recovery
is not possible in the winter since the outside air dampers do not close to their
minimum positions, allowing the discharge air to be maintained at the required
temperature without using mechanical cooling. Thus, Table 3-75 shows no
annual BFU savings for heating and hot water with energy reclaim, During the
cooling season, energy reclaim does save energy as shown by the reduced annual
load in Table 3-74, Energy reclaim may only be used to supplement cooling
when the intake air temperature is greater than the exhaust temperature (75°F).
Under that condition, the economizer will normally have the outside air damper

shut down to the minimum position (11 percent),
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Existing Construction - Bage Building -- The base case (system before Energy

Conservation Techniques (ECT) have been implemented), is a CVTR system
using an air economizer. Hours of operation are from 6:00 am to 10:00 pm
and the various operating schedules can be seen in Appendix A, The thermo-
stat is set at 75°F year round.

Although the base case was run with a setpoint of 75°F, two simulations were
made with other setpoints, one at 78°F and another with the setpoint at 72°F,
A very interesting result, depicted in Figure 3-69, is that with the setpoint at
72°F, the monthly energy consumption is decreased. This would be expected
when most of the load comes in the winter and reduction in temperature would
mean less heating required, but at this reduced setpoint, there is also less
cooling required in the summer, One of the two reasons for this is that with
the CVTR system, the return air temperature plays a significant role in deter-
mining the amount of conditioning required by the supply unit. Therefore, by
reducing the room setpoint and thus the return air temperature, the load on the
cooling coil is reduced. Hence, the cooling load decreases as the setpoint de-
creases. The other reason is that less reheat is needed to maintain cool

space temperatures.

. Conversely, when the setpoint is raised to 78°F, there is an increase in the
monthly energy consumption. During winter operation, more steam is re-

quired to maintain the elevated setpoint as would be expected, but during the
summer, there is also more steam required to maintain the higher setpoint.
Again, this anomaly is caused by the role the return air plays inthe cooling
mode of the supply unit and the need for more reheat to maintain high space

temperatures,

Figure 3-70 shows that the general rule of thumb of decreasing the setpoint in
the winter and increasing it the summer consumes much more energy than
setting the thermostat down year round. It is important to note that although
this trend is not geographically dependent, the result can only be realized
with CVTR system.

)
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The base system chosen for this study is representative of the current constant
volume terminal reheat system in a typical building; however, there are many
existing buildings thatare run in a less efficient energy mode. Below are a

few such cases.

° HVAC system with no economizer, run 24 hours a day with twice

the minimum required CFM, otherwise same as base case (Case 1),

e HVAC system with no economizer, shut down during the hours of
10:00 pm - 5:00 am with twice the minimum required CFM, otherwise

same as base case (Case 2),

e HVAC system with no economizer, otherwise same as base case (Case 3).

Table 3-76. Comparison of Three Systems and the Base Case

Hot Water _I§oad Cooling Lg%d Heating logg Total loald_9 Percent
Case (BTU x 1077) (BTU x 107 7) (BTU x 10 7) (BTUx 10 7) Over Base
Base . 4229 3.59 10,50 14,52 ---
1 . 4229 9. 815 12,32 22.56 55.4
2 . 4229 7.204 8.715 16. 34 - 12.5
3 . . 4229 8. 062 8, 346 16, 83 15.9

Table 3-76 shows a comparison 6f these three systemé and the base case.
Although the energy consumption is for Omaha, the trends represented are in-
depéndent of geographic location. Case 1 shows that the system that runs con-
tinuouslylwith twice the necessary amount of outdoor air uses almost twice the
energy of this base case. After reducing the hours of operation, there is a
dramatic decrease in energy consumption, Comparing Cases 2 and 3 shows
that with reduced CFM (Case 3) the cooling load increases significantly. This
is caused by the lack of enough outdoor air to cool the return air stream to
the deéired discharge temperature. Thus, mechanica{.l cooling must be done

to obtain the desired discharge temperature,
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The heating and cooling energy profile of the base case (CVTR) system can be
seen in Figure 3-71, The trends depicted on this graph are general for a
CVTR system. This particular energy profile is for the city of Omaha, It can
be seen that the heating energy (reheat plus preheat and latent heat of vaporiza-
tion for huinidification, if necessary ) decreases through the summer and increases
through the winter, 'and cooling energy peaks during the summer as would be
expected. What may not be expected, is that approximately 50 percent of the
energy load in the summer is due to reheating (this percentage can vary greatly
dependingi on design and location). Figure 3-72 shows auxiliary energy demand
of the solar heating and cooling system,as a function of collector area,for the
load profile illustrated in Figure 3-71, The general trend is for a decrease in
auxiliary energy demand as the size of the solar collectors (and storage tank)
increagse, This happens since the building load is fixed and the amount of
collected solar energy increases, thus the ax?xiliary energy demand decreases,
‘At low collector area, the system is incapable of supplying any cooling (the
Rankine cooling cycle is inefficient compared to the solar heating cycle) which
requires that all of the cooling load be met by auxiliary fuel, therefore, the
heating, hot water and air conditioning curve (H, HW, AC) lies above the heat-
ing and hot water curve (H, HW), |

As the collector area increases, more and more of the cooling load is supplied
by the solar energy, thus the curves approach one Aanother. This approach is
not e.symptotic since there is a demand for cooling before the Raﬁkihe system
is operable and this cooling is always supplied by auxiliary energy. Figure
3-73 shows how much of the load is supplied by th.e‘so‘lar heating and cooling
system for various c}ollector areas (and storage tank size) for the base system.,
The most striking result depicted in this figﬁre, is that the system is incapable
of meeting the entire load with solar energy regardless'ef the cvollectoir area,
Apgain, this anomaly is due to the fact that, reheat energy in the summer and
coolmg energy during the winter, is supplied by aux111ary fuel, For smaller
collector areas, there is no solar contribution to cooling, Therefore, the H,
HW. curve lies above the H HW, and AC curve, but as described prev1ously,
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as the collector area increases,more and more cooling energy is supplied by
the solar collector. Energy supplied to the Heat and Hot Water system,levels ‘
off faster than the energy supplied to the H, HW, AC system since there is less
of an energy demand by the H, HW system. Therefore, at larger collector
areas, the H, HW, AC curve is above the H, HW curve. Figures 3-74, 3-75
and 3-76 show the annual cost of the base system as a function of collector area

for oil, gas and electric.

The most ot@Eous trend in the three figures is the continually increasing cost for
systems with gnpreasing collector areas. This trend points out that for the.
given period (20 years),and economic inputs (see Appendix E), there is no
optimum solar'fﬁ‘t}e'aging énd cooling system. As one would expect, the curves
shift upward for\%t-he‘ more expensive fuels, gas being the cheapest and electric
being the most exp%nSive. The H, HW, and AC curve is always greater than

the H, HW curve because of the added expense of the Rankine cooling cycle.

Existing Construction - Application of Energy Conservation Techniques (ECT) --
Tables 3-77 and 3-78 show the loads and savings for this base case and each

ECT. Table 3-77 is for the heating hot water and air conditioning system,while
‘Table 3-78 is for the heating and hot water system. Due to the large cost of
the Rankine cycle, the annual costs in Table 3-77 are larger than those in

Table 3-78. This set of tables is for a collector area of 45, 000 ftz.

Annual costs,represent the cost of solar heating and/or cooling system,
auxiliary fuel and ECT cost with associated fuel cost, if they exist, amortized

over the 20 year period. Annual savings are the differences between base
case and ECT annual cost. BTU savings,is the difference between the total
load for the base case and the ECT,

Reflective Film -~ This measure entails replacing the existing windows

with windows that are specially treated. The effect is to reduce the trans-

missivity (amount of sunlight p?ssing through the window) by eighty percent
!

S S S
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~and also slightly decrease the transmission coefficient, Putting these windows
on a building reduces the solar gain through the windows year round, as well
as slightly reducing the heat loss in winter and the heat gain in summer. This
technique proves to expend more energy than it saves for a reheat system.

The reason for this occurrence is that the central air handling unit has a con-
stant discharge temperature irrespective of the loads that are seen by the
~occupied space, Inorder for the space to maintain the desired temperature,
the relatively cool air from the central unit must be heated up. The air can be
heated up by four energy sources; reheat energy, internal loads (people, lights,
etc) , solar and transmission loads. Effectively, the reflective film has removed
most of the solar load, so this energy must be furnished in return by the reheat
system, Thus, there is a net increase in total load and decrease in savings,
For reflective film, the highest dollar loss would be with the electric backup
system. Installation prices for various ECTs can be seen in Appendix B.

Shading -- Little information exists on the cost of shading of an office
building since this is not generally done. Therefore, the ECT cost was assigned
zero dollars for the economic simulation. To evaluate this measure, the
owner would find the amount of dollars saved by this measure per year and

see if the implementation cost is less than this value,

The positive difference between the savings per year and the installation cost
per year is the actual saving realized by the owner per year. For the reheat
system, the effect of shading is basically the same as it was for reflective
film, only worse. For shading, the only effect is the reduction in solar load
(increase in reheat)., In the case of reflective films, there was a decrease
in the heat loss during the winter and heat gain in summer. Since there is a
larger heating load than cooling load, the reduction in heat loss tends to
offset the reduction in solar load. '

Double Glaiing -- This ECT causes a large decrease in the window U
value (less heat transfer) and a slight decrease with window transmissivity.
The overall effect is to reduce the total heat loss from the building, thus a
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reduction in reheat energy is realized. This is borne out in Tables 3-77

and 3-78, The larger difference in annual saving for the three different
fuels for this ECT do not reflect the difference in dollar value/BTU for these
fuels, but rather a combination of interrelated factors. The most significant
factor is that installed cost is extremely high compared to the BTU saving.
For example, if the installed cost were reduced to zero, the saving would be
$825, $1410, $3526 for gas, oil, and electricity respectively, which is much

more in line with expected cost differential of the various fuels,

Reduced Lighting ~-- By reducing the lighting, the internal load on the space

decreases and the reheat system must supply the lost energy. Therefore,

the total load increases as witnessed by Figures 3-72 and 3-73. There is

no cost for this ECT as it can be implemented by a deiamping procedure. The
increase in the load is supplied by an auxiliary fuel source and by the energy
collected by the solar panels. Therefore, there is a net saving since the cost
of running the extracted lights has been reduced. It can be seen that the gas
backup system saves the most and the electric backup saves the leasl, This
is tobe expected since youare replacing the expensive electric energy by less ex-
pensive fuels (i. e. , instead of heating with lights, you canheat with collected solar
energy and gas backup which saves $4387; collect solar energy and oil backup
which saves $3562; collect solar energy and electric backup which saves $774),

Night Setback -- Implementation of night setback is accomplished by setting

the thermostat down to 55°F in evening hours (when the HVAC system is off),
Generally, adjusting the thermostat on a reheat system will cause significant
changes in energy consumption, but when the HVAC system is off, the only
energy used is for the skin radiation system which is a very small amount of
energy in comparison to the energy used for ventilation. Therefore, even though
the reduction of energy used by the skin radiation system is significant, the
reduction in total load is fairly small. The interesting result in this ECT is

the dollar saving, This substantial savings is caused by the relatively inex-

pensive cost of the timeclock set down system.



Table 3-77, Summary Loads, Costs and Savings; Heating,
Hot Water, Air Conditioning; Collector
Area = 45,000 ft2

office bldg.
Omaha
CVTR

Annual Costs Annual Savirgs
- Percent (Dollars) (Dollars) Annual LLoad Savings
Total Supplied v ‘
Load By
EC ipti ) - -
T Description 1l (g1y) | Solar || Gas Oil | Electrid] Gas | ou [Electric || BTU x10°% | % savings
x 107° »
Base 14520 135 123931{ 137061 181435
Reflective Film 14730 }35 125665 J139109 184545 1734 |- 2048 |- 3111 210 - 1
Shading 14890 |35 124605 }138318 184663 67 |- 1257' - 3229 370 - 3
Double Glazing 14160 |36 124149]136652 178894 218 " 409 2541 360 2
Reduced Lighting 15010 )35 119544 }133449 180659 4387 3562 774 490 - 3 .
Night Setback 14100 }36 123035 }135405 177211 896 1656 4224 420 3 no
Reheat Optimization 9447 47 113493 [119619 120322 10439 17442 41113 5070 35 %
Increase Wall Insul 1+45C¢ |36 1236524136147 178376 280 914 3058 370 3 !
Increase Wall &
Roof Insu_ation 12870 |38 121721 131998 163547 2210 5033 17888 1650 11
Hot Water Temp. .
Reduced 14470 |35 123851 J136935 181154 80 126 280 50 0
Convert To VAV
HVAC 527 68 100951 (102922 109583 2298q 34139 71851 9250 64
Energy Reclaim,
Fr..n Exlhaust Air 14490° [35 124063 j137211 181644 132 }- 150 |- 209 30 0




office bldg,

Table 3-78., Summary Loads, Costs and Savings; Heating CVTR
and Hot Water Collector Area = 45,000 ft2 Omaha
Percent Annual Costs Annual Savings
cen .
{Dollars) ollars al load Savings
Total Supplied (Dollars) Annu g
Lozd By
- _ -6 ,
ECT Description  Hl(gpy;) | Solar || Gas Oil | Electrid| Gas | ou |Flectric ]| BTU x 10 % Savings
x 10°°
Base 1¢920{ 39 107194 120328 | 164702
Reflective Film mso { 39 108969 ] 122413 167849 - 1770) - 2084 - 3147 || - 210 - 2
Shading 11290 { 38 107110 121623 167968 - 711} - 1294) - 32661 - 370 - 3
Double Glazing 10560 40 107416 ] 119720 | 162162]] - =217 408 2540 470 3
Reduced Lighting 11410 | 38 102849 ] 116803 163964 435( 3529 7381} - 490 - 4
Night Setback 19500] 40 106302 } 118672 150478 897 1656 4224 420 4 :\)
Reheat Optimiza. £743) 54 99147 | 105273 | 125976 8054 15056{ 38726 4180 38 3
. Increase Wall In. 10550} 40 106920 § 119415 161644 279 913 3058 370 3 ]
Ircrease Wall & .
Roof Insulation 92681 44 104956 | 115232 146781 2243 5094 1792), 1650 15
Hot Water- Temp.
Reduced 10870] 39 107144 | 120228 164447 59 101 255 50 0
Convert to \'A\" ~
HVAC 3675 | 73 88765 | 90736 97397 18434} . 29593 67305 7240 69

Energy Reclaim.
From Exhaust Air {16930 B9 107474 | 120620 165054 - 275) - 292} - 352 - 10 - : 0
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Reheat Optimization -- This ECT is very cost effective as shown in Tables

3-77 and 3-78. Figure 3-77 is a schematic of a control system with a load
demand reset capability. Figure 3-78 shows the current thermostat control
sequence before system modification. It can be seen from this figure that only
the reheat coil is controlled from the zone thermostat, the supply unit acts
independently, Hence, a large amount of reheat (as well as cooling in the summer.
must be done since the room set point is higher than the discharge air set
point.' Figure 3-79 illustrates the load reset modification in the existing equip-
ment. Here, the zone thermostat controls both the reheat system and also the
supply unit., The reheat coil operates over only a portion of the thermostat
band; the other portion controls the setpoint of the supply unit as a function of
the space demand. Only the zone with the largest cooling requirement controls
the supply air temperature, Therefore, higher discharge temperatures are
maintained over a major portion of the year, resulting in substantial energy
savings as can be seen in the comparison of the load profiles shown in Figure
3-80. The dollar saving for this technique shows that the $6000 is an extreme-
ly worthwhile investment,

Increase Wall Insulation -- Increasing the wall insulation decreases the

heat flow reducing heat loss in the winter and heat gain in the summer. Reduc-
tion in the heat loss represents less energy that must be supplied by the reheat
system during the winter and the reduction in heat gain represents more re-

heat energy needed during the summer,

Increase Wall and Roof Insulation -- This ECT increases the insulation to
the amount shown in Appendix E and the trends are the same as those mention-
ed in the previous ECT. Figure 3-81 shows the load profile for the base case
and the load profile for the case with increased insulation for Omaha. It can
be seen from Figure 3-81 that the reduced heat load in the winter by far offsets
the decreased heat gain (this heat must be suppli'ed‘ by the reheat system) in the

_‘summer. . ] -

/ /
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Figure 3-77, Schematic Reheat System
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SET POINT
OF [ b 3 + 4 I 2
ﬁ L L] LA L L4 j
74 75 76
ROOM TEMPERATURE
2 °F THERMOSTAT TR(5 P. S. 1./1°P)
2 3 4 5 6 7 8 ' 9 10 11 12 13 14
I_: 1 i\ ) 1 i L i a2 - | g Iy ﬁ
THERMOS TAT OUTPUT
3% ) T T e
OPEN . CLOSE

REHEAT COIL - CONTROLLED DIRECTLY FROM ZONE THERMOSTAT

5

(4]

O - 55°F

o

COOLING COIL - FIXED DISCHARGE AIR TEMPP. MAINTAINED.
" INDEPENDENT OF ZONE THEMOSTAT CONTROL

52°F | ~ 52°F

0SA/RA DAMPERS - FIXED DISCHARGE AIR TEMP. MAINTAINED
INDEPENDENT OF ZONE"THERMOSTAT CONTROL

52°F |  52°F

PREHEAT COIL - FIXED DISCHARGE AIR TEMP. MAINTAINED
) INDEPENDENT OF ZONE THERMOSTAT CONTROL

Figure 3-78. Control Sequence Before Retrofit Reheat System
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SET POINT
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Figure 3-79. Retrofit Control Sequence Reheat Systerﬁ
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Hot Water Temperature Reduction -- The hot water temperature is re-

duced from a nominal temperature of 140°F to 130°F which has no effect on
building loads since the hot water tank is in an unconditioned space. The results
of this measure can be seen in Tables 3-77 and 3-78.

Conversion to a Variable Air Volume (VAV) System -- In essence, this
measure consists of removing the CVTR system and replacing it with a VAV

system. This eliminates reheat as well as reducing the system CFM, Figure
3-82 shows the system CFM reduction possible with a VAV system. The reason
for this tremendous reduction is that the CVTR system CFM is based on the
worst possible condition occurring in each zone simultaneously and designing
the system CFM for this condition. Whereas the VAV system delivers only

as much CFM as is necessary to cool the space, Besides eliminating the re-
heat that is necessary with a CVTR system, the VAV load is further decreased
since there is less air to condition (less CFM) (see Figure 3-83).

