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1.0  SUMMARY



The cost to the State of Alaska for owning and operating rural
schools is a major budget item. These costs continue ﬁo
accrue even after construction is complete, with long term
operating and maintenance costs that must be paid until
buildings are torn down and replaced. The total sum of these

costs are termed total life cyclé costs.

This research report presents results of studies to evaluate
all lifetime costs associated with school ownership by the
State for the range of current technology with respect to
thermal envelope and energy system designs. The studies
evaluate envelope stringency levels (insulation thickness,
type and configquration) for two foundation system options, as
well as design concepts for mechanical and electrical systems
that will identify minimum total 1life c¢ycle costs.
Identifying these minimums defines a range of building design
opticns which make up the energy consumption systems from
which appropriate energy standards can be formulated. The
results apply to school facilities and similar public

buildings between 7,000 and 12,000 square feet in size.

The work was accomplished in 1982 at the University of Alaska,
Fairbanks campus by the Mechanical Engineering Department and
by J. S. Strandberg Consulting Engineers. A significant amount
of additional professional assistance was provided by Maynard
and Partch, Inc., Architectural Consultants; Hﬁs, Inc., Cost

Estimators; and Dave Olson, P.E., Electrical Engineer,



2.0

INTRODUCTION




Energy, as a major research topic under study within the State
of Alaska, has the direct attention of the State's constituent
population, lawmakers, and professional community. One
important component of this topic is energy consuming
characteristics of Alaska's buildings., This is of particular
interest to the State's Department of Transportation and
Public Facilities (DOTPF), the agency charged with facility
procurement, design, construction, maintenance and operation
of many of the State owned buildings and technical energy-
auditing, planning and programming for all State owned

buildings.

The State's building stock consumes a significant portion of
the State's annual energy budget, both in heating functions
and in electrification. Rural structures are a critical
factor in this regard because of high rural energy costs. The
research reported herein deals with the thermal performance of
a specific segment of the State's building inventory, that of

small rural schools and other buildings of similar

architectural style and size.

The work has been accomplished at the University of Alaska's
Fairbanks campus by U of A Mechanical Engineering Department
professional staff, and subconsultants from the in-state
design community, under a contract between the University of

Alaska and Department of Transportation and Public Facilities.



2.1 PURPOSE

The research activities for this "Thermal Standards Project"
were structured as a design optimization process to establish
the lowest cost design solution for futuge small rural
schools. A life cycle cost analysis was the principal tool
used in the study. The results of this research effort will
be used as a foundation for a statewide thermal standard for
new construction of small rural schools., The research work
has been accomplished in response to a legislative directive
expressed in Public Law A.S. 44.42.020, which states in*part:
"The Department will adopt an ASHRAE thermal and lighting

standard adapted to high latitude cold region environs."

It must be stressed that the research reported herein does not
represent a thermal standard. 1In order to acquaint the reader
with the past events affecting thermal standards development
on a nationwide level, and as it affects Alaska, Section 3 of
the report deals with the different forms such a standard
might take for Alaska. That section presents a backdrop

against which to consider the results of this Study.
2.2 SCOPE

The research to date has been centered on a particular class
of public buildings that are routinely constructed throughout
the state, that of small rural schools between 7,000 and

12,000 square feet in floor area. The study is concerned



strictly with design optimization in new construction, and is
not related to any renovation concepts in existing buildings

for energy conservation.

It is important to note that a large percentage of buildings
built by the state or used as public facilities are of the
same building construction class and type as the schools
described above. Therefore, the findings presented here have

a considerably broader implication than it might first appear.

The reasons for beginning this work with special attention

being given to rural schools are as follows:

1. Remote rural school facilities represent the highest
energy costs to the state on a per square foot of
facility because of the higher energy costs in most rural

areas.

2. In recent years school facilities have been built with

greater frequency than other types of facilities.

3. The generic type of building used for rural schools
covers most of the spectrum of light construction types

and sizes built by the State.




3.0

A DISCUSSION OF THERMAL STANDARDS




3.1 RECENT FEDERAL GOVERNMENT STUDIES

The federal gbvernment has produced a nationwide building
standard to regulate the energy efficiency o0f new
construction. This process is Currentiy underway as a result
of laws enacted at the federal level that seek to reduce the

United States' dependence on foreign energy supplies.

Two major documents have been the focus for regulation of
energy efficient construction, the American Society of Heating
Refrigeration and Air Condifioning Engineer's (ASHRAE)
Standard entitled "ASHRAE 90-75" (Reference 1) and the
American Institute of Architect's (A.I.A.) document "Building
Energy Performance Standards (B.E.P.S.)" (Reference 2). While
the two documents each seek to regulate all non-process
building energy consumptions, the approaches used are very

different.
3.1.1 The ASHRAE Standard

The ASHRAE 90 Standard uses a "component standard"™ approach
that breaks a building into iﬁ's energy consuming components,
and impresses minimum requirements for thermal and electrical
consumption characteristicé of each component. The Standard

specifies the following:




* Minimum overall thermal conductances (U-factors) of wall
assemblies that consist of exterior walls, windows and
doors, roof/ceiling assemblies, and floor systems. These
U-factor requirements are varied with annual heating

degree ~days relevant to a specific location.

* Minimum air leakage characteristics for building
components. Maximum allowable wall, window and door

leakage rates are specified.

* Specific criteria are given for design of mechanical
systems, Mechanical system controls are required by the
standard to incorporate a number of energy conserving
design features, and duct systems are required to be

designed to reduce air transport energy requirements.

* Minimum requirements for lighting design are impressed.
These criteria include regqulation of allowable lighting
levels by occupancy, requirements for task lighting
design, and requirements for minimum "lamp efficacies",
or the efficiency of lighting production in units of

light output per unit power consumption rate.

This standard has been in existence now for some six years,
and has been widely adopted at the local government level in
city and municipal building departments across the United
States. At present, the document is the existing thermal

standard for the State of Alaska and Municipality of



Anchorage. It is generally easy to enforce in the plan review

building permit phase of construction.

In writing the standard, ASHRAE involved numerous components
of American industry in the review process. Substantial input
was derived from manufacturers of building components. Thus,
there is heavy impetus within the document on specific energy
conservation design requirements for building components.
These requirements are nearly always in terms of parameters
that relate directly to commonly used equipment specifications
and design criteria. Tbis tends to make complianée to the

standard easily accomplisheé and verified.

The more recent version of the ASHRAE standard, ASHRAE 90,
(Reference 3) incorporates review comments from the consensus
review of document 90-75R.1, a second generation standards
document. While formatted in much the same manner as 90-75,

the document has been broken into three standards.

Within the format of component standards, the document ocffers
expanded treatments of required envelope, mechanical and
electrical component performance, but maintain§ the same
regquirements for building energy consumption analysis and
annual fuel resource determination (old chapters 10 through

12).

- 10 -




The "consensus" approach taken by ASHRAE has yielded a
document that offers ease of implementation, and a moderate

level of energy conservation in the new construction sector.
3.1.2 The United States Department of Energy Standard:

In the past several years, however, with large increases in
unit costs for energy, the push for nationwide energy
conservation spawned new research efforts in standards
development. The federal government's Department of Energy
uxb.EJ funded the American Institute of Architects (A.I.A.)
in 1978 to perform additional research on building systems
performance, under the "Energy Conservation Standards For New

Buildings Act of 1976" (Reference 1).

The A.I.A.'s research arm in 1978 and 1979 produced, in
conjunction with subconsultants, a group of studies for D.O.E.
that established standards of thermal performance for
buildings by climate region and occupancy. This research
effort subsequently was restructured by D.O.E, into a "Notice
of Proposed Rulemaking" (NOPR), which consisted of a standards
document defining thermal performance requirements for
buildings dubbed "BEPS". In addition to publishing this NOPR
(Reference 1), nine backup documentation reports were also
published (References 4 through 11). D.0.E. conducted
hearings throughout the United States to gather suggestions
for final standards revisions, and for input on ways to best

implement the standard. The review period for the NOPR ended

- 11 -



in early 1980; at that time the federal government postponed
actual implementation of the standard pending implementation
of further studies and revisions. With a changé of
administration following the election of 1980, the Federal
Government failed to folléw—up on the program, and the future
of the D.0O.E. Standards are very much in doubt. At this time,
the ASHRAE 90 Component Standard remains the only major
nationwide standard for energy conservation regulation in
general use; However, a discussion of the D.0.E. standard is
instructive for the Alaskan situation, to add perspective to a

’

State standards development.

The building performance document, or as it is commonly
termed, the "BEPS" Standard, specified maximum levels of
annual energy consumption in units of BTU's per building
square foot for a one year time period, for 22 different
climate regions within the contiguous United States, and for
78 different classes of building use, The performance
standard approach taken seeks to reqgulate the overall
performance of the building as a single energy consuming
system, as opposed to ASHRAE component standard method of
regulating the types of construction employed within each

building energy system.

This approach evolved out of a well financed research project
designed to maximize energy conservation in new construction.
Creation of the standard occurred under a tight time schedule

with development work occurring in consultant's offices

-12 -



throughout the country. There was not time for a thorough
consensus approach for standards such as was the case with the
ASHRAE 90-75 standard, 1Indeed, it was the intent of the
research approach that the BEPS document would be a standard
for "new residential and commercial buildings which are
designed to achieve the maximum practicable improvements in
energy efficiency and increases in the use of non-depletable
sources of energy" (Reference l). 1In this light, a research
approach appears to have been warranted, so that new and
state-of~the-art methods could be developed for maximum
conservatlon. A consensus approach did not appear to match
the aims of the Standards Act, since this approach tended to
utilize existing or traditional methods of conservation, and
did not favor newer, less established and more controversial
methods of energy conservation, that could net dgreater

additional savings.

Under a complex project organization, the A.I.A. Research
Corporation divided the nation's building inventory into
occupancy/use categories, and divided the nation
geographically into 22 climate regions. Alaska was not

included in the analysis.

Each of the building categories were dealt with statistically
to establish the present energy consumption profiles of
structures by age, occupancy and climate region. This phase of

the research involved the following tasks for the A.I.A.

group:

- 13 -



* Survey the nation's present building inventory and

determine their annual energy consumption levels.

* Break down the building data in three categories:
a) structures built after the first Arab.oil embargo of
1973 and prior to 1976;
b) buildings designed in 1976 to the then new ASHRAE
Component Standard; .
c) buildings designed iﬁ 1978 to achieve maximum

practical energy conservation.

In conjunction with this work, A.I.A. Research Corporation
performed analysis of climate data, for formulation of a
climate data base that could be used in computer models that
simulate building thermal performance. These data sets
generally consisted of classical climate variables such as
heating degree-days, sclar insolation, etc. Wind conditions

were not taken as a factor.

A computerized thermal modeling technique was formulated to
establish energy budgets. This technique used the
standardized climate data, a set of standard building
operating conditions, and a number of existing computer
programs to compute annual energy consumption budgets.
Programs used in the study were "DOE-2", a public domain
simulator pfogram used to compute annual energy budgets for
non-solar structures; "TRNSYS", a program to simulate thermal

performance of buildings with active solar heating and cocling

- 14 -



systems; and "DEROB", a thermal simulator for buildings

incorporating passive solar heating and cooling systems.

These programs were used in various combinations to arrive at
the various design values used in the Standard. It is well to
note that each simulator is, or was at the time the BEPS work
was being carried out, a state-of-the-art computer tool,
requiring a major computer facility and data input preparation
for each simulation. With the completion of the BEPS
Standards Document, the thermal standards criteria for a given
location in the Unitéd States and a giveﬂ occupancy was
expressed in terms of a "Design Energy Budget". This number
reflects the total allowable annual energy consumption for
building heating, ventilating, coocling, and domestic hot
water. Excluded here is any internal process energy
consumption such as coffee pots, copy machines, and the like.
Included within the budget number is a weighting factor that
varied from 1 to 3.08, desighed to penalize or discourage use

of certain fuels.

According to A.I.A. Research Corporation, the prime BEPS
consultant, the BEPS»Standard would result in considerable
additional energy savings beyond that possible with the ASHRAE
Standard (Reference 3)., This was generally not disputed
during the BEPS public hearings. What was disputed, however,

was the methods of proposed implementation.

- 15 -



Whereas the ASHRAE Component Standard can be implemented by
incorporation of certain minimum levels of construction,
compliance of a given building design to the BEPS Standard can
only be assured by evaluating use of the building throughout
the year, under certain "standard operating conditions" and
computing total building energy consumption by fuel type.
This evaluation requirement promised an extensive additional
work effort for both designers and plan reviewers involved in
compliance. V

Critics of BEPS cited the current inability of local municipal
building officials to evaluate compliance to BEPS, due to a
lack of both technical expertise and personnel. The
professional community cited the additional design
requirements for determination of annual energy budgets, as

well as increased costs for construction.

Proponents of BEPS cited the considerable savings that were
possible through BEPS implementation, BEPS would give the
designer impetus to consider new and innovative energy
conservation options, and would require levels of constructicn
based on a least life cycle cost approach, rather than on the

commonly used "minimum first cost"™ approach. Further, the

BEPS document would give a strong boost to alternative energy

source concepts, something that is not accentuated in present

consensus standards.

- 16 -




At the end of the public hearings of the BEPS document, in
spring of 1980, the federal government had apparently conceded
to BEPS opponents, by Qithdrawing the Standard from
consideration, Articles in several technical magazines
(Reference 12) indicated the federal government was‘planning
on resubmitting a revised BEPS document for hearing review in
1981, This revised document was to be a modification from
the nearly pure performance document to a part performance,
part component standard, that could be implemented with
present conformance standards concept. This was never
accomplished, however, and the ultimate fate of the BEPS
Standard remains'in doubt under the present Federal

administration.

Some of the major changes likely in a revised BEPS Document

would be:

* Drafting of an ASHRAE Standard 90 type component

standards based on BEPS life cycle cost economics,

* Drafting of a manual of recommended practice for builders

to assist in BEPS compliance.
* Provide alternate energy budget calculation methods not

involving the large scale computer modeling systems

originally conceived in BEPS.

- 17 -



3.2 REQUIREMENTS FOR STANDARDS IN ALASKA

Under this backdrop of national standards development, the
State of Alaska remains within the potential jurisdiction of
final standards implementation, Given Alaska's extremes of
climate and regional widely varying energy costs, it is quite
unlikely that a national standard applied to the state would
produce a rational energy conserving and/or economically

acceptable result.

Thus, there is an impetué for the State of Alaska to perform
research activities that will facilitate creation of a
statewide thermal standard for new construction which will be
a satisfactory alternative to the national standards. The
form this standard should take is not immediately clear, given
the lack of a universally accepted national standards
document, However, research can still be accomplished,
regardless of what that final form may take. By Statute (AS
44,42.040) DOTPF has the responsibility to adopt "an ASHRAE
thermal and lighting standard adapted to high latitude cold

region environs”,

Since the vast majority of state buildings constructed in the
past five years have conformed to ASHRAE 90-75 and since DOTPF
Division of General Design and Construction has standardized
on ASHRAE 90-75, some acceptance of thermal perfofmance
standards has already been accomplished. It is important,

however, to consider that it is the "adapted to high latitude

- 18 -




climates” which is of current interest, It is clear, based on
apparent lack of interest in the physical environment of
Alaska by the national level standards makers, that such a

high latitude adaption will have to be developed here.

The critical step in that development will be to arrive at an
end product which serves the energy conservation needs of the
state and at the same time does not conflict with any national
staﬁdard mandates., Just how this might be accomplished is
beyond the scope of the work to date and will become a task

for future consideration.

- 19 -



4.0 LIFE CYCLE COST EVALUATION TECHNIQUE
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4.1 PURPOSE

The State of Alaska desires to create a thermal and lighting
standard for Alaska that will result in reductions in building
energy consumption. Technology exists that, when implemented
throughout such a standard, could drastically reduce the
energy consumed in new buildings. However, a firm basis must
be developed for the standard that considers long term

building economics.

In terms of éteady state economics, it makes little sense to
mandate the use of energy efficient building systems over a
corresponding conventional system if the new equipment bears
an exorbitant price tag. On the other hand, it may be prudent
to spend a little more on energy efficient systems to lessen
the risks associated with potential nation-wide energy
drought, A standard to reduce energy consumption cannot be
created without consideration of these economic and risk

factors.

When the State of Alaska builds a public facility, energy is
considered a consumable item, and a continuing cost to the

state, We only become concerned about energy (from a State

point of view) in two ways:

1. Can we get it? {Availability)

2. How much does it cost? (Affordability)

- 21 -




While the primary concerns remain as availability and
affordability, intangibles such as changes the budgeting
process for buildings, and social/technician training for more
complex energy efficient building components must be strong

determinates.

Any standard must therefore fit into current economic
constraints in order to be rational and to be acceptable in
society. The question then finally comes down to how much
energy conservation can we afford? ?o answer this question,
research is needed. 1In this regard, the Energy and Buildings
Group has developed a method which approximates the cost of
building, owning, and operating a building for it's lifetime.
As a research tool, this method allows us to investigate the
impact that various energy conserving design scenarios have on
the total life cycle cost of a building in the real (or a
close approximation) economic climate of Alaska. This life
cycle cost model is described in this section. The results
obtained from the l1life cycle cost approach allow us to
determine, within reasonable limits, just which energy

conserving design techniques should be included in a rational

thermal and lighting standard for Alaska.

The analysis technique employed in this study models a
building from time of construction to time of replacement, by
accounting for construction and annual energy and maintenance
costs for an assumed life of the building. As the study is

directed toward evaluation of building thermal systems, the

- 22 -



model deals strictly with the energy consuming components
within the building. These components of the building are
comprised of the building's "Thermal Envelope"”, and selected

portions of the building's mechanical and electrical systemns.

Portions of the building that do not influence thermal
performance are not included in the analysis. For example,
the cost of interior furniture, partitioning, artwork, and
building foundation structures, are excluded from the
analysis. It should be noted here that the term "model"
applies to a series of equatioﬁs that can simulate the
operation of a building from a standpoint of total cost of
ownership. Associated with these equations is a set of input
parameters that describe the climate and economic environment
within which the building exists, as well as the physical
characteristics of the envelope and energy systems that make

up the building.

As the purpose of the study is to establish the "best" way to
design the thermal systems of buildings (from both the
standpoint of energy conservation and cost), the analysis
technique utilizes a life cycle cost model, with the following

analysis assumptions:

- 23 -




For a given size and occupancy classification there are
innumerable ways that building thermal systems may be
designed. Each design has its own characteristic life
cycle cost. This characteristic life cycle cost is
composed of three major components, first, cost of
construction; second, annual cost of energy; and third,
annual cost of maintaining and operating envelope and

energy systems.

The "best" design, for a given building-size’apd
occupancy, is that design which gives the lowest total
life cycle cost of ownership. A rational thermal and
lighting standard should help channel a particular design
toward, not away from, this lowest life cycle cost point.
The "best" design may not be the design that has the
lowest first cost of construction. Use of more expensive
building materials or equipment that represent a
stringent thermal construction apprecach and that will
result in lower long~term energy and operating costs, can
result in a lower total life cycle cost. On the other
hand, extreme stringency in thermal system design beyond
that required by climate conditions can result in added
life cycle cost beyond life cycle cost accruable with an

optimum design.

The best design for one part of Alaska will not
necessarily be the best design for another region of

Alaska that has different climate and economic factors.

- 24 -



4. Good design practice must involve all building systems
that use, transport or convert energy. To this end,
consideration of the thermal envelope, which represents
the end use of heating energy,'must be accompanied by
careful treatment of interior mechanical and electrical

systems,

A total of 192 different design concepts were studied. Each
concept involves a different combination of wall systems,
mechanical systems, electrical systems and foundation systems.
To identify the least life cycle cost design for a'given
building configuration concept, a comparison technique that
considers the full range of designs available to the industry
was used. For each concept, the building was conceptually
separated into three building component systems, the exterior
thermal envelope, and energy consuming portions of mechanical

and electrical systems. The range of standard design practice

was expressed for each of the systems as follows:

Thermal Envelope: ' Four separate conceptual designs:
Lenient, Moderate 1, Moderate 2, and
Stringent.

Mechanical Systems: | Two separate conceptual designs: ME
1l (simple) and ME 2 (complex).

Electrical Systems: Two separate conceptual designs: EE

l (simple), and EE 2 (complex).

- 25 -




Each design evolved independently of other building systems,
and was defined in terms of first cost and operating
characteristics. Four separate mechanical/electrical system
combinations were established; these four interior energy
systems designs were then combined with thermal envelope
systems combinations. This results in a total of sixteen
different building design alternates for consideration with

the life cycle cost model.

The sixteen design alternatives were then modeled to determine
the total life cycle cost for each alternative. This modeling
was accomplished for sixteen separate cost regions within the
state. The output of the comparison procedure is a sixteen by
sixteen matrix of total life cycle costs. Thus, there are
sixteen discrete design opportunities presented in terms of
total life cycle cost for each cost region, This allows a
separate léast life cycle cost design solution to be selected
for each climate and cost region of the state, for that design

concept.