Energy Reclamation from Exhaust Air -- This ECT is accomplished by

using an air-to-air heat exchanger with an effectiveness of 0.4 which is

capable of transferring heat between the exhaust and intake air streams,

Generally, heat is transferred from the exhaust air stream to the intake air
stream during the winter when the dampers are at their minimum position,

In the summer, heat is transferred from the intake air stream to theé exhaust
air stream, This results in an increase in inlet temperature in winter and a
decrease in inlet temperature in the summer. For the small amounts of re-
quired outdoor air and the desired discharge temperature setpoint, the dampers
never reach the minimum position in the winter and therefore, winter heat
recovery is not possible, When the heat recovery system is used in the summer,
a decrease in inlet air temperature is realized; thus the amount of cooling re-
quired decreases. At the same time, the discharge air temperature decreases.
Since the loads in the conditioned space remain the same, the reheat system
must add more heat to the discharge air stream to keep the occupied space at
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the desired temperature., This additional reheat energy is less than the

savings by the cooling system, and therefore, represents an overall decrease
in required BTUs.

Albuguerque - Southwest Region

New Construction -- Summary results for the new office building in Albuquerque
can be seen in Figure 3-84 and Tables 3-79 and 3-80,

The most dramatic change is the increase in the amount of available solar
energy, as witnessed by the sharp increase in percent load supplied by solar,
for a fixed collector area, over that delivered in Omaha,

As can be seen ‘in comparing Tables 3-79 and 3-80 with Tables 3-74 and 3-175,
the percent savings are fairly close for the ECTs, although the loads do vary
somewhat, The dollar figures can change significantly as seen in the different
savings for the reduced hot water EC'l's,a8 well as lhe differcnt savings with
hydronic control with night setback,

Existing Construction -- Summary results for the existing office building in
Albuquerque can be seen in Figure 3-85 and Tables 3-81 and 3-82.
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Table 3-79,

Summary Loads, Costs and Savings
Heating and Hot Water

Collector Area 45, 000 Ft2

office bldg.

CVTR
ALBUQUERQUE

Annual Costs Annual Savings
Perceat (Dollars) (Dollars) Annual Load Savings
Total Supplied
{ Load By
ECT Descripti , -
cription (BTU) | Solar Gas Oil | Electrid! Gas ol |Flectric}| BTUx10° | % Savings -

x 107°
Base 9,545 33 ] 102855 § 107450 134569
Reflective Film 9, 875 52 103966 | 108849 137667 1111 - 1399} - 3098 - 330 - 4
Shading 9, 975 52 103777 | 108739 }138022 922 - 1289 - 3453 - 430 - 5
Double Glazing 9, 255 65 102898 | 107176 132428 43 274 2141 290 3
Recuced Lighting {]0, 040 61 97728 102788 132648 5127 466% 1921 41 - 490 - 5
Night Setback 9, 105 65 101553 105761 1130007 1202 1689 4562 440 5
Reheat Optimizatiqy 5, 864 75 958707 97633 108997 7148 9817 25572 3680 39
Increase Wall In. 9, 225 64 102526 | 106809 132089 329 641 2480 320 4
Increase Wall &
Roof Insulation 8,125 67 101103 } 104609 } 125139 1752 2841 9430 1420 15
Hot Water Temgp.
Reduced 9, 495 63 102801 ] 107375 | 134372 54 75 197 50 0
Convert to VAV &
HVAC 3, 157 90 85585 85990 88384 17270 21460 46185 6390 67
Energy Reclaim.
From Exhaust Air}]9, 551 63 103095 1 107695 } 134839 240 | - 245] - 270 - 10 0

- gL -



Table 3-80. Summary Loads, Costs and Savings; Heating,
Hot Water, Air Conditioning
Collector area 45, 000 ft 2

office bldg,
CVTR

ALBUQUERQUE

Percent Annual Costs Annual Savings
n .
(Dollars) ollars vings
Total Supplied (Dollars) Annual Load Saving
Load By
E - . . -6 .
CT Description |l (gTy) | Solar ]| Gas Oil__ | Electrid] Gas_ | Oil [Flectric}| BTUx 10" | % Savings
x 10°°
Base 13,060 § 56 119628 § 124223 (151342
Reflective Film 13,390 } 56 120753 | 125636 | 154453 - 1125 ] - 1413 - 3110} - 330 .- 2
Shading ; 1113, 490 | 55 120558 1 125519 154802 - 930 | - 1296 - 1458])1 - 436 - 3
Double Glazing 12,770 | 57 119693 ] 123972 | 149223 65 251 2119 290 2
Reduced Lighting 13,550 | 55 114495 ) 119554 }149414 5133 4669 19281} - 490 - 4 1
Night Setback 12, 620 | 58 1184551 122563 § 146809 1173 1664 4533 440 3 2
Reheat Optim 8, 476 | 68 110114 ] 112039 | 123403 9514 12184} 27939 4580 35 Lo
Increase Wall Ins.[§12, 740 } 57 119323 1 123607 } 148886 305 616! 2456 320 3 '
Increase Wall & :
Roof Insulation 11, 640 | 59 117909 § 121387 | 141917 1719 2836 9425 1420 11
Hot Water Temp. ‘ -
Reduced 13,010 } 56 119573 | 124147 | 151143 55 74 199 50 0
Convert to VAV & :
HVAC 4, 633 { 85 98536 98942 1101335 21097 252814 50007 8430 65
Energy Reclaim.
from Exhaust Air.}]13, 050 |56 119815 | 124414 | 151559 - 187 - 19% - 217 10 0




Table 3-81. Summary Loads, Costs and Savings office bldg.

Heating and Hot Water Albuquerque
Collector area 22, 500 ft2 VAV
Annual Costs ‘ Annual Savings
Percent (Dollars) (Dollars) Annual Load Savings
Total Supplied
Load By
E ipti -6 .
CT Description (BTU) | Solar Gas Oil | Electrid| Gas Oil _ |Electric }! BTU x 10 % Savings
x 10°°
Base 1, 304 93 48,567 | 48, 686 [49, 390
Reflective Film 1, 293 93 48,761 | 48, 880 {49,577 A 194 - 194} - 187 11 1
Shading 1, 292 93 48,089 } 48, 207 [48, 905 478 479 485 13 1
Triple Glazing 1, 307 93 49, 255 1 49,374 |50, 079 - 688 - 688] - 689 - 2 0
Reduced Lighting {[1,291 {93 41, 589 |41, 806 ]42, 499 4878 6880 6891 13 1 '
Night Setback 1,304 93 48,579 | 48, 699 {49, 402 - 12 - 12 ¢ - 12 0 0 E]’
: o
Increased Wall ' R
Insulation 1, 307 94 48, 884 | 48, 954 ]49,658 - 267 - 268| - 268 - 2 0
Increased Wall &
Roof Insulation 1,311 93 49,338 49,458 |50, 164 - 1 - 7721 - 1774 - 6 0
Reduced Hot Water
Temperature 1, 256 93 48,563 |48, 679 |49, 364 4 7 26 48 4
Hydronic Control
From Zone Tkermo
& Night Setback 1, 095 91 48,761 }48,885 149,618 - 194 - 199 § - 228 209 16
Energy Reclaim.
From Exhaust Air. |{1, 304 93 48, 792 {48,911 |49, 614 - 225 - 225 | - 224 0 0




Table 3-82, Summary Loads, Costs and Savings; Heating,
Hot Water, Air Conditioning
Collector area 22, 500 ft2

Annual Costs Annual Savings
Percent {Dollars) (Dollars) Annual Load Savings

Total Supplied :

Load By
ECT De ipti . ) -6 .

T Description (BTU) | Solar Gas Qil Electrid] Gas Oil__ |Electric || BTU x 10 _% Savings

x 10°° M
Base 4, 582 71 161, 794 361, 914 2,617
Reflective P, 361 76 61, 415 {61,533 2,230 379 381 387 221 8
Shading b, 397 15 150, 854 |60, 972 1,670 940 942 .947 - 185 . 1
Triple Glazing P, 538 72 62,373 162,492 B3,197 | 579 - 5781 - 580 44 2
Reduced Lighting p, 323 17 54,184 |54, 302 4,995 7610 7612 7622 259 10 [
Night Setback g, 582 71 61, 807 161, 926 P2, 630 2 13 - 13}- 13° 0 , 0 f]
Increased Wall : ’ . 2
Insulation p, 579 |71 62,073 |62, 192 §2.897 |+ 279 |- 218}- 280 3 0 '
Increased Wall &
Roof Insulation P 576 71 62,562 |62, 682 p3. 388 - 768 - 7681 - 771 6 0
Reduced Hot Water , .
Temperature P, 533 71 61, 926 }62,042 B2 728 132 - 128} - 111 49 R 2
Hydronic Control
From Zone Thermd -
& Night Setback b, 378 |68 62,210 62,834 ¥3.067 |} 416 }- 420|- 450 204 8
Energy Reclaim. ) . s .
F;om Exha-:st Air |, 560 73 61, 943 162,062 B2 765 - 149 - 1481 - . 148 22 1

i
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New York - Northeast Region

New Construction ~-- Summary results for the new office building in New York
can be seen in Figures 3-86 and Tables 3-83 and 3-84.

New York is characterized by relatively mild winters and fairly cool summers
in comparison to the other cities of this study, as can be seen by the total load
of the base case which is the lowest of all the cities investigated. Again, com-
parison of the percent savings for the various ECTs of this city with others
shows a fairly close energy savings or loss while the dollar savings is repre-
sentative of the effect that the external input, (cost, solar insolation, ECT) and
characteristics of the city, has on the energy savings,

Existing Construction -- Summary results for the ex1st1ng office building in
New York can be seen in Figure 3-87 and Tables 3-85 and 3-86.
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Table 3-83, Summary Loads, Costs and Savings

Heating, Hot Water, Air Conditioning gg& Ig% BLpa.
Collection Area 22, 500 ft2 ‘ VAV
Annual Costs - Arnual Savings .
Percent |} (Dollars) 1 (Dollars) - |l Annual Load Savings
Total Supplied ’_
. Load By : } .
ECT Descriptic . l [ - .
cripticn (BTU) | Solar Gas 0il Electrid} Gas | Oil |Electric {| BTU x 10 6 % Savings
x 1079 [ '

Base 2384 60.0 62533 62724 64459
Reflective Film 2236 64.1 62463 62655 64398 7C I 61 148 6
Shading 2250 63.4 61575 61765 63493 958 95¢ 966 . 134 6
Triple Glazing 2372 60.8 63511 63706 65469 ||- 978 - 981 - 100 12 o1
Reduced Ligh:ing 2139 66.3 52737 52924 54621 9796 980( 9838 245 10 '

; (8]
Night Setback 2384 60.0 62551 627421, 64478 - 18 - 14 - 18 0 g
Increase Wall. In. 2391 60.0 63058 63250 64998 - 525 - 52¢ - 53¢ - 1 \
Increase Wall &
Roof Insulation - 2402 60. 2 63663 63858 65627 - 1130} - 1134 - 1168 - 18 - 1
Reduce Hot Water T )
Temperature 2336 59.6 62549 62731 64379 - 16 § - 'i 80 48 2
Hydronic Conirol
From Zone Therni¢. 2179 56.5 62819 62995 64593 - 286§ - 271 - 134 205 9
Energy Reclaim. 1 -
From Exhaust Air 2370 60. 4 - 62811 63002 64739 - 278 - 274 - ) 280 14. 1




Table 3-84. Summary Loads, Costs and Savings
Heating and Hot Water

Collector Area = 22, 500 ft

2

OFFICE BLDG.
NEW YORK
VAV

Percent Annual Costs Anrual Savings '
(Dollars) Dollar 1 Load Savings
. Total Supplied ( rs) Annual Load Saving
e Load By
E i -6 .
CT Description  |1(BTU) | Solar || Gas | on | Filectrid| Gas | oit |Erectric || BTUx107° | % savings
x 1079 ) j
Base 1315 88.1 49045 49236 50972
Reflective Film 1315 88.0 49649 49841 51584 - 604 - 605 - 612 0 0
Shading 1307 88.0 48116 48807 52534 429 4_29 438 8 1
Triple Glazing‘ 1329 88.0 50151 50345 52108 - 1106 - 11094- 1136 - 14 - 1
Reduced Lighting 1290 88.1 40210 | 40397 ]42095 8835 8834 8877 25 2 '
Night Setback 1316 88.0 49064 49255 59990 - 19 - 19 - 18 - 1 0 g
Increase Wall Ins. 1322 88.0 49570 49763 51511 - 525 - 527% - 539 - 1 1 '
Increase Wall &
Roof Insulation 1333 88.0 50167 50362 52131 - 1122 - 1124 - 1159 - 18 1
Reduced Hot Water
Tempe rature 1267 88.2 49019 49201 50849 26 39 1231 48 4
Hydronic Control
From Zone Thermof{1102 86.9 49184 49360 50058 - 139 - 124 14 213 16
Energy Reclaim.
From Exhaust Air. [[1315 88.1 49385 49576 51310 - 340 - 34Q - 3381 0 0
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Table 3-85. Summary Loacs, Costs and Savings OFFICE BLDG.,

Heating, Hot Water, Air Conditioning CVTR
Collector Arez = 45, 000 ft2 NEW YORK
Annual Costs Annual Savings
Percent (Dollars) (Dollars) Annual Load Savings
Total Supplied
Load By
ECT Descri . - .
seription  }1(BTU) | Solar Gas Oil | Electrid] Gas oil__|Flectric || BTUx107® | & savings _
x 10°°
Base . 11790 39.8 1269851 132952} 87113
Reflective Film 11960 | 39.6 1280411 134153 | :89629 |} 1056 |- 1201)- 2516 - 170 - 1
Shading 12090 39.4 1277211 133948 -90472 {} 1736 - 996 }- 3359 - 300 - 3
Double Glazing 11460 | 40.5 127294f 132911 .83899 |} 309 41 3214 220 3
Reduced Lighting 12290 38.9 120280] 126732} .85294 5705 $220 1819 - 500 - 4 !
Night Setback 11360 41.0 125645f 121119 '80805 1340 1833 6308 430 4 clg
)
Reheat Optimizationf] 7638 52.9 1149201 117623 142166 12065 15329 44947 4152 35 '
Increase Wall Insu. 11310 40.9 1263261 131776 181243 659 1176 5870 480 4
Increase Roof &
Wall Insulation 10000 43.5 123757%) 127977} 166286 3228 4975 20827 1790 15
Hot Water Temp.
Reduced 11750 39.8 126855] 132789 | 186649 130 163 464 40 3
Convert to VAV
HVAC 4530 74.4 100945 101766f 109224 26040 { 31186 77889 7260 62
Energy Reclaim.
From Exhaust Air 11780 39.8 127268} 133239 187436 |} 283 - 287§- 323 10 1




Table 3-86.

Summary Loads, Costs and Savings
Heating and Hot Water

Collector Area = 45, 000 ft

2

CVTR

NEW YORK

OFFICE BLDG.

Percent Annual Costs Annual Savings -
(Dollars) Doll al Load Savings
Total Supplied ¢ ars) Annu ad €
Load By
. -6 .
ECT Description | (g1y) | sola~ || Gas Oil | Electrid| Gas | Oit |Electric ]| BTU x 10 % Savings
x 1079
Base 9047 45. 6 108596] 114483 ] 160643
Reflective Film 9217 45.3 1095804 115691 171168 |- 984 - 1208;-2525 - 170 - 2
Shading 9347 44. 9 109262] 1154891 172013 {} 666 - 1006}- 3370 - 300 - 3
Double Glazing 8717 46.7 1088301 114447 165434 |} 234 36 - 3209 330 4
Reduced Lighting 9547 44.1 101831] 108282 ) 166844 6765 . 6201 1799 - 500 - 6
Night Setback 8617 47.5 107154) 112628) 162314 1442 1855 6329 430 5
Reheat Optimiza. 5669 60. 6 99696 102400 | 126943 8900 12083 41700 3378 37
Increase Wall Ins. 8567 47. 4 107844] 113293} 162761 " 152 1190 5882 480 5
Increase Rcof & .
Wall Insulation 7257 52. 1 1052611 109482 | 147790 3335 5001 20853 1790 20
Hot Water Temp.
Reduced 9007 45. % 108423 114356 168216 173 127 427 40 0
Convert to VAV
HVAC 3378 78.¢@ 87998 88820 96277 20593 25663 72366 5669 63
Energy Reclaim.
From Exhaus’ Air 9055 45, 6 108870 | 114841 169038 274 - 358 |- 395 - 8 0

- €8¢ -
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Atlanta - Southeast Region

New Construction -- Summary results for the new office building in Atlanta
can be seen in Figure 3-88 and Tables 3-87 and 3-88.

Asg shown in Figure 3-88, the H, HW curve rises quickly as the collector area
increases, while the H, HW, and AC curve rises significantly slower. This
happens since the heating load in Atlanta is fairly small, while the cooling load
is relatively large., The same comments can be made for the load, cost, and
savings table for Atlanta as was made for similar tables in other regions,

Existing Construction -- Summary results for the existing office building in

Atlanta can be seen in Figures 3-89 and Tables 3-89 and 3-90.
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Table 3-87,

Summary Loads, Costs and Savings
Heating, Hot Water, Air Conditioning

Office Bldg.

Collector Area = 22, 500 ft2 Atlanta
VAV
Annual
Percent (D\:)ll af-:?‘ s Annual Savings R
Total  Supplied (Dollars) Annual Load Savings
/| Load By
ECT Description ; j
P (BTU) | Solar || Gas | Ot |Electrid] Gas | onn |Eiectric|| BTUx 10 8 | % savings

x 10~ -
Base 2, 715 54.2 63, 345 J 63, 465 ] 64, 146
Reflective Ft lm 2,459] '57.0 62,827 62,948 1§63, 632 518} 517 514 256 9
Shading 2, 506 55.9 62, 263 | 62,323 |63,063 1082 1082 1083 209 &
Triple Glazing 2,659 52.7 63, B51 ) 63,973 | 64, 661 - SOGH - 508} - 515 56 2
Reduced Lighting {} 2,377| 58.6 55,199 1 55,316 |55, 980 814d 8144 8166 338 12 .
Night Setback 11 2,7115] s1.2 63,359 63,479 |64, 160 - 14) - 14 - 14 0 0 o
Increased Wall L g
Insulation 2,710 51.5 63, 665 ] 63,786 } 64,470 - 320} - 321} - 324 5 0 1
Increased Wall &
Roof Insulation 2, 703 51.8 63,9881 64,110 } 64, 799 - 643} - 645 | - 653 12 0
Reduced Hot '
Water Temp. 2, 666 50.9 63, 2891 63,404 164,056 56 61 90 49 2
Hydronic Control
from Zone Thermo 2,570 48.4 63, 627 | 63,736 | 64,351 - 282 - 271} - 205 145 5
Energy Reclaim. ]
From Exhaust Air, 2,665 53.4 63,382 ) 63,502 ) 64, 183 - 37y - 37} - 37 46 2




Table 3-88. Summary Loads, Costs and Savings
Heating and Hot Water 9
Collector Area = 22,500 ft ) o
-Office Building
Atlanta
VAV
Annual Costs A i :
Percent (Dollars) n&;l:&::sv)mgs Annual Load Savings
Total Supplied ¢
Load By
ECT Descripti 1 . . -
cription — 11(BTU) | Solar Gas Oil__ | Electrid| Gas o |Flectric ]| BTUx10"° | % savings
x 1079 ]
Base 1019 91.5 48,517 | 48, 637 {49,318
Reflective Film 1019 91.4 48,852 | 48, 972 |49, 656 335 |- 335 - 338 0 0
Shading 1017 91.4 48, 113 ¢ 48, 233 (48, 913 404 404 405 2 0
Triple Glazing 1023 91.4 49, 282 1 49, 403 {50, 091 765 | 766 - 85 - 4 0
Reduced Lighting 1011 91.6 41,515 | 41, 632 |42, 296 7002 7005 7022 8 1 !
. i [\V]
Night Setback 1019 91.5 148,531] 48, 651 |49, 332 14 |- 14 |- 14 0 0 3
Increased Wall ' )
Insulation 1021 91.4 48, 880 { 49,001 } 49, 685 363 }- 364 |- 367 - 2 0
Increase Wall & - .
Roof Insula tion 1025 91.3 49, 277 | 49, 396 50,088 760 |- 761 - 770 - 6 1
Reduced Hot Water
Temperature 970. 3 91.4 48,503 ] 48,618 |49, 269 14 19 49 49 5
Hydronic Control
From Zone Therma.}} 864.3 | 90.9 48, 7D5 || 48, 814 } 49, 429 188 - 177 |- 111 155 15
Energy Reclaim. .
From Exhaust Air. 1019 93.2 48,750 § 48,870 {49,551 233 - 233 |- 233 0 0
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Table 3-89,

Heating and Hot Water
Collector Area = 45, 000 ft2

Summary Loads, Costs and Savings

OFFICE BLDG,
ATLANTA
CVTR

Percent Annual Costs Annual Savings
) cent ; .
(Dollars D nual L vin
Total Supplied | ) (Dollars) Arnual Toad Savings
Load By
E ipti -6 .
CT Description Il (g1y) | solar || Gas Oil_ | Electrid] Gas | Oil |Electric || BTU x 10 % Savings
x 1079
Base 3868 60.0 102, 774 107, 6221135, 070
Reflective Ft lm 9138 59.4 103, 755 108, 832]137,586 - 979f - 1210 - 25186 - 270 - 3
Shading 9198 59.0 103,517 108, 677137, 904 - 741 -~ 1055] - 2824 - 330 - 4
Double Glazing 8668 60.8 103, 214 107, 842134, 030 - 442} - 220] - 1040 200 2
Reduced Lighting 9358 58.1 97, 624 102, 9891133, 378 5152 4633 1692 - 490 - 6 .
Night Sei:ack 8438 61.3 101, 904 106, 376 131, 709 872 1246 3361 430 5 )
©
Reheat Optimiza. 5406 71.3 96, 65 98, 780]1110, 815 6120 8842 24255 3862 39 ©
Increase Wall Ins. 8538 60. 9 102, 799 107, 3601133, 196 - 23 262 1874 330 4 '
Increase Wall &
Roof Insulation 7678 61.5 102, 215 106, 259}129, 166 561 1383 5904 1190 13
Reduce Hot Water . .
Temperature 8818 60.C 102, 718 107, 540}134, 854 58 82 215 50 1
Convert to VAV
HVAC 2532 89.1 85, 851} 86, 232] 88, 390 16925 21390 4660 6336 71
Energy Reclaim
. From Exhaust Air 8873 59.4 103, 04€] 107, 204|135, 414 - 272| - 2821 - 344 - 50 9




Table 3-90. Summary Loads, Costs and Savings

Heating, Hot Water, Air Conditioning
Collector Area =

4,500 ft2

Annual Costs Annual Savings
Percent (Dollars) (Dollars) Annual Load Savings
Total Supplied
e Load By -6
ECT Description  11(BTU) | Solar ]| Gas Ofl | Electrig] Gas_ | Oil |Electric}| BTU x 10 % Savings
% 100

Base 13, 600y 46.0 123, 800 §128, 647 | 156, 095
Reflective Film 13, 870] 45.6 124, 783 1129, 859 | 158, 613} - 982 |- 1212 }]- 2518 - 270 - 2
Shading 13, 930} 45.5 124, 456 1129, 706 | 158, 934]} - 655 |- 1059 [- 2839 - 330 - 2
Double Glazing 13, 400] 46.3 124, 246 1128, 889 | 155,057{{ - 445 {- 222 1038 200 1
Reduced Lighting 14,090 45.1. [f118, 653 {124,018 | 154, 407 5148 4629 1688 - 490 - 4
Night Set Back 13, 170} 46.3 122, 945 1127, 945 | 152, 751 856 1229 3340 430 3
Reheat Cptimizatioq 8, 890}] 54.3 114, 119 1116, 243 | 128, 278 9682 12404 27817 4710 35
Increase Wall Ins. 13, 270|] 46.1 123, 847 128, 409 | 154, 2451 - 46 238 1850 330 2
Increase Wall &
Roof Insulation 12, 410 45.6 123, 336 §127, 380 | :50, 287 465 1267 5808 1190 9
Hot Water Temp. ‘
Reduced 13,550{ 45.9 123, 754 128, 7154 { :55, 889 47 71 206 50 0
Convert to VAV
HVAC’ 4,471| 73.7 100, 070 100, 451 | 102, 610 23731 28196 35485 9129 67
Energy Reclaim
From Exhaust Air 13,560} 46.0 P23, 957 |128, 814 | 156, 223}] - 156 - 167 |- 228 40 0

- 06¢ -
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3.4.4 Conclusions

Results for the economic analysis are summarized in Tables 3-91 through
3-96, which illustrate annual savings (dollars) and payback time (years), for
each energy conservation technique for the four regions studied. The results
are summarized for the auxiliary fuels, gas, oil, and electricity and for both
systems; heating and hot water,and heating, hot water, and air conditioning.
The payback times allow one to determine the effectiveness of the various
ECTs, where the payback time is the amount of time it takes for the dollar
savings of the ECT to pay for the amortized initial capital cost as well as the
operating cost of the ECT. Payback times of greater than 20 years are not
strictly correct from a theoretical viewpoint, (since the costs are only dis-
tributed over the 20 year period). However, they are listed since they give a
relative ranking for the various conservation techniques, Summarized below

are the conclusions for the energy conservation techniques:

Reflective film -~ This measure is cost effective ,(payback less than 20 years)

although only marginally for all regions of the country for the new building con-
struction with a heating, hot water, and air conditioning system. However, it
is not effective if the building were only to have a heating and hot water system.,
It is never cost effcctive for a building that uses a terminal reheat system.

Shading -- Since no implementation costs were available for this ECT, the pay-
back period was not calculated. However, no matter what the cost, it would

never be effective on a CVTR system (existing building type).

Double glazing -- This is only done on the existing building (on the new build-

ing, triple glazing is used), and its cost effectiveness varies widely from loca-
tion to location as well as varying for the different auxiliary fuels.

Reduced lighting -- This is always one of the most favorable measures and has

a payback time of less than one year in all cases., The return on investment



Table 3-91. Energy Conservation Techniques, Cost Effectiveness
Office Building Fuel-Electricity
Heating, Hot Water and Aig Conditioning

Collector Area = 22, 500 ft2-UAU 45, 000 ft2 CVTR

" || NORTH CENTRAL NORTH_EAST SOUTH EAST SOUTH WEST

INERGY CONSERVATION

TECHNIQUE NEW EXISTING NEW § EXISTING }{ NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ 1 Savings/ Savings/ Savings/ Savings/ Savings/
Payback Payback Payback Pavback Payback Payback Payback Payback

Reflective Film 274/ 15 -3113/- 61/19 -2516/ - 514/12 2518/ - 387/13 -3110/ -
Shading 1014/N/A -3229/N/H 966/N/A -3359/NAJ| 1083/N/A] -2839/N/A 94T7/N/A -1458/NA
Double Glazing N/A/N/A 2541/ 6 N/A/N/.fﬂ 3214/6 N/A/N/A} 1038/10 N/A/N/A 2119/ 6
Reduced Lighting 7041/ % 774/ % }}9838/* 1819/ * 8166/ * 1688/ * 7622/ % 1928/ * '
Night setback 4224/ % 6308/ 3340/ % 4533/ % Py
Reheat Optimization N/A/N/A | 41113/%* N/A/N/Al 44947/ N/A/NfA} 27817/% N/A/N/A] 27939/ ‘:’
Increased Wall Insu. }] -190/- 3058/3 {}-539/- 5870/3 -324/765 1850/ 6 -280/ - 2456/ 3
Increase wall & Roofff -679/- 17888/1 |J}-1168/- 20827/2 -653/609 » 5808/ 4 =771/ - 9428/ 2
Reduced Hot Water 121/ % 280/ * 80/ % 464/ 90/ % 206/ * -111/ 199/ =
Convert to VAV 'N/A/N/A | 71851/% N/A/NyA] 77889/1 N/A/N/A} 35485/1 N/A/NJAY 50007/
Energy reclaim from
exhaust air -131/38 -209/83{]-280/83 -323/16] -37/23 -228/ 144 -148/50 -217/ 161
Triple Glazing -758/219 ‘N/A/N/AJ}-1010/2021] N/A/N/A|} -515/60 N/A/N/A}] -580/- N/A/N/A
Hydronic control
frcm zone thermosta
with night setback 439/8 N/Aa/N/Aa}]-134/32 N/A/N/A|] -205/85 N/A/N/A] -450/- N/A/NA/



Table 3-92,

Office Building Fuel-0Oil
Heating, Hot Water and Air Conditioning

Collector Area = 22, 500 ft2 22, 500 ft2 UVU 45, 000 ft2 CVTR

Energy Conservation Techniques, Cost Effectiveness

.ENERGY CONSERVATION NORTH CENTRAL, . NORTH EAST SOUTH EAST SOUTH WEST

' TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING

’ Savings/ Savings/ Savings/ Savings/ Savings/ 1 Savings/ Savings/ Savings/

Payback Payback | Payback Payback Payback Payback Payback Payback
Reflective Film 282/ 15 -2048/ - 69/19 -1201/- 517/12 -1212/- 381/13 -1413/ -
Shading 985/ N/ A -1257/N/ A} {959/N/A -996/N/A{}1082/N/A | -1059/N/A ]} 942/NjA -1296/N/A
Double Glazing N/A/N/A 409/14 1} N/A/N/A 41/19 I N/JA/N/A | -222/26 ||N/A/N/A 251/ 15
Reduced Lighting 5778/ 3562/ % qﬁsoo/* 6220/* |]8149/x* 4529/ * ﬂ;elz/* 4669/ *
Night Setback 1656 % 1833/ % 1229/ * 1660/ *
Reheat Optimization N/A/N/A | 17442/ % N/A/N/A | 15329/* N/A/N/A | 12404/ % N/A/N/A | 12194/%
Increased Wall Insul. |}173/- - 914/7 H526/- 1176/8 -321/569 238/15 |§278/.- 616/9
Increased Wall & Roof |} 618/- 5063/ 4 -1134/- 4975/5 -645/448 1267 /11 |} -768/- 2836/6
Reduced Hot Water 33/ = 126/ * -7/ % 163/% 61/= 71]* -128/- . T8/%
Convert to VAV N/A/N/A | 34139/1 N/A/N/A | 31186/1 N/A/N/A | 28196/ 1 N/A/N/A | 25281/1
Energy reclaim from
Exhaust air -130/38 -150/ 44 -278/81 | -287/90 -37/23 -167/54 -148/50 -191/87
Triple glazing -719/167 | N/a/n/a || -982/536 | N/A/N/A || -508/58 | N/a/N/a ] 578/- N/A/N/A
_ Hydronic Control
from zone thermostat
with night setback 29/18 - N/A/N/A |} -271/81 | N/A/N/A || -271/- N/Aa/N/A |1 -420/- N/A/N/A
‘ ’/ ,
[
i

- €6¢ -



Table 3-93.

Office Building Fuel-Gas
Heating, Ho:

Water and Air Conditioning
Collector Area = 22, 500 ft2 VAV 45,000 ft2 CVTR-

Energy Conservation Techniques, Cost Effectiveness

ENERGY CONSERVATICN NORTH CENTRAL NORTH EAST SOUTH EAST ‘ SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings) Savings/ Savings/ Savings/ Savings/ Savings/
Payback Payback Payback Payback Payback Payback Payback Payback
Reflective Film 284/ 15 -1734/ - 70/ 19 -1056/ - 518/ 12 | -982/- 379/ 13 -1125/ -
Shading 977/N/ A -675/:~1A 958/N/A -736/N/H 1083/NA | -655/N/all 940/N/A -930/N:
Double Glazing N/A/N/A -218/26f] N/A/N/A  -309/2°}] N/A/N/of  -445:36 N/A/N/A 65/ 1¢
Reduced lighting 6959/ * 4387/* || 9796/ 6705/ * 8146/ * 5148/ % 7610/ % 5133/ %
Night sethack 1 896/ 1340/ * 856/ * 1173/ *
Reheat Optimization }} N//N/A 10439/ % N/A/NA | 1206:/% N/A/NA| 9682/ N/AN/A 9514/ =
Increased Wall Ins. }] -168/- 280/113ff -525/- 659/ 11}} -320/524 -46/21 {{ -279/- 305/ 12
Increased Wall & Rf}] -600/- 2210;7 {{-1130/- 3228/7 |} -643/420 465/15 {| -768/- 1719/8
Reduced Hot Water 7] 80/ * -16/% 130/ * 56/ * 47/ % -132/- 55/ %
Convert to VAV N/A/N/A} 2248071 N/A/NA| 26040/2 N/A/NA| 23721/1 N/A/N/A}{  21091/1
Energy Reclaim
from Exhaust Air -130/38 -132/38 38/-2178 -283/86 -37/23 -156/43 -149/50 -187/82
Triple Glazing -707/149 } N/a/N/M)  -91e/485] N/A/N/A]] -506/58 ) N/A/N/A}L -579/- N/A/N/Z
Hydronic Contro: -92/28 N/A/N/A}) -288/98 | N/A/N/A[Y  -282/- N/AN/A -416/- N/A/N/¢

- v6¢ -



Table 3-94.

et

Energy Conse

Office Building Fuel-Electricity
Heating and Hot Water.

Collector Area = 22, 500 ft2 12, 500 ft2 VAV 45, 000 ftZ CVTR

rvation Techniques, Cost Effectiveness

ENERGY CONSERVATION NORTH CENTRAL NORTH _EAST -SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ :} Savings/ Savings/ Savings/
_ Payback . ]| Payback Payback Payback Payback Payback Payback Payback
Reflective Film -461/46 -3147/- -612/53 | -2525/- -338/36 | -2516/- -187/28 -3098/ -
‘Shading 434/N/A | -3266/NA 438/N:A| -3370/NA|l 405/N/A} -2834/NA 485/N/A | -3453/NA
Double Glazing N/A/N/A 2540/6 N/A/N/Af 3209/6 N/A/N/A} 1040/10 N/A/N/A 2141/ 6
Reduced Lighting 6307/ % 738/ = 8877/ 1799/ * 7022/ % 11692/ * 6891/ 19:1/ %
Night Setback 4224/ % 6329/ * 3361/ % 4562/ *
Reheat Optimization N/A/N/A | 38726/* N/A/N/Al 41700/% N/A/N/A} 24255/% ‘|| N/a/N/A | 25572/%
Increased Wall Ins. -199/- 3058/3 -539/- 5882/ 2 -367/41 1874/5 -268/48 2480/ 3
Increased Wall ( Roof| -724/- 17921/ - -1159/- 20853/ 2 -770/ 44 5904/4 -774/ 64 9430/ 2
Reduced .hot wezter I 147/ * 255/ * 123/ % 427/ * 49/ * 216/ * 26/ % 197/ %
Convert to VAV N/A/N/A 67305/ * N/A/N/Al 72366/* N/A/N/A 46.680/* N/A/N/A} 46185/
Energy reclaim from '
exhaust air -247/195 - 352/~ -338/239] - 395/ - -233/169] - 344/- -224/209 -270/ -
Triple Glazing -920/- N/A/N/A -1136/- N/A/N/A -85/22 N/A/N/A -689/- N/A/N/A
Hydronic Control 518/7 N/A/N/A 14/19 | N/A/N/A|| -111/34 | N/A/N/A|| -228/126 N/A/N/A

- G6¢ -



Table '3-95, Energy Conservation Techniques, Cost Effectiveness
Office Building Fuel-Oil
Heating and Hot Water

Collector Area = 22, 500 ft2 22, 500 ft2 VAV 45,000 ft> CVTR
ENERGY CONSERVATION NORTH CENTRAL NORTH EAST SOUTH EAST SOUTH WEST

TECHNIQUE NEW EXISTING NEW | EXISTING || NEW EXISTING NEW EXISTING

Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/

Payback Payback Payback Payback Payback Payback Payback Payback
Reflective Film -453/45 -2084/ - -605/52 | -1208/- -335/36 | -1210/- -194/28 ©1399/-
Shading 405/N/a | -1204/N/3| 429/N/A] -1006/N/A| 404/N/A | -1055/N/A| 479/N/A | -1289/N/f
Double Glazing N/A/N/A 408/14 {} WA/N/A 36/19 |} nN/a/N/A) - 220/26 || N/A/N/A 274/ 15
Reduced Lighting 6244/ * 3525/ % 8839/ % 6201/ * 7005/ * 4633/ * 6880/ * 4652/ * .
Night Setback 1656/ * 1855/ % 1246/ * 1689/ * po
Reheat Optimization N/A/N/A | 15056/% N/A/N/A] 12083/* N/A/N/a] 8842/« N/A/N/A 9817/ % -
Increase Wall Ins. -183/ - 913/17 -527/- 1190/8 -364/41 262/ 15 -268/48 641/8 '
Wall & Roof Ins. -664/ - 5096/ 4 -1126/ - 5001/5 -761/44 1363/ 10 -172/63 2841/6
Reduced Hot Water 59/ 101/ = 35/ % 127/ = 19/ % 82/ * e 75/ *
Convert to VAV N/A/N/A | 29593/1 N/A/N/A] 25663/2 N/A/N/A| 21390/1 N/A/N/Aa ] 21460/1
Energy Reclaim from
Exhaust Air -247/195 -297/ - -340/ 25| -358/682 -233/169| -282/- -225/218 -245/ 1845
Triple Glazing -881/- N/A/N/afl -1109/- | N/a/nN/a)] -766/1878 “wja/niall -ess)- N/A/N/A
Hydronic Control 108/ 15 N/a/N/Aj) -124/31 ] N/A/N/Af| -177/59 | N/A/N/A{Y -199/7S N/A/N/A



" Table 3-96, Energy Conservation Techniques, Cost Effectiveness
Office Building Fuel-Gas

Heating and Hot Water

2 2 2

Ccllector Area = 22,500 ft° 22,500 ft“ VAV 45,000 ft“° CVTR
NERGY CONSERVATION NQR’IH CENTRAL NORTH EAST ) SOUTH FEAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING ||| NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ || Savings/ Savings/ Savings/ Savings/
Payback Payback Payback Payback Payback Payback Payback Payback
Reflective Film , -451/451 -1770/-- -604/51 -984/ -- -335/36 -979/ -- -194/28 -1111;/--
Shading | 397/N/A - T11/N/A 429/N/A | -666/N/A 404/N/A '—741/N/A 478/N/ A - 922/N/A
Double Glazing N/A/N/A -217/26 N/A/N/A | -234/24 N:A/N/A | -442/36 N/A/N/A - 43/21
Reduced Lighting 6226/ % 4350/ * 8835/# 6765/ 7002/ = 5152/ 6878/ = 5127/ = .
Night Setback 2 897/ 1442 /= 872/ 1202/ = )
Reheat Optimization N/A/N/A 8052/ % N/A/N/A .8900/* N/A/N/A | 6120/ % N/A/N/A 7148/ cg
Increase Wall Insal. -178/ - - 279/13 -525/ - 752/ 10 -363/41 - 23/21 -267/47 329/12 !
Wall & Roof Insul. -646/- 2243/7 -1122/- 3335/7 -760/ 44 561/14 -171/63 1752/8
Reduced Hot Water 32/ 55/ 26/ * 173/ = 14/ 58/ 4/ % 54/ =
Convert to VAV N/A/N/A 18434, 2 N/A/N/A | 20598/2 N/A/N/A | 16925/2 N/A/N/A 17270/ 2
Energy Reclaim From
Exhaust Air -247/195 -275/26784] -340/256 | -274/7¢ -233/169 | -272/- -225/218 -240/ 644
Triple Glazing -869/- N/A/N/A -1106/- N/A/NA -765/1675] NJA/N/A -688/- N/A/N/A
Hydronic Control -14/21 N/A/N/A -139/33 N/A/N/A -188/66 N/A/N/A -194/170 N/A/N/A
Payback less tahan 1 ) Far

- No payl-ack

1 Payback over twenty plear oniy givg a relative Fanking

2 Night set back for VMV is includell in Hydronigjcontrol
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is the best of any ECT since it costs nothing to implement and saves at least
$4000 per year (a distributed saving over 20 years).