4.2 PROTOTYPE BUILDING

A rural school of 8,960 square feet size was used as the basis
for the building model., This size is typical of small
schools designed under State Department ¢f Education rules
(Reference 13), and is felt to represent an appropriate size

for a study concerned with rural facilities,

- 26 =-



To allow a fair assessment of thermal systems available to the
designer, the dimensions of the structure and the occupancy

patterns within the school are held constant for all designs.

Dimensions, tabulated in Table 1, are based on efficiency for
layout as well as for minimizing exterior wall area, and
represent standard good design practices currently in use (see
Figure 1), Space allocations within the building are based on

State of Alaska Department of Education guidelines,

Occupancy patterns as shown in Table 2 are based on expected
use patterns for a rural village school with considerable
community use. Ventilation requirements for interior spaces
are based solely on assumed maximum occupancy levels using the
5 CFM/person factor allowed by the DOT-PF Design Determinates
and Options Report (Reference 14), with allowances made for
building exhaust systems and flue losses in boilers and
furnaces. Figure 2 shows ventilation requirements by

occupancy for the building.

During unoccupied times, the building is assumed not to be
admitting any ventilating air via the ventilating system. Air
exchange is still assumed to occur, however,-through natural
envelope infiltration/exfiltration, as shown in Table 3.
These levels of infiltration are based on assumed air change
rates assignments for each of the climate regions, Actual
values are set using an arbitrarily assumed schedule'related

to mean annual wind speed.
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II.

IXI.

NOTE :

TABLE 1

PROTOTYPE BUILDING CHARACTERISTICS

BUILDING GEOMETRY

Nominal Outside Dimensions 80 x 112 ft.
Nominal Outside Building Square Footage 8,960 sq.ft.
Total Exterior Envelope Area 23,680 sq.ft.
Total Interior Volume 147,200 sq.ft.

ENVELOPE COMPONENT AREAS

Nominal Area

Component (8q.Ft.)
Floors (Elevated Foundation) 8,960
Roof 8,960
Walls 6,080
Doors 100
wWindows - Thermal Model 327

- Cost Model 176

OCCUPANCY CLASSIFICATIONS

Area
Allocation Gross Area Ceiling height
(%) (Sq.Ft.) (Ft.)
Classroom 42 3,776 10
Gymnasium 43 3,840 ) 20
Supplementary 15 1,344 20

No allowances made for thicknegs of walls in this
chart.
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Time Schedule
Category

—— e S A A S

I. Normal Class

II. Normal Class
& Kitchen

IIT. Afterhours
Crowd In Gym

Iv, Afterhours
Low Occupancy

V. Night-Weekend
Unoccupied

TABLE 2

OCCUPANCY/VENTILATION SCHEDULE

Time Use Breakdown
Hrs/Day  Days/Week Weeks/Yr

e s S e S . S e e e Wby S B M S b A e e W e e Wt ks A

6 5 39
2 5 93
4 1 39
6 6 39

A

156

1,404

5,640

Total
Occupancy
Head Count

- — e ———— —

75

430

75

Required
CFM
Outside Air

A

975

vVaries see
Table 3

NOTE: Minimum ocutside air exchange rates for any time schedule category is the computed
This occupancy schedule is used
only for determining outside air quantities for mechanical ventilation system,
Lower occupancy levels are used for determining occupant heat gain credit.

natural ventilation rate defined in Table 3.
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REQUIRED OUTSIDE AIR VENTILATION (CFM)
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2250 CFM @
r;ﬂ“ HRS / YR NON-USE PERIOD (NIGHT ~ ALL
@ OUTSIDE AIR BROUGHT IN VIA
1475 CFM NATURAL INFILTRATION /
2000 f p 1170 HRS / YR EXFILTRATION).
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L AIR EXCHANGE
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FIG. 2 VENTILATION SCHEMATIC




CLIMATE
REGION

~ o

NOTE :

TABLE 3

VENTILATION SCHEDULE

(Due to Natural Wind/Stack Effects)

AIR CHANGE AIR CHANGE
REGION NAME RATE (AC/HR) RATE (CFM)
South Central 1/2 940
South Eastern 1/2 940
Southern Interior 1/4 470
Aleutian 3/4 . 1,410
Western 3/4 1,410
Northern Interior 1/4 470
Arctic Slope 3/4 1,410

These ventilation rates are used only for
unoccupied night-time hours. Mechanical
ventilation assumed to control during day-time.
However, day-time ventilation rates are not
allowed to be less than night-time rates, for any
given climate region,
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The pfototypical building is designed with a structural wood
stud wall framework with fiberglas insulation. Two additional
wall insulation system alternates include the double stud wall
concept and the polyurethane/isocyanurate foam insulation
outer sheathing system. The structure is assumed either to be
elevated on a pile or post and pad type foundation, with under
floor insulation, or to rest on a heated crawl space
foundation. No thermal allowance is taken for component to
component connections, such as the floor-wall interfaces where

thermal bridging is present.
4.3 ENVELOPE DESIGN ALTERNATIVES

Each of the five architectural components (walls, roof,
windows, doors and floors) are dealt with separately, and four
separate levels of thermal envelope construction are

considered for each component, in the following categories:

Lenient: Lowest level of thermal insulation presently in
use.
Moderate 1: Lower moderate level of thermal insulation

presently in use.

Moderate 2: Higher moderate level of thermal insulation
presently in use.

Stringent: Most highly insulative construction presently

in use.

- 33 -



For each construction level, the overall thermal resistance in
Hr-Sq.Ft.-degqrees F/BTU, and the overall cost in dollars per
square foot have been assessed. Figure 3 shows the typical
thermal calculations for each component in each level of

construction.

The design details and thermal characteristics of walls,
floors, windows and doors for the four architectural
alternates are shown in Table 4. Roof designs vary across the
state, to accommodate widely varying climate conditions.

Table 5 1lists the roof designs used by climate region.

Architectural envelope designs used in the study are analyzed
in detail in a supplement to this report and published
separately, entitled "Report Supplement - Thermal and Cost
Analysis of Thermal Envelopes for a Small Rural Schoeol". This
supplement presents a detailed analysis of thermal envelope
designs presently in use with wood stud wall construction,

throughout the state.

4.4 MECHANICAL SYSTEMS DESIGN ALTERNATIVES

4.4.1 Existing Practice

Within the building, energy systems generate heat, condition
and move ventilating air, and provide lighting and process
power at the convenience of occupants and their machines. The

mechanical system converts raw fossil fuels (assumed in this
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SANDWICH TYPE: Exterior Foam Wall NOT FOR CONSTRUCTIO&

ENERGY LEVEL: Moderate #1 ' Cost
Description R-vValue $/Comp.SF
Inside Air 0.68 0.00
e Paint Finish 0.00 0.85
5/8" Gyp.Board 0.55 1.20
4 Mil Poly-
ethylene 0.00 0.24
. _ R-19 Fiberglas
K' 52’ Batts 19.00 0.62
73 1" Insulation -
y Sheath 8.00 0.86
El 15# Bldg.Paper 0.06 0.32
5/8" Plywood 0.78 2.75
2X6 Stud @ 24" 6.93 1.34
Qutside Air 0.17 0.00
TOTAL 8.18
41_0"
- Z-Z
S22 24) (5'“”){:711) 2.l
= Al o 1) =22.
BUILDING COMPONENT COST FACTOR: 0.678 FIG. 3
COST PER BUILDING SQUARE FOOT: 5.55 TYPICAL THERMAL ENVELOPE
COMPONENT ANALYSIS

TOTAL THERMAL RESISTANCE: 28.11
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TABLE 4

ENVELOPE COMPONENT DESCRIPTIONS

INSULATION
COMPONENT COMPONENT R-VALUE THICKNESS INSULATION
CATAGORY (HR-SF-DEG.F/BTU) {INCHES - NOMINAL) TYPE STRUCTURE
WALLS - STANDARD STUD CASE
Lenient 20.11 6 Fiberglas Batt Wood Stud wall
Moderate 1 23.05 6-1/2
Moderate 2 30.51 9
Stringent 38.00 12
WALLS - EXTERIOR FOAM CASE
Lenient 20.10 6 Fiberglas Batt Wood Stud Wall
Moderate 1 28,11 6 + 1 Urethane w/exterior
Moderate 2 32.11 6 + 1-1/2 Urethane polyurethane/
Stringent 36.10 6 + 2 Urethane isocyanurate foam
WALLS - DOUBLE STUD CASE
Lenient 31.44 12 Fiberglas Batt Double Stud
Moderate 1 42 .44 14
Moderate 2 50.44 16
Stringent 61.44 18
WINDOWS
Lenient 2,04 - - Double Pane
Moderate 1 2,04 - - Double Pane
Moderate 2 3.23 - - Triple Pane
Stringent 6.50 - ‘ Conventional Triple Pane

Drapes
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TABLE 4 (CONT)

ENVELOPE COMPONENT DESCRIPTIONS

INSULATION
COMPONENT COMPONENT R-VALUE THICKNESS INSULATION
CATAGORY (ER~-SF-DEG.F/BTU) (INCHES - NOMINAIL) TYPE STRUCTURE
DOORS
Lenient 9.24 1-3/4 Urethane Foam Hollow Steel
Moderate 1 9.24 1-3/4 w/ext.uninsul.door Door
Moderate 2 13,98 1-3/4 w/ext.uninsul.door Construction
Stringent 23.53 1-3/4 w/ext.insul.door
FLOOR - ELEVATED CASE
Lenient 25,21 6 Fiberglas Batt Wood-Steel
Moderate 1 36.04 g Joist
Moderate 2 43.91 i2
Stringent 62.33 18
FL.OOR - HEATED CRAWLSPACE CASE
Lenient 7.35 1 Rigid Extruded Heated
Moderate 1 12,75 2 Polystyrene Foam Crawlspace
Moderate 2 18.15 3

Stringent 23.55



_88_

TABLE 5

ROOF SYSTEM DESCRIPTIONS

INSULATION
COMPCONENT COMPONENT R-VALUE THICKNESS INSULATION
CATEGORY (HR-SF-DEG. F/BTU) (INCHES - NOMINAL) TYPE

STRUCTURE

Lenient 22.70 6 Fiberglas Batt
Moderate 1 33.60 9
Moderate 2 41 .48 12
Stringent 60.84 18

ROOF - CLIMATE REGION 4

Lenient 12.39 2 Extruded Poly-
Moderate 1 22.90 4 styrene Foam
Moderate 2 35.12 6

Stringent 52.29 9

ROOF - CLIMATE REGION 1

Lenient 12.82 2 Extruded Poly-
Moderate 1 23.42 4 styrene Foam
Moderate 2 36.30 6

Stringent 53.51 10

Sloped Cold Roof
Wood-Steel Truss
Joist/Zip Rib
Type Membrane

Sloped Warm Roof
Wood-Steel Truss
Joint/Zip Rib
Type Membrane

Flat Warm Roof
Wood-Steel Truss
Joist/Structural
Plywood Deck w/
Hot Mop Membrane



case to be fuel o0il) to useable thermal energy. The
mechanical system distributes this energy throughout the
interior of the architectural envelope, heating the space and
providing metered amounts of ventilating air for occupant

comfort.

" As heating fuels are consumed in beiler/furnace equipment to
produce useable heat, a portion of the resultant heat energy
is lost as "stack losses". This is typically 15% to 30% of
total energy content of the fuel burned. A gallon of heating
fuel has a heating value of about 139,000 BTU's, most of which
is "liberated" within the combustion chamber of the boiler.
With an assumed conversion efficiency of 70% (normally defined
as the ratio of useful heat energy delivered by the boiler to
heat content of fuel burned X 100%), a total of 97,000 BTU's
will be transferred to the heating water/glycol circulating
through the boiler, and the remaining 42,000 BTU's will be
lost through the boiler stack as hot gases and uncombusted

hydrocarbons.

The mechanical system consumes energy in moving heating fluids
and ventilating air throughout the building. The energy
consumed is almost always in the form of electrical energy
required to power fans and pumps. This is termed
"distribution energy", and cannot be considered a true loss of

energy since the power consumed is liberated as friction heat
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within the building envelope and/or as heat liberated through
electrical resistance in conductors and motor windings which

also remains within the building.

These two components of mechanical system energy consumption
have some important differences. The boiler/furnace stack
losses are true losses out of the envelope and should be
minimized under all circumstances, through careful design of
boiler/furnace systems. The pumps and fans that consume
distribution energy are a different matter. These devices are
located within building spaces, and a large part of the
distribution energy they consume ends up as frictional heat
within the envelope to partially offset envelope losses. This
"energy credit"™ thus serves to reduce fossil heating fuel

requirements,

The electrical energy used to power the pumps and fans is
almost always more expensive on a dollars/BTU basis than
fossil heating fuel, making this parasitic distribution energy
for primary heating undesirable economically. Therefore,
excessive levels of pump and fan energies represent a
different type of loss, that when viewed at the point where
energy is brought across the building property line represents

an operaticnal inefficiency.

In addition to the cost aspect of energy, the total amount of
fossil fuel consumed in generation of the distribution energy

is also of interest, Under a scenario where the school is
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served by an electric utility, or where fossil fuel is
converted to electricity using conventional diesel engine-
generator sets, conversion efficiencies can be as low as 15%
to 20%. Thus, for every equivalent BTU of electrical energy
delivered to a pump or fan, between 5 and 7 BTU's of fossil
fuel must be consumed at the source conversion point. This is
further justification to minimize the consumption of

electrical energy.

Note that this criteria for minimizing electrical consumption
within the building could change if an extremely cheap source
of electricity‘is realized, as in the case of an area that has
a strong hydropower base, or in certain situations where a
cogeneration base is used to create heat and produce
electricity. For the purposes of this study, availability of
hydro or cogeneration is not considered, and the source of
electricity is assumed to be a conventional low efficiency
conversion process using diesel generators, with a high BTU
cost of energy. Further discussion on this topic is included

in section 4,4,4, Cogeneration Applicability.

As in the case of the envelope system, there are innumerable
ways in which mechanical and electrical systems may be
designed. There is also a wide variability in the energy
efficiency of interior energy systems, that is, in how much
energy is consumed in stack losses and in the heating and
ventilating process. Each interior energy system design for a

given building envelope will exhibit a particular behaviour
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pattern in the way intérior heat gains from occupants, their
activities, and energy expended in the lighting, heating and

air conditioning processes interact with envelope heat losses.

Space temperature and zone control requirements, ventilation
scheduling, as well as maintenance and operations
considerations are strong determinates in how mechanical
systems are designed., Where minimal control and zone
requirements are impressed, system designs tend to be simple
with a minimum of installed components. However, where
control and zone requirements are rigorous, mechanical system

complexity tends to increase.

Unfortunately, design complexity 1is closely related to
building energy consumption and system costs., The low first
cost, simple systems that offer low maintenance and easy
operation, tend to use large amounts of energy and thus have
high annual energy costs. A more complex system will usually
be more expensive in first cost and possibly in maintenance,

but will be more efficient in its' consumption of energy.
4.4.2 Modeling of Mechanical Systems

There are at present within the state, two ideﬁtifiable design
philosophies (out of many) for mechanical systems that address
systém complexity. One philosophy emphésizes low first cost
and simplicity of operation, using hot air furnace systems and

hot air ducting with a minimum of zones and system controls.
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The other defined philoscophy is a more complex éystem that
uses boilers for heat generation, a perimeter baseboard system
for heat distribution and a separate ducted ventilation
system. This study addresses these two bounding philosophies
from the standpoint of first cost, maintenance and operations

costs, and parasitic energy consumption.

The mechanical portion of the building model assesses the
energy consumed in the space heating and ventilating process.
The following mechanical system operating parameters are used
to describe energy consumption characteristics of each of the

design alternatives:

- Heat generation conversion efficiency:
Defined as ratio of useable energy output of the heating
(mechanical) system annually to total energy consumed by

the heating (mechanical) system annually.

- Distribution energy consumption:
Defined as total electrical energy consumed in the

heating and ventilating process within the envelope,
- Outside air ventilation schedule:

Defined as outside air quantities in CFM by time

schedule, for each mechanical system alternative.
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The first scenario {(ME 1) involves use of low first cost hot
air furnace equipment. This design uses the following major

components (see Figure 4):

- (2) Horizontal hot air furnaces with mixing boxes,
filters, control dampers and required ductwork, diffusers

and grilles and package unit controls,

-  System controls, consisting of room thermostats, damper
motors, duct thermostats, time clocks, and all associated

equipment,

- Kitchen exhaust system, including ductwork, fan unit,

roof or wall hood and controls.

- Toilet exhaust system, including grilles, balance
dampers, ductwork, fan unit, controls and roof or wall

hood.

Note that it is possible to input some but not all of the
ventilation scheduling controls that are in ME 2, because

furnace systems can only practically accommodate simple

control seguences.

The second scenario (ME 2) models a high first cost, energy
efficient mechanical system that has a heavy impact on
construction budget, and additional annual maintenance and

. operating cost, but yields returns in increased operating
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efficiency and lower energy consumption. This design involves

use of the following major components for the mechanical

system (see Figure 5):

(2) Central cast iron wet base boilers with controls,

breeching, stacks, and duplex circulating pumps.

{2) Air handlers for ventilation of interior spaces,
with required ductwork, diffusers and grilles, dampers

and controls,

Perimeter baseboard system for circulating glycol,
including finned tube, piping, and finned tube

enclosures.,

System controls, consisting of room thermostats, damper
motors, control valves, and all associated control

equipment.

Kitchen exhaust system including ductwork, fan unit, roof

or wall hood and controls.

Toilet exhaust system, inc¢luding grilles, balance
dampers, ductwork, fén unit, controls and roof or wall

hood.

The two alternative concepts for mechanical systems were

arrived at through evaluation of a sampling of small schools
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throughout the stafe.' The designs were found to vary
considerably in control sequences specified, arrangements of
outside air/exhaust air ducting and fans, and in assumed
quantities of outside air delivered. The prototype systems
are assembled to reflect a composite of general practice.
Details of systems concepts are purposefully restrained, to

accommodate variations in designer preference.

Table 6 presents the major mechanical and electrical system
modeling parameters. These parameters have been developed
from analysis of operating parameters of two systems layouts
using the 8,960 square foot school size. Table 7a list the
amounts of outside air that are assumed to be admitted to the
school for each alternative. Air quantities are listed in
units of CFM by time schedule number, climate region, and
mechanical system alternate. These quantities are based on
assumed occupancies of 75 students for classroom areas and a

gymnasium crowd of 430 people.

It is important to note that the ME 1 case has a continuous
quantity of air for the first four schedule intervals, This is
assumed because the simplified control system cannot schedule
ventilation quantities, beyond closing outside air dampers at
night. On the other hand, the ME 2 system which has two air
handlers and a more complex modulating damper arrangement,
allows outside air quantities to be mddulated to reflect
different occupancy levels. The ventilation requirements for

the building are shown graphically in Figure 2.
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TABLE 6

MECHANICAL AND ELECTRICAL SYSTEM

ENERGY CONSUMPTION CHARACTERISTICS

A. MECHANICAL SYSTEM CHARACTERISTICS

ME 1 ME 2
Simple Mechanical Complex Mechanical
System System
Seasonal Heat Generation
Efficiency (%) 70 - 70

Distribution Enerqgy
Consumption 11,130 3,610
(BTU/SQ.FT.-YR)

B. ELECTRICAL LIGHTING SYSTEM ENERGY CONSUMPTION LEVELS

(Watts/S8q.Ft.)

: EE 1 EE 2
Occupancy Standard Design Alternate Design
Classroom 3.2 1.8
Multipurpose 1.15 0.85
Undefined 2.0 1.5
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Climate
Region

vt St it W

NOTE:

TABLE 7a

SCHEDULE OF OUTSIDE AIR VENTILATION RATES (CFM)

Level of
Construction

————— — " o—— -

ME
ME

ME
ME

ME
ME

ME
ME

ME
ME

ME
ME

ME
ME

MH N N N

N = N = [N ]

Time Schedule [TT(I)]
3

1 2

(Without Heat Recovery)

Mk Nt Sl Al S e ke A D A ekl G Y S S S WS S G e o Y e e o S S S —

2,250 2,250
1,475 1,475

2,250 2,250
1,475 1,475

2,250 2,250
1,475 1,475

2,250 2,250
1,475 1,475

2,250 2,250
1,475 1,475

2,250 2,250
1,475 1,475

2,250 2,250
1,475 1,475

2,250
2,250

2,250
2,250

2,250

2,250

2,250
2,250

2,250
2,250

2,250
2,250

2,250
2,250

2,250
1,475

2,250
1,475

2,250
1,475

2,250
1,475

2,250
1,475

2,250
1,475

2,250
1,475

940
940

940
940

470
470

1,410
1,410

1,410
1,410

470
470

1,410
1,410

Time schedule intervals 1 through 4 are daytime or
occupant use periods with mechanical systems bringing
During time

in metered amounts of cutside air.
schedule interval 5 outside air dampers are shut,

with

ventilation wvia natural infiltration/exfiltration.
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The mechanical system is assumed to serve the classrooms,
multipurpose room, offices, kitchen, toilet room and other
undefined spaces that constitute the prototypical building.
Mechanical equipment included in the design is only that
equipment directly related to the energy consuming portions of
the heating and ventilation systems for the building. A
number of energy related systems are common to each of the
mechanical system alternatives. These systems consist of
domestic hot water heating equipment, assumed in the analysis
to be an o0il-fired storage heater, and kitchen and toilet
ventilation units. The systems are shown in schematic on

Figure 6.