Night setback -~ This is always cost effective for the existing building with a

payback time less than one year. It is not listed for the new building since it
was combined with another energy conservation technique.

Reheat optimization -- This technique applies only to a CVTR system, and

again, pays back in less than one year. This measure also has a very good
return on investment which realizes a large dollar savings per year for only a
moderate investment,

Increase wall insulation -- This procedure is never cost effective for the new

building (due to the large initial cost and relatively poor savings), Cost
effectiveness varies widely from location to location and also varies for the
different auxiliary fuels in the existing building (it is not cost effective in New
York due to the high implementation costs).

Increase wall and roof insulation -- The same discussion holds for this

procedure except that this is even more cost effective than the previous
technique.

Reduced hot water temperature -- This is generally cost effective since there
;re no implementation costs associated with it. However, in some sections
of the country, reducing the hot water temperature causes a shifting of the
modes of the solar system which can result in excess energy usage by the
pumps. For example, if the modes shift such that more energy is called for
from storage, the heat transfer fluid must be pumped twice rather than once,

thus using more electrical energy and causing a reduction in system efficiency,

Convert to VAV -- This only applies to the CVTR system, and is always cost

effective, with payback time less than three years. This is the largest dollar
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saver, but does not pay back in less than one year due to the high imple-

mentation cost,

Energy reclamation from exhaust air -~ This procedure is never cost effective

due to the small energy saving as well as relatively high implementation costs,

Triple glazing -~ This ECT only applies to the VAV system (new construction)

and is never cost effective due to the small energy saving and high implementa-
tion costs.

Hydronic control from zone thermostat with night setback -- The effectiveness

of this method varies from location to location. It also varies for the different

auxiliary fuels.
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3.5 SCHOOLS

3.5.1 Building Description

A detailed description of the construction details for both new and existing
schools in the four cities being studied is given in Appendix A,

There are two basic types of construction: masonry (Omaha, Albuquerque);
and curtainwall (New York, Atlanta), The school building has 40,000 square
feet of roof area and 1,700 square feet of glass, including doors and windows,
In all four cities, the existing school buildings have no ceiling or wall insula-
tion, and have single pane windows, The existing buildings have a 3/8 inch
built=up roof with a metal deck, The new school buildings in all four cities
have wall and ceiling insulation and double pane glass windows and doors,
The new building roofs are 3/8 inch built-up with metal deck and 2 inches

of roof insulation, The new masonry building walls have 1 inch of rigid
insulation and 1/2 inch of gypsum board, The new curtainwall building walls
have 2 inches of rigid insulation and 1/2 inch of gypsum board,

The new building' s heating, ventilation and cooling system is a roof top
packaged multizone unit with forced air direct expansion cooling, The
heating capacity of the unit is 4 million BTU/HR. The conventional cooling
capacity is 0,9 million BTU/HR. The solar system described in Appendix F
was sized for these loads, It supplies hot and/or chilled water to the roof-top
air handler,

The existing building' s heating, ventilation and cooling system consists of four
pipe unit ventilators with a central system. The solar systeni would then
provide hot or chilled water for the unit ventilators, The total capacity of

these units is 4 million BTU/HR for heating, and 0.9 million BTU/HR for coqling
The solar system is the same as the one for new schools, except that it

' suppliés hot and/or chilled water to the control plaht. (See Appendix F for a
description of the solar system.,)
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3.5.2 Modeling Assumptions

The school building is modeled as a single zone, The internal heating losses '
are computed as a summation of the following:

~ Heat losses through envelope (walls and roof)

- Infiltration heat loss based on an infiltration rate of

1000 CFM

- Ventilation heat loss based on 7950 CFM peak ventilation

It is assumed that there is ﬁo heat loss through the floor. The internal
heating gains are computed as a summation 6f: , |

- People load

- Lighting load

- Glass load (solar ihsolation)

- Hot water tank loss

- Applicance load

The people, lighting, ventilation, hot water and appliance loads are comqued
based on the schedules and maximum values in Appendix A, The hot water
usage for schools was based on the assumption of 3.65 gallons per person per day.

The gas or oil furnace was assumed to be 75 percent efficient The electric

furnace was assumed to be 100 peréent efficient.
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3.5.3 Results for the School

Omaha - North Central Region

New Construction - Base Case -~ The analysis of a typical new building

without any energy conservation improvements is called the base case, The
base case results for the new school in Omaha are presented Ficures 3-90
through 3-94, Figure 3-90 shows the percent of the heating and hot water load
supplied and the percent of the total heating, cooling and hot water load
supplied by solar energy as a function of solar collector area. As is typical

of the new school with a Rankine air conditioner, the percent solar contribution
is less for a given collector area than for heating only systems,

Figures 3-91 and 3-92 show the annual cost of the heating, hot water, and
cooling system and the heating and hot water system as a function of solar
collector area. The generally increasing costs indicate that the cost of solar
system is greater than the cost savings of the fuel it displaces.

Figure 3-93 shows the auxiliary heating load and Figure 3-.94 shows the
auxiliary cooling load for the base case as a function of solar collcctor area.
This is energy supplied by the conventional furnace, hot water heater and
electric compressor motor, As the collector area increases more solar

energy is supplied by the system, reducing the auxiliary energy requirement.

The collector area of 20,000 sqﬁare feet, which supplics 78 percent of all
heating, hot water and cooling load with solar energy, was chosen as the
collector area which will be used on all the energy conservation technique

models,
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Omaha - School (New)
Table 3-97 Summary Loads, Costs And Savings

HEATING, HOT WATER, AIR CONDITIONING
COLLECTOR AREA = 20, 000 ft

Percent Annual Costs Annual Savings
Total Supplied (Dollare) (Dollars) Annual Load Savings
Load By L -6
ECT Description (BTU) | Solar Gas Oil lectric Gas Oil Electric BTU x 10 % Savings
x 10°°
Base Case 2199 78 51085 51686 53718
Add Wall Ins. 2110 78 51082 { 51630 | 53492 3 56 226 89 4
Wall & Ceiling Ins. ] 1704 81 52068 | 52387 | 53467 -983 -299 251 49 22
Reflective Coating 2139 79 51208 51801 53808 -123 -115 -90 60 23
Triple Glazing 2137 79 51274 51868 53784 -189 -182 -66 62 23
Insulate Hot Water
Tank, Reduce Hot 2174 8 51036 51601 53511 49 85 207 25 11
Water to 130° Max
Air Economizer 2108 80 50823 51428 52463 262 258 1255 91 44
Night Setback 2018 79 50910 51446 53258 175 240 460 181 88
#Shading 2175 79 50953 51581 53640 132 105 8 24 1
Reduced Ventilation 2092 79 50850 51364 53103 235 322 515 15 7
+Shading was assumed fto cost rjothing, spjthe savihgs showy must bel balanced §gainst agtual cost
SN
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Omaha School (New)
Table 3-98 Summary Loads, Costs and Savings

HEATING AND HOT WATER
COLLECTOR AREA = 20,000 ft2

Annual Costs Annual Savings
Percen: {Dollars) (Dollars) Annual T.oad Savings
Total Supplied
- Load By © . -6 Qo '
ECT Description || (gTU) | Solar Gas 0il | Electrid] Gas 0il__ |Electric || BTU x 10 % Savings
x 10°°
Base Case | 1504 80 44922 45523 47555
Add Wall Ins. 1415 81 44903 45441 47302 19 82 ' 253 89 6
Wall & Ceiling Insul | 1005 85 45821 46141 47170 -899 -618 385 499 33
: : : !
Reflective Cozting 1506 80 45270 45863 47871 -348 -340 -316 -2 0 w
- (=]
Triple Glazing 1453 81 45171 45738 47655 -249 -215 -100 51 3 (;D
Ins. HW Tank,
Reduce HWT io 13001\/ I1482 80 44885 45450 47360 37 73 _ 185 21 1
Air Economizer N/A N/A N/A N A N/A N/A N/A N/ A N/A N/A
Night Setback 1328 80 4474¢€ 45281 47092 176 242 463 176 12
**Shading 1534 80 44986 45598 47673 -64 -75 -118 -30 -2
Reduced Venti:ation 1353 81 44680 | 45194 46976 242 329 579 151 10
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New Construction - Application of Energy Conservation Techniques (ECT'sS) ~-

The various energy conservation techniques used in the school analysis are
described below. The cost for each ECT is shown in Appendix B, Tables
3-97 and 3-98 show the results of applying each ECT to the new construction
base case for Omaha,

All ECT's are studied with the above defined base building model at 20, 000 ft
of solar collectors, Each ECT will be briefly described, The results are

2

tabulated in Tables 3-97 and 3-98. The values for loads, BTU savings, and
percent solar were results of SUNSIM simulation runs, The annual costs are
from the computer cost analysis program (see Appendix E for descriptions of
these programs), (All ECT discussion below refers to the new Omaha school,)

Adding Wall Insxilation -= To implement this, one inch of rigid insulation

is added to the walls, This results in both dollar and BTU savings for heating,

Adding Wall and Ceiling Insulation == This ECT is implemented by adding one

inch of rigid wall insulation plus an additional 2 inches of roof insulation.
This results in dollar and BTU savings for the heating, hot water, and cooling
case and the heating only case, for electric auxiliary fuel.

Reflective Window Coating -~ This is implemented by installing windows

and doors which are coated with a reflective coating which reduces the glass
transmittance by 80 percent and decreases the thermal conductivity of the
glass by 20 percent. This ECT loses rather than saves dollars. It saves
a small amount of energy during cooling, but increases energy consumption

during heating,

Triple Glazing -~ This ECT is accomplished by installing triple pane

insulated glass, thereby reducing both the glass transmittance and thermal
conductivity, This ECT saves energy, but costs more than the cost of energy

savings,
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Insulate Hot Water Tank, Reduce Hot Water Temperature from 140 °F
to 130°F -~ This ECT reduces the heat loss from the water tank as well as
the energy required toheat the water. This technique saves a little energy
and saves dollars for all fuel types for both heating and heating/cooling systems.

Air Economizer -~ An air economizer was added, which is used to supply

some of the cooling load when the outside temperature is less than 75°F, The
air economizer saves dollars and energy for the heating/cooling system,

- Night Setback; Cooling Off at Night -- This ECT involves installing a
time clock thermostat which can set the temperature back to 60°F (during the

heating season) between the hours of 10 p. m, and 6 a, m., and shut off the
cooling between these hours (during the cooling season), This ECT is a cooling
. conservation technique and saves both dollars and energy.

Shading -- Shading was accomplished in the simulation by reducing the
energy'tranémitted through the east and west windows by 60 percent and the
. south window by 90 percent. The technique (awnings, drapes, etc.) was not
. priced. Therefore, savings must be weighed against the actual costs, Both
dollars and energy are lost by shading in the heating-only case,

Reduced Ventilation == The present system in the new schools can be
controlled so as to minimize the amount of outdoor air introduced into the

conditioned space. However, the dampers in the outdoor air inlets will only
close down to their minimum setting. Thus, to decrease the intake of uncon-
ditioned air further, it is necessary to mechanically adjust the minimum position
of the dampers, This ECT produces significant dollar and energy savings for
heating, cooling and heating only systems for all the auxiliary fuels considered,

Existing Construction - Base Case -= The base case results (thatis,for a
building/system without energy conservation techniques) for the existing
school in Omaha are presented in Figures 3-95 through 3-97. Figure 3-95
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shows the percent of the load supplied by solar energy as a function of solar
collector area, Both heating and hot water, and heating, hot water and cooling
systems are shown. The percent solar contribution (for a given collector
area) is less for heating and hot water only than for heating, hot water and
cooling,

H

Figures 3-96 and 3-97 show the heating, hot water and cooling auxiliary loads
as a function of solar collector area, The collector area of 30, 000 ft2 was
chosen for the analysis of energy conservation techniques for the existing school

in Omaha,

Existing Construction -- Application of Energy Conservation Techniques (ECTs)-~

The various energy conservation techniques used in the existing school analysis
are described below, The costs are shown in Appendix B, Tables 3-99
through 3-102 show the results of applying the various ECTs to the existing
base case for Omaha.

Adding Wall Insulation ~~ To implement this, 2 inches of rigid insulation

are added to the walls. This causes both fuel and dollar savings for both heat-

‘ing and hot water, and heating, hot water and cooling.

Adding Wall and Ceiling Insulation -- This ECT is implemented by adding

the above wall insulation plus 4 inches of roof insulation. This results in large
dollar and fuel savings for all types of fuels for heating and hot water, and
heating, hot water and cooling.

/

Reflective Window Coating ~-- This is implemented by installing a reflec-

tive film over the inside of the window panes which reduces the glasstrans-

mittance by 80 percent. This also results in a reduced thermal conductivity
of the glass (20 percent less), While this ECT saves a slight amount of fuel,
it costs more to implement for all auxiliary fuels considered, both for heat-

ing and hot water, and heating, hot water and cooling.



Table 3-99 Summary Loads, Costs and Savings

HEATING, HCT WATER, AIR CONDITICNING
OMAHA - EXNISTING - SCHOOL
Percent Annual Costs Annual Savings
(Dollars _ i
Total Supplied ) (Dollars) Annual load Savings
Load By
E - ) -6 .
CT Description  {[(gTy) | Solar [| Gas Oil | Electrid] Gas | oil [Flectric || BTU x 10 % Savings

x 10°°
Base Case 7206 49. 33 79790 86486 109108
Add Wall Insul. 6935 50.9 79539 85712 IOSSGL 251 774 2542 361 5
Add Wwall & Ceil
Insulation 1851 90.9 73217 73492 74423 6573 12994 34684 5400 75
Reflective Film 7239 49.5 79980 86658 10916p1 -190 -172 -52 60 .8
Add Pane Glass 7142 50.1 79915 86373 1081¢p} -125 113 917 154 2
Insul. H. W. Tan
Reduc% Max T.
to 150 F 7273 49.3 79736 86388 10885F 54 98 250 23 .3
Air Economizer 7285 49.3 79834 86536 10917¥ -44 -50 -69 11 1.5
Night Setback 6498 51. 8 78215 83897 105099) 1575 2589 6018 798 11
Shading 7306 49.3 79777 86533 10935p 13 -47 -248 16 -1
Reduced Vent. 7062 50. 4 79419 85844 107549 371 642 1559 234 3.2

Shading wg$ assureld to cosf|nothing, so the shvings mggt be balgnced agdinst the %tiual cost.

- 91¢ -
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Table 3-100

SUMMARY LOADS, CCSTS AND SAVINGS
HEATING AND HCT WATER -

OMAHA - EXISTING - SCHOOL
Annual Costs 4 i
Percent (Dollars) Mgl:&:::;ngs Annual Load Savings
Total Supplied &
Load By
ECT Description . : -
pil (BTU) | Solar Gas 0Oil Electriq| Gas 0Oil Electric BTU x 10 s % Savings

x 107° ]
Rares Case 6372 45,8 73349 80044 102666
Add Wall Insul. 6039 47. 35 73133 79307 100161 214 737 2505 342 . 5.4
Add Wall & Ceil
Insulation 1127 89 67071 67347 68277 6278 12697 34389 5250 82
Reflective Film 6367 46 73515 80175 102677]{ -166 -131 -11 - 5 -.1
Add Pane Glass 6234 46. € 73417 79875 101692 -68 237 1211 38 .6

h Insul. H. W. Tank .
Reduce Max. T. . ' )
to 130 F. 6351 45. & 73302 79953 102422 47 91 242 22 .4
Air Econcmizer N/A | N/A ' N/A N/A | N/A 1| N/A T N/A N/A | N/A N/A
Night Setkack 5599 47. 6 71864 77545 96739 1485 2499 5927 773 12
Shading * 6424 45.8 . 73450 80206 1(_)3029 -101 -162 -363 -52 3
Reduced Yent. 6173 46.7 73037 79461 1011b7 312 - 583 1499 189 -. 8
Shading was asqumed tq cost notffing, so §he saviapgs must bg balanced agains{ actual cfst.

- L1E -



A COMPARISON OF 3 WATTS/ FT.” AND 2 WATTS/FT. "~

Existing Omaha School
Table 3-101 Summary Loads, Costs And Savings

HEATING, BOT WATER AND AJR CONDITIONING

Arnrual Savings

Percent Annual Costs
"Total Supplied (Dollars) (Dollars) Annual Load Savings
Load By
ECT Descriptio - -
1ption ‘BTU) { Solar Gas 0il Electriq] Gas Qil__ |Flectric §| BTU x 10 6 % Savings
= 1079
Base (3 Watts/ft.2 72291 49.67 844441 91258 114277
79790 86486 IOQIDL 4654 4772 5169

2
Base (2 Watts/ft. =

7296 49.33

- 81¢ -




Table 3-102 Summary Loads, Costs And Savings

HEATING AXND IIGT WATER
OMAHA - EXISTING - SCHOOL

Percent Annual Costs Annual Savings
e 1 )
Total Supplied (Dollars) (Dollars) Annual Load Savings
.. Load By .
E . _ -
CT Description (BTU) | Soler Gas Qil Electriq] Gas Oil __ |Flectric BTU x 10°° % Savings
x 1070 g
Base (3 Watts/ft. 2) 6162 46,37 77697 84511 1067530
6372 45. & 73349 80044 102666 4348 4467 4864

Base (@ Watts/ft. 2)

- 61E -
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Double Glazing -- This ECT is accomplished by installing an interior

glass storm window, thereby reducing both the glass transmittance and
thermal conductivity. This method saves a small amount of encrgy and saves
dollars for both oil and electric auxiliary fuels in heating and hot water, and
heating, hot water and cooling modes.

u Insulate Hot Water Tank, Reduce Hot Water Temperature from 140°F to
130° F ~- This ECT reduces the heat loss from the water tank as well as the

energy required to heat the water, This ECT saves auxiliary fuel as well as
dollars for all types of auxiliary fuels considered for both heating and hot

water, and heating, hot water and cooling,

Air EconomizZer--An air economizer was added to supply some of the

cooling load when the outside temperature is less than 75°F. This ECT
is only operative during the cooling season and is shown to save a small

amount of energy, but it costs more to operate than it saves.

Night Setback; Cooling Off at Night -- This ECT involves installing a
Chronotherm which can set the temperature back to 60°F (during the heating

season) between the hours of 10 p.m. and 6 a. m, The cooling is assumed to
be shut off between these hours (during the cooling season) by maintenance
personnel, This ECT saves both dollars and energy for all fuel types and for
both heating and hot water, and heating, hot water and cooling operations.

Shading -- Shading was accomplished in the simulation be reducing the
energy transmitted through the east and west windows by 60 percent and the
south window by 90 percent., The technique (awnings, drapes, etc.) wasnot
priced. Therefore, savings must be weighed against the actual cost. It is
.shown to save a smallﬁnount.of dollars for heating, hot water, and cooling for
gas auxiliary fuel. As is expected, shading increases operating costs during

the heating season,
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Reduced Ventilation -- The HVAC system in existing schools can be con-
trolled so as to minimize the amount of outdoor air introduced into the condition-
ed space., However, the dampers in the outdoor air inlets will only close down
to their minimum setting. Thus, to decrease the intake of unconditioned air,
it is necessary to mechanically adjust the minimum position of the dampers.
This ECT saves both energy and dollars for all auxiliary fuels considered

and for both heating and hot water, and heating, hot water and cooling systems.

Lighting-<All ECT simulations were run using two watts/square foot
as the maximum lighting level, so as to be comparable to the new construction
case. To examine the effect of increased lighting levels, the base case
was evaluated with a maximum lighting level of three watts/square foot.
‘The effect of increased lighting levels is shown in Tables 3-101 and 3-102.
T o compare costs, the cost of an extra watt/ square foot was included
in the three watt case, using the average predicted electric rates for
Omaha. It is seen that a substantial savings is realized by lower lighting
levels..

‘New York - Northeast Region

New Construction - Bagse Case -- The base case results for the new school in
New York are presented in Figures 3-98 through 3-100. Figure 3-98 shows

the percent of energy supplied by solar vs. collector area. Figures 3-99 and
3-100 show auxiliary heating and cooling loads as a function of solar collector
area. A collector area of 20, 000 square feet was chosen as the base case for

the various energy conservation techniques.

New Construction - Application of Energy Conservation Techniques (ECTs) --
The various ECTs used in the new school for New York are described below.
The costs are shown in Appendix B, Tables 3-103 and 3-104 show the results
of applying the various ECTs to the new school base case for New York.
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Table 3-103 Summary Loads, Costs And Savings

NEW YORK - SCHOOL (NEW)

. HEATING, HOT WATER AND AIR CONDITIONING

percent || “ipgnars) Vbetars) || Amuet Losd s
Total Supplied nnual Load Savings
3 . Load B
}_ECT Descriztion (BI’I(;I_Jt)’ So{ar Gas Oil Electrid] Gas Oil Flectric BTU x 10-6 Savings

” -
Base Case 1658, 78.8 51404 51599 53402
Add Wall Insul. 1616f 78.9 51794 51977 53641 -393 -378 -239 42 2.5
Add Wall & Ceil. E
Insulation 1335 78.2 83355; 53459 54404 -1954 -1860] -1002 23 19.5
Reflective Film 1612 80 51562 51755 53512 -161 -156 -110 43 2.6 ]
Add Pane Glass 1614 7= 51718 51805 53594 -317 -306 -192 44 2.66 K;
Insul. . HW Tank o
Reduce Mzx. T : '
to 130 F. 1633 79.1 5]33({ 51507 53117 71 92 285 25 1.5
Air FEcornomizer 1535 81.5 £0809 51008 52814 592 591 588 123 7.1
Night Setback 1498 79 £1219 51378 52822 122 221 580 160 9.7
Shading* 1641 79.8 51239 51436 53261 166 163 141 17 1
Reduced Vent. 1590 78 51417 51588 53142 -16 11 260 68 4.1
* Shading was aJs umed tq cost noff}ing, sothe savin s. mustapt e balancpd againft the acfjal cost.



Table 3-104 Summary _oads, Costs And Savings

HEATINC AN HOT WATER
NEW YORK - NEW SCHOOL
Annual Costs i
Percent Dotlare) Annual Savings .

Total Supplied ollars (Dollars) Annual Load Savings

Load By
ECT Description . . -

P (BTU& Solar Gas QDil Electrid] Gas Oil Electric BTU x 10 8 % Savings

x 10~
Base Case 1151 87.1 4484¢ 145048 46850
Add Wall Insul. 1104 87.7 45203 {45386 47049 -354 -338 -199 47 4.1
Add WwWall & Ceil.
Insulation 779 91 4647: 146575 47521 -1622 -1527 -671 372 32.3
Reflective Film 1152 87.¢% 45257 [451451 47208 - 408 -403 -358 1 .1
Add Pane Glass 1110 87.6 45178 145364 47054 -329 -316 -204 41 3.6
Insul. HW Tank
Reduce Max. T.
to 130 F. 1129 87.4 44797 44974 46584 i 52 74 266 2
Air Economizer N/A  N/A N/A } N/A N/A N/A N/A N/A N/A N/A
Night Setback 0877] 88.3 44623 {44787 46230 221 261 720 163 14. 2
Shading* 1174 87.2 44905 [45107 ‘_’ 46932 -517 -59 -82 -23 -2
Reduced Vent. 1041 88 44603 | 44780 46334 240 268 516 11 9.6
* Shading was assﬁmed to qost nothiFF, S0 thr savingsf must be Falanced ﬁagainst qhe actualj kost.

2
:

- 9¢¢ -
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Adding Wall Ingulation -- To implement this ECT, two inches of rigid in- -
sulation are added to the walls, saving energy but increasing costs. The addi-

tional costs are less for the more expensive fuels.

\
Adding Wall and Ceiling Insulation -- This ECT is implemented by addin
the above wall insulation plus an additional two inches of roof insulation. This

technique reduces energy consumption by 20 percent for heating and cooling and 32
precent for heating only. However, it results in greater annual costs, the

smallest increased cost being for electric auxiliary fuel.

Reflective Window Coating -- This is implemented by installing windows

and doors which are coated with a reflective coating which reduces the glass
transmittance by 80 percent and the thermal conductivity of the glass by 20
percent, This ECT increases annual costs w‘itvhout saving energy.

Triple Glazing -- This ECT is accomplished by installing triple pane in-
sulated glass, thereby reducing both the glass transmittance and thermal con-
ductivity, This ECT saves a small amount of energy, but it increases annual costs.

Insulate Hot Water Tank, Reduce Hot Water Temperature from 140°F to
130 °F -~ This ECT reduces the heat loss from the water tank as well as the
energy required to heat the water. This ECT saves both energy and dollars.

Air Economizer -- An air economizer was added, which is used to supply

some of the cooling load when the outside temperature is less than 75 °F. This
ECT saves energy and dollars during the cooling season. The savings are
about the same for gas, oil, and electric auxiliary fuels. This is to be expected,
since savings occurs only for cooling which is handled by electricity in all

cases.

Night Setback; Cooling Off at Night -~ This ECT involves installing a time
clock thermostat which can set the temperature back to 60°F (during the heat-
ing season) between the hours of 10:00 p. m. and 6:00 a, m., and shut off the
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cooling between these hours (during the cooling season). This ECT
1s a cooling conservation technique and saves both dollars and energy
for heating only, as well as heating and cooling. The dollar savings
are greatest for electric auxiliary fuel, as would be expected, and
least for gas auxiliary fuel.

Shading -- Shading was accomplished in the simulation by reducing the
energy tranmitted through the east and west windows by 60 percent and the
south windows by 90 percent, The technique (awnings, drapes, etc.) was not
priced; therefore, savings must be weighed against the actual cost. Shading
could save money during the cooling season if the instwallation is not very cost-
ly. (See Table 3-103).

Reduced Ventilation -- The present system in the new schools can be con-

trolled so as to minimize the amount of outdoor air introduced into the condition-
ed space, However, the dampers in the outdoor air inlets will only close down
to their minimum setting. Thus, to decrease the intake of unconditioned air
further, it is necessary to mechanically adjust the minimum position that the
dampers can close down to. Reduced ventilation saves energy and dollars for
all fuels in the heating only system, Again, the ss/tvings are greater for electric

auxiliary fuel,

Existing Construction - Base Case -- The base case results for the existing
school building in New York are presented in Figures 3-101 through 3-103.
Figure 3-94 shows the percent of energy that is supplied by solar as a function
of collector area for both heating and cooling modes. Figures 3-102 and 3-103

show auxiliary heating and cooling loads vs. collector area, A collector area of
30, 000 square feet was used as the base case against which the various energy

conservation techniques will be compared.

Existing Construction - Application of Energy Conservation Techniques (ECTs)
The various ECTs used in the existing school analysis are described below.
The costs for the various ECTs are shown in Appendix B.

\

\



SUPPLIED BY SOLAR (PERCENT)

100 W
80 +
60 1
40 ,_l

20 4

- 6¢¢€ -

d
L]

e 3 Fu—
LI v ]

4. 4 1
T T L2

3 |
v ¥

10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000
COLLECTOR AREA (FT2)

Figure 3-101
Percent Of Load Supplied By Solar Versus Collector Area For
Zxisting) School New York Base Building

90,000



AUXILIARY ENERGY - FURNACE (BTU x 106)

4000 1

3500 4

3000 4 EXISTING SCHOOL - NEW YORK - BASE CASE

2500

L
¥

/ FURNACE

2000

L
v

1500 + HOT WATER

1000 T

3 1
L

i Y 1
T T

i I L
¥ T T —+

10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000
COLLECTOR AREA (FT2)
Figure 3-102

Energy Supplied By Auxiliary Furnace And Hot Wafer Heaters Versus Collector Area
Existing School New York Base Case

|
-

90,000

- 0g€ -~



AUXILIARY ENERGY - COOLING (KW)

150

125 4

100 -

75 4

50 -v-

25 +

- 1€€ -

L

i ' 'y 3 3 | ' '

L] L v

10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000

L

COLLECTOR AREA (FT2)

Figure 3-103
Auxiliary Cooling Energy Load Versus Collector Area For

(Existing) School New York Base Building



- 332 -
Tables 3-105 through 3-108 show the results of applying the various ECTs

to the above described base case,

Adding Wall Insulation -~To implement this, four inches of rigid insula-
tion are added to the walls resulting in energy and money savings in all cases

considered.

Adding Wall and Ceiling Ingulation -~ This ECT is implemented by adding
the above wall insulation plus four inches of roof insulation. This ECT results
in the greatest energy and dollar ‘savings for heating and cooling,and heating only
systems for all auxiliary fuels. It can be seen that the total load is about the
same as that o the new building with the same insulation. (The difference can
be accounted for by additional panes of glass in the new building.)

Reflective Window Coating -- This is implemented by installing a reflective
film over the inside of the window panes reducing the glass transmittance by
80 percent and the thermal conductivity of the glass by 20 percent. As is ex-

pected, this decreases the cooling load, but the annual cost is still greater than
the base case. The cost increase is least for the most expensive auxiliary
fuel, Of course, for heating only, this ECT costs even more.

Double Glazing -~ This ECT is accomplished by installing an interior glass / /
"storm'' window thereby reducing both the glass transmittance and thermal con-
ductivity. This ECT saves a little energy and saves dollars for both oil and
electric auxiliary fuel, most of the savings ¢ccur during heating only.

Insulate Hot Water Tank, Reduce Hot Water Temperature from 140°F to
130°F -~ This ECT reduces the heat loss from the water tank as well as the
energy required to heat the water. Although the energy savings are not very

large (less then 1 percent), there are dollar savings for all auxiliary fuels for
both heating only, and heating and cooling systems. ‘

\

-



Table 3-105 Summary Loads, Costs And Savings

HEATING, HOT WATER AND AIR CONDITIONING
- NEW YORK - EXISTING - SCHOOL

Annual Costs £ ings
. Percent (Dollars) An(rgxali Sav)mgs ‘ .
Total Supplied : ollars Annual Tload Savings
Load By
ECT Description . -
P (BTUg Solar Gas 0il Electrid] Gas Qil Electric BTU x 10 6 % Savings
x 10~ ;
Base Case 5708 52. 6 80775 83893 | 11202
‘Add Wall. :
Insulation 5301 55.3 79922 82512 106014 853 1381 6188 407 7.1
Add WVall & . .
Ceiling i ) : h
Insulation 1406 86.7 74792 74_888 75755 5983 9005 36447 4302 75. 4
Reflective )
Film 5680 53.0 81240 | 34335 112430§1 -465 -442 -22¢8 28 © .5
Add Pane Of . '
Glass 5567 53.4 80323 33802 110847 -48 . 91 1355 . 141 2.5
Insul:. H W
Tank Reduce
Max. T. :o ‘ ) ) ) ’
130 F. ' 5685 52.6 80700 83792 111857 75 101 345 23 . .4
- Air Econc., 5678 |52.6 80703 83822 112134 72 71 . 68 30 .5
Night Setb. 4938 56.1 . 78541 81125 1036771 2134 2768 -‘8525 770 13.5
Shading 5730 52.5 80561 83815 112445 114 78 -243 -22 -. 4
Reduzed
Vent. 5540 | 53.7 80330 83298 110239 445 595 1963 168 2.9
% Shading S assufned to co$} nothing] so the ,savings mst be‘bJIanced ainst thdlactual cost.

- €€€ -~



Table 3-106 Summary Loads, Costs And Savings

NEW YORK - EXIS

HEATING AND HCT WATER

TING - SCHOOL

S

Percen || A0l Coste Annual Savings .

Total Supplied ollars) Annual Ioad Savings
L. Load B
ECT Description ’((BI’I(')‘:T‘) So{ar Gas 0il Electrid| Gas Oil__ |Electric BTU x 1078 % Savings
Base Case 5268 50.7 75011 1 78130 10643%
Add Wall Insul. 4857 53.4 74142 76731 100233 869 1399 6206 411 7.8
Add Wwall & Ceil.
Insulation 846 91.2 68131 68233 69100 6874 9897 37339 4422 84 :‘J
Reflective Film 5265 51.2 75634 78729 106824ﬁ -623 .~599 -385 3 1 ﬁ
Add Pane of Glass 5129 51.5 15083 78062 llOSlO’ﬂ -7 68 V1332 139 2.6 '
Insul. HW Tank
Re.duceo Max. T. : :
to 130 ' F. 5242 50.78 74939 78031 106096 72 99 343 26 .5
Air Economizer N/A | N/A N/A N/A N/A N/A N/A N/A N/A N/A
Night Setback 4488 53. 9 72840 75324 97876 2171 2806 8563 780 14. 8
Shading 5311 50. 7 75017 78170 10680 § -6 & -40 -362 -43 -.8
Reduced Vent. 5107 51.9 74590 77558 104599 421 572 1840 161 3.1
& Shad{ng was assuffed to cpst nothifg, so th¢ savings|must be|halanced rzgainst the actualjrost.
1




Table 3-107 Summary Loads, Costs And Savings

HEATING, HOT WATER AND AIR CONDITIONING
NEW YORK - EXISTING SCHOOL

Annual Savings

Annual Costs
Annual Load Savings

Percent
Doll
Total Supplied (Dollars) (Dollars)
Load By
ECTD ipti . ; -
escription (BTU) | Solar Gas Oil | Electrid] Gas Ot _|Electric || BTU x10°° | % Savings
' x 107°
Base (3 Watts) , 5644 53 86927 | 89898 11686}
80775] 83893 11220p} 6152 6005 4663

Base ( 2 Watts) 570 52.6

- Gg€ -




Table 3-108 Summary Loads, Costs And Savings

HEATIMNG AND HOT WATER
NEW ¥ORK - EXISTI NG SCHOOL

Anaual Costs Annual Savings

Annual TLoad Savings

Base (2 Watts/ft.z)

Percent

Total Supplied (Dollars) (Dollars)

Load By
ECT Descripti . -

iption (BTY) | Solar || Gas oil | =tectrid] Gas | o |Etectric || BTU x 1078 | % savings

x 10~

Base (3 Watts/1t. ) 5065 51.37 gosad 83570] 110534
5263 50.7 75011 78130 106434 5588 5440 4099

- 9€¢€ -~
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Air Economizer -- An air economizer was added which is used to supply

some of the cooling load when the outside temperature is less than 75°F, This
ECT which is only applicable during the cooling season, saves minimal dollars

and energy.

therm which can set the temperature back to 60°F (during the heating season)
between the hours of 10 p.m. and 6 a. m, The cooling is assumed to be shut
off between these hours (during the cooling season) by maintenance personnel.
This technique results in a sizable energy and dollar savings for all types of

auxiliary fuels considered,

Shading -~ Shading was accomplished in the simulation by reducing the
energy transmitted through the east and west windows by 60 percent and the
south window by 90 percent, The technique (awnings, drapes, etc.) was not
priced. Therefore, savings must be weighed against the actual cost, As
expected, shading costs more money for heating only. During the cooling season,
it can be seen from Tables 3-105 and 3-106 that shading reduces the cooling
load,

Reduced Ventilation -- The HVAC system in existing schools can be con-
trolled so as to minimize the amount of outdoor air introduced into the condition-

ed space, However, the dampers in the outdoor air inlets will only clogse down
to their minimum setting, Thus, to decrease the intake of unconditioned air
further, it is necessary to mechanically adjust the minimum position, Reduced
ventilation saves dollars both for heating and cooling, the savings being great-
er for the higher priced auxiliary fuel,

Lighting -~ All ECTs were examined on the base building using two watts/
ft2 maximum illumination. To examine the effect of reducing the lighting
maximum level from three watts/ftz, ‘the base case was run at the three watts/

2 .
ft” level for comparison. Tables 3-107, 3-108 show the effect of reducing
the maximum lighting level by 1 watt/ft”, It is seen that fairly large savings
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are involved for all auxiliary fuels. The savings are less for electric auxiliary
fuel, since the heating load which was supplied by the lights now must be supplied
by the auxiliary fuel, The cost of the extra watt /ft2 is included in the three watt
case, based on the average predicted cost of electricity in New York over the
twenty year period considered.