The option of heat recovery is also included in the ME 2
mechanical systems model. A "run-around loop" type system was
used, since the system offers simplicity and maximum
flexibility in location of equipment and controls., A heat
recovery coil is placed in toilet/locker room exhaust and
outside air intake ductwork. A circulating pump moves
glycol/water between coils to extract heat from exhaust air
and transfer it to the fresh supply air. A total of 800 CFM
is assumed to be exhausted from toilet/locker areas. The
configuration is shown as Figure 7. Véntilation scheduling

under the heat recovery option is shown in Table 7b.

The following building systems, while part of the typical
mechanical system, are not included in this analysis, as they

do not represent major energy consumers:
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Climate
Region

NOTE:

SCHEDULE OF OUTSIDE AIR VENTILATION RATES

TABLE 7b

(With Heat Recovery)

Level of

Construction 1l 2
ME 1 2,250 2,250
ME 2 995 995
ME 1 2,250 2,250
ME 2 995 995
ME 1 2,250 2,250
ME 2 995 995
ME 1 2,250 2,250
ME 2 995 995
ME 1 2,250 2,250
ME 2 995 995
ME 1 2,250 2,250
ME 2 995 995
ME 1 2,250 2,250
ME 2 995 995

Time Schedule [TT(I)]
3

(CFM)

2,250
995

2,250
995

o e ——— ————— g —— Y A - T M M . S e b ik Y Y St - —

940
940

940
940

470
470

1,410
1,410

1,410
1,410

470
470

1,410
1,410

Time schedule interals 1 through 4 are daytime or
occupant use periods with mechanical systems
bringing in metered amounts of outside air.
During time schedule interval 5 outside air

dampers shut,

infiltration/exfiltration.
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- Plumbing fixtures,

- Domestic hot and cold water distribution system. .
- Domestic water supply and pressurization systems.

- Domestic water treatment systems.

- Waste water systems.

- Sprinkler systems.,
4.4.3 Maintenance and Operations Considerations

It is recognized that there are major problems in maintaining
buildings in Algska's bush, especially mechanical systems.
These problems currently are causing major operational
difficulties for bush school administrators. The complexity
of mechanical systems in rural schools requires persons with
considerable operating and repair expertise, a qualification
not usually found in many areas of the state. Maintenance
programs tend to be most successful with simple mechanical
systems that include only the most basic temperature controls.
However, the vast distances between school locations and high
cost of transportation, linked with inadequately trained

maintenance staff, tend to create problems even with the

simplest systems,
The occurrence of these maintenance problems is variable.

While certain Alaskan areas tend to have better luck with

building operation than others, the more remote school sites
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tend to require simpler, less maintenance sensitive systems,
since technical expertise in building operation is almost

always unavailable.

Given these assumed conditions, there is no way to specify a
single mechanical system design concept for all areas of
Alaska that represents a best least life cycle cost solution.
From a purely maintenance standpoint, simpler systems (ME 1)
will be the best solution in remote areas. Complex systems
(ME 2) will work better in areas closer to transportation
centers, since these centers are experiencing considerable
economic activity, and can be expected to experience growth
and work force technical education throughout the building's

lifetime,

For this reason, the ME 1 and ME 2 systems are maintained in
the analysis as two viable options for the designer to select.
For example, in a remote location where the simple ME 1 case
is not the least life cycle cost solution for a climate
region, a competent designer may properly elect to use the ME
1 system due to over-riding simplicity criteria. Conversely,
adherence to life cycle cost results for less remote areas is

probably the most favorable option for the designer.
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4.4.4 Cogeneration Concepts

The environment that the typical rural school exists in varies
from remote locations, far from transportation centers, to
more developed locations near or in population centers. For
this range of environments, there are two cases that often
occur with respect to electric power supply, which influence

the site support required to operate the school.

Case I:

t
School setved by local electric utility. School maintains
emergency generator, sized to operate heating, sanitary and

freeze-up protection systems.

Case II:

School not served by local electric utility. Prime power

generation facility included on school property.

In each of these cases, there is potential for abstracting
waste heat from the jacket water of the generator's diesel
engine, and using this to partially heat the building. The
use of waste heat in this manner is one form of cogeneration.
It is obvious that under certain circumstances this can result
in 1) reduétions in total cost of schools operation (Case I),
and 2) reduction in total quantity of fuel oil burned annually

(Case II).
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For each of these scenarios, the economic viability of
cogeneration is woven intc the type of envelope and interior
energy systems built into the school, price and availability
of fuel and commercial power, and the extent of required
transmission pip%ng between the power house and school.‘ It is
acknowledged that the best. (least) 1life cycle cost solution
for building thermal systems is dependent on the source and
cost of utilities, and the decision whether or not to use
cogeneration. This study, however, does not include an

analysis of cogeneration for the following reasons:

1. There are significant numbers of independent variables
that determine cogeneration system life cycle cost, many

of which are site specific,

2. It does not appear possible to equitably formulate a
typical scenario for cogeneration that will allow

determination of the actual cost of building utilities,

3. Load matching between community and school locads are
indeterminate for a prototype model, since each site will
have specific load match relationships. This match will

strongly influence cogenheration viability.
Instead, this study assumes a least life cycle cost solution

under non-cogeneration -utility conditions as the basis of the

building thermal standard. This standard is based on high
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utility costs that reflect a building served by a small

private utility with a relatively stiff tariff charge.

With a framework for building thermal construction details
established (by this study and a preliminary thermal
standard), a basis for evaluation of the cogeneration concept
is then available., This should be done as a separate study,
and coordinated with other state agencies involved in village

cogeneration systems.
4.5 ELECTRICAL SYSTEM DESIGN ALTERNATIVES

The electrical energy consumed within a building can be
divided into three major uses: building lighting, motive
power for mechanical system, and process power to be used by
building occupants. Of these three components, mechanical
system and lighting power are of major concern with
envelope/energy systems studies. Process power conservation,
as it is a specialized study not related to building system

design, is not considered in the study.

As mechanical system electrical consumption is almost wﬁolly
dependent on selection of mechanical equipment, this subject
has been discussed in Section 4;3 (Mechanical System Design
Alternatives). The analysis of electrical systems thus
centers on phe design of interior and exterior electrical

lighting.
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Two basic design concepts are used in the analysis of
lighting. The building is assumed to be in three area
designations each with a different lighting level that results
from fixture selection to match use, ceiling height, and room
characteristics. The standard design (designated "EE 1")
describes current practice, while the alternate design
(designated EE 2") portrays the energy conserving design using

current off-the-shelf hardware,
STANDARD DESIGN (EE 1):

The standard design utilizes for the classroom areas a 4-lamp
wrap~around fluorescent fixture such as the Lithonia LB440A.
This fixture will provide the IES recommended 70 footcandles
when installed in a 960 square foot classroom. The number of
fixtures required is 12. This assumes that the Room Cavity
Ratio is 1.6, the flcoor reflectance is 30%, the ceiling
reflectance is 80%, and the wall reflectance is 50%. It is
assumed that the fixtures would be installed in 3 rows of 4
fixtures evenly spaced. The total watts/square foot with this
design is 2.4. The final footcandle level is approximately

75.

It should be noted that frequently the designs will show
lighting levels of 100 footcandles. 1In this case, 16 fixtures
are used which produce 100 footcandles rand consume 3.2

watts/square foot.
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The multipurpose room (gymnasium) typically is 3840 sqﬁare
feet of space with a highef ceiling height. The room has a
half-court basketball court and is alsoc used for meetings.
The lighting levels are usually 50 footcandles from surface-
mounted, industrial fluorescent fixtures. The lighting layout
is usually accomplished with standard 4-foot lamps to
facilitate shipping to the remote areas. The layouts vary but
would typically consist of tandem fixtures (2 4-foot fixtures
connected end to end to form an B-foot fixture), There would
be approximately 21 tandem fixtures producing the 50
footcandles desired at a power loading of 1.15 watts/square

foot.

Undefined spaces are usually illuminated with a combination of
fluorescent and incandescent fixtures. These fixtures
represent a power loading estimated at 4 watts/square foot.
The hours of use should be much less than that for a
classroom. Frequently, however, the building occupants will

leave mechanical room and storeroom lighting on continuously.

ALTERNATE DESIGNS (EE 2):

The alternate design for the classroom utilizes the same
parameters as above but utilizes a more energy efficient
fixture. The overall average lighting level in the classroom
calculates as lower, but due to'thg improved design, produces
equal results to the standard design above. The alternate

design provides the same zonal cavity footcandle level, but
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due to an improved diffuser which allows more efficient
diffusing of the light, provides equal or better results. The
fixture chosen is a Columbia #4643-43-243, This is a surface
mounted "Parabolume" fixture. This fixture uses 3 lamps
instead of the 4 for the standard design. The lamps used are
the energy efficient "Wattmizer" lamps. The total number of
fixtures required to give equivalent lighting is 12. This is
the same as for the standard design. Energy savings are
inherent, however, in the reduction of 1 lamp per fixture.
The watts/square foot for this design is 1.8. This represents
)

a savings of 1.4 watts/square foot over the "standard design".

A highly efficient design for the multipurpose room
{(gymnasium) would consist of high pressure sodium luminaires
which are one of the most efficient sources of light in common
use today., The same multipurpose room could be illuminated to
50 footcandles with 18 150-watt fixtures such as the General
Electric "minimount". The total wattage is approximately 3150

watts or .85 watts/square foot.

Mgchanical rooms and undefined spaces would be lighted with
‘fluoréscent fixtures, and a tremendous improvement in the
watts/square foot indicator could be achieved. For these
undefined spaces in a typical building, we can assume an
average lighting level of approximately 50 footcandles. The
lighting wou;d be provided by fluorescent fixtures , with the

load estimated at 3 watts/square foot.
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4.6 COST ESTIMATING

The analysis of costs for the building's energy system
involves definitions of first costs of construction, and
analysis of both maintenance and operations costs and costs of
energy;' These component costs (Reference 15) have been
defined at a reference location in Alaska, the City of
Anchorage, and then related to other locations in Alaska,
through use of cost indices. This index approach is discussed

in Section 4.6.
4.6.1 Construction Costs for Thermal Envelope

Costing for envelope components was accomplished for each of
the four levels of thermal construction. This was done by
selecting a unit area of construction, and estimating all
costs for that component. 2an example of a cost estimate for a
typical envelope component is presented in Figure 3. This
cost includes all direct labor and materials, as well as an

allowance for indirect costs and contractor profit.

As can be seen in the examplé, which is for a 6" thick stud
wall with 1" exterior foam insulation, the unit area for
costing is taken as 60 square feet. All parts of the envelope
affecting thermal performance are costed, including paint,
interior wall becard, vapor barrier, structural’spuds and
plates, exterior sheathing and stain, and thermal insulation.

A strict parity is maintained between the components costed
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and the components included in thermal resistance calculations
(Section 4.2). The costs in units of dollars per component
square foot are then totaled, to represent the total component

cost of each square foot of wall space.

These costs for the 60 square foot area are then converted to
construction cost per square foot of building floor area,

using the following relationship:

Construction Cost($/Bldg.Sq.Ft.) =

1
- Cost ($/Component Sq.Ft.) (Bldg.Component Cost Factor)

where the component cost factor ié the ratio of total

component area to total floor area.

These costs are presented in Tables 8 and 9, and detailed
development of numbers are included in the report supplement.
These systems are based on applicability requirements for roof
systems, discussed in Section 4.2. A summary of costs of the
total thermal envelope, by climate region, is included in the

companion report supplement.

4.6.2 Construction Costs for Mechanical and Electrical

Systems

As described in Sections 4.3 and 4.4, only those components of
mechanical and electrical systems contributing to or

influencing building thermal performance are analyzed. For
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SUMMARY OF COMPONENT SQUARE FOOT COSTS

TABLE 8

{$/Envelope Component Square Feet)

LENIENT
I Floor:

$ 11.00/SF
II Wwall:
Single Stud $ 7.32/SF
Exterior Foam $ 7.32/8F
Double Stud S 9.00/SF

III Heated Crawlspace:

$ 14.85/SF
IV Door:

$ 31.60/SF
V Window:

$ 22,50/SF
VI Roof:
Cold Sloped $ 14.35/SF
Warm Sloped $ 13.35/SF
Warm Flat $ 7.17/SF

MODERATE 1

'$ 11.37/SF

R ]

7.92/SF

<

8.18/SF

W

9.23/8F

$ 15.04.8F

$ 31.60/SF

$ 22,50/SF

$ 14.66/SF
$ 14.40/SF
$ 8.22/SF

MODERATE 2

$ 11.57/SF

8.53/SF

<

$ 8.52/8F

L7

9.51/SF

$ 15,57/SF

$ 58.54/SF

$ 26.50/SF

14.86/SF

«“: W»

15.82/SF

<

9.48/SF

STRINGENT

§ 12.30S8F

S 9,43/SF
$ 8.83/SF
$ 9.93/SF

$ 16.10/8F

$ 59.76/SF

$ 44,10/SF

$ 16.57/SF
$ 18.54/SF
$ 12.19/SF



TABLE 9

SUMMARY OF BUILDING SQUARE FOOT COSTS

($/Building Square Feet)

LENIENT MODERATE 1 MODERATE 2 STRINGENT

1l Floor: h
$ 11.00/SF $ 11.37/SF $ 11.57/SF $ 12.30/SF

IT1 WwWall:
6.40/SF

W
L2}

Single Stud
Exterior Foam $ 4.97/8F S 5.,55/sF $ 5.78/SF $ 5.99/SF
Double Stud $ 6.11/8F $ 6.26/SF $ 6.45/SF $ 6.74/SF

4,97/SF $ 5.,37/SF § 5.79/SFk

IITI Heated Crawlspace:
$ 2.,55/SF $ 2.58/SF $ 2.67/SF $ 2.76/SF

IV Door:
$ .35/SF $§ .35/SF $ .65/SF § .67/SF
Vv Window:
$ .94/8F § .94/SF $ '1.11/SF $ 1.85/SF
VI Roof:
Cold Sloped $ 15.13/SF $ 15.45/SF S 15.66/SF § 17.47/SF
Warm Sloped $ 14,07/SF $ 15.18/SF ¢ 16.68/SF §$ 19.54/SF
Warm Flat $ 7.17/SF $ 8.22/SF $ 9.48/SF $ 12.19/SF
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mechanical systems, the two separate schools are selected for
cost analysis. The mechanical designs are aiternatively fit
into the thermal envelope of an operating school near Bethel

{Reference 16), and one near Dillingham (Reference 17}.

This analysis yielded an Anchorage based construction cost of
$10.85 /bldg.sq.ft. for the simple system (ME 1) and
$13.85/bldg.sq.ft. for the complex system (ME 2). A breakdown

of costs are included in Table 10.

Electrical systems are defined by a cost analysis of the two
different design concepts discussed in Section 4.4. Costs are
assessed on the basis of assumed layouts for fixtures and
approximate wiring requirements. The costs of major service
components and associate switching hardware are not included

in the estimate as it is felt that these costs do not
influence thermal performance and would, in most cases, be
common to both an EEl or EE2 system., The costs used in the
analysis for the two electrical design alternatives are
$1,94/bldg.sq.ft. for a standard design and $2,72/bldg.sq.ft.
for an alternate energy conserving design. As described in
Section 4.6, these costs are Anchorage base costs and are
adjusted upward using cost indices to various cost regions in

the state.
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CONSTRUCTION COST ANALYSIS - MECHANICAL SYSTEMS

Hydronic System
{includes airhandlers,
cabinet unit heaters)

Hot Air Furnace

Ductwork

Kitchen/Tcilet Exhaust

Water Heating

Controls

TABLE 10

DESIGN OPTION:

ME 1
(Simple)

e e ——

$ 15,280
$ 62,835
$ 5,290
$ 3,690
$ 7,735

Cost of Heat Recovery (ME 2 Only)

Total Cost

Gross Floor Area (Sq.Ft.)

Unit Cost ($/Bldg.Sq.Ft.)

$ 94,830
$ 8,960
$ 10.58
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ME 2
(Complex)
$ 93,760
S 12,640
$ 5,290
$ 3,690
$ 8,680
$ 124,060
s 8,960
$  13.85

ME 2
(Complex
With Heat
Recovery)

$ 93,760
$ 12,640

5,290
$ 3,690

w»

8,680

$ 129,920
$ 8,960
$ 14.50




4.6.3 Analysis of Maintenance Costs

Maintenance and operating costs for rural schools are strong
determinates in total life cycle cost analysis. The cost of
maintaining energy systems within the rural school is rather
nebulous, as these costs tend to blend into costs of
educational administration, and other non-related maintenance

tasks such as painting and roof repair.

There are a number of overhead cost components associated with

the rural energy system operation, as listed below:

- Onsite direct labor costs for scheduled preventative
maintenance.

- Onsite direct labor costs for unscheduled repair and
maintenance.

- Costs of scheduled major maintenance upgrade.

- Home office administration.

- Travel costs.

- Travel time.

- Maintenance materials.

- Overhead burden for labor force.

Each of these items is difficult to separate from maintenance
and operations costs for other non-energy consuming systems.
Further, hard data on thermal systems maintenance performance

are generally not available from school districts.
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For these reasons, maintenance costs for energy systems
alternatives are assessed using a thirty year cash flow plan

for the facility, and the following criteria.

1. Scheduled maintenance costs are assumed as preventative
maintenance activities based on.a normal schedule, over

the lifetime of the structure.

2. Unscheduled maintenance is assessed on a progressively
increasing frequency throughout the lifetime of the

structure.

3. Scheduled maintenance renovations are assumed to occur
throughout the lifetime of the structure for short

lifetime items.

4, Maintenance costs include school district administration,
travel and onsite labor. No differentiation is made as
to whether the work would be accomplished by the

contractor or school district personnel.

It is assumed that differences in cost of maintenance between
architectural and electrical systems alternatives will be
minimal. For this reason, maihtenance costs for envelope and
architectural systems are assumed zero in the analysis.
Further, only enerqgy systems components were included in the
analysis. Maintenance costs for the building are presented

below,
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ANNUAL PREVENTATIVE MAINTENANCE COSTS

ME 1 (Simple System) $0.133/Bldg.S5q.Ft.-Yr.
ME 2 (Complex System) $0.158/Bldg.S5q.Ft.-Yr.

Mid term renovations are assumed to occur at years 10 and 20.
These costs are based on the 30 vyear repair/renovation
. analysis. All costs have been grouped at years 10 and 20

using engineering economy equations, to conform to the LCC

model.
Year 10 Year 20‘
ME 1 (Simple System) $ 4.6.3 $ 9.91
ME 2 (Complex System) $ 2.23 $ 4.46
4.7 STATEWIDE CLIMATE AND COST REGIONS

Total life cycle costs of a typical building are sensitive to
climate and cost conditions throughout the state. In
recognition of this, the State of Alaska was divided into
seven separate climate regions and sixteen separate cost
regions, Climate regions within the state were chosen by an
analysis of available long term weather information and review
of existing climate literature (References 18 and 19). The

seven regions are listed in Table 11, and shown in Figure 8.
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TABLE 11
STATEWIDE COST INDEX

Energy Cost Index

Cost Region Climate Region Climate Region Construction Heating
Number Cost Region Name Number Name Cost Index *Fuel 0il **Electricity
1 Anchorage Zone 1.22 1.04 2.11
2 Village 1 South Central 1.32 1.04 4.05
3 Kodiak Island (Homer) 1.34 1.04 3.48
4 Juneau Zone 1.13 1.03 2,55
5 Main Center 2 Scuth Eastern 1.29 1.00 1.84
6 Village (Juneau) 1.81 1.06 2.73
7 Sitka _ 1.34 1.04 1.57
| 8 Fairbanks Zone 3 Southern Interior 1.30 1.00 2.43
q 9 Village (Fairbanks) 2.13 1.36 5.75
N
i 10 Village 4 Aleutian (Adak) 2.25 1.08 3.36
11 Bethel 1.50 1.09 4.00
12 Large Village 5 Western 1.53 1.16 4.64
13 Coastal Village {Nome) 2.44 1.40 9.09
14 Village 6 Northern Interior 2.67 2,86 9.09
(Bettles)
15 Barrow 7 Arctic Slope 1.92 0.228 3.07
16 Coastal Village (Barrow) 2,94 1.09 5.68

BASIS FOR INDICES:

* Base Heating Fuel 0il Cost $0.957/Gal ($6.91/Million BTU's)
** Base Electricity Cost $0.044/KWH ($12.89/Million BTU's)
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Climate conditions for each region are modeled using city data
included in the thermal analysis program data files (Table 12a
and 12b). (This program is discussed in Section 4.8.) These

data include the following:

1. Site Latitude Degrees

2. Design Temperatures Degrees C

3. Mean Monthly Temperatures Degrees C

4. Mean Monthly Heating Degree Days Degree C - Days

5. Mean Mconthly Solar Gain on a
Horizontal Surface Kilo-Joules/Sq.m.

6. Yeafly Totals for Items 3, 4 and 5.

Sources of data are varied. Design temperatures are ASHRAE 97
1/2% values (Reference 20); mean monthly temperatures are
generally 30 year records (Reference 18); while monthly solar

data is from the Solmet Report (Reference 21).

Cost regions within the state were chosen by an evaluation of
available cost analyses by in-state cost consultants
{Reference 15). A total of sixteen different regions are
identified to categorize rural Alaska; these regions are
identified in Table 11. Within each of the regions, first
costs of construction, as well as costs of fuel o0il and
electricity are assessed, These data are expressed as indices
(Table 11) with base values for the City of Anchorage.
Boundaries of climate regions were made to be coincident with

cost region boundaries. Thus each cost region is wholly
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0.00C

-20,0
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3,205.0

-46.1
-19.0
1,050.,0
2,513.0

-6.7

1.3
474 .4
553.3

-35.0
-15.0
930.0
2,541.0

-46.1
~22.0
1,132.0
1,955.0

-42.8
-28.0
1,301.0
837.0

TABLE 12a

CLIMATE DATA INPUT

MAR APR
HOMER
0.0 0.0
-2.0 2,0
644.0 500.0
8,617.0 14,167.0
JUNEAU
0.0 0.0
0.0 4.0
570.0 435.,0
6,923.0 11,870.0
FAIRBANEKS
0.0 0.0
-12.0 ~-2.0
956.0 602.0
7,651.0 13,549.0
ADAK
0.0 0.0
1.2 3.4
545.6 444.4
616.6 444 .4
NOME
0.0 0.0
-14.0 -7.0
992.0 768.0
7,163.0 13,456.0
BETTLES
0.0 0.0
-17.0 -6.0
1,094.0 742.0
6,986.0 13,940.0
BARROW
0.0 0.0
-26.0 -18.0
1,381.0 1,098,0
5,567.0 11,919.0
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0.0

-7.0
791.0
12,938.0

JUNE

0.0

12.0
197.0
16,052.0

0.0

15.0
117.0
19,882.0

0.0

13.0
150.0
21,077.0

JULY

0.0
11.0
219.0

18,136.0

0.0

13.0
160.0
14,508.0

0.0

16.0
82.0
17,506.0

0.0
10.0
255.0
344.4

0.0

10.0
257.0
16,049.0

0.0

14.0
128.0
17,734.0
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0.0

10.0
272.0
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9,71

TABLE 12b

CLIMATE DATA INPUT

ADAK
0-0 0.0
6.0 2.7
378.3 466 ,7
468.4 553.3
NOME
0.0 0.0
-2.0 -9.0
629.0 823.,0
3,471.0 736.0
BETTLES
0.0 0.0
_7.0 —19.0
775.0 1,107.0
2,861.0 457.0
BARROW
0.0 0.0
-9.0 -18.0
856.0 1,092.0
1,426.0 41.0

- 76 -

0.0
-15.0
1,044.,0
33,0

0.0
-25.0
1,329.0

0.0
-25.0
1,331.0
0.0

48.1

30.0
5,758.0
114,067.0

47.5
54.0
5,003.0
92,981.0

27.9
-42.0
7,969.0
104,571.0

38.6
-40,0

7,888.0

100,447.0

29.9
-74.0
8.848.0
104,232.0

37.6
-150.0
11,259.0
81,037.0

4.0

2.5
479.¢
9,505,

7,748.¢

2..
-3.!
664..
8,714.:

3.:

=-3.:
657.
8,370,

2.

-6.
737.
8,686,

3.
-12,
938.

6,753.



within a climate region, to simplify analysis logic. The
basis of development of these cost regions is included in the

report supplement.

4.8 THERMAL MODELING TECHNIQUES

The life cycle cost study uses a thermal model that evaluates
the amounts of heating and electrical energy that will be
consumed annually within the building. This model uses
heating degree day indices for each of seven city locations in
Alaska (Table 12a and 12b). This city data is used to create
the seven climate regions of Alaska, used in the study (Figure
8). The thermal model uses a modified heating degree day
calculation method, assessing internal energy gains from

lights, motors, people, and from passive solar effects.

The thermal model is a composite of the F~Load energy model
(Reference 22) and the Phase I Thermal Standard "Main-Dev"
Energy Model (Reference 23). The data input format from Main-
Dev, which allows flexibility in ventilation scheduling has
been combined with the more accurate F-Load modified degree
day calculation alogorithm as described in Section 4.8.3.
This yields a comprehensive thermal modeling technique that
addresses marginal heating period transient effects and

accounts for passive solar gains.
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4.8.1 Fuel Inputs

Two energy types are assumed to be supplied to the building.
Number 2 fuel o0il, with a heating value of 139,000 BTU/gallon,
is the prime heating energy. Electrical energy for lighting
and heating/ventilating system power is the second energy
type. The calculation procedures used are presented in Figure
9, and the energy flows the model considers within the

building are presented in Figure 10.

Conversion losses in heat generation equipment are included in
the analysis, so that heating requirements computed are total
amounts of energy that must be delivered to the building.
Electrical energies required are also "site boundary" energy
quantities that are fed to the main building service for
internal consumption. However, the electrical energy budget
does not include energies required for process loads such as
coffee pots, film projectors, headbolt heaters, or exterior

lighting.

4.8.2 Domestic Hot Water Heating Energy

Amounts of energy for domestic hot water are based on a daily
level of consumption using an average occupancy and a 100

 degree F temperature rise. No credits for interior building

heat gain are allowed for losses from the hot water system.
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STANDARD OPERATING CONDUCTION —F
CONDITIONS HEAT LOSS !
- Occupancy Schedule
- Interior Space AIR EXCHANGE
Temperature : HEAT LOSS
- Air Exchange
Schedule DOMESTIC HOT COMPUTE
r"" WATER CONSUMPTION ANNUAL COSTS
CLIMATE Cb T ENERGY SUMMARY FOR ENERGY
NDITIONS ’
LIGHTING ENERGY Total energy use Computes
- Heating. Degree CONSUMPTION with c¢credits and annual costs
Day: totals for of each fuel
- Design Temperature annual fuel use consumed at
s " OCCUPANT '
- Site Solar by fuel site boundary
. HEAT GAIN _
Conditions and summarizes
total annual
COMPARISON_MATRIX ENERGY USE energy
~ Select Architect. PASSIVE SOLAR
System - GAIN
- Select Mechanical
System
- Select Lighting INTERNAL ENERGY
System SYSTEM HEAT GAINS
| ENERGY FLOW ANNUAL COST
., DATA INPUT 1 SYSTEM CALCULATIONS SUMMARIES CALCULATION
P ' @ & & 4

FIG.9 THERMAL MODEL FLOW CHART



_08_

ENERGY RELEASED OQUTSIDE BUILDING

ELECTRICAL

——p—

OTHER HVAC
AUXILIARIES 4

>

"+ HEATING FUEL

DOMESTIC
HOT WATER

SEWERS

\

Y

HEATING
EQUIPMENT

/ENERGY CREDITS

OUTSIDE AIR
COOLING

VENTILATION

HEAT LOSS

/(

CONVERSION
LOSSES

=

NSKIN LOAD
PASSIVE SOLAR GAIN

FIG. 10
BUILDING THERMAL MODEL

EANEDRY £l M\ UM ATIEND



4,8.3 Internal and Passive Solar ﬂeat Gain

The thermal model assesses internal and passive solar heat
gains, and uses these gains to offset thermal envelope and
ventilation heat loads. The model, using an analysis that
incorporates building heat storage capabilities (Reference 22)
and allowable daily swings in interior room temperature, also
calculates the amounts of the heat gains that are not useable,
that is, the gains (internal and passive} that must be vented
from the building to prevent overheating, These excesses are

not used to offset heating loads.

Established relations are used for determining amounts of
passive solar gain that pass through window areas into

interior spaces. The analysis takes into account the

following:

* Wall orientation
* Window glazings

* Window overhangs

Primary calculation parameters include menthly average
incident solar radiation, transmittance-ABSORBENCE product of

the direct gain windows and window area.

The direct gain energy may be used either to offset the .
instantaneous heating load or is stored in the structure and

used to offset loads during pericds in which solar is not
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available. During periods of high incident solar radiation,
all of the input energy may not be able to be stored, and this
excess energy must be dumped to the environment through
ventilation of the interior space. The amount of energy that
must be vented is a function of the incident energy, the load,
and a storage-ventilation ratio. This latter parameter is a
function of the capacitance of the structure and the allowable
daily temperature swing for the interior space.

The building storage capacity for this analysis is assumed to
be 1light, corresponding to conventional frame-type residential
construction, where £he capacitance correspdnds to 6 BTU/F-

Sq.Ft.

Balance temperatures for day and night periods for each month
of the year are calculated for the building being studied,
that is, outside air temperatures at which internal heat gains
are equal to heat loss through the thermal envelope. These
balance temperatures are then used to calculate separate
modified monthly heating degree day indices for daytime and
nighttime periods. Monthly heating requirements are next
calculated by combining these new indices with the building's
overall UA factor, a composite factor incorporating all
building exterior wall thermal conductances and areas, with
units of BTU/degrees F-hr. Assumed air change rates are also

included as a part of this overall UA factor.
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4.8.4 Building Ventilation Scheduling

The schedule of ventilation assumed for each of the two
mechanical system alternatives is incorporated in the model by
weight averaging CFM levels for the full year, and converting

this CFM to an equivalent annual air change rate.

The option of exhaust air heat recovery is included by
reducing the appropriate CFM levels by schedule interval prior
to weight averaging. The heat recovery option is installed
.only on 800 CFM of the toilet/locker exhaust, which runs
during day schedule intervals, and thus is reflected in a
partial reduction of ventilatioh heating 1load. An
effectiveness of 60% is assumed in transferring heat from

exhaust air to supply air.
4.8.5 Model Output

The output from the thermal model is annual consumption of
heating oil and electrical energy. Both energy quantities are
in terms of BTU/Year. Annual energy consumptions of all

design cases considered are presented in Appendix A.
4.8.6 Model Validation

The model has been validated with fuel records from several
small institutional sized buildings with interior mechanical

systems that match the complexity of the prototype building
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used in this study, with generally good correlation. Further,
the energy model used in this study was compared with the
steady state simplified energy model used in the Phase I
portion of the Thermal Standards project. Again, generally

good correlation was observed.

The thermal model gives verified identical results to the F-
Load version 3.2 copywritten passive solar analysis program
(Reference 22), with the following exception. Under certain
high latitude design cases for the month of December, passive
solar heat gains calculéted by the program's algorithms was
observed to be less than =zero. Here, the algorithm was

modified to set all such negative gains to zero.
4.9 METHODS OF ECONOMIC ANALYSIS

All costs associated with the ownership of the rural school,
are modeled in the analysis and expressed in a bottom line
cost parameter termed "uniform annual cost of operation”.
This parameter is a derived number that represents all
ownership costs spread equally throughout the building
lifetime in a single annual deollar "payment", or uniform
annual amount, The various calculation procedures used for-
the study account for the time value of money. The equations
used are‘standard textbook equations in common use with
feasibility analyses (References 24 and 25). A building
lifetime of 30 years is assumed throughout the analysis. This

parameter selection is highly subjective, and can be expected
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to be highly variable with location and circumstance.
Lifetimes of 50 to 70 years are certainly possible, however,
the 30 year value has been selected as a conservative middle

ground value,

A cost of money of 10.5% annual compounded rate is selected
for this study, based on conversations with State of Alaska
life cycle cost personnel (Reference 26). This amount relates
to the bonding cost the State of Alaska faces, should it

choose to obtain construction monies via a bond sale approach.

To facilitate an equitable comparison of the 256 design
alternatives created in the comparison matrix for each LCC
run, all costs were computed in the same manner throughout the
analysis. Life cycle cost methodology parallels that in use

in the government sector (References 27 and 28).

It should be noted that, even though the state does nect need
to sell bonds for financing a given capital project, what is
known as ah opportunity investment rate does still exist.
This rate of investment interest for the state is the rate of
return the state could receive on its wealth should it choose
to conservatively invest in bonds, instead of building
buildings. Here the opportunity rate is taken as 10.5%, a

conservative value,
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4.9.1 ‘Analysis of First Costs and Renovation Costs

The first cost of construction, a single dollar value of cost
burden assumed to accrue in the first year, is converted to a
uniform annual cost. This work is accomplished for each of
the three building energy systems. Similarly, renovation
costs assumed to occur at years 10 and 20 and an end-of-
lifetime salvage value are converted to uniform annual costs.
As presented in Figure 11, these costs are summed and
represent the capital expenditure portion of the life cycle

)

cost analysis.

Note that for this phase of the study, the end of life salvage
values are set to zero, since inadequate data were available

during the analysis phase.
4.9.2 Analysis of Maintenance and Operations Costs

An assessment of maintenance and operations costs for the
prototype building is made using yearly costs of maintenance
for each of the three energy systems. These costs are assumed
to accrue at a set annual amount for the first five years, and
then at a compounded escalating rate thereafter., Figure 12
presents the calculation procedure used in the analysis. As
presented in Figure 12, all lifetime costs are expressed as a

uniform annual dollar amount.
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FCost
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GUAC

Model Equation:

[ BIE/100 (1+BIE/100) EE30 ]

GUAC = PVC [  mmmemememm oo ]
( (1 + BIE/100) EE30 - 1 ]

WHERE BIER = 1l + BIE/100
1% msi00
PVC = RENV 1 + RENV 2 + ECOST
RENV 1 = BNl
(1 + BIER) EEL0
RENV 2 = BN2
(1 + BIER) EE20
BNl = Cost of Renovation 1 @ Year 10, $/SF
BN2 = Cost of Renovation 2 @ Year 20, S/SF
GUAC = Equivalent Uniform Annual Cost of Capitalization, $/SF-YR

FIG.11
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CALCULATION PROCEDURE - MAINTENANCE
AND OPERATION COSTS

BIE (%)
1 2 3 45 6 7 8 9 ( 25 26 27 28 29 30

FMA
v
Ve
- 2 A ¢
v
BIE (%) v
1 2 3 45 6 7 8 9 25 26 27 28 29 30
l / ll |
v ¢ v i"v ¢ ‘L vy L 'L
UFMA
Model Equation:
[ {BIE/100) (1+BIE/100) EE30] [ (1+BIER) EE5)-1 FMA (PST) ]
UFMA = [ =~=—==mmmmme oo ] (FMA) [=======—mmm e - e ]
[(1 + (BIE/100)) EE30 - 1 ] [ (BIER) (1+BIER)EES (1+BIER)EES]
WHERE PST = (1+DSE) EE25 -1

———— ——————— ot ——

DSE(1+DSE) EE25
DSE = 1 + BIER

1 + (FESC/100)

UFMA = Equivalent Uniform Annual M & O costs

FMA = First Year M & O Cost ($/YR)

BIE = State of Alaska Minimum Acceptable Rate of Return (%)

FESC = Expected Annual Age Related Maintenance Escalation Rate
(set to zero for the purposes of this study)

BIER = State ot Alaska Real Acceptable Rate of Return (%)
{1 + BIE/100)

T e

EM = Annual Escalation Rate for Unit Labor and Materials

costs (%) = 8
FIG. 12
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4.9.3 Analysis of Annual Energy Consumption

Energy expenses associated with the prototype building are
treated as follows. Annual energy consumption for each of two
fuels calculated by the thermal model are combined with fuel
costs by region, using fuel cost indices discussed in Section

2, to arrive at present year fuel costs in dollars per year.

The values for each fuel are then assumed to escalate at a
compounded yearly escalation rate to the building's end-of-
liﬁetime. As presented in Figure 13, these assumed life costs
are reduced to a single uniform annual amount that expresses

life cycle cost.

4,10 LCC COMPUTER MODEL "T-LOAD"

4.10.1 Program Description

Each of the twelve individual computer LCC simulation runs was
accomplished using an in-house developed program, written in
Fortran IV, and run on the University of Alaska's Honeywell

Computer,

This program, named T-Load, consists of an annual energy
analysis, and an engineering economy analysis to calculate
costs associated with operation and maintenance of the
"building. The thermal model assumes that each prototype

building is heated with fuel o0il, and powered by electrical
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CALCULATION PROCEDURE - ENERGY COSTS

. — e S W A U . . o T S ———— — f— - ———

24 25 26 27 28 29 30

UAC
Model Equation:
UAC = (P) (EA) (APT)
(1 + DIA) EE30 -1 1 + BIE/100
WHERE P = = ———-=mem———memmmeee DIA =  ——cwemm————ae -
DIA(1 + DIA) EE30 1 + E/100
(BIE/100) (1 + BIE/100) EE30
* T GV eieioo meo -1
APT = (T FUEL) (AP) (ECIDX)
UAC = Uniform Annual Cost of Fuel ($/SF-YR)
BIE = State of Alaska Minimum Rate-of Return (%)
E = Compounded Annual Fuel Escalation Rate (%) = 10
T FUEL = Annual Present Year Consumption of Fuel (BTU/YR)
AP = Baseline Cost of Fuel in Anchorage ($/10 EE6 BTU)
ECIDX = Fuel Cost Index For Cost Region (No Units)

FIG. 13
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energy obtained from a local utility. Total life cycle costs
of each building case are expressed in terms of a uniform
annual cost in present value dollars, with units of dollars
per square foot per year. Figure 14 gives a simplified flow
chart for the program. A program listing is not included due

to its bulk but is available on request from the authors.

The life cycle cost program models costs associated with the
building as three components. These components are defined in
discussion of the analysis method and presented in Figure 14.
Costs are expressed in terms of uniform annual amounts
(dollars) for each component of life cycle cost. Equations
which are required to convert the various costs that occur
throughout a building's lifetime to uniform annual amounts are

included in Section 4.8.
4.10.2 Data Set Organization

A large amount of data are required to model the prototype
building, in the widely varying climate and cost situations
evaluated. Data are organized into an internal "block data"
set that is included in the T-Load program. Other large
volume data are organized into separate data files, listed

below:
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TITLE DESCRIPTION

—— - —— - - -

AIRCHG Defines computed air change rates by climate region

ARCH Defines thermal envelope component R-values, by

climate region.
CLIMATE Provides climate data for the seven city locations.
CIDX Defines cost and ehergy indices

FCOST Defines first costs of construction for each of

architectural, mechanical, and electrical systems.

FMA Defines long term maintenance and operaticns costs,

including periodic renovation costs and salvage

value,

4.10.3 BUILDING CASES CONSIDERED

A large number of thermal envelope and energy system design
options were modeled. Each building case considered is of the
same architectural geometry, but with differing thermal

envelope systems, as defined in Section 4.1 through 4.3.

Three separate wall systems were modeled: standard stud;
exterior foam; and double stud cases. Two Separate
foundations systems were considered: heated crawl space and
elevated construction, Three separate mechanical systems were

analysed,
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These "design variations" required that the LCC program be run
a total of 12 times. Table 13 presents the record of runs
performed. Note that for each run, a total of 256 building
designs were evaluated (16 envelope options in 16 cost
regions). Thus, this analysis actually dealt with a total of
3,072 separate designs., Figure 15 presents the individual

design options analysed in the simulation.

4.10.4 PROGRAM OUTPUT

The output from the program for each-building case considered

is expressed in units defined below, and is presented in the

Appendix A for all 12 building cases considered.

Annual Heating Fuel Use Million BTU/Y¥YR
Annual Electrical Use Million BTU/YR
Annual Energy Cost ‘ Dollars/SQ.FT.-YR
Annual Cost of Capitalization Decllars/SQ.FT.-YR
Annual Cost of Maintenance . Dollars/SQ.FT.-YR
Total Building Life Cycle Cost Dollars/SQ.FT.-¥YR
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COMPUTER
RUN NO.

10
11
12

IDENTIFIER
CCDE

NHS

NHE

NHD

HES

HEE

HED

HHS

HHE

HHD

MECHANICAL SYSTEM

=8 — 4 S 3 5 S5 —$ §

NO

NO

NO

TABLE 13

COMPUTER RUN SCHEDULE

HEAT

HEAT

HEAT

RECOVERY
RECOVERY

RECOVERY

RECOVERY
RECOVERY

RECOVERY

HEAT

HEAT

HEAT

HEAT
HEAT

HEAT

RECOVERY
RECOVERY

RECOVERY

RECOVERY
RECOVERY

RECOVERY

FOUNDATION SYSTEM

ELEVATED FLOOR
ELEVATED FLOOR

ELEVATED FLOOR

HEATED CRAWLSPACE
HEATED CRAWLSPACE

HEATED CRAWLSPACE

ELEVATED FLOOR

ELEVATED FLOOR

ELEVATED FLOOR

HEATED CRAWLSPACE

HEATED CRAWLSPACE

HEATED CRAWLSPACE

WALL SYSTEM

SINGLE STUD
EXTERIOR FOAM

DOUBLE STUD

SINGLE STUD
EXTERIOR FOAM

DOUBLE STUD

SINGLE STUD
EXTERIOR FOAM

DOUBLE STUD

SINGLE STUD
EXTERIOR FOAM

DOUBLE STUD
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5.0 ANALYSIS

- 97 -~




5.1 DESCRIPTION OF LIPE CYCLE COST MODEL .RESULTS:

Given the fact that 192 different buildings at 16 locatiocns
(3,072 cases) were evaluated, a tremendous amount of data is
available for andlysis. A selected amount of computer output
and data reduction documentation is included in the report

Appendix. These data are described below.