Atlanta - Southeast Region

New Construction - Base Case -~ The base case results for the new school in

Atlanta are presented in Figures 3-104 through 3-106. Figure 3-104 shows the
percent of load that is supplied by solar energy as a function of solar collector

area for heating, hot water and heating, hot water and cooling, It isseen

that the heating, hot water curve is considerably above the heating and cooling
curve for most collector areas. Figures 3-105and 3-106 show the auxiliary
heating and cooling loads as a function of collector area. A collector area of
20, 000 ft2 was chosen as the base case.

New Construction - Application of Energy Conservation Techniques (ECTs) --

The various ECTs used in the new school analysis for Atlanta are described
below. The costs for the various ECTs are shown in Appendix B, Tables
3-109, 3-110 show the results of applying the various ECTs to the above
described base case.

Adding Wall Insulation -- To implement this ECT, two inches of rigid

insulation are added to the walls, saving energy but adding to annual cost. The
additional cost is less for the more expensive auxiliary fuels,

Adding Wall and Ceiling Insulation -- This ECT is implemented by add-
ing the above wall insulation plus an additional two inches of roof insulation,

Again, energy is saved by this technique, but total annual costs are increased.
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Table 3-109 Summary Loads, Costs And Savings

HEATING, HOT WATER AND AIR CONDITIONING
ATLANTA - NE»’] - SCHOOL
Annual Costs 3
- ] Percent Doll Annual Savings . .
{Total Supplied (Dollars) (Dollars) Annual Load Savings
- Load By
ECT Description ; j
P (BTU) | solar |} Gas Oil | Electrid] cas | oi  IEiectric || BTU x 107 Savings
ix 10°°

Base Case 1645 79.5 51305 51420 52075 H

Add Wall Insul. 1616 79.6 51598 51708 52330 -293 -288 -255 29 1.
Add Wall & Ceil.

Insulation 1431 ] 79.1 5279¢€ ] 52875 53308 -1493 -4455 -1233 214 13
Reflective Film 1571 81.1 51341 51455 52096 -36 -35 -21 74 4.
Add Pane Glass 1608 79.8 51542 51652 52276 =237 -232 -201 37 2.
Insul. HW Tank

Reduceo Max. T.

to 130 F. 1617 79.8 51244 51340 51883 61 80 192 28 1.
Air Economizer 1513 81.1 50919 51024 51671 395 386 404 132 8
Night Setback 1501 79.2 51219 51311 51881 95 109 194 144 8.
Shading* 1595 80.8 51111 51226 51880 194 194 195 50 3
Reduced Vent. 1598 80.5 51185 51291 51889 120 129 186 47 3

% Shading was ass.Tned to kost nothipg, so the saving# must bglbalanced] against jthe actua]k cost.

- ¢ve -



Table 3-110 Summary Loads, Costs And Savings

HEATING, HCT WATER AND AIR CONDITIONNG
ATLANTA - NEW - SCHOOL

Percent Annual Costs Annual Savings
Total Supplied (Dollars) (Dollars) Annual Load Savings
L Load
ECT Description )((BI’I(')Y._JT), Sg{ar Gas Qil Electrid] Gas Oil __ |Fleetric || BTU x 10°° % Savings
Base Case 777 91.2 43-902 44018 44673
Add Wall Insul. 747 91.4 441¢4 44304 44926 -292 -286 -253 30 3.9
Add Wall & Ceil 547 92.6 45324 45401 45834 -1422 -1383} -1161 230 29.6
Insulation
Reflective Film 174 91.4 44218 44331 44973 =314 -313 -300 3 .4
Add Pane Glass 751 91.4 :44178 44288 44912 -276 -270 -23911° 26 3.3 :9
Insul. H. W. Tank} 753 91.3 43861 ] 43956 | 44499 41 62 174 24 3.1 g
Reduce Max. T. ‘ !
to 130 F.
Air Economizer N/A N/A N/A N/A N/A N/A m N/A N/A N/A N/A
Night Setback 639 91.1 43814 43915 44486 88 103 187 138 17.8
Shading 789 91.3 43933 44049 44703 -31 -3 =301 . -12 -1.5
Reduced Vent. T 728| 91.6 43812 43917 | 44515 go | 101 158 49 6:3
Shading was %ssumeq to cost jothing, tothe sayings mugt be balarjced agaipst the agjual cost.
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Reflective Window Coating -~ This is implemented by installing windows

and doors which are coated with a reflective coating which reduces the glass
transmittance by 80 percent and the thermal conductivity of the glass by 20
percent, This technique saves energy and dollars during the cooling season.
However, for heating and cooling,and heating only, it costs more than the base

case,

Triple Glazing -- This ECT is accomplished by installing triple pane in-

sulated glass, thereby reducing both the glass transmittance and thermal
conductivity, This technique costs more than the base case and reduces the
heating and cooling loads somewhat,

Insulate Hot Water Tank, Reduce Hot Water Temperature from 140°F to
130°F -- This ECT reduces the heat loss from the water tank as well as the
energy required to heat the water, saving both dollars and energy for all

auxiliary fuels during both heating and cooling,

Air Economizer ~- An air economizer is used t6 supply some of the cool-

ing load when the outside temperature is less than 75°F, This technique,
operative only during the cooling season, is seen to save both dollars and
energy for the heating and cooling system.

Night Setback; Cooling Off at Night -- This ECT involves installing a
time clock thermostat which can set the temperature back o 60°F (during the

heating season) between the hours of 10:00 p. m., and 6:00 a. m., and shut off
the cooling between these hours (during the cooling season), This EC'\' is a
cooling conservation technique and saves both dollars and energy. The savings
are higher for the higher priced fuels.

Shading -~ Shading was accomplished in the simulation be reducing the

energy transmitted through the east and west windows by 60 percent and the
south window by 90 percent, The technique (awnings, drapes, etc.) was not
priced, therefore, savings must be weighed against the actual cost. Shading
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could save dollars during the cooling season as evidenced by Tables 3-105
and 3-106.

Reduced Ventilation -- The present system in the new schools can be
controlled so as to minimize the amount of outdoor air introduced into the
conditioned space, However, the dampers in the outdoor air inlets will only
close down to their minimum setting, Thus, to decrease the intake of uncon-
ditioned air further, it is8 necessary to mechanically adjust the minimum posi-
tion. Reducing the ventiliation results in energy and dollar savings both for
cooling and heating,

Existing Construction - Base Case -- The base case results for the existing
school in Atlanta are presented in Figures 3-107 through 3-109. Figure 3-107
shows the percentage of load supplied by solar energy vs. collector area, both
for heating only and heating and cooling systems. Figures 3-108 and 3-109
show the auxiliary energy load as a function of collector area for furnace, hot
water heater and auxiliary air conditioning. A collector area of 30, 000 ft2 was

chosen as the base case against which the various energy conservation techniques

will be evaluated,

Existing Construction -~ Application of Energy Conservation Techniques (ECTs) -~

The various ECTs used in the existing school analysis are described below,
The costs are shown in Appendix B, Tables 3-111 through 3-114 show the

results of applying the various ECTs,

Adding Wall Insulation -- To implement this, four inches of rigid insula-
tion are added to the walls, This ECT saves energy and, in the case of electric

auxiliary fuel, dollars.

Adding Wall and Ceiling Insulation ~-- This ECT is implemented by adding
the above wall insulation plus four inches of roof insulafioh. This technique

saves significant energy (67 percent - heating and cooling; 83 percent heating

only) and dollars for all auxiliary fuel types.
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Table 3-111 Summary Loads, Costs And Savings

HEATING, HOT WATER AND AIR CONDITIONING

- 6%¢ -

ATLANTA - EXISTING - SCHOOL
Percent Annual Costs Annual Savings
Total Supplied (Dollars) (Dollars) Annual Load Savings
. Load B
ECT Description )((B;I")I_Jg So{a;r Gas Oil Electrid} Gas Oil __ |Fleetric || BTU x 107 % Savings

Base Cas2 4587 76.3 74506 75575 81626
Add Wall Insul. 4301 78.4 74641 75550 80699 -135 25 9?7 286 6.2
Add Wall & Ceil :
Insulation 1511 91. % 73987 74066 74509 519 1509 7117 3076 67_
Reflective Film 4508 77."_- 74703 75749 81675 -197 -174 : -49 79 1.7
Add Pane Glass 4495 76.9 74696 75718 81507 -180 |. -143 119 92 2
;.nsul. H.W. Tanl
Reduc%> Max. T. ’ .
to 130 F. 4562 76.5 74432 75474 81381 74 101 245 25 .5
Air Econcmizer 4571 76. 43 74505 75573 81622 1 2 4 16 3
Night Setkack 3887 80. 6 73223 73926 77909 1283 1649 3717 700 15.3
'Shading* 4585_ 76. 6 74421 75499 81605 =5 76 21 2 0
Reduced Vent. 4432 77.6 74500 75323 81118 206 252 508 155 3.4




Table 3-112 Summary Loads, Costs And Savings..

\ ATLANTA - EXISTING - SCHOOL
\ HEATING AND HOT WATER
Annual Cost ' i
O Percent rin 3 Annual Savings '
Ny Total Supplied ollars) (Dollars) Annual LLoad Savings
4 Load By
+. ECT Description . -
X P (BTU) | Solar Gas Oil Electriq] Gas Oil Electric BTU x 10 6 % Savings
. x 1079
Base Case 3495 77.81 66994 68062 74113
Acld-\ Wall Insul. 3236 79.8 67197 68106 73256 -203 -44 857 259 7.4
Add ‘Wall & Ceil Injf 601 93.1 6..86 66664 67107 408 1393 7068 2894
Refldctive Film 3470 78.12 67380 68426 74352 -386 -364 -239 25 L7
Add ‘Pane Glass 3420 78.3 67234 68256 74046 -240 -194 67 75 2.1
: '
Insuly HW Tank )
i Reduce Max. T. 3
/ to 1305F. 3472 |11.9° 66934 {67977 73883 60 85 230 23 - .7 .°
/
Air Economizer N/A | N/A N/A N/A N/A N/A N/A N/A N/A N/A
Night Setback 2830 82.1 65868 66571 70555 1126 1491 3558 665 19
Shading* 3531 77.8 67044 68122 74228 -50 -62 -115 -36 -1
Reduced Vent. 3398 78. 4 66871 67894 736:9 123 168 424 97 2.8
* Shading was assnh'xed to dost nothi 1&, sothd savings jmust be [falanced ggainst the actual j¢ost.
i
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Table 3-113 Summary, Loads, Costs And Savings

HEATING, HOT WATER AND AIR CONDITIONING ,
ATLANTA - EXIST?\IG - SCHOOL - - ,

Percent Annual Costs Annual Savings
| Total Supplied (Dollars) (Dollars) ' Annual Load Savings
Load By
ECT Descriptio .
iption (BTUg Solar Gas Oil Electriq| Gas Oil Flectric BTU x 10°° % Savings
x 10~ ' :

74.8 79615 80632 | 86393 .

Base (3 Watts/ft. %) 4616
5109 5057 4767

Base (2 Watts/ft. 9) || 4587 76.3 74506| 75575 | 81626

- I6€ -




Table 3-114 Summary Loads, Costs And Savings

HEATING AND HOT WATER

ATLANTA - EXI§TING - SCHOOL |

Percent Annual Costs Annual Savings
Total Supplied (Dollars) (Dollars) Annual Load Savings
Load By
ECT Descripti b : . -
iPtion |[BTU) | Solar |] Gas | on |Etectrid] Gas | out lElectric}] BTUx 10 8 | % cavings
x 10~
Base (3 Watts/ft. > 333  78.1 7158 72604 88367
3495 717. 81 66994 680624 74113 4595 4544 4254

Base (2 Watts/t’t.2

- 2S¢ -
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Reflective Window Coating -- This is implemented by installing a reflective

film over the ingide of the window panes which reduces the glass transmittance
by 80 percent and the thermal conductivity of the glass by 20 percent, This
technique, a'lthough it saves a small amount of energy, adds to the base cost.

Double Glazing -~ This ECT is accomplished by installing an interior

glass ""storm' window, reducing both the glags transmittance and thermal
conductivity. This ECT saves dollars-only for electric auxiliary fuel.

. Insulate Hot Water Tank, Reduce Hot Water Temperature from 140°F to

Lo

130°F -- This ECT reduces the heat loss from the water tank as well as the energy
required to heat the water, Both energy and dollars are saved as a result of
this ECT. - |

Air Economizer -- An air economizer was added, which is used to supply

some of the cooling load when the outside temperature is less than 75 °F. This
ECT saves energy and dollars during cooling, | ’

Night Setback; Cooling Off at Night -~ This ECT involves iﬁstalling a

chronotherm which can set the temperature back to 60°F (during the heating
season) between the hours of 10 p.m. and 6 a.m. The cooling is assumed to be
shut off between these hours (during the cooling se_ason) ‘E?y maintenance per-
sonnel, Both dollars and energy are saved., o

Shading -- Shading was accomplished in the simulation be reducing the
energy transmitted through the east and west windows by 60 percent and the
south window by 90 percent, The technique (awnings, drapes, etc.) was not
priced. Therefore, sa\?ings must be weighed against tiie actual cost., This
ECT could save dollars if it could be used only during the cooling season.

Reduced Ventilation -- The HVAC system in the existing schools can be

controlled so as to minimize the amount of outdoor-air introduced into the con-
ditioned space. However, the dampers in the outdoor air inlets will only close
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down to their minimum setting. Thus, to decrease the intake of unconditioned
air further, it is necessary to mechanically adjust the minimum position,saving
both energy and dollars for heating and heating and cooling systems.

Lighting -~ Tables3-113 and 3-114 show the dollar savings which result
from using 2 wa’c'cs/ft2 maximum illumination rather than 3 watts/ftz. All of
the above ECTs and the base case used 2 watts/ftz. The cost of the additional
watt was computed based on the average predicted cost of electricity for At-
lanta during the 20 year period considered.

Albuquerque - Southwest Region

New Construction - Base Case -- The base case results for the new school in

Albuquerque are presented in Figures 3-110 through 3-112. Figure 3-110
shows the percent of energy supplied by solar vs, collector area, Figures3-111

and 3-112 show auxiliary energy usage versus collector area., A solar collector
area of 10, 000 ft2 was chosen as the base case for new schools in Albuquerque.

New Construction - Application of Energy Conservation Techniques (ECTs) --

The various ECTs used are described below. Costs of ECTs are shown in
Appendix B. Tables 3-115 and 3-116 show the results.

Adding Wall Insulation - To implement this, one inch of rigid insulation is

added to the walls. This causes slight savings for electric auxiliary fuel.

Adding Wall and Ceiling Insulation -~ This ECT is implemented by adding
the apove wall insulation plus an additional two inches of roof insulation, This

costs more than the base case, except for the case of electric auxiliary fuel.

Reflective Window Coating -- This is implemented by installing windows and

doors which are coated with a reflective coating which reduces the glass trans-
mittance by 80 percent and the thermal conductivity of the' glass by 20 percent.
This ECT costs more than the base case, ‘It lowers the gooling load, but not

-‘ t
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Table 3-115 Summary Loads, Costs And Savings

\

HEATING, HOT WATER AND AIR COND\IﬁONING
ALBUQUERQUE - NEW SCHOOL

Percent Ax:guoali Cos:s Annual Savings .
Total Supplied ars) (Dollars) Annual LLoad Savings
Load
ECT Description (B%:L_It), S?gar Gas Oil ] Electriq] Gas oil _|Electric|| BTUx107% | & Savings

.S
Base Case 1723 75 32170 32368 33532
Add wall Insul. 1655 75.5 322071 32464 33444 -127 -94 83 68 4
Add Wall & Ceil. .
Insulation N 1358 74.9)] 328611 32952 33487 | -691% -584 45 365 21.2 '
Reflective Film 1684 74.8 32322} 32558 33949 -153 - IQJ -417 39 2.3 83
Add Pane of Gla. 1676 75.6 32342 432522 33584 -173 -154 -52 47 2.1 °l°
Insul. HW Tank
Reduc% MAX T.
to 130 F. 1698 %5.3 32116] 32292 33328 54 7 204 25 1.5
Air Economizer 1624 78.3 31600) 31997 33155 374 317 377 99 5.7
Night Setback 1550 75.9 31982] 3212¢ 32993 185 234 539 175 10
Shading * 1711 76.6 32060f] 3226& 33496 11( 10¢ 36 12 .7
Reduced Vent,. 1653 74.6 32082 32243 33192 84 121 340 70 4.1

Shading was asﬁumed tof cost nothng, 'so fhe savin fs must 44 balanceq against]the actugl cost.




Table 3-116 Summary Loads, Costs And Savings

HEATING AND HCT WATER
ALBUQUERQUE - NEW - SCHOOL

Annual Costs Annual Savings |
Percent (Dollars) (Dollars) Annual Load Savings
Total Supplied :
’ Load By
ECTD ipti . - .
escription (BTU) | Solar Gas Oil__ | Electrid] Gas ol |Electric || BTUx 108 | % Savings
x 10°°
Base Case 1165 | 88.2 #5837 | 26034 27199
Add Wall Insul. 1095 | 89.5 25941 ] 26107 | 27093 -104 -73 106 70 6
Add Wall & Ceiling ’
Insulation 778 93 26371) 26462 26997 -534 -428 202 386 33.2
Reflective Film 1183 | 85.¢ 26261 | 26496 27887 -424 -462 -688 -18 -1.5
- '
Add Pane of Glass 1126 { 89 26034 | 26214 27276 -197 -180 -1 39 3.3 o
Insul. H. W. Tank prA
Decg. Max T. to : .
130" F. 1142 | 88.4 25784 25960 26996)|" 53 74 203 23 - 2
Air Economizer N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Night Setback 991 90.1 25626 | 25772 26636 211 262 { 563 174 , 14.9

Shading 1202 87.9 25329 26137 27365 -92 -103 -166 -37 -3.2
Reduced Ventilation 1062 89.8 25511 25772 26722 226 262 477 103 8.8
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enough to compensate for the cost of the ECT,

Triple Glazing -- This ECT is accomplished by installing triple pane in-

sulated glass; thereby reducing both the glass transmittance and thermal con-
ductivity., Again, this ECT does not result in dollar savings.