Appendix A: T-load computer program output matrices. This
is the raw output from the computer, and

consists of five separate matrices.

Appendix B: Total building life cycle cost minimum plots,
Sixteen separate plots are provided for the
least life cycle cost option for each cost

region.

Analysis of Appendix A computer output was accomplished as

follows:

Each of the 12 computer runs were analysed separately, to
determine least life cycle cost design levels. For example,
in the case of the standard stud option, with heat recovery,
in an elevated foundation type (code HES), in cost region 11
(Bethel), a Moderate 1 thermal envelope, using complex ME2 and

EE2 mechanical and electrical systems is the best solution,
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Moderate 1 is an 8" wall thickness (Tables 4, 5 and 6) using
R22 fiberglas insulation, with a cost per square foot of
$7.92, in Anchorage. (Table 11 lists a 1.5 construction cost
index which must be used to arrive at the Bethel price of

$11.88.)

This analysis yields Tables l14a and 14b, which are a
compilation of optimum design levels (least life cycle cost)
for each of the 12 computer runs, Codes at the top of each
table define each concept analysed (see Table 13). For
example, the NHS code means a prototype building with no heat
recovery, heated crawl space foundation, and a standard stud
wall option. Tables l4a and 14b optimum levels are based on
an analysis of 1life cycle annual costs in terms of dollars per
useable building square foot. The life cycle cost numbers
thus take into account wall thicknesses, and the consequent
reduction in useable floor area that results when thicker wall

sections are used.

The table allows the reader toc view each of the twelve design
concepts and to see the design level that yields the least
life cycle cost in each of the 16 cost regions. Note that the
codes used in the body of the table are defined at the bottom

of the page.

The codes that are represented in bold print are design
concepts that are least life cycle cost. Two "best"” design

options are normally selected for each cost region, one for
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TABLE 1l4a

OPTIMUM LEVEL OF CONSTRUCTION - ELEVATED FLOOR

+++++++HEAT RECOVERY+++++

NES NEE NED HES HEE HED
*** SOUTH CENTRAL ***
1 MODIMECH1 MOD1MECH1 MOD1MECH1 MOD1IMECH1 MODIMECH1 MOD1MECH1
2 MOD1MECH2 MODI1MECH2 MOD1MECH2 MOD1IMECH2 MODIMECH2 MODIMECH2
3 MOD1MECHl MODIMECH1 MODI1MECHL1 MOD1IMECH2 MODIMECH2 MOD1MECH2
k%% SOUTH EASTERN **%*
4 MODIMECH1 MOD2MECH1 MODIMECH1 MODIMECH1 MOD2MECH1 MODIMECH1
5 MOD1MECH1 MOD2MECH]1 MOD1MECH1 MOD1MECH1 MOD2MECH1 MODI1MECH1
6 LEN MECH1 MODIMECHl1 LEN MECH1 LEN MECH1 MODIMECH] LEN MECH1
7 MOD1IMECH1 MOD2MECH1 MOD1MECH1 MOD1MECH1 MOD2MECH1 MOD1MECH1
**%* SOUTHERN INTERIOR *#%%

8 MOD2MECH1 MOD2MECH1 MOD2MECH1 MOD1MECH2 MODZMECH2Z MODIMECH2
9 MODIMECH2 MOD2MECH2 MOD1MECH2 MODIMECH2 MOD2MECH2 MOD1MECH2
k%% ALEUTIAN ***

10 LEN MECH1 LEN MECH1 LEN MECH] MODIMECH1 LEN MECH1 LEN MECH1
k%% WESTERN ***

11 MOD2MECH2Z MOD2MECH2Z MOD1MECH2 MDI2MECH2 MOD2MECH2 MODIMECH2
12 MOD2MECH2 MOD2MECH2 MDI2MECH?2 MOD2MECH2 MOD2MECH2 MOD1MECH2
13 MODIMECH2 MOD2MECH2 MOD1MECH2 MOD1MECH2 MOD2MECH2 MODIMECH2
*%* NORTHERN INTERIOR ***

14 MOD2MECH2 MOD2MECH2 MODZMECH2 MOD2MECH2 MOD2MECH2 MOD2MECH2
*** ARCTIC SLOPE ***

15 LEN MECH1 LEN MECHl LEN MECH] LEN MECH1 LEN MECH1 LEN MECH1
16 MOD2MECH1 MOD2MECH1 MOD2MECH1 MOD1MECH2 MOD2MECH2 MOD1MECH2

CODE ARCHITECTURAL CONSTRUCTION LEVEL

LEN = LENIENT

LMD]1 = LENIENT - MODERATE 1 (TWO EQUAL MINIMUMS)

MOD1 = MODERATE 1

MD]2 = MODERATE 1 - MODERATE 2 (TWO EQUAL MINIMUMS)

MOD2 = MODERATE 2

NOTE: EE2 Electrical system was found to be the cheapest

alternative for all design cases evaluated.
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11
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14

15
16

CODE
LEN

LMD1
MOD1
MD12
MOD2

NOTE

TABLE 14b

OPTIMUM LEVEL OF CONSTRUCTION — BEATED CRAWLSPACE

+++++++HEAT RECOVERY+++++

MODI1MECH1
MOD1MECH2
MOD1MECH2

MOD2MECH1
MD12MECH1
MODI1MECH1
MD12MECH1

MOD2MECH2
MOD2MECH2

LEN MECH1

MOD2MECH2
MOD2MECH2
MOD2MECH2

MOD2MECH2

LEN MECH1
MOD2MECH2

MOD1MECH
MOD1MECH
MCD1MECH

MOD1MECH
MOD1MECH
MOD1MECH
MOD1MECH

MOD1MECH
MOD1MECH

LEN MECH

MOD1MECH
MOD1MECH
MOD1IMECH

MOD2MECH

LEN MECH
MOD1MECH

NHS NHE NHD HHS
*¥*%* SOUTH CENTRAL ***
MODIMECHl1 MODIMECH1 MODIMECH1 MOD1MECH1
MOD1IMECH2 MOD1MECH2 MOD1MECH2 MOD1MECH2
MODIMECH1 MODIMECH1 MOD1MECH1 MOD1IMECH2 .
*%% SOUTH EASTERN *#*%*
MODIMECH1 MOD2MECH1 MOD1MECH1 MOD1MECH1
MODIMECH]1 MD12MECH] MOD1MECH1 MOD1MECH1
LEN MECHl1 MOD1MECHl MODIMECH1 LEN MECH1
MOD1MECH1 MD12MECH1 MOD1MECH1 MOD1MECH1
**% SOUTHERN INTERIOR ***
MOD2MECH1 MOD2MECH1 MD12MECH1 MOD1MECH2
MOD1MECH2 MOD2MECH2 MODIMECH2 MODIMECH2
*%% ALFEUTIAN ***
LEN MECH1 LEN MECH1 LEN MECH1 LEN MECH1
*k* WESTERN **%*
MOD1MECH2 MOD2MECH2 MOD1MECH2 MOD1IMECH2
MOD2MECH2 MOD2MECH2 MOD1MECH2 MOD1MECH2
MOD1IMECH2 MOD2MECHZ MODIMECH2 MOD1MECH2
*** NORTHERN INTERIQR ***
MOD2MECH2 MOD2MECH2 MOD2MECH2 MOD2MECH2
*#%% ARCTIC SLOPE ***
LEN MECH1 LEN MECH1 LEN MECH1 LEN MECH1
MOD2MECH1 MOD2MECH1 MD12MECH1 MOD1MECH?2
ARCHITECTURAL CONSTRUCTION LEVEL
= LENIENT
= LENIENT -~ MODERATE 1 (TWO EQUAL MINIMUMS)
= MODERATE 1
= MODERATE 1 -~ MODERATE 2 (TWO EQUAL MINIMUMS)
= MODERATE 2
+ ~ EE2 Electrical system was found to be the cheape

. alternative for all design cases evaluated.
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the crawl space option and one for the elevated foundation
option. For example, for cost region 9, a southern interior
village, the least life cycle concept is for crawl space
option "HHE", and the least life cycle design level is
Moderate 1 or Moderate 2 with a complex ME 2 mechanical system
that includes use of heat recovery. {(Reference Table 13 for

description of codes.)

Table 15a, elevated foundation case, and Table 15b, crawl
space foundation case, present the design option and level
resulting in least life cycle cost for each cost region. For
examéle, in cost region 11, the least cost option for elevated
foundation consists of exterior foam wall construction with a
Moderate 2 design level, and a complex mechanical and
electrical system. The least life cycle cost is an annual

amount of $16.73 per square foot.

The curves of life cycle cost are plotted for each cost region
in Appendix B. Here the minimum cost curve for each region is
plotted. Figqure 16 shows a typical curve, plotted fér cost
region 1, Note that the curve is the least cost selection out

of some 48 curves for that cost region,
5.2 ANALYSIS OF RESULTS

The results of the IL.CC analysis consist of a selection of
"best" design options for each of the 16 cost regions in the

State, together with a computed annual life cycle cost in
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REG. COST REGION
1 Anchorage Zone
2 Village
3 Kodiak Island
4 Juneau Zone
5 Main Center
6~ Village
7 Sitka
8 Fairbanks Zone
9 Village
10 vVillage
11 Bethel
12 Large Village
13 Coastal Village
14 village
15 Barrow
16 Coastal Village
NOTE:

TABLE 15a

LEAST LIFE CYCLE COST CONSTRUCTION METHOD BY COST REGION

FOR ELEVATED FLOOR BASED ON ACTUAL USEABLE FLOOR AREA

CLIMATE
REGION

Central
Central
Central
Eastern
Eastern
Eastern
Eastern
South.Interior
South.Interior
Aleutian
Western
Western

Western

Arctic Slope

Arctic Slope

M2

M2

MECHANICAL
SYSTEM

No

Heat Recovery

Heat Recovery

Heat Recovery

No

Heat Recovery
Beat Recovery
Heat Recovery
Heat Recovery
Recovery
Recovery
Recovery
Recovery
Recovery

Recovery

Heat Recovery

Heat Recovery

* CONSTRUCTION

TYPE LEVEL
Exterior Foam Moderate
Exterior Foam Moderate
Exterior Foam Moderate
Exterior Foam Moderate
Exterior Foam Moderate
Exterior Foam Moderate
Exterior Foam Moderate
Exterior Foam Moderate
Exterior Foam Moderate
Single Stud Moderate
Exterior Foam Moderate
Exterior Foam Moderate
Single Stud Moderate
Exterior Foam Moderate
Single Stud Lenient
Exterior Foam Moderate

EE2 Electrical System was found to be the cheapest alternative for

2

LC COST

($/5Q.FT.~YR)
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TABLE 15b

LEAST LIFE CYCLE COST CONSTRUCTION METHOD BY COST REGION

FOR HEATED CRAWL SPACE BASED ON ACTUAL USEABLE FLOOR AREA

" CLIMATE

COST NAME OF MECHANICAL CONSTRUCTION LC COsT
REG. COST REGION REGION SYSTEM TYPE LEVEL (S$/SQ.FT.-YR)
"1 Anchorage zone South Central Ml Heat Recovery  Exterior Foam Moderate 1 9.40
2 Village South Central M2 Heat Recovery Exterior Foam Moderate 1 11.89
3 Kodiak Island South Central M2 Heat Recovery Exterior Foam Moderate 1 11.46
4 Juneau zome  South Eastern Ml Heat Recovery Exterior Foam Moderate 2 10.14
5 Main Center South Eastern M1 Heat Recovery Exterior Foam Moderate 1-2 10.03
6 Village South Eastern M1 Heat Recovery Exterior Foam Moderate 1 13,88
7 Sitka South Eastern M1 Heat Recovery Exterior Foam Moderate 1-2 10.01
'8 Fairbanks zone South.Interior M2 Heat Recovery  Exterior Foam Moderate 2  11.63
9 Vvillage South.Interior M2 Heat Recovery Exterior Foam Moderate 2 20,44
10 village Aleutian Ml Heat Recovery  Exterior Foam Lenient 17.06
11 Bethel Western M2 BHeat Recovery  Exterior Foam Moderate 2  15.14
12 Large Village Western M2 Heat Recovery Exterior Foam Moderate 2 16.07
13 Coastal Village Western M2 Heat Recovery Exterior Foam Moderate 2 26.43
14 village North.Interior M2 Heat Recovery Exterior Foam Moderate 2  29.13
15 Barrow Atctic Slope Ml Heat Recovery  Exterior Foam Lenient 14.59
16 Coastal Village Arctic Slope M2 Heat Recovery Exterior Foam Moderate 2 27.98
NOTE: EE2 Electrical System was found to be the cheapest alternative for all design cases.
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dollars per building square foot. This cost is a uniform
annual amount assumed to occur throughout the building's

lifetime.
5.2.1 Design Concepts

In selecting best design‘options, the crawl space and elevated
foundation alternatives are treated as independent variables,
which must be selected based on site-by-site geotechnical
conditions, The procedure used in analysis has therefore been
to treat all elevated foundation options separately from crawl
space options. 1In all cases, the crawl space option is the
cheaper design option, but only because of the way that

construction costing was accomplished.
5.2.2 Exterior Envelope

With the study results, the reader can select best wall design
concept and option by climate region. The exterior foam
construction option is seen to be the preferred LCC design
option (Tables 15a and 15b) for all cost regions except cost
region 10 (Aleutian Village), cost region 13 (Western Coastal
Village), and cost region 15 (Barrow City). Each of these
cost regions are either in moderate climates (10 and 13},
where construction costs are much higher than energy costs, or

have exceedingly inexpensive energy costs (15){

- 106 -




Design levels tend to focus on Moderate 1 and Modérate 2
levels, which represents a 2 x 6 insulated stud wall and 1" to
1-1/2" of rigid polyurethane/isocyanurate foam insulation (see
Table 4), although the very temperate regions indicated that
the standard stud 2 x 6 wall is preferred. Generally triple
pane windows are the LCC choice, except in cost regions 10, 13

and 15, where double pane units are indicated.
5.2.3 Interior Energy Systems

As for mechanical systems, the LCC choice is evenly split
between M1l (simple - furnace) and M2 {complex -
boiler/airhandler) cases. The more enerqgy efficient M2 system
is indicated for colder climate areas, and appears to prevail
even in the more remote site locations where maintenance costs

are high.

The area surrounding Anchorage with considerably lower costs
of electrical energy indicates a simple furnace system, while
more outlying regions in South Central Alaska prefer the M2

complex system.

The complex EE2 electrical lighting systems that incorporate
top-of-the-line, efficient fluorescent fixtures is the
preferred electrical option throughout the study. Evaluation
of the data indicates the total life dycle costs for all EEl

(simple systems) 1is considerably higher than EE2 options,
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indicating little sensitivity to variations of input variables

for this analysis result.,
5.3 SENSITIVITY ARALYSIS

In any analysis that incorporates a numerical model to
simulate the real world, there must be concern for the
accuracy of the simulation. Not only must input variables
accurately represent the real world, but the simulation must
also be reasonably stable. Occassionally, one input variable
will very strongly influence the answers of a simulation, to
the extent that a small change in the input variable will
change the simulation results by a factor of ten. Here the
simulation is said to be "highly sensitive" to that input
variable. Such a detrimental condition can render a simulation

useless.

A "sensitivity analysis" was accomplished for the life cycle
cost model used in this study, to determine if any input
variaﬁles had high "sensitivity" to simulator output. Each
major variable value was changed by 10 percent, and the
resulting total life cycle cost amount was compared to the
base case amount to determine the percentage depafture from

base case.

These departures, expressed as a percentage, indicate how
sensitive the LCC results are to small changes in the input

variable, Therefore, those input variables with the highest
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departure are the most important (most sensitive) and must be

dealt with very carefully in the analysis.

The departures for all variables analysed were in most cases
less than 10 percent. Table 16 presents the bounding values
of sensitivity for all variables analysed, listed in their
order of importance. Of those variables with sensjitivities
greater than 5 percent, the long term escalation rates for
electricity, heating fuel, and building useful life time, are
variables that continue to influence the life cycle cost of

the building throughout its lifetime.

Sudden catastrophic changes in these "high sensitivity
variables", at some future time, will affect building
economics, For this reason, analysis results must be viewed

with the following analysis criteria in mind:

* Fuel Prices can be expected to fluctuate significantly
over the lifetime of the building, up to and beyond the

10 percent variation assumed in the sensitivity analysis.

* The State of Alaska has no control over the future
pricing profiles for energy, since these parameters are

controlled on the world market.

The sensitivity analysis indicates that, while the modeling
equations used are relatively stable, differences in

sensitivity between architectural design levels are large in
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TABLE 16

SENSITIVITY ANALYSIS FOR INPUT VARI%BLES

Input Variable Lower Bound Upper Bound
Sensitivity (%) Sensitivity (%)

Electrical Escalatidn 2.59 11.06
Rate ‘
Building Useful Lifetime 1.37 7.32
Building First Cost 2.88 7.04
Heating Fuel Escalation 0.91 6.99
Rate

Electricity Rate 1.50 5.61
State's Minimum -2,35 4,92
Rate of Return

Heating Fuel Cost 0.43 3.55
Heating Conversion Efficiency -0.43 -2.90
Ventilation Scheduling 0.43 2.58
Occupancy Level 0.0 -0.37
Note: Lower and upper bounds of sensitivity are minimum

and maximum changes in total life cycle costs for 16
cost regions, A positive value indicates an
increase in life cycle cost.
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compariscn to ©percentage differences between the total life
cycle cost results. This comparison is an important one to
make, since it indicates that the least life cycle cost design
solutions (based on the numerical simulation) are only
moderately secure in the face of major future economic or

environmental changes.

If any of the first five listed variables in Table 16 were to
change significantly in real life from the analysis value, the
true least life cycle cost design level could shift in either
direction, by at least one design level.

For this reason, the results of the study must be viewed
carefully, with an understanding that drastic changes in any
of the major economic or environmental parameters within the
building's lifetime could change results significantly. This
change could occur either toward the lenient or stringent side

of the total life cycle cost design point.
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6.0

CONCLUSIONS
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The life cycle cost analysis has developed recommendations for
thermal systems consﬁruction in 16 Alaskan cbst regions. The
recommendations define optimum design levels for the exterior
thermal envelope and interior mechanical and electrical
systems. Differing recommendations are resulfant, due chiefly
to the impécts of climate severity, local cost of

construction, and local costs of heating fuel and electricity.
6.1 OPTIMUM DESIGN CONCEPTS

6.1.1 The exterior foanp wall design concept is recommended in
nearly all cost regions, with the exception of the temperate
Aleutian and South Eastern portions of the State. Here a
standard stud option, with six inch fiberglas insulated stud

walls, is the least life cycle cost recommendation.

6.1.2 The mechanical system design selections are found to
vary by cost region. The use of heat recovery is recommended

for all non-temperate climate regions.

6.1.3 An exception to 6.1.1 and 6.1,2 recommendations is cost
region 15 (Barrow). Here the primary heatihg fuel is natural
gas, at an exceedingly inexpensive cost. The lenient standard
stud option (6 inch wall), the simple M1l furnace system
without heat recovery is recommended for this location, if

based solely on the least life cycle cost.
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6.1.4 It should be noted that low cost natural gas is also
available in the Ancg¢horage city area. However, as this study
is concerned with rural areas of the State, this low cost fuel

has not been included in the analysis.

6.1.5 Life Cycle Costs for the Double Stud Alternates were
found to be higher than for the exterior foam case. Exterior
foam walls derive high R factor with compact rigid insulation
mounted on the exterior of the building line, while double
stud walls make use of interior areas with thicker walls, and
consequent smaller interior dimensions. As the Life Cycle
Cost for each design option is expressed as dollars per
useable square footage, this area reduction is a prime reason

for the success of the exterior foam design option.

6.2 SENSITIVITY OF RESULTS

The sensitivity analysis performed in conjunction with the
study indicated that modeling equations are relatively stable.
The following five input variables have major influence in

analysis results:

* Electrical Escalation Rate

* Building Useful Lifetime

* Building First Cost

* Heating Fuel Escalation Rate

* Electricity Rate
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Actual variations in these variables will cause'some skewing
of actual ultimate economic viability of Least Life Cycle Cdst
Design Options. For a 10 percent departure of these variables,
design options could shift by no more than one design level
architecturally, Interior energy systems selections are much

less sensitive to departures.
6.3 Interior Energy Systenms

Selection of an integrated building thermal system is shown to
be necessary. By properly selecting an "interior energy
system, and using an improper mechanical or electrical system,
life cycle costs for a design can be raised significantly.
This effect is prevalent in extremely remote areas with
extremely expensive energy. In certain situations, selection
of mechanical and electrical systems designs are of greater
importance than architectural systems within the bounds of

normally accepted envelope design practice.
6.4 APPLICABILITY OF RESULTS

The results of the study are general, with climate conditions
based on city locations. With a historical climate data base,
cost data are similarly generalized. The fesults are best
applied for planning and programming functions, as opposed to

individual circumstances. However, the modeling process
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employed can certainly be made to pertain to a certain
building case merely by remodeling input data to fit that

case,

Further, these studies model a building assumed to be served
by a local public utility without benefit of cogeneration
energy sources, This simplified approach serves to put all

evaluations on a fair equitable basis.