Insulate Hot Water Tank, Reduce Hot Water Temperature from 140°F to
130°F -~ This ECT reduces the heat loss from the water tank as well as the
energy required to heat the water, This ECT saves both dollars and energy for

all auxiliary fuel types.

Air Economizer -- An air economizer was added, which is used to supply
some of the cooling load when the outside temperature is less than 75°F, This
ECT is operative only during the cooling season. For cooling and heating
systems, it saves both dollars and energy.

Night Setback; Cooling Off at Night -- This ECT involves installing a time
clock thermostat whicli can set the temperature back to 60°F (during the heat-

ing season) between the hours of 10:00 pm and 6: 00 am, and shut off the cool-
ing between these hours (during the cooling season). This ECT is a cooling
conservation technique and saves both dollars and energy. More savings occur

in the case of electric auxiliary fuel,

Shading -- Shading was accomplighed in the simulation by reducing the
energy transmitted through the east and west windows by 60 percent and the
south window by 90 percent. The technique (awnings, drapes, etc.) was not
priced. Therefore, savings must be weighed against the actual cost. This

can benefit during the cooling season,

Reduced Ventilation -- The present system in the new schools cah be con-
trolled so as to minimize the amount of outdoor air introduced into the condi-

tioned space. However, the dampers in the outdoor air inlets will only close

down to their minimum setting. Thus, to decrease the intake of unconditioned
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air further, it is necessary to mechanically adjust the minimum position.
Both dollars and energy are saved by this ECT, especially in the heating only
system, ' )

Existing Construction - Bage Cage -~ The base case results for the existing

school in Albuquerque are presented in Figures 3-113 through 3-115. Figure
3-113 shows percent solar versus collector area, Figures 3-114 and 3-115 show
auxiliary furnace, hot water and cooling requirements versus solar collector
area. A solar collector area of 30, 000 ft2 was chosen for the base case.

Existing Construction - Application of Energy Conservation Techniques (ECTs) - -

The various ECTs used are discussed below., Costs of ECTs are shown in
Appendix B. Tables 3-117 through 3-120 show the results of applications of
the various ECTs to the base case.

Adding Wall Insulation -- To implement this, two inches of rigid insulation

are added to the walls saving both dollars and energy.

Adding Wall and Ceiling Insulation -- This ECT is implemented by adding
the above wall insulation plus 4 inches of roof insulation. This ECT saves sig-

nificant energy (75 percent for heating and cooling; 83 percent for heating alone)

and money.

Reflective Window Coating -~ This is implemented by installing a reflective

film over the inside of the window panes,which reduces the glass transmittance
by 80 percent and the thermal conductivity of the glass by 20 percent. Reflec-
tive coatings increase anrual costs.

Double Glazing <- This ECT is accomplished by adding an interior "storm"

window; thereby reducing both the glass transmittance and thermal conductivity.
This saves dollars for oil and electric auxiliary fuel systems.
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AUXILIARY ENERGY - HOT WATER (MBTU' S)

Energy Supplied By Auxiliary Furnace And Hot Water Heaters Versus Collector Area For

(Existing) School Albuquerque Base Building
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Figure 3-115
Energy Consumed By Auxiliary Cooling Versus Collector Area For
(Existing) School Albuquerque Base Building



Table 3-117 Summary Loads, Costs And Savings

HEATING, HOT- WATER, AIR CONDITICNING
ALBUQUERQUE - EXISTING - SCHOOL

Percerit A??)l::j Costs Annual Savings .
Total Supplied ars) (D_ollars) Annual LLoad Savings
ECT Description (I;')l?g) S?gar Gas Oil Electrig! Gas 0il Electric BTU x 1078 % Savings
x 1079 :
Base Case 5771 75.1 75888 77739 88663
Add Wall Insul. 5480 77.3 75630 77233 86693 258 506 1970 91 5
Wall & Ceil. Insul. 1464 97.5 72385 72947 .73310 3003 4592 15353 4307 74.6
Reflective Film 5707 75.3 76101 17927 88701 -213 -188 -38 64 1.1
Double Glazing 5652 75.9 75924. 77678 88029 -36 61 634 119 2.1
Insul. H. W. Heat 5748 75.1 75835 77661 88439 53 78 224 23 .4
Air Economizer 5752 75 75€89 77740 88633 -1 -1 0 19
Night Setback 5008 79.9 74357 75647 83263 1531 2052 5400 763 13.2
Shading 4 5807 74.5 75956 717866 89133 ‘ -68 -127 -470 -36 -.6
Reduced Vent. 5613 76.2 75571 77296 874176 317 443 1187 158 2.7

= G9¢ -



Table 3-118 Summary Loads, Costs And Savings

HEATING AND HOT WATER
ALBUQUERQUE - EXISTING SCHOOL

Percent .-\.r:guali Costs Annual Savings _
Total Supplied ollars) (Dollars) Annual T.oad Savings
ECT Description (11‘3?1‘831), S?){ar Gas Oil | Electrid] Gas ol |Electric |} BTUx107% | % savin gs
10°

Base Case 5053 72 69801 71652 82577

Add Wall Insul. 4776 74.3 69574 71177 80638 227 475 1934 2717 5.5

Wall & Ceil. Insul 0847 96. 2 66496 66557 66920 3305 5095 156517 4206 83.2

Reflective Film 5037 72.2 70171 71997 82771 -370 -345‘ - 194 16 .3

Dowb le Glazing 4947 72,9 169872 71626 81877 -71 26 604 106 2.1

Insul. H. W. Tanl 5032 72 69755 71581 p 82359 46 71 214 21 .4

Air Economizer N/A]l N/A N/A N/A N/A N/A N/A N/A N/A N/A

Night Setback 4293 K 68221 69512 ; 77128 1‘580 2140 5444 760 15

Shading* 5126 71.5 69988 71898 83166 -187 -2458 -589 -73 -1. 4
4 Reduced Vent. 490% 73.2 69496 71221 i 81400 305 431 117’% 148 2.9

= 99¢ -



Table 3-119 Summary Loads, Costs And Savings

HEATING, HOT WATER AND AIR CONDITIONING
ALBUQUERQUE - EXISTING SCHOOL
Annual Savings

Annual TLoad Savings

Persent Annual Costs
cent Do

Total Supplied (Dollars) . (Dollars)
Load B

ECT Description : . -

P (BTUI)’ Solar Gas 0il Electrid] Gas 0il Flectric BTU x 10°° % Savings

x 10~ : :

Base Case ( 3 Watt) 57181 76.3 80560 82272 92378

5771 75.1 75888 77739 88663 4672 1533 3715

Base Case ( 2 Waltt)

- L9¢ -




Table 3-120 Summary Loads, Costs And Savings

HEATING AND HOT WATER
ALBUQUERQUE - EXISTING SCHOOL

Arnual Savings

Annual l.oad Savings

Per . Annual Costs
: cer.
Dollars ‘

Total Supplied ( ) (Dollars)

i L Load By
ECT Description (BTU) | Solar Gas 0Oil Electrid] Gas Oil __ |Electric || BTU x 10 °l % Savings

x 10°°
Base Case (3 Watt 4860 73.1 74063 757175 85881
5053 71.2 69801 71652 82577 4262 4123 3304

Base Case (2 Watt{

- 89¢ -~
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Insulate Hot Water Tank, Reduce Hot Water Temperature from 140°F to
130°F -- This ECT reduces the heat loss from the water tank as well as the

energy required to heat the water resulting in dollar savings for all cases.

Air Economizer -- An air economizer was added, which is used to supply

some of the cooling load when the outside temperature is less than 75°F, This
ECT does not result in dollar savings.

Night Setback; Cooling Off at Night -- This ECT involves installing a
chronotherm which can set the temperature back to 60°F (during the heating

season) between the hours of 10 pm and 6 am. The cooling is assumed to be
shut off between these hours (during the cooling season) by maintenance personnel.
The results are substantial dollar and energy savings for all cases.

Shading -- Shading was accomplished in the simulation by reducing the
energy transmitted through the east and west windows by 60 percent and the
south window by 90 percent. The fechnique (awnings, drapes, etc.) was not

priced. Therefore, savings must be weighed against the actual cost.

Reduced Ventilation -- The HVAC system in the existing schools can be

controlled so as to minimize the amount of outdoor air introduced into the
conditioned space, However, the dampers in'the outdoor air inlets will only
close down to their minimum setting. Thus, to decrease the intake of uncondi-
tioned air further, it is necessary to mechanically adjust the minimum position.

This resulted in dollar and energy savings.

Lighfing -- Tables3-119 and 3-120 show the dollar savings resulting
from using 2 wat‘cs/ft2 max. illumination rather than 3 watts, All the above
base and ECT results were computed with the 2 watt level. The cost of the
additional watt was computed using average predicted electric rates for

Albuquerque.
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Summary of Results for Schools

Tables 3-121 through 3-128 summarize annual savings ‘and payback periods for
various Enei'gy Conservation Techniques used in the school analysis for electric
gas and oil auxiliary fuels, for both heating only and heafing, cooling opera-
tions. An ECT is considered to be cost effective if the paiyback is less than 20

years,

It is readily seen that insulating the hot water tank and reducing the maximum
hot water temperature from 140°F to 130°F pays for itself quickly in all cases.
Reduced ventilation and night setback with cooling off at night are two techniqhes
which yield savings in all cases (except for the new building in New York during
the cooling season, for gas auxiliary fuels, a slight increase in cost occurs for
reduced ventilation). For existing buildings in all regions except the southeast,
adding insulation to walls and to walls and ceilings is reasonably cost effective.
For Atlanta, adding wall insulation is cost effective in the case of electric
auxiliary fuel. For new buildings, adding insulation is cost effective only in
Omaha and Albuquerque, and then for the case of auxiliary electric fuel, but not

for gas.

Air economizers are seen to be cost effective in all regions in the case of new
construction buildings. (Only the heating and cooling mode is pertinent for this
ECT, since it is only operative during the cooling season, )

In existing buildings, it is seen that double glazing is cost effective for auxiliary
electric fuel in all regions both for heating and cooling, Reflective coating on

windows is not a cost effective ECT in any of the cases studied.

As has been mentioned previously, shading was incorporated into the building
model with no regard to cost. From Tables 3-121 through 3-128, it can be
seen that shading ,which is used during the cooling season only may be cost

effective, especially for gas auxiliary fuel in new buildings.
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Summaries of the auxiliary energy savings of the various techniques are

shown in Table 3-129 for new construction and existing construction., Numbers
are entered in these tables only for those ECTs which are cost effective with gas
auxiliary fuel for heating and coo.ling opefati,ons, i, e,, those which show a

payback of less than 20 years in Table 3-123,



Table 3-121 Energy Conservetion Techniques, Cost Effectiveness

HEATING, HOT WATER,

ELECTRIC AUXILIARY FUEL

AIR CONDITIONING - SCHOOLS

. . NORTH CENTRAL NORTH, EAST - SOUTH EAST SOUTH WEST
ENERGY CONSERVATION g
TECHNIQUE NEW EXISTING NEW - EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Saviegs/ Savings/ Savings/ Savings/ Savings/ Savings/
Paybacx Payback Paytack Payback Payback Payback Payback Payback
Add Wall Insulation 226/ 1 2542/3 -23¢/43 6188/2 -255/90 927/ 9 83/13 1970/ 4
Add Wall and Ceiling 251/17 34685/2 -10C2,35 }36447/2 -1233/74 § M1/ 7 45/19 15353/3
Insulation
Reflective Coating -90/28 -52/27 -11¢/28 -228/30 ]-21/22 -49/25 -417/343 -38/23
Add Pane of Glass -66/25 917/6 -192/38 1355/5 -201/59 119/15 -52/26 634/6 '
: w
Insulate Hot Water Tank- 207/ 250/* 285/ 345/% 192/= 245/ 204/* 224/ 3
. , [ ]
Reduce Hot Water Max. .
Temperature to 130
Air Economizer 1255/ -69/(156) 688;2 68/10 404/2 4/18 377/2 0/20
Night Setback: 460/ 6018/ 580 4 8525/ 194/ 3N17/=* 539/* 5400/ *
Cooling Off at Night
Shading1 78/- -248/- 141 - -243/- 195/- 21/- 36/- -470/-
Reduced Ventilation 615/ 1559/ 260, 1 1963/ 186/1 508/1 340/+% 1187/
*Payhack less than 1
1P;iyback is not computed for shading, sinre the method and cost of shading
techniques were not considered for this analysis.
i
20000 ft2 30000 it3] | 20000 ft2 30000 ft2 11 20000 ft2 3000 ft:2 10000 ft 30000 ft




Table 3-122

ENERGY CONSERVATION TECHNIQUES, COST EFFECTIVENESS
HEATING, HOT WATER -- SCHOOLS

ELECTRIC - AUXILIARY FUEL

— h z TRA s
ENERGY CONSERVATION NORTH CENTRAL NORTH EAST SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings /- Savings/
Payback Payback Payback Payback Payback Payback Payback Payback
Add wall Insulation 253/ 6 2505/3 -199/(36 6206/2 -253/871 857/9 106/12 1934/4
Add Wwall & Ceiling A
Insulation 385/16 34389/2 -671/28 37339/2 -1161/64 7006/7 202/ 15 15657/3
Reflective Film -316/(886) -11/21 -358/250f  -385/47 -300/(175p)-239/43 -688/(12) -194/39
w
Add Pane of Glass -100/29 1211/5 -204/41 1332/6 -239/99 67/17 -77/28 600/ 7 :‘:
. !
Insul. HW Tank Reduce
HotOWater Max T. to
130 ' F. . 195/ * 242/ * 266/ * 343/ * 174/ * 230/ * 203/ x 218/ *
Air Economizer ‘N/A N/A N/A N/A N/A L N/A N/A N/A
Night Setback 463/ * 5927/ * 720/ * 8563/ * 187/1} 3558/ 563/ * 5449/ %
Shading1 -118/ - -363/- -82/- -362/- -30/-} -115/- -166/ - -589/-
Reduced Ventilation 579/ % 1499/ = 516/ % 1840/.* 158/1 424/1 477/ % 1177/ %
* Payback is less than }} year
1 Payback is not compujed for shadipg, since t}f method and cost of shhHing
techniques were not cphsidered in jthis analysi



Table 3-123
ENERGY CONSERVATION TECHNIQUES, COST EFFECTIVENESS

HEATING, HOT WATER AND AIR CCNDITICNING -~ SCHOOLS
OIL ATXILIARY FUEL

_— e NORTH CENTRAL NORTH EAST SOUTH EAST SOUTH WEST
ENERGY CONSERVATION ‘
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ {|Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
Payback Payback {]| Payback Payvback Payback Payback Payback Payback
Add Wall Insulation 56/13 774/8 -378721 1381/7 -288/ 164 25/19 -96/21 506/9
Add Wall Insul & Ceiling |
Insulation * -299/24 12994/ 4 1860/ :02 9005/17 -1455/ 144 1509/ 14 -584/31 4592/8
Reflective Film -115/31 -172/197 |} -156,33 -442/58 -35/23| -174/33 -190/71 -188/38
Add Pane of Glass -182/30 113/15 | -306/ 84 91/117 -232/84| -143/32 -154/47 61/17
Insul. Hot Water Tank ' 5
& Decr. Water Temp.’ 85/ 98/ = 92/ = 101/ * 80/ 101/ 76/ * 78/ *
Air Economizer 4l 258/4- -50/110 591, 2 71/10 386/3 2/19 371/2 -1/20
Night Setback 240/ = 2589/ * 221;2 2768/ * 109/ 2 1649/ * 239/ * 2072/
Shading 105/- -47/- 163, - 78/ - 194/ - 76/ - 100/ - -1217/-
Reduced Ventilation 322/ 642/1 | 1112 595/1 129/ 2 252/ 2 125/ 2 443/ 1

* Payback is less tagq 1 year

1 Payback is net camijuted for shjding, since|fhe method hnd cost of %‘hading
techniques were noffjconsidered fn this analygis.

“vLE -



Table

3-124

ENERGY COMNSERVATION TECHNIQUES, COST EFFECTIVENESS

HEATING AND HOT WATER - SCHOOLS

OIL AUXILIARY FUEL

. . NORTH CENTRAL N j
ZNERGY CONSERVATION O ORTH EAST SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW ~ | EXISTING.
Savings/ § Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings /
Payback | Payback Payback Payback Payback Payback Payback Payback
Add;'Wau Insulation 81/12 | 7378 -338/21 1399/7 || -286/157 -44/21 -73/26 475/10
[N ’ "
Add Wall & Ceilirg ,
Insulation -618/32 |} 12697/4 -1527/59F  9847/6|]-1383/110 | 1398/14 -428/27 5095/8
Reflective -340/(38%) -131,63 -403/ (59 -599/14% -313/361 -364/112 -462/(27) -345/ 141
‘Ad'{i Pane of Glass - -215/33 237,12 -316/94 68/ 18]] -270/176 | -194/40 -180/ 62 26/ 19
/1 Insul. Hot Water Tank ‘
| Décr. Hot Water Temp 73/% 91/ 74/ % 99/ * 62/ % B5/* 74/ T1/*
, Air Economizer N/A |- N/A N/A N/A N/A N/A N/A N/A
Night Setback 242/ * 2499/ * 261/1 2806/ * 103/2 1491/ 262/ * 2140/ *
! Shading -75/- 583/ - -59/- -40/ - -31/- -62/- -103/- -246/-
" Reduced Ventilation 329/ 583/ 1 268/ 1 572/1 101/2 168/3 262/ % 431/1
f
I,.
/ * Payback is less than]] 1 year
! .
1 Payback is nol compLJted for shading, since thHe method and|cost of shading
/ techniques were not}¢onsidered if this analys|d
i
i

- GLE




Table 3-125
ENERGY CONSERVATION TECHNIQUES, COST EFFECTIVENESS
HEATINS, HOT WATER AND AIR CONDITIONING - SCHOOLS

GAS - AUXILIARY FUEL

. NORTH CENTRA N iTE E ;
ENERGY CONSERVATION NO CENTRAL NORTH EAST . ‘ SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
Payback Payback Payback Payback Payback Payback Payback Payback

Add Wall Insulation 3/19 251/13 -3¢3/(179) 853/9 -293/188 -135/25 ~-127/74 258/13

Add wall & Ceiling : ,

Insulation -c83/52 6573/17 -1954/(124) 5983/9 -1493/172 519/17 -691/304 3003/10

Reflective Film -123/32 -190/1531 -1€1/34 | -465/65 -36/23 -197/36 -152/47 1 -213/43
]

Add Pane of Glass -189/48 -125/30 -317/95 -48/22 -237/90 -190/39 -172/56) -36/22 w
-3
o

Insul. HW tank X

Reduce Hot Watgr

to Max. T. 130 F. 49/%* 54/ T1/* 75% 61/ * 74/ = 54/ % 53/ %

Air Economizer 262/4 -44/71 592/2 72/10 395/2 | 1/30 370/3 -1/20

Night Setback 175/1 1575/ = 182/ 2 2134/ % 95/3 1283/ % 188/ 1 1531/

Shading 132/ - 13/- 166/ - 114/- b} 104/- gs/- || - 110/- | -e8/-

Reduced Ventilation 235/ % 371/3 -16/ 660 445/1.7 129/2 206/ 3 88/2 | 317/2

*# Payback is less :h 1 year

1 Payback is nct confduted for shiding, since|the method ﬁmd cost of {ghading

techniques were no{jconsidered in this analygis.