Passive solar gain is assessed in the analysis and appears as
an energy credit that serves to lower 1life cycle costs.
Cogeneration concepts are not considered. While this concept
could serve to lower life cycle costs, such a concept is
difficult to handle from a complexity of calculation
standpoint, because economics of the concept are so site
specific, For this reason, a site-by-site evaluation of
cogeneration options is recommended as a separate study using

design levels recommended by this report.

6.5 SUMMARY

The results of this study suggest, within a reasonable degree
of confidence, the "best choice" of design options concerning

the energy systems for rural schools and similar type

buildings. This choice of design options can now be broken
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down into their component parts from which a rational thermal
and lighting standard can be formulated. The work of

formulating the standard is in progress.
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8.0 APPENDICES

APPENDIX A: T-LOAD PROGRAM OUTPUT TABLES
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MEIEEZ ME2EE}
3P451. 34362,
38451, 34342,
451, 34361,
8451, 34362,
J8431, 34362,
Jp431, 34362,
Ig45f. 34382,
38451, 34362,
38431, 34362,
5. 34362,
6451, 2434,

MEZEE

22929

22929

22979

22529

22928,

22929

22929,

22929,




LENIENT

CR $MEIEEl MEIEEZ ME2EE!

i

(A

own

-

3,33 482 4l
g.35 4.9  7.67
7.539 6,26 b.28
5.54 4.6 456
433 LM LG6
5.88  4.87  4.84
52 LA LZ
645 5.5% 5.38
12,86 16,51 1435
g6 bBE 6T
7,55 B4 g€.3
FORS B DY S S
19,36 15,08 16.6D

2347 1956 18,97

16,16 13,97 1536

TLOAD - NE

ME2EEZ SMEIEE!

S

3.72

5.48

b o~
-3
i~

n

(]
r3
~d

14,35

4.87

8.89

ANKUAL ENERGY COST (8,507 T-YR)

MODERATE 1

MEIEE2 ME2EEL

4,14 3.58
6.4 b.62
5.79  5.84
4,34 4,32
3;45 3.33
4.6  4.68
AT 2,99
.16 494
5.98 - 18.86
556 5.63
7.8+ 7.8%
14,97 15.48
18.2% 17,73
4,77 LM
1341 1276
- PAGE 3

MEZ2EEZ IME1EE)

3.26

4,57

7.1%

MODERATE 2

NEIEEZ NEZEEQ

3.84

6,18

L7

6,33

2,82

4,66

MEZEE2 #MEIEEL

2.97

1.2

4,33

7.36

b.48

4.9¢

546

11.5¢

s
S

STRINGENT
MEIEE2 ME2EEI
L.58 3.49
S YRR P
923 538
93  L97
3.45 .99
4,17 4,23
2,75 2,64
4,53 437
.13 .29
3.83 G.ib
HS YRR
8.43 4.4z
13,95 14.58
16.24  15.9¢
4,93 L.82
1176 11,43

BE2EE2

2,72

4,49




CR MEIEE!
1 582
2 b.Bh
1 b5
62
5 7.4
6 9.9
7 1.
£ 7R
Ty,

17,47

1z 8.3

121338
11 14,59

15 18,48
15 16,18

TLGA

LENIENT
MEIEE2 ME2EEI
571 679
b1 132
5143
.29  1.29
7.1 87
18.83 11,42
7.4 8.82
7.9 831
11.82 13,70
12,27 14,27
8,31 9,44
2,38 F.EE
13,55 15,71
14,78 17,17
18,62 123
16,31 18,98

MEZEE2 $MEIEE!
£.88  5.87
7.42 6,33
7.52 6.2
1.17 L3
8.3 71.28

11,75 16.11
8.71 7.5
B.43  7.25

13.86  11.93

14,39 12,54
174 83
9 % 8.0

15,89 13,47
1,12 1491
12,44 18.71

19.11 1645

ANNUAL COST OF CAFITALIZATION (8/8GFT-YR)

NODERATE 1

MEIEE2 NMEQEE!

]

i8.24

7.68

m

7.84
7.59
7.78
1.42
8.42

11.84

B.49
13.96

14,48

-0
1

NE2EED INEIEE:

1.12
7'68

7.78

.19

6!67

HODERATE 2
MEIEE2 MEZEE!
5,28 7.3
.77 1.93
£.87  8.95
6,59 7.8
7.48 B.41
16.51 12,18
7.7% 8,57
7,53 0.68
12,39 14.27
13,35 18,33
8,71 1483
B9 .o
18,28 16,38
548 17.83
11,13 12.81
17,89 19.68

ME2EE2 IMEIEE!

7.44

B.83

B.14

1.67

8.78

12,23

9.87

8.7

5.84
1.37
7.48
6.99
71.94
11.16
8.27
8.8
13.15

14,42

STRINGENT
WEIEED NE2EEQ
6.95  8.98
7.47  B.43
7.58 8.7
7.68  B.08
.83 %14
11,29 12.98
.37 9.55
EY Y
1.3 15,19
14,58 18,57
9.3 1488
9.57 10,92
15.26 17,48
16,63 18,98
11,95  13.44
18.36 26,95

ME2EE:
8.9
8.7.
8.8
B. 1
9.2
13. 81
9,45
5.3

15,34

16,71




ANNUAL CDST OF MAINTENANCE (8/50FT-YRI
LENIENT MODERATE 1 NDDERATE 2 STRINGENT
CR NEIEE! MEIEE2 MEEE! MEDEEZ $MEIEEY MEIEE2 ME2EEY NE2EE2 SNEIEE1 MEIEE? NEZEE! ME2EE2 SNEIEE! MEIEE2? ME2EE{ ME2EE2
1 639 835 6.4 846 .39 8.39 b6 846 B39 8,39 446 846 839 0.39 446 B4
2 642 242 449 £49  4.42 442 649 649 £.42 842 449 449 442 .42 .49 .49
1 .47 642 6.5 B.56 642 0,42 BS54 .50 .42 442 ASE 8.3 642 8.4 .58 £
4 f36 4,36 6,47 6.42 8.3 8.3 8.42  B.42 6.3 836 442 842 4.3 A3 042 4.42
S .41 £.41 F.48 448 441 4.4 ;5.45 #.48 ’ﬁ.ﬂl g.41 6.48 448 4.4 441 448 £.48

6 6.57 #£57  8.48  8.48 4.5 A5 ﬂ.bé #.68 8,57 4,57 B.68 668 4.57 8,57  §.48 B8

§.42 ¢.4? 458 658 6.42 G427 658 .56 £.42 647 8.5 A5 042 8427 B.58 £.58

~d
Z]
x
3

Bl f4 0 £.45 449 841 A4 .49 .49 .41 441 B4 £49 641 641 .49 6,49
¢ g.67 §.47 0.8 6.8 §.67 8,67 - 6.88 8.8 A.67 8.67 4,86 9.88 £.47 667 F.86  0.8F

& &7 §.71 4.84 884 ET! g.7¢ 4.84 4.84 &7 A70  £.84 0.4 AT7L 471 4B A.B4

! £,.47 8,47 ¢, 58 £.5¢8 £.47 §.47 TS £, 56 6,47 #.47 8,56 £,54 £.47 g.47 #.56 £.58
= 3 o - e g Al 7 i o 2 bl ~ 4 - T - Fr B ] i1 T h -
iz [ .40 &, 57 Y F.42 8,45 8,97 8,57 %48 s becr Ban? i, 43 #.43 §.57 £.27

e 't n ¢ e el Ia} 1 oan
13 £.7 6,77 £.92 #.92 .77 6.77 8.92 8.92 8.77 .77 #.92 £.92 8,77 g£.77 .92 £.92

4 £B AW 1,63 1,08  @.84 .88 1@ L8 EBY 8,84 L.ed 1@ g84 EBY LEy L@
1S 868 .68 8727 8.7 A48 B.68 8720 672 B.68  H.68 672 E72 A& AW 472 BT

6 £.93 £.93 1.3 L8 893 £93 LiF Lig &% A9 L LI 891 LR LIF LIf



CR IMEIEEL
1 IL3
2 15.83
IO14.P
4 12,11
31T
6 16,35
7 1148
£ e
¢ 25

1 26,84
HE

NI

i 3G

TH C£a
A0k

11' 77
Fadd

17

TLOAD - NES - G2 - PACE

LENIENT
NEIEE? ME2EE!
18,72 11,47
13.53 14,88
(2.9 14,21
1,25 12,27
11,25 12,31
15.47 17,14
1,29 12,33
13,15 14.12
2501 25,85
18,94 2111
17,27 18,49
18,37 1507
29,98 32.68
W17 ILES
16,15 18.24
.19 35

MEZEEZ $MEIEEL

11.65

13.39

12,98

11,42

11,79

16,26

11.96

13.3¢

22,83

2.8

TOTAL BUILDING LIFE CYCLE COST ($/5QFT-YR)

KODERATE 1

11,12 18.49
14,84 1333
13.98 10,73
11.99  11.13
11,68 11.15
16,38 15.41
11,59 11,19
13,74 12.52
20,94 22,73
20,07 18,94

18,34 16,91

17,42 14,22

J2.78  4.78

MEIEE2 NEZEE!

{1.48

14.1

14.84

i2.17

a0

ME2EE2 $MEIEEL

18.84

13.28

12.79

11.38

11.74

16,22

11.87

11.14

14.88

14.63

11.96

11.6%

16.37

1H.59

13,63

NODERATE 2
MEIEE2 MEZEEL
16.5¢ 11.52
13.37 14,78
12,78 14,12
11.89  12.14
11,14 12,26
15.47  17.1%
1,18 12,29
12,88 135.82
22,62 24,74
19.33 2555
16.73 18,18
[7.96 19,35
29,47 32,3
IE60 I
16,38 1B.44
38,43 32.8%

ME2EE2 SMEIEEN

16.87

13.23

12,83

11.28

11.78

16.28

11.87

12.99

13,85

11.56

15,35

14,51

12.2¢6

12.45

16.95

11,97

13.87

STRINGENT

NEIEE2 ME2EE]

18.89

13.8¢

11.95

15.26

14.61

12.47

12.44

17.79

ME2EE

1.2

13.7

13.3

12.8

16.8




TILOAD — NEE — @@
P RIE O TRELCON R
POl NS TTEDEY BT LLCIEY
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R Sl TSI bR . R - L
EB T B RTINS St B Tl e R 4

~— R Vp-— y—~ =
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TITLE IS"R:CIDX"
TITLE IS"B:CLIMATE"
TITLE IS"E: ARCHFOAM!
TITLE IS5"R:ATRCHGNRY
TITLE IS"R:FCOSTNEE"
TITLE I8"R:FMA"

FOW NUMBER: c} LAT.=
JAN  FEBR  MAR AFR MAY
121 3F3E 758 1247 15&1

21.2 24.8 2B.4 TE.é6 42,8
IS2 11Z27 1139 @uw 704

ROW NUMRER: 1 LAT.
JAM FER  MAR AFR Y
116 282 6H@9 1445 1294

L SEL4 ZR.0 RS2 4404

1287 1¢Z7 1e24 787 5467

Fiy NUMBEFC 15 LAT.
JAN FER S MAR AR MAY
e 2R b7 LSS 1 &EE
1.4 28.4 48.4

j—_r"j l. T5im B
AV U N s \..-*1' [ i

Fed MUIMISE R s i LT, =
JiapN FER MAR AFRR MAY
29 22T &EA 114 1571
6.8 S.d &H.B 19.4 2506
1829 1674 1784 1382 9Ié6

FOW MUMBER g LAT. =
Japn  FER MAR AFR MAY
lg 172 &1&5 1227 14697
~1Z.8 ~-7.464 1.4 21.2 41.9
2420 2EER 1969 1334 722

FOW NUMBER: IE LAT.=
JAN FEE MAR AFR MAY

] 7E 499 1u4% 11ZE9
~14.8-18.4-14.8 -@.4 19.4
2471 2342 24846 1976 1424

92.6

JUN

174%

48.2

474

=58. 4

JUN

14173

(o

SE. b

bl =3 ~~d
P

&4, 8

JUN

1750-

59.4d

211

bb. 9
JU
1855

oo 4

270

Ti.3x

JUN

1826

XI.8

955

DESIGN TEMF,=

JUL
1556
S51.8

o4

AUG
1187

SEF
750

51.8 46.4

91

sS40

DESIGN TEMF,

JULL
1277

e
it w

288

DESIGN TEMP.=-51.4

JUL
1541
L. 8

143

DESIGH TE

R
[ WL

T I R
LA BT

R

== ]
ke

DESTEN TEME, =

JuL
14135
Sida @

4467

DESIGN TEMRF.=-51.4d

JUL.
1561
o7 .2

2

DEEIGN

JUL
1458
x2.2

815

LS
Yax

oo g

e O

EE1

ALl
1117

SEF
678
-4

ArT
L VAR

SEF
708

—511 F

acT
456

7.4

357

~-4.8 F

QcT

22

41

71d

QcT
292

Sh.4 44.6 24.8
&H1T7 1R2ES

T4

ALIG

49,8

]
ol S

ALIG
[ e X R
L

S, £

45l

AUG

18174

51.8

47

ALIG
855
7.4

“IL"j

A=-11

o

A e ~
i ) “I‘,r!;

458

SEF

i A |
(=Y

~E1.

ocT
_."":il::‘

42.8 Z28.4
B8 1132 1481 1879

SEF
&7

™) ~i
T e

751

TEMF.

SEF
414

TEL 2

1a4a

QT

e
Al

17.4

1755

Iyt

acT

15.8
1541

NOV DEC
175 &3
28,4 “1.2
112 135

MOy DEC
148 61
2.8 E2s.b

P76 1168

F SIGMA=
NOV  DEEC

74 2
T 2-11.2

18&7 Z2EE6

.7 35,
840 724
F SIGMA

NOV  DEC
64 2

5.8 .4

F BIGHAS

MOV DEC

4 i3
—2.E2-15.8

TN R vl

1997 2392

F SIGMA=

NOV  DEC

3 o
~ @, 41T, 0
1966 2376

SIGMA=

SIGMA=

“. F

ETU/FTZ-DAY
=
F-DAYS

G, F
BETU/FTZ-DAY
F

~DAYS

I

BTU/FT2-DAY

F
F-DAaYS

7

TSR TE-08N

F-Diyy s

BTU/FTZ2-DAY
=
F-LaYys

@. F
ETU/FT2-DAY
-
F-DAYS

@. F
ETU/FT2~DAY

(=
F~-DAYS




-X

LENIENT
ENEIEE] 8EIEE2 MEZEE]
BEG26. S2B76, 60474
BdS26. 92876. 68474,
25526, 9IdTh.  £B4T74,
Sebfd., 68BAE. 4B682,
SRLEE, tBRAA. 48687,
SBAEE, 6EB4E, 4BAB2.
JRL3E,  hBB4E., 48bEL,
111850, 121244, 91737,
1IER4. 121284, 91739,
71644, 32786, HZ4RE.
TNEES RSN N VR
Pi7rie. i3live. 128374
139316, 182166, 128874,
2008, 139426, 1ER94E,
236T83, 243296, 199291,

nTETAT
R N (N

-

| L

199291,

~ LTy s

[y

MEZEE2 IMEIEE!

Begag, GB238.
gaa4s. GBZ38.
Bagdd, 58258,
4926, 45041,
58920, 45541,
36528, 45541,
3B92¢. 45541
(3882, 91629,
158888, 91629,
74225, 5M8A3.

74, 1I279L. 1UT4TE,

115836, 106004
212288, 197536,

212288, 197534,

£ - 002 - PAC

ANNUAL HEATING FUEL USE (BTU/SeFT-YR)

MODERATE 1

NEIEE2 MEZ2EE]

MEZEEZ SMEIEE]

68943, 46888, 57555. 46287.
68963, 4608B. 57553, 46287
68963, 46630, 57555, 46287,
55324, 36589, 45952, 38267
55328, 36509, 45952, 38247,
55324, 16589 45952, 38207
59324, 36529, 45950, 18267,
103087, 72868, BIlbd, TS4TA.
160487, 72848, Bl16d, 75ATE.
62692, 47682, ST, 44254,
179373, 988&{, {1GRDL. 143779,
(29375, 9a3El. 118805, 18377
129375, 98821, (14621, 1637TS.

218897,

216457, 167823,

j1s

. 186792,

AT
2283,

176785,

186792, 1767485,

A-12

HODERATE 2
NEIEE2 MEZEE!
56725, 36664
56725, 36699
56725, 36446,
$7389, 29745,
47349, 29745,
47349, 29745,
57349, 29745,
BRESS. 61214,
88985, 61216,
S1127, 12685
115484, 86144

181697,

189644,

1683444,

148354,

148344,

NE2EEZ NMELEE!
45976, 36282,
43976, 36282,
45976, 34282,
38591, 29898.
38391, 29894.
38391, 29898.
IBI91. 29898
§9677. 45726,
b9677. 65726
43568, 34879,
§7768, G866
37768, OBigS.

37768, - BR1GE
88433, 7a3G6.
161282, 153568

161282, 153564,

STRINGENT
MEIEEZ MEZEE] MEZEE2
43782, 26759, 35694,
45782, 26739, 35694,
45782, 26759, 35494,
Jgie8. 22221, 1811l
38188, 22221, 6113,
3s188. 22221, 3411l
3s18s. 22721, 3811l
74846, 48791, S6571.
7ag46. 48791, 54571
41286, 23918, 34144,
99578, 7522, 826,
5937e. 7521, BZelc,
99376, 71522, B2LIE.
85677, G681, AGALT,
165392, 126449, 139333,
165352, 1286449, 119333,




CR

LENIENT

IMEIEE] MELEEZ NEZEE]
41884, 38451, 34362,
41834, 38431, 34362,
41834, 3B431. 34382,
41834, 36451, 34361,
41884, 3431, 34382,
41884, 451, T4362,
41BR4. 39451, 34382,
21884, IPASL. JALL,
41823, 10451, 34362,
41884, JB4EL.  J4TA2,
§iBe4,  IEAEl. el
41884, 3P451. JM3L2,
41294, 151 34361,
41884, J8d51. 0 J4342,
41ER4, IR4a1. JA36L.