Table 3-126

ENERGY CONSERVATION TECHNIQUES, COST EFFECTIVENESS

HEATING, HOT WATER - SCHOOLS
GAS - AUXILIARY FUEL "
RT ENTRAL N j
ENERGY CONSERVATION NORTH C ORTH, EAST SOUTH EAST SOUTH WEST
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/ Savings/
Payback { Payback Payback Payback Payback Payback Payback Payback
Add Wall Insulation 19/17 216/14 -354/100 869/ 9. -292/183 -203/28 -104/49 ] 227/15
Add Wall & Ceiling i ‘
Insulation _ 899/ 46 6278/ 17 21622/ 67 6874/ 8 - 1422/ 126 408/ 18 -534/86 §3305/10
N [}
Reflective Film 1 348/(261) |-166/150 -408/(409)| -623/285 -316/306 -386/155 -424/(33) |-370/252 o
-3
—Add _Pane of Glass 249/ 89 -68/24 -329/(111)} -72/23 -276/213 -240/53. -197/77 -71/25 =
_ - [ ]
Insul. HW Tank Reduce
‘HotOWater Max. T. to
130 F. 317/ * 47/ % 52/ % 72/ % 41/ 60/ * 53/ = 46/ =
Air Economizer N/A N/A N/A N/A N/A N/A bl N/A' N/A
Night Setback 176/ 1 1485/ 221/2° 2171/ % 88/3 1126/ % 211/% |1580/%
1
Shading -64/ - -101/- -57/- -6/~ -31/- -50/ - -92/- |-187/-
Reduced Ventilation 242/ * 312/3 "240/1 421/2 90/ 2 123/ 4 226/ 305/2
* Payback is less than ] year.
1 Payback is not comppted for sha&ing, since P method agd cost of sdeing
techniques were not tpnsidered iq this analysj§




Table 3-127 Energy Conservation Techniques, Cost Effectiveness

HEATING,

AUXILIARY ENERGY SAVINGS
FOR NEW CONSTRUCTION SCHOOLS

HOT WATER AND AIR CONDITIONING

ENERGY CONSERVATION ! NORTH CENTRAL NORTH EAST. SOUTH EAST SOUTH WEST

TECHNIQUE NEW EXISTING NEW EXISTING || NEW EXISTING NEW EXISTING

HEATING COOLING HEATING § COOLING HEATING| COOLING|{| HEATING COOLING
HW HW HW HW

Add Wall Insulation 26 1 - - - - - -
Add Wall & Ceil. Insul. - - - - - - - -
Reflective Film - - - - - - - -
Triple Glazing - - - - - - - -
Insul. Hot Water Tank o '
Reduce Max. T. To 130°H|] 18 3 17 2 14 3 16 4 @
Air Economizer 0 9 0 15 1 6 1 17 ©
Night Setback 33 1 32 -5 1§ -10 39 - '
Reduced Ventilation 40 2 - - 7 : 2 28 -12

vd
=Depends on fuel type
-Not upplicable

e s 0 59 5 5 Wi A7




Table 3-128

AUXILIARY ENERGY SAVINGS
FOR EXISTING CONSTRUCTION SCHOOLS
HEATING, HOT WATER AND AIR CONDITIONING

1] NORTH CENTRAL NORTH EAST SO EA 'TH WEST
ENERGY CONSERVATIOK UTH EAST SOUT
TECHNIQUE NEW EXISTING NEW EXISTING NEW EXISTING NEW EXISTING
HEATING | COOLING HEATING}| COOLING HEATIN@ COOLING|] HEATING ]} COOLING
HW HwW HW HW
Add Wall [nsulation 235 2 335 5 - - 191 1
Add Wall & Ceil. Insul. 3251 34 2484 17 718 18 1371 -4
Reflective Film - - - - - - - -
Triple Glazing - - - - - - - -
Insul.. Hot Water Tank
Reduce Max. T. 23 1 22 1 18 1 15 1
Air Economizer - - -1 5 - - - -
Night Setback 514 5 521 7 264 2 430 -
Reduced Ventilation 138 2 124 3 33 3 98 0-
o«
“Depends on fuel type
-Not applicable

-6LE -



Table 3-129

DIVISION OF ANNUAL HEATING AND HOT WATER LOADS FOR SOLAR
ASSISTED HEAT PUMP, S.F., OMAHA 400 F’I‘2 COLLECTOR AREA

’ Increased

Insulation

Heat Hot Total
Space Direct From Auxiliary | Total Hot Water Energy
Energy Heat Solar Hezat Space Water From From
Case Collected Load Energy Pump Heat Load Solar Solar Percent
(MMBTU) | (MMBTU) | (MMBTU) [ (MMBTU) | (MMBTU) { (MMBTU) |(MMBTU) | (MMBTU) | Solar
Base (No Heat 71,85 51.99 27.30 a 24.58 28.10 ' 22,06 49.36 60%
Pump)
" Heat Pump 79.14 51.99 18.56 1¢.61 13.82 28.10 18.60 56. 77 1%
[}
. w
Reduced Hot 68.56 51.99 31.50 (€ 20. 41 7.02 5.77 37.27 63% ©
Water ‘O
Heat Pump with 75.33 51.99 22.10 17,16 12,73 7.02 4.92 44.18 75%
Reduced Hot N
. Water
- Heat Pump with 76.52 43,31 16,29 16,40 10.62 28.10 19.45 52.14 3%
Night Setback
Heat Pump with 75.49 38.62 18,06 13.91 6.65 28,10 20.01 51.98 78%
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3.6 SOLAR ASSISTED HEAT PUMP/LIQUID FLAT PLATE

The addition of a water-to-air heat pump to a solar heating system, with the
storage tank as a source, allows the collectors to operate at a higher seasonal
efficiency and effectively increases the storage capacity, The heat pump can
extract heat for space conditioning from the storage water down to 40°F or less.
This adds usable stored heat in the 40°F to 90°F range, or approximately 410
BTU/gallon. Also, the average temperature of the storage water is lowered,
reducing transmission losses and increasing the efficiency of the collectors
when charging storage., For example, when the outdoor temperature is 32°F
and the radiation incident on the collectors is 200 BTU /ft the efficiency of the_
collector may vary from 0. 72 for an inlet temperature of 40°F (typical of a heatl

pump system) to 0.21 for an inlet temperature of 210°F (typical of convent1ona1 .

systems).

3.6.1 Building and System Description

The new construction, single family residence for the north central region was
used for this analysis. It is described in Section 4. 1.1 and Appendix A,

The solar system modeled was basically the system described in Appendix F
without the cooling equipment and with the addition of the 3 ton water to air
heat pump shunting the storage tank/space heat loop (Figure 3-116), The
system was used for space heating and hot water heating only. No cooling was
provided. The heat pump was operated to provide space heat with the storage
water as a source when the storage temperature was between 40°F and 90°F.
At storage temperatures above 90°F, the heat pump was by-passed and space
heat was provided direct from the storage tank, At storage temperatures
below 40°F, space heat was provided by auxiliary electmc resistance strips
installed in the air-side of the heat pump. Domestic hot water preheat was
provided by a heat exchanger in the storage tank, and additional heat was
supplied by an auxiliary electric unit, if necessary, to bring the water up to
140°F. The heat pump supplied no preheyat for domestic hot water,

L}
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Figure 3-116. Solar Assisted Heat Pump System
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3.6.2 Modeling Assumptions

The following assumptions were made for the building and system:
e The house was modeled as a single thermal zone.

° Wall, window, floor and ceiling loads werée modeled from the U values
and areas for the single family.residence, new construction, north

central region given in Appendix A,
° The basement temperature was held at 60°F,
e Infiltration load was 0. 75 air exchanges per hour.

e Internal loads were based on the schedules for the single family

residence in Appendix A,

e Solar heat gain was based on incident radiation on each of the window

exposures and was assumed to be insta‘ntaneous.‘
. Storagexafank and hot water tank losses were added to the internal load.
e No cooling was done for this analysis.
° | The heat pump performance was modeled by a linear equation:

Heat out (BTUs) = Energy in (KWH) x (5532 + 126, 4T ) where
Ts is the water side source temperature (°F),

3.6.3 Results

~Percent of Load Supplied by Solar -- The energy sﬁpplied.by solar has two com-

ponents in the solar-assisted heat pump system, the heat'SUpplied direct from
solar at 90°F and above and the heat supplied indirectly by the heat pump from
40°F to 90°F storage water. These two components, as well as their sum, are
shown in Figure 3-117 as functions of collector area. They are expressed as

percentages of the sum of the'annual space heating and hot water loads for the

building.
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The portion supplied by both direct and heat pump contributions increases

monotonically from 50 percent for 200 ft2 to 89 percent for 800 ft2. The

direct component increases from 31 percent for 200 ft2 to 74 percent at 800 ft2.

The heat pump contribution peaks at 25 percent for 400 ft2, then decreases to 15
percent for 800 ftz. The decreasing contribution by the heat pump at collector
areas greater than 400 £t is due to the ability of the collectors to keep the
storage water above the heat pump set point of 90°F most of the time. The 400
£t2
cause it maximizes the heat pump contribution,

collector size was chosen for further analysis of the heat pump system be-

Interaction of Hot Water Heating and Heat Pump Operations -- The heat pump,

operating with the 400 ft2 solar system supplied 25 percent of the total heating
and hot water load. The direct solar contribution added another 36 percent for
a totalcf 71 percent of the load supplied by solar. The large hot water load
effectively limits the heat pump contribution since the heat pump cannot sﬁpply
any of the hot water load and the hot water draws preheat energy from storage
when it is below 90°F, competing directly with the heat pump for stored energy.
Table 3-130 shows the results of reducing the hot water load from 28,1 MMBTU
or 35 percent of the total load to 7. 02 MMBTU or 12 percent of the load. The
contribution of the heat pump, while smaller in magnitude, was 33 percent of the

combined heating and hot water load.

Auxiliary Energy -- Auxiliary energy consumption, including the input energy

requirement of the heat pump is shown in Figure 3-117. As expected, auxiliary

requirements decrease as a function of collector area from the full load, 80

MMBTU with no collectors to 11.5 MMBTU for 800 ft2. For 400 ft2, the re-

- quirement is 28. 3 MMBTU. =~ -~

Annual Cost -- Cost figures for. the heat pump analysis were all based on an

installed cost of $2750 for the heat pump including integral electric resistance
strips for auxiliary heat. The cost of the solar system auxiliary furnace was
assumed to be $500, and that amount was deducted from the installed cost of

the solar system, Operating costs were based on the assumption that all

~

~

\ . ~
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Table 3-130. Division of Annual Heating and Hot Water Loads for Solar
Assisted Heat Pump, S.F., Omaha, 400 Ft2 Collector Area

Space Direct Total Hot Hot Water Total
Energy Heat Solar Heat From Auxiliary Water ‘From Enerqy Percent
Collected Load Energy Heat Pump Space Heat. Load Solar ‘From Solar
CASE {MMBTU} (MMBTU) (MMBTU) _ (MMBTU) (MMBTU) (MMBTU) (MMBTU) (MMBTU) Solar
Case . X
{No heat pump) 71.85 51.99 27.30 0 24.58 28.10 22.06 49.36 61% .
. ]
Heat Pump 79.14 51.99 18.56 19.61 13.82 - 28.10 18.60 56.77 71% w
’ o)
Reduced . o
Hot Water 68.56 51.99 31.50 0 20.41 7.02 5.77 37.27 63% '
Heat Pump
With Reduced
Hot Water 75.33 51.99 22.10 17.16 12.73 7.02 4.92 44.18 75%
Heat Pump With B )
Night Setback 76.52 43.31 16.29 16.40 10.62 28.10 19.45 52.14 73%
Heat'?ump With
Increased '
Insulation 75.49 38.62 -18.06 13.91 5.65 28.10 20.01 51.98 73%
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auxiliary heating, including hot water, was done with electricity.

The annual cost as a function of collector area is shown in Figure 3-112, Cost
2 to 91883 for 800 ft2, Operating
costs are shown on the lower curve in Figure 3-118, These costs reflect the

increases monotonically from $1480 for 200 ft

annual electric energy cost for pumps, fans and auxiliary heat, Operating costs
decrease as a function of collector area from $649 for 200 f’c2 of collectors to
$291 for 800 ft2. This decrease was mainly due to the reduction in electricity

for auxiliary heat as the solar system picked up more of the load,

Comparison of Heat Pump System with Base Solar System -- The base solar

system was the system of Figure 3-116 without the heat pump. It was different
from the single-family residence system described in Appendix F in that no
cooling equipment was included and all solar energy is transferred through the
storage tank. System differences are significant enough that results for this

base system and the base system of Section 4. 1 cannot be compared directly.

Annual Encrgy Savings -- The addition of a heat pump to the base solar

system did not change the annual heating load However, it did reduce the
auxiliary energy consumption slightly., Figure 3-118 shows the difference,

At the 400 ft2 collector size, the annual auxiliary requirement for the system
without the heat pump was 30. 6 MMBTU while for the same solar system with
the heat pump, it was 28.3 MMBTU or a savings of 2. 3 MMBTU. This repre-.

sents a 7.5 precent savings in auxiliary energy.

Annual Cost Savings -- The total annual cost for the solar assisted heat pump
with 400 ft2
the heat pump. Costs forboth systems are shown on Table 3-131, The solar

of collector was greater than the cost for the same system without

assisted heat pump-system costs $1566 per year or $129 greater than the same
system without the heat pump. Again, costs are based on electricity as auxiliary
energy. Operating costs are slightly lower with the heat pump which reflects

the lower auxiliary energy consumption.

it
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Table 3-131. Summary Loads, Costs and Wavings, Heating and Hot Water

Annual Costs

Annual Savings

Percent i
Dollars 11 S
Total Supplied ( ) (Dollars) Annua. oad Savings
ECT Descrinti Load By -6
escription  {l(gTy) | Solar Gas Oil | Electrid| Gas Oil__ {Electric }| BTU x 10 % Savings
x 1070 T
Buse 80.1 " B0 NA NA 1437
tleat Pump 80.1 71 NA NA 1566 NA NA -129 0 0
tieut pump and 1.4 73 NA NA 1511 NA NA -74 8.7 11
501" Night Setback
Heut Pump and 66.7 78 NA NA 1488 NA NA -51 13.4 17

Increase:d Insulutior

- L8E =
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Collector Efficiency -~ Table 3-130 shows that the annual energy collected
by the 400 ft2 of collector was increased by 7,29 MMBTU, This represents

a 10 percent increase in the seasonal collector efficiency which was due to the

ability of the heat pump system to draw energy from the system at temperatures
below 90°F, That allowed the collector loop to operate at a lower average temp-
erature, increasing the collector efficiency. The storage tank temperature was
drawn down lower at night also, which increased the capacity of storage for
charging during the day. From Table 3-131, the total energy from solar in-
creased from 49.4 MMBTU for the base system to 56. 8 MMBTU with the heat
pump. The difference, 7.4 MMBTU, was nearly equal to the increase in
collected energy. The heat pump was able to take full advantage of the increase

in collected solar energy.

Interaction of Hot Water Heating and Heat Pump ~- The portion of the hot

water load supplied by solar dropped with the addition of the heat pump to the
base system. Table 3-131 shows the solar contribution to hot water was 22, 06
MMBTU for the base system, or 79 percent of the hot water load. With the
heat pump, the solar contribution was 18, 60 MMBTT, or 66 percent of the hot

water load,

Solar Assisted Heat Pump System with Night Setback -- Night setback is
setting the space heat thermostat down 5°F to 63°F between the hours of 10:00
p.m. and 6:00 a.m. It is intended to reduce the heating load during that period.

Annual Energy Savings -- Table 3-131 shows that the total heating and hot
water load was reduced by 8.7 MMBTU to 71.4 MMBTU, a reduction of 11 per-
cent. The total auxiliary energy was reduced by 4. 9 MMBTU to 23.4 MMBTU,

Annual Cost Savings -~ The cost was reduced from $1566 to $1511 for a

savings of $55 over the heat pump system with no night setback.

Solar Assisted Heat Pump System with Increased Insulation ~-- The insulation

of the walls was increased from R-11 to R-19 and the insulation of the ceiling we=



~—
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increased from R-19 to R-38. This ECT was intended to decrease the heating
load.

Annual Energy Savings -- Table 3-131 shows that the total heating and hot
water load was reduced by 13.4 MMBTU to 66.7 MMBTU, a reduction of 17
percent, Auxiliary Energy was reduced by 10. 1 MMBTU to 18.2 MMBTU,

Annual Cost Savings -- The cost comparison included the effect of an

additional $730 installed cost for the increased insulation.

The cost was reduced from $1566 to $1488 for a savings of $78 over the heat

pump with the base insulation level.

3.6.4 Summary Analysis

The heat pump/flat plate system for the new single family residence supplied
71 percent of the annual heating and hot water loads from solar with 400 ft2 of
collector area, The contribution o the heat pump was a maximum of about
25 percent for 400 ft2 collector area, For that reason, the 400 f’c2 size was
chosen as the basis of comparisons in this section,

2 of collector, the heat pump

When compared to the base solar system with 400 ft
system supplied 10 percent more of the total load with solar energy. The
addition of the heat pump reduced the auxiliary energy requirement by 7.5 per-
cent. The heat pump was not cost effective, however, with a $129 higher
annual cost than the base system. The heat pump increased the seasonal
collector efficiency by 10 percent. The addition of the heat pump diverted

3.46 MMBTU of solar energy from the hot water to space heating; changing the

percent of the hot water load supplied by solar from 79 percent to 66 percent,

The incorporation of 5°F night setback with the heat pump solar system resulted
in a load reduction of 8, 7 MMBTU or 11 percent, The auxiliary energy was
reduced by 4.9 MMBTU. Night setback reduced the annual cost by $55.
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Increasing the wall insulation from R-11 to R-19 and the ceiling insulation
from R-19 to R-38 reduced the annual load by 13.4 MMBTU or 17 percent.
Auxiliary energy was reduced by 10.1 MMBTU. The improved insulation

saved $78 in actual cost.
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