TLOAD — NE

MEZEE2 IREIEE]

225129,

22929,

22929,

22929,

22929,

22929,

~~~~~~

22929,

41884,
41884,
41884,
41834,
41684,
418B4.
41834,
41884,
41884.

41834,

ANNOAL ELECTRICAL USE (BTU/SBFT-YR)

MODERATE 1
MEIEE2Z MEZEE!
0431, 34361,
38451, 4382,
A5, J4382
J9451. 34362,
38451, 34362,
38451, 34382,
39451, 3L
J8451. J436L.
38451, F436L.
9451, 3A%6L
18351, JAREL
K1 FHE IR

TATLA
[ SV

34341,

TATLD
34352,

NODERATE 2

ME2EE2 SMEIEE! MEIEE2

22925,

22929,

22929,

22929,

22929,

22929,

41884,

41884,

41884,

41884,

41864,

41884,

41864,

41384,

41584,

41884,

A-13

38431,

38451,

18431,

38451,

38451,

MEZEE]

14342,

34362,

34362,

343462,

34362,

34362,

34362,

34342,

34362,

34162,

TATLEA
P B4

34362,

MEZ2EE2 SME{EEY

22929,

22929,

22929.

22515,

22929,

22929,

22929,

22929,

22929,

41884,

41884,

41884,

41884,

41884,

41884,

41864,

41884,

41884,

41884,

4eona
P Rnule Y

LRl
aiocH.

AiAnR
41884,

STRINGENT

NEIEE2

19431,

36451,

38451,

38451,

38451,

38451,

-----

ME2EEL

34362,

34362,

34382,

34362,

34362,

34362,

34362,

34382,

34362,

MEZEE

22929

22929

22929

22729

22929

22929

22929

22929

22929




LENIENT
CR SME1EEl MEIEE2 ME2EEL
RN 462 44
2 855 b9 T.E
3018 b6 6,28
4 3L 481 456
500437 L7 Lus
& LBB 487 4.4
7L LA LN
5 656 553 4.3
§ 12.8 1651 1855
L bER b
f$ 5,57 8.4 8.
FRNS P EPEPRR e
13019.3 IRGE 1663
14 2343 19.56 18,93
15 6,25 4.9 5.17
th b 16 1LY 1336
A - bE

MEZEE? $MEIEE!

4,83

B.65

7.18

9,230

5.45

5.99

ANNUAL ERERGY COST ($/5FT-YR)
MODERATE 1

MEIEE2 HEDEEL

4.1 3.9 322 45b
6,45 6.5 498 .78
5.79 5.8 446 6,83
4,31 42 334 589
.42 3.3 .67 L.B9
‘ 5,56 4.57 33 L4l
L1 2.9 24 .47
S0 489 9T LT
9.51 - 9.5%  T.62 11,92
5.52 & 437 6,55
7.e2 L L2F RIE
8,86 B.E 8,57 18,32

15,88 12,865 18,47 14,41
PAGE 3

A-14

MEZEEZ #MELEE] MEIEE2

HODERATE 2
ME2EE]

.83 378
6,17 6.34
.48 5.3
4,13 4,14
.25 3.6
4,38 4.41
2.9 .81
4.8 445

527 5.3
7.5 7,49
6,47 8,45
14,48 15,63
17,25 1688
5,65 4,53

NE2EEZ IMEIEE!

2.96

4.72

4.2¢

3.18

o
o
rr

13,

[
(%]
o

4,34

7,56

19.86

5.87

13.54

STRINGENT
MEIEE? MEZEE]
ML
593 414
.24 5.l
393 3.98
3.85 3.8
4.18 4,24
2,75 2,84
.54 4.38
?.14  9.38
5.84 516
7.8 TS

16,27 1593
£.54 4,82
11,72 11,45

ME2EE2
2,713
4,49
3.97

2.99




LENIENT
R MMEIEE! NEIEEZ ME2EE!
1 &6z 571 679
2 686 b6 T.32
IO&I & L&
'4 .20 629 .M
3. .13 8
6 9.9 1883 11,62
7 LM .43 B8
1 A O LA P4
CRS S ¥ B - S [
12,07 2.7 1.2
PR PO B 7,64
i &7 &R 5,55
134538 1850 16T
14 15 1478 1L
19 18,48 1887 1L.3
i6 16,16 16,31 18.9¢
TLOAD = i

MEZEE2 $MELEE!

6.88

7.42

14,73

8.71

8.43

5.89

6,33

1571

14.94

16,75

16,8

ANNUAL COST OF CARITALITATION ($/SGFT-YR)

BODERATE 1
MEIEEZ MEZEE]
5.98 7.8
6,45 7.6
6.34 7.7
6.45 7.45
7.31 B3
. 18.28  11.87
7.62  8.84
71.37 832
12,12 . 14,68
12,78 14,73
IR
13,98 16,85
(5,15  17.58
1#.89 12,58
1672 19.32
PAGE B

NE2EE2 SMEIEE!

7.15

7.71

.61

14.18

19,33

6.19

6,47

18,37

1,89

oax
o~
T

(=]
“

[=n]
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ANNUAL COST OF KAINTENANCE (¢/58FT-YR)
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T0TAL BultDING LIFE CYCLE COST ($/SRFT-YR)
LENIENT KODERATE 1 NODERATE 2 STRINGENT
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N

201563 1357 14,88 1339 14,82 1L 1489 1318 1487 ILIe 1477 1324 15,29 1375 1528 13.6%
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CR

1

$MELEEL

74144

76344,

76344

221733,

LLT! 77?
]

LLliv

LENIENT -

MELEE2 MEZEEL

87775, 64362,
87775, 64380
g7775. 44362,
45197, 45185,
65197, 45185,
65197, 45{85.

115427, 85131,
113427, 86131,
79215, 58898,
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g 1"
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7a654, 48511,
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ANNUAL HEATING FUEL USE (BTU/SRFT-YR)

MODERATE 1 HQﬂERATE 2
MELEE? HWEZEE! ME2EE? INMELEE] MEIEE2 HE?kEl
64142, 44152, S4737. 43876, OG5A117. 33453,
66142, 44152, 54737, 41879, 4117, JIeS3.
66142, 44152, 54737, 43874, S41LT. 3365
52922, 34345, 431544, 16193, 45876, 27718,
52922, 34345, 43544, 36195, 43476, 27718,
52922, 34345. 43544, 3s195. 45476, 27718,
52927, 14345, 43544, AZE!QS. 45876, 27718,
06489, 48773, 77384, 744F. 84528, 5783%
96689, 43773, 77384, 7T6E0d. 4528, 97833,
S9735. 48378, Gi647, 3JBIS1. 4893, I66Al,
175485,  9SE7I, 184805, 10718, 111432, 82344

129483, 95082, 186689, 162181, 111882, BI346.

125469, 95RE7. [46REY. 188161, 111682, 62346,

{11553, 79727, 89172, 88251, 97A2L. 67384
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284742, 142095, 175457, 171312, 184242, 142952
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NEZEEZ $MEIEE!
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43374, 33815,
J6374. 27912,
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43177, 24559,
43177, 24559,

36682, 20348,
34082, 28364,
16482, 24348,
36082, 268364,
78567, 45466,
78587, 45466,
Jed2z, 21929,
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ANNUAL ELECTRICAL USE
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_ANNUAL ENERBY COST ($/SQFT-YR)
LENTENT MODERATE 1 ' MODERATE 2 STRINSENT
CR SMETEE! ME1EE2 ME2EE! MEZEE2 SMEIEE! MEIEE2 MEZEE! ME2EE2 OMEIEE! ME{EE2? NEZEEY NEZEE2 AMEIEE! MEIEE2 NE2EE! ME2EE2
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ANNUAL COST OF CAPITALIZATION {$/80FT-YR)
LENIENT | MODERATE 1 MODERATE 2 STRINGENT
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176745,

A-36

MODERATE 2

MELEE2 NEZ2EE1

SA725. 24823,
17349, 212485,
47349, 21249
47349, 21249,
47349, 21249,
apags, 44582,
B3fas., 46382,
S1127. 238677,
{15484, T7HI39.
tinqga, 78035,

anTo
7!‘:.»".'.

34159,

189644, 124531,

ME2EE? SMELEE!

34652, 56282,
34652, 36282,
34652, la2812.
29824, 29898,
29625, 29898,
25824, 19898,
29624, 2989B.

54164, 45726,
S4lb4. 63726,

33881, la8vg.

137418,

STRINGENT
NELEEZ MWEQEEL
45782 17797,
85782, 17797,
45782, 17797,
3188, 14633
38188, 14633,
38188, 14635,
8108, 14633,
73084, 14825,
74086, 34025
1206, 15785,
w9I7s, S7EE
99376, 54758
99376, 54758,
85677, #i1BM,

103543,

153584, 166392,

NEZEE2

25498,

25498.

25498,

215331,

21531,

116328,

189444, 124531, 137414, 153384, 186392, 143543, 114318,



ANNUAL ELECTRICAL USE (ﬁTUfSQFT-YR)
LERIENT KODERATE | - NODERATE 2 STRINGENT
CR SNEIEEY MEIEE? NEDEEY NEQEEZ $MEIEE! MEIEE2 ME2EE! ME2EE2 IMELEE! NEIEE? ME2EE1 NE2EE2 SMEIEEL NE1EEZ MEZEE! ME2EE
{ 41884, JAAS1. 34362, 22929. 41884, 30451, 34362, 22929, 41884, 9451, 34362, 22929. 41884, 34451, 34362, 22929
2 41884, 3451, 34762, 22929, 41884, 3451, 34362, 22929, 41884, @451, 34362, 22929, 41884, @431, 34362, 22929
T 43834, @451, 34362, 22929, 41884, @451, 34382, 22929, 41834, @451, 34362, 22929. 41864, IB451. 34342, 22979,
4 41884, IBAS1. JA%e2. 22929. 41884, IA4G1. JA3EZ 22929, A418B4. 3451, 34362, 22979, 41884, IE4Sl. 34362, 17919
S A1BR4, 3A4S1, 34362, 22929, 41884, @451, 34362, 22979, 41884, I@4S{. 34362, 22929, 41BB4. Ig4G). 34762, 22529,

b 41884, 10451, 34362, 22929. 41884, 3@4SL, 34362, 22929, 41BR4, 318451, 34362, 22929, 418B4. IR451. 34%e2. 22929,

74184, IBASI, 34767, 1929, 41884, 38451, 4362, 22929, 41884, IA4S1, 34762, 22979, 41884, JMAGL. I43er, 22929,

B OL1GE4, 18451, 34360, 22929, 41884, 3F4Si, 38362, 22929, 41884, IBASI. 34362, 22927, 41884, @451, 4362, 22929,
5 41884, 34451, 34362, 22929, 41BB4. 3@451, 34342, 22929. 41884, J@45). 4362, 27929, 41884, JA45L. 34362, 22979,

L1RA4, 3EAS1, 24362, 22929, 418R4, IMSI, 34342, 22929, 41BB4. GMAS1. 34362, 22929. A1884. 3e451. 34362, 12929,

€7
it
.
n= o el * [aXa ¥ T.oL T AN LERsIa TIACDAH TATIA anasa LENalsX] TIAC Y TATTIM AT
2iTIy, IS4TYL T43AT, 22979, A1pES,  RESSE, 38343, 20979, 41RR4,  I8AS1, 43D, 27979, 41ERS,  3R4GL. 436D, ZDRIS.
- - T TaT T 7 T LIt a0 vaacn Tirin Anpng RN Ta2C4 TaTin Amnoc
(7 Si3a4. IS4SL.  34ESI. 229I9, 4{684. Ie4El, J4i6L. 22909, 48B4, Jeedl, JAd0Z, VUYL Aldes, SBhad. 98004 LiTLTy
- . AnnA a waaTt  TaTEA Angn ant TasC T arrA nAgnang 1004 23aC i o
1T 51854, 38451, 4342, 22929, 41884, 38454, 34362, 22929. 41BB4. 1845l J4N61. 12949 41884, @451, 34382, 22978,
= a gy LT s raac Tarn non inne ECTL 187 an040 ainas T6a8E AT Anpan
13 413p4, @451, 34762, 22929, 418S4, 18451, 34062, 27929, 41884, A4Sl 14T, 22925, A1BQS,  TEs5L, T4TAE, 29579,

1S 41684, IM4T{. 14352, 22929, 41884, P4SL. 43 - 22979, 41884, IAASI, 34362, 22929. 41884, IGA5L. 34362, 22929,

(6 AIBRS. 4451, 34762, 22679, 41884, 36451, F4362, 22929, 41884, R4S, 343eZ. 22929, 41884, 451, J43AL. 12919,

A-37




LENIENT

CR NMEIEE1 KMEQEEZ

ot

wn

2

Eel

—
L)

3,33 4.42

8,55 6,96

7.5 6.2
L% 44
43 LN
5.688 4@
392 LM
680 5,53
{2.86 16,51
1.2 6. 47
.2l 7040
19.36 15.38
258 19,00
6,25 451
16,16 13,95

MEZEE]

16,66

ANNUAL ENERGY COST (8/8aFT-YR)

NODERATE |

MEJEE2 tME1EEI MEIEE? MEZEE!

1573

371

18,51

4.8 418 .89

8.45  6.45 6.4

363 LI LT

g.67 14,90 149

2068 1B1Z 0 16,45

6,07 475 494

15,21 158 1L§3

2 - PAGE

MEZEE2 tME{EE!

2,95

L

A-38

4,56

7.18

MODERATE 2
MEIEEZ MEZEE]
3.8 LY
6,17 4.12
9.48 5.4
13 L9
3.2 2.98
4,38 4.22
2.9  1.62
5,88 4.33
3.55% 23
327 Sl
8.43  f.ur
14,48 14,55
e 1T
.65  4.8i
.35 1L.31°

MEREEZ SMEIEE]

3.23

3.28

3.47

11.52

STRINGENT
MEIEE2 HME2EE]
L3 L2
5.9 5.%4
34 Lt
L9 3.8t
Les L8l
.18 4.#7
.15 .47
4.34  4.08
5.14  8.89
.44 A7
T8 6L
.65 .0
14,8 14,15
18,27 1497
43 4T
11,72 18,79

ME2EEZ

.54

4.2



LENIER

CR tMELEED MEIEE2

3.71

6,16

.29

113

14,43

1.43

MEZEE!

6.88

ME2EEZ SMEIEE!

g.61
13,72
14.9¢
14.75

16.51

ARNUAL COST OF CAPITALIZATION (8/58FT-YR)

MODERATE |

“BEIEED NEZEE}

598 145

6,45 7.01

6.4 1.8
6.45 1.8
1.3 8.4
14,28 12.6¢
7.6 B.%
737 B.#1
12,12 - 1436
12,75 14,88
8,50 8,8

HE2EE2 IMEIEE!

8,62

12.13

§.8¢

6.19

6.67

7.38

18,37

A-39

NODERATE 2

MEIEE2

6.27

6.77

wa

MEZEEL

NE2EEZ IMELEE]

7,53

8.12

8.24

12.36

7,14

.86

6.94

7.48

11.67

8.21

7.54

STRINBENT

NEIEEZ
6.87

7.41

.56

11.84

18.22

HEZEE!
8.94
8.67
8.7%
2.1

9.24

15,469

21,63

NEZEE
8.4

8.7

8.1
9.2
3.8

9.5



LENIENT

CR tMEIEE] MEIEE2

]

A

.39 437

£,40 8.4

6.5 4.9

g.487 8.42
4931 8,41
4,87 8,67
&l &7
I §.a7
4 :’\E‘ T f':-'
877 BT
§.94 R
f.68  f.68

£.93 4,93

MEZEE{

1.1

]

8.46

fil.49

MEZEEZ tRELEE]

ANNURL COST GF MnINTENANCE ($/38FT-TR)

MOLDERATE |

MEIEE? MELEE)

#.39  6.46

a.47 06,49

871 &8
8,47 o

£ [t
| O ) Liaor!

#.9% L.if

MEZEED $RELEE]

.46

£.49

9.48
#.68
£.of
d.49

£, 8¢

A-40

.42

#.41

&.67

MDDERATE 2

NELEEZ MEZEE)

£.39

#.46

£.49

g.68

.82

MEZEE2 ®MEIEE)

é.48

8.568

8.3%

#.57

.42

8.4

STRINGENT
MELEE2 NMEZEE!
6,39  B.46
8.42  8.49
f.42 850
g.36  6.42
£.41  £.48
6,57 4.8
8.42 &.5f
£.41  0.49
&.67  6.Bf
§.71  £.94
£,47 {.5;
d.43 L5
€77 8.92
a.e4 1.88
g.68 472
L5 118

MEZEEZ

8.46

8.49

£.42

#.48



CR INMEIEE!
1 1L3
2 15,63
I
4 12.1
AR Py
& 14,35
7 1148
g 1L
ER e

1§ 8,84
il ThES

3 3%E

4 RE

5 17,3

6 3519

LENIENT
MEIEEZ? ME2EE!
16,72 11,48
13,53 14,78
12,93 14,83
1.2 12,13
.25 12,19
15.47  17.84
11.29 122
{3.15 13,8
2.4 8N
18,94 21.43
§T.25 1BS
16,37 19,44
.98 LI
35,18 J6E
16,13 18,21
.1 ILE

ME2EE2 WNELEEL

18.86

13,26
12,79
11,26

11,63

TLOAD - HER -

ISR

14,82

1597

11.98

11,48

16.3

3316

TOTAL BUILDING LIFE CYCLE COST ($/SBFT-YR)

KGDERATE 1

NETEE? NEZEE{ ME2EE2 SMEIEEY

18.47

13.31

12,72

{111

11.14

11,18

12.89

22.78

11.34

14,54

13.88

12.94

12,13

17.04

‘
(o]
P
-

S
-

16.44
13.81

12,681

113

11.56

16,11

11,73

11.13

14.87

14,82

11,96

11.48

16,36

A-41

NODERATE 2

"MEIEEZ NMEZEE!
18.49 11,37
1336 14.64
12,77 11.98
11.88 12,65
11,13 1016
15.46 17,12
14,17 12,18
12,78 13.58
22,61 24,45
19,32 21.4%9
16,74 17,82
17.68  15.464
20,45 32,88
33,97 5%
16,38 18.48
38,41 3239

NEZEEZ EMELEE!

16.69

12,469
11.14
11.58

16,19

17,31
28,36

31,37
Ry Y

11.51

14,45

12.21

12,86

[
C
cn
.

it
-4
“

=
~a

18.28

J2.88

STRINGENT

HELEE2

18.84

15,75

13.18

NEZEE)

11.79




HEC ST e D O

E b B s TR I

Wi EsL = =

€ EF TR

HETD — &S0 57

P tad L E5 P OO0

F L R
TS

I - IS I R

P o ey
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TITLE
TITLE
TITLE
TITLE
TITLE
TITLE

it
TN
1o

o -y
O

TR

RO

W
1 l\\

WNUMBE R 2 il

NUMERER

L 1d. 4

IG"BE:CIDX"

16" "E:CLIMATE"
TRy ARCHDRLE"
TS "Hs ATROHEHR"
IG"R:e FCOSTHED"
ISR FMA"

£

LAT.=

FEE  MAR  APR MAY
= TEE 1247 1581
D4.8 28.4 3I5.6 42.8

764

A

149 LAT.

F MER AFR MAY
R2EDLER 14T 12946
EELE 844
AN H&T
el N 13 LT,

MR AFR MAY
HTT L19E 162

L) R L Fan'}

2e8.4

1EaEd

44,4

1721 A

[ AN
ﬂ’q\‘!
vi [ -olla 3 ‘(

wd s

s
-._'--.J n L)

1 AT
LiaT.=
AR
R TAR
£y
P&

24l e

7T

Xoal

Bl NUME ) T, =
T z Mak ARE MAY

g 494 1aae 11359
~14, 813, 4 14.8 ~&,4 12.4
m4TY RR4D 24848 197464 14324

= e

S, b

JURN
174%
A0.2

494

S8, 4
LN
14173

1o

wdit c\

&H4.8
JUN

| T

i

[l
Wi

DESIGN TEMF.=
JuL
1596

wi.e

z24

ESIGN TE,MI' .=

JUL

1277

[ =S
wtod e M

DESIGN

JUL
1541

&G, 8

148

LN

- FEI:u =
1EEE
L [ b d
oL

~\ i
27

T1.35
J{IN
1‘.- ’i

R |.8

e
ol J0O0 "l

EDIGN TERR,

-3.1 F SIGMA= 4. F

AUG  SEF OCT NGOV DEC
1187 798 436 175 &% BTU/FT2-DAY
51,8 46.4 I7.4 28.4 21.2  F

191 S40 857 1163 1352 F-DAYS

SIGMA= @&. F
MOV DEC
148 &1

R e Y
RV ¥ S i Y

P76 1163

4.8 F
Qo
229

41,6
718

ALIG

PRI

BTU/FTZ-D&Y
r

F—DAYS

(;, =
S

s

[ PR

2

U

SIGMA= F

DEC

F .,

MOV

TEMF-_ :-"5 1 x Q’

Al BEFR QCT

110y g 292 74 o BTW/ FTZ-DAY
SE.4 44,6 24,8 F.2-11.2 F
TE4 &1T7 L2EE 18467 2EEE F-DAYS

TEHH, =-21. 8 F i, E
SEF O QCT 0 KON N
&77 &4 =z BHTU/FTZ-DAY
GE. 8 H.8 H.@ F
HEE 481 1879 F-Disy s

AUG BEF ! MOy DEC
1a7a AT 251 4a & ETUW FTZ-DAY
51.8 39,2 19.4 —Z2.2-1%5.9 F

q4E7 7Ol 1-"-’3”_ 1993 2ER2 F-DAYS

45,0 F BIGMA= ®. F

EGIGN TEMF.,=-40. .
JUL AUE SERF QCT NL-\- DED
1488 85% 414 1325 G RTU/FTE-DAY

-~
<L

I_’-‘?.
215

[\

TTLA T, D 15,8 —g.4-13.4 F
amg 1940 1541 1544 TI6  F-DAYS

A-43




ARNUAL HEATING FUEL USE (BTU/SRFT-YR)
LENIENT | MODERATE 1 HOLERATE 2 STRINGENT
(R SMELEEY ME1EE2 ME2EE! ME2EE2 $MEIEE! MELEED NME2EE! MEZEE? WMEIEE1 MEVEED MECEED ME2EED SMETEE! MNEIEEZ MEZEEL MEZEEZ
| 76344, B7775. SI043. 62942, 55518, Ab142, 33268, A2745. 43878, 54117, 23681, 32236, 33915, 43177, 15844, 23216,

C
o

18, 4h142. I3208. 42745, 43876. 54117, 23681, 32236, 33915, 43177, 15844, 23716,

wn
N

2 76344, BTTIG. SHM4L. 62942,

. 6b142, 33264, 42745, 43874, G417, Z38BI. 32236, 13915, 43177, 1oR46.  23ILF,

=y

1 76344, B7775, S2@5L. 62942, G551
4 54995, 65197, 35189, 44441, 43314, 52922, 26234, 3T36B. 16195, 40876, 19412, 26981, 27912, 3682, 12944, 196f6,
S 54995, 45197, 35189, 44441, 43314, 52922, 25234, 3ITHB. 6195, 45TH, 19812, 26981, 27912, IefR2, 12948, 19bEL,
6 54995, 65197, 15185, 44441, 43314, 02972, 250%8. J1G48. 36195, 45976, 19412, 28981, 27912, 36U8Z. 12943. 19636,
7 54795, 45197, IS8T, 44441, 43314, GR9ZI. I5EMA. 333es. '361?5. 45876, 19412, 28981, 27912, 3h8BZ. 172948, [96és,

165257, 115477, 49561, TRIT1. 87918, GA8B9. G3264. 41195, 74084, B3S28, 43213, S8759, 2287, 7HSET. 1iGbb. I80E4,

[RM]

9 105752, 115427, 69543, 78191, 67918, 94689, 53264, 61195, T7ReRG. 04528, 4321, GETE9. £2287, TAGA7. 31064, 38834,

1047583, 792M5. 4RSE4.  60EAS. ARSI, SE73S. G724, 41592, ZBUS1. &893, 21795, 7L, IBBAI. 394I1. 14831, 12996,

§9 4TITTA, LAAIAE,  STEAT, 1ESA4, 11I971. (2347, TESIT. BOVIN, 10TiA(, I118BD, BELSE. T7AID, 84444, 9EEEI. III&L, 34T
I134iIa, beothe, S7eS. §035L, M{IDELL RIESSS. Telil. SRTILL iddisd TTeII. B4444. RDIET. G3GELL eREIT
17 173806, 140168, G70R5. 1GRSAS, 113594, 05489, TESIT, 89725, i8Blel. 111681, GeASI. TTLIE. BAA4S. 95583, ENNeA. 6147,
14107714, LTIR4D,  BAARY, 9@LEL. PMIBN. {11553, 81950, 78371, R835:. 97621, ERARD, O8%4T. TIALE, B1E3IV. 37N6L. 435N

§ 221739, 234726, 165158, 178116, 191801, 284762, 137394, (56347, 171312, 184282, 119152, 132610, 14B4A5, 164941, 98139, 11887%,

14 021739, 234726, 165158, 176134, 191881, 284762, 137394, 156367, (71312, IB4242. 119iG2. 132618, 148865, (68941, 53119, 118374,

TLOAD - HED - 002 - FAGE 3
A-44
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L)

a

—_
5~

AhndAl ELECTRICAL USE {BTU/SIFT-YR)
LENIENT NORERATE 1 MODERATE 2 STRINGENT
\NEIEE! MELEE2 ME2EE] ME2EE? SMEIEEL NMEIEE2 MEZEE! ME2EE2 IME1EE1 MEIEE2 NEJEED MEZEE2 MMEIREQ NMEIEEZ MNEZEED MEZEE
41884, J0451. 34762, 22929. 41885, 3@4DI, 34362, 22929. 41884, 18451, 34382, 22929, 41884, @451, 34362, 22929.
§1BR4, 36451, 34362, 22929, 41BR4. 36451, 34362, 22929, 418B4. @451, 34362, 22929, 4184, I@4EL. JATeZ. 22929,

14382, 22729, 41884, 4451, 24162, 22929, 41884, Ip451. 74762, 22929, 41884, @451, 34362, 22919,

41384, @451, 3AT6D, 22929, 41884, 16451, 4362, 22929, 41814, @451, 34762, 22929, 41884, 3P4SN. 34362, 22929,
41884, 3045). 4362, 22929, 41B54, @451, J4X62. 22979, 41884, @451, 36D, 27929, 41884, IA401. 4362, 22929,
41884, Ip451, 1432, 22929, 41GB4, ;5451. I4362. 22929, 41BB4. @451, 33362, 22929, 41884, 3451, IA36D. 22929,
29. 41884, I84LI. 34382, 1197,

A Y LD “ANaa onx IO TAT ann A o8 T TATI
41824, I@4SI1, 4362, 22979, 41634, 3adol, 35342, 27979, 418BS, JE431.  JA%el.

S1RSA, @451, 34162, 20729, 414, I@4S1, 4TI, 22929, 41BB4. IMASI. 34362, 22929, 41884, I@451. 3ANAZ. 22929,

534, TSI, 34362, 22929, 41884, J4S{. 34782, 20929, 418B4. M4S1, 14362, 22929. 41884, 34451, 34362, 20920
31532, IAASI. 366D 27929, 48B4, TEMSE, 4%, 22929, 41RR4. IAGSI. 34362, 20929, 41884, IMSL. T2 20975
BITiOTHTY, TT:IL 10908, 43FIL, TAATL, LTET. 2ISIS. 48RS, WS, T4leD. D091F, MERL. TSl MWD 20809
GiEa, TEATIL ISel IITIS. ALEEA. MAT.. WIel, IITIT. HIEEML B23EL MIel IS GEEL INSL ML 1N
§153%. 0451, 34361, 20905, 41924, 3WISL. 343¢D, 20925, AMERG. IMEI. 43D, 2ISI%, A1BR4, TSI ML W92
£18R4, IGASY. T4TD, 27329, LIBEA, QG4SI, TATAD, ITDT. 44834, IOdS|, 4D, I0929, 41884, 3G45L M2, 22929

41pR4, JE4SL.- 14362, 27979, A18R4, IAS{, 4367, 20979, 4IRS, IQ4SL, J4342. 22529, 41884, PG, 3432, 22919,

11885, 3P4S1. 34387, 27925, 41BR4.  T4451. 34T4Z. 27979, 41804, IBALL.  3336%.
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STRINGENT

3,482 .65

KODERATE 2

.77

2.84

fhunt Enchoy COST (8,527 7-1R)
MODERATE 1

4,85

4,77

4.66

LENTENT
CR IMELEES HEiEE? MEJEED REDEED IMEJEE! MELEED™ MEQEE{ MEZEE2 NEIEE) MEIEE2 ME2EE] MNEJEE2 $MEIEE! NMEIEEZ ME2EE! MEDEE2 %

-y
o4

6,28 4.45 73 612 497 442 7,51 .87 5.89

38

LT 6

6.7¢

6.86

L]

.69

-

912

S8

3By CLIT 2.7

4,87

.65 488 L9l

3,85

3.1

KPS|

A 4

4,26

=
um

-
ua

et 2,88 L1f

3,87

.48 .85 LM L%

3.8

.M

L]

4,89

2,63

u

=y
e~

(&}

5,83

-
W

L1941

3,18 LU

4,33

537

]

.71

(8]
U

(o

cc
u3

k2

o4
=3

(2}

nT

TT
PLISN ]

T

4.47 4.8

3.48

(]

-1

5.26

8,77

4,47

-
W

9.8

Uz

5.9

3,98

£29

7.684

5.3

12,16 9,88 .

[ d
P

L -

1%

g
(s8]
L)

Lol

[22]
r-

-

-—

L

o

P}
-

4.87.

686 472

387

5.8

Ll

-

A-46

11.77

12,83

15.63



AniuAL COST OF CAPITACIIATION ($/5GFT-Yni
LERIENT BODERATE 1 ) MODERATE 2 STRINGENT
CR SMEIEE!. WEIEE? “MEREE! NEZEE2 AMEIEE! MEIEE2? ME2EE] ME2EEY MEIEE! NEIEEZ MEZEEL ME2EE2 OMEIEED MNEIEEZ NEZEEL
1 S.78  5.87 .43 7.2 599 608 7.8 7.3 6,28 6,36 7.8 7.6 6,88 697 8.14
2 623 6,33 7.58  7.6B b6 6,55 T.B1 7.1 .77 6.6 B2 822 T7.42 1.2 B.T8
TORID b4 8% 7% 655 665 790 BT 687 656 BZS B3 T3 .61 8.9
4 6.15 4.43 7.1 C7.59 645 .53 7.62 7.8 65% 0 667 175 1.82 L@ T2 8.2

7.2 1.3 8.52 8,42 .32 7.42  8.4%4 B74 7.4 7.57  BB8 B89 799 8.48 9.3

en

6 16,17 18,29 11,98 12,11 18,29 1442 12,15 12,28 14,51 id.e4 1236 12,45 1022 L3S 13.68
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51054 1LET 14,13 34028 (2,14 12,39 14,37 14048 12,39 (2.5 14,58 1473 21 1R39 1542
g 12,15 {750 1466 14,81 12,76 12,97 1547 1527 1335 160 566 1582 14.0F 1466 16,81

g, B.ET TS RIS 85T & HEN 2 8,71 P R A A ¥.00 7.4 1888
PO 8,45 iie  ie Dt BTSBGEY dedl dsem G0 I A P Tl LhET
2 1E LB L6 1R LA 1,89 16,40 1h.47 {428 1428 1A7Y 16EF 0 LGT IEIE iT.4B
14487 4511 IT.AF 1T.BS IS.IT 1S3 17,9 1R85 1545 (568 1822 GR4D 16 16,737 19,28

15 16,77 18,86 12.69 12,82 16.9% 1184 1286 1REF L3 LD 1L89 12,23 1,89 12,42 13.83
17,38 26010 8.3 18,26 1RAT ILET

Y 1h.AT 1EGGR 1580 15,78 fe. 74 16,95 1976 15,97 17.89
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Aliidae, COBT OF RASNTENANCE (8/S3FT-IR)
LENTENT MODERATE 1 MODERATE 2 STRINGENT
CR SMEIEE) MEIEED? NEREE) MEZEE2 $MELEE!- MEIEE? ME2EE{ MEZEE2 $MEICE! ME(EE2 NE2EE! NE2EED $ME{EE! MEIEE2? MNE2EEY ME2EE2

1 8.3 839 G460 a46 039 B39 .46 B46 839 EI9 &4 f.46 839 8,39 A4 446

84 441 443 &89 4,42 242 @49 44 £.42 4,42 £.49  4.49 4,47 £.42  4.49 4.49
o841 RS2 RWE RGO 642 847 BSR 0 4.08 0 6,47 842 4.5F E.5F £.47 0 £.52 658 RS

LA TE L3 442 0 8.42 &3 6.3 .42 A42 436 0.3 642 642 B.TH 8.3 442 482

6.8  £.41 a.41 @48 £.48 £.41  4.41 6,48 .48  £.41 g.41  4.48  £.48

A |
"y
=
—
=y
S
—
—
B
jo e

6  §.07 4,37 8466 4.6 .97 857 4.8 .68 6.57 .57 6.6 4,68 857 6.537 B8 6.68

#,42  6.5F 458 842 £.42 L5 AE

r.n
=
=y
4~
ra
k-~
ra
~3
=2
on
-
=
wn
A
ay
-
EY
~a

FRAD AT R4 fa8Y 0 4.4 A4 A.49 0 A4 4D &4 .47 8.4 B.41 .41 6,49 f.49

8,67 4.80 6.B8  B.67 8.7 £.88  4.88
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AT 4T GRS 6B 671 A7 &84 885 671 671 0.88 5,84 AT AT1 484 4.8

TRt s L% LAT 0 BAT RS &S £4T 0 R4T O ESE 856 887 2aT &% 0.C
: DoGdl LI LT LAD LR LT LT LD R RS LT L4E 0 R4E LT LY
LTTLTT LS LST RTTOATT LS B9 ETT BT 692 RS AT7 R77 LR RS
1 @34 §8 LE 1,87 L8080 183 L& 680 A8 1LEd LA A8 AR LK L

15 668 B4R BTD O RTI BAE B42 0 8,72 472 B4 f.66  £.727 877 .68 B.66 677 4T

97 L Lt 8957 493 Lid LY

v 97 A5 1.ie

—
—
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TOTao BUILZiNG LIFE CYCLE CO3T ($/54FT1-YR
LENIERT | MODERATE 1 NODERATE 2 STRINGENT
CR INEIEE! MEIEEZ ME2EE! NE2EED? SNEIEE! MEIEE? MEZEEY MEZEED IMEIEEL MEIEE? ME2EE! KE2EE2 SNEIEE! MEIEE2 MEDEE! NEZEE
io11,49 14,768 1,55 18,92 11,14 1850 11,34 10,68 11,57 14,57 16,42 14,73 1156 16A.89  11.85 111
201548 1Ll 14,78 13,27 14,86 13,35 1459 185 18.92 1348 1469 1LI3 15,39
T4 138 W 1287 14,80 1.7 15.9% 0 L1LAS 1407 ‘ .80 1480 1LY f4sl LA
4 12,17 11,32 12,28 11,32 12,82 11,15 12,88 {1019 11,99 if.10 12,99 1118 12,26 11,36 12,48 (1.4

2,78 11,73 1673 1L,19 0 12,19 161 107 1417 12,22 183 12,86 1149 12,59 LS

A
—
—
o3
o~
—
—
-
[
4
—
Iy
.
[N

b 16,49 15,61 17,19 16,29 1646 15,99 17,13 16,28 1645 1S54 17,22 16,27 16,98 1685 17,78 16.3
EARE S W R - D 0 # S AL R B T SED § N S VI § DL ' .64 10,22 12,23 18 198 GL3D 0 12468 1D
they 130190 13,96 1367 4574 12,90 13,87 12,83 %64 12,88 13,60 12,76 13,86 1382 1587 13,6

23,10 24,83 22,61 24,97 22,76 - 24,55 22,32 24.88 12,86 24,50 22.27 28,32 5.1 1582 2.7

LY

-3
t3
s
©
=

17 20,04 1914 2424 24013 28,70 (9,18 21,73 2611 28,36 19,44 ZhL61. 26,47 L.

SRRTR SRR TRNE TR LI T IO XNV LE S AL B POP LI SO T S SO0 <R - CHUN - ML L AL KRN L P RO
DoLih SLAT GRS GTTEOINTT ik ST 143 550 ITSE fS.ae 1T.I30 GRED R4 IRI LS
(7 3Lt 10T 146 Z8.85 ILIE 2.4 ILD 285 DT IRED LT BT 364 N6ED 3led 789
fpooaeer 01 LB TR T4 ML IS4 ILTT N6 JLED 3476 332 IR D4 IS4 GLG

e (7,87 16,33 18,41 17,21 17.56 16,36 18,45 17.26  17.6% 16,49 18,59 17,48 1633 1714 §9.23 (8.8

T T T oAD TRNOTA TS T T T T ~ o I B TR AT *n AT T AR T O T : T g0 o
18 BRSPS i T byl weefi S diebo 38,627 Ky Y efia by YR N P L Sie? 36,94 KNTS L ap, 1
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TLOAD — NHS — w@maa
NO HEAT RECOVEFRY
HEATED CRAWLSEAOCE
SIMNGLE STUD WAL L
N PR WA= 1Sz 1 &z B

(R A

TLOSE — MNHESE — &@Eesg —  FPaaiE
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TITLE ISQ"EH:CIDX"
TITLE IS"R:CLIMATE"
TITLE IS"E:ARCHSGHO
TITLE IS5"E:AIRCHGNR"
TITLE IS"R:FCOSTNHS"
TITLE IS"R:FHMA"
hakt BAGSIC RUILDING X¥¥XxX

1. CITY LOCATION: HOMER, JUNEALL, FAIRBANES, ADAK, NOME, BETTLES, RARROW
2. REFERENCE ANGLE WRT SOUTH. . .veenneenna... e b e e .
. O HEATED AIR VOLUME . o v v s v s s v v vannnennnnnnnranwnnl
4. CONSTRUCTION QUALITY (1=VERY TIGHT,S=VERY LO0OGBE)...
S. NUMRER OF EXTERIOR WALLS. o v n s e r v s v s s s v nnonsns
. EXTERIOR WALL R-YALUE. v v v s s s s e e s i st s s anans .
7. WINDOW R-VALUE — DAYTIME. . oo vmneneownns caww v m e
. WINDOW R-VALUE — NIGHTTIME . tw i v v s v v v wasnsanunones
¢, TINTERNMAL STORAGE CAFRACITY (1=LIGHT,Z=MEDIUM, 3=HEAVY)
FEEEE WALLS MXxX 1

j. DRTIENTATION WRT REFERENCE. wa e s s nnrn e e v s wcem v
2. GRISE WALL AREA...... nae e e e a s a e m e m e Wwa .
. BXTERIOGR WALL — R-VALUE. i on e v e s e m e n v w ww e
e WINDOW — ARES. . .o e fewnamm e A cananam. .
S, WINDOW — DAYTIME R-VALUE. s s s s e c v mrren s e v uvnswas
S WINDOW — NIGHTTIME R-VALUE. o v v v s v a v na s s s s mnmeawn e
7. WINDOW — % 0OF TIME SHADED. . v v sew s v s vswcessvas vaue s
B, DOOR — AREA. s v v v v uannamannenssacsneonnsnn sevnumaaas
F., DOOR — R-VALUE s s s v v an e e rnnrumsvanauans s x s s e m e

sk¥xyx waALL 2

1
4.
S

(DIRECT GAIN — FASSIVE) X%%%%

ORIENTATION WRT REFERENCE. . wu v vesuansas
DIRECT GAIN WINDOW AREA. . v e wrweaa

NUMEBER OF GLAZINGS (1 TO Zlevesnasoswevnrasnoacanns
DAYTIME GLAZING SYSTEM R-VALUE. s e v n e v v nae v v v nan
NIGHTTIME BLAZING SYSTEM R-VALUE. .. r-vvecvnaan.. “
. OVERHANG SHADING? (1=YES,Z=ND)...svrseuns- cevemean e
7 WIDTH OF WINDDOW..osraweeoaaeas cwsnve v e n s
8. FROJECTION OF OVERHANG. ¢ c v e v s s s s s e v s v nsanesaan
?. GAF BETWEEN OVERHANG AND WINDOW. ... cvsenncnna-
TLOSD — RMHAS — #Sioedg — FFasE 2
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R AIRCHE
o,

B ARCH

R ARCH

R ARCH
1. i

@,
CHBE ., G
=FAREBR (&)

i,

@,

[

.
1, @i
R ARCH

.
. 327.00
R ARCH
=FARBE (7)
=PAREE (8)
2. 6
@,
@,
.

DEGRE

FT2-HR-F /H
FT2-HR~F /K
FTZ~HR—F /E

DEGR

FT2~HFR~F/

nomTm

FT2-HR-F /B
FT2~HR-F /B

F
FTZ2-HR-F/R

DEGRE

| =y
v

FT2-HR-F /R
FT2~HR-F /B



1x¥x% ROOF-FLOOR-BASEMENT-GARAGE ¥ XXxx

a

[ =
OO NTA DGR -

—
J b
a

P

1T

et

4, ¢
C
. O

,,,,,

TOTAL CEILING AREA........ AMeemeam e,
CEILING R-VALUE. s i vt s enennnmnassrvasnanannovenrsaeas
BASEMENT TYFE (1=SLAER,Z2=CRAWLSFACE, I=FULL,4=C0OME, )

(FDR TYFE 1) HEATING DUCTS IN SLAR? (1=YES,Z=NO).

(FOR TYFE 1) PERIMETER OF SLAER. .. .seannrvooernas
(FOR TYPE 1) R-VALUE OF EDGE INSULATION. ........
(FOR TYFE 2) GROUND FLOOR AREA OVER CRAWLSFACE..
(FOR TYPE 2) FLOODR R-VALUE. s s ce et annnerrssnvanua
{(FOR TYFE 2) CRAWLSFACE HEATEDT (i=YES,2Z=hN0)....
(FOR TYFE J) BASEMENT HEATEDR? (1=YEGQ,2=Ngh......
(FOR TYFE ) GROUND FLOOR AREA OVER BASEMENT. ...
(FOR TYFE Z) FLOOR R-VALUE. . .sevueou... Veasunmannuna
arT).
TYFEZ=-3) BASEMENT/CRWLEF., WIDTH. .o v v v e e cunnoneen
TYFEZ=3) AREA BASEMENT/CRWLSF. WALL AROVE GRADE....
TYFEZ-3) EASEMENT/CRWLSP. WALL R-VALUE AROVE GRADE.
CTYFE 2-20 BASEMENT/CRUWLEF. WALL AREA ERELOW GRADE..
GRADE
HEATING DUCTS IN UNHEATED SFACE (1=YES,Z2=ND).......

TYFEZ-Z) BASEMENT/CRWILLEF. DEFPTH BELOW GRADE (F-

(TYFE Z-3) BAGEMENT /CRWLS P ALl R-VALUE RELOW

%% INTERMAL SPACE %¥¥Xs

ERMOSTAT SETTING — DAY TIME . a s s s v s v s v m v v eua

an FOR RIGHT SETBEACE. ... 0. e mawE v
hLLUHQHLE TEMFERATURE SWING (FASSIVE SYSTEMS)
AMNUAL, ELECTRICAL CONSUHMPTION. . o v v v v s v v v v ews=

CETAT SETTING — MIGHT TIME. .o ivaaranwoana

A ERAGE NUMBER OF OCCURANTE. v c e e v i s e s r s s s s s amu s

EAGONAL EFFICIENCY OF CONVENTIOMAL FURMACE..

_ OaD — NHS — #i5a — FEFAaGE
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R ARCH
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FT2
FT2-HR~F /BTy

FT
FT2~HR~F /BTU
FT2
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FT2
FT2~HR~F /ETU
FT
FT
FT2
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R{OW NUMBER:

JAN
121
21.2

ey
2

ROW NUMEER:

J AN
114

D38

1287

ROW NUMBER:

JAN
e
~11.72

oy
AP P

LA

T.= 39.6

AFR . MAY  JUN
1247 1881 1749
35.6 42.8 48.2

5
FER HMAR
I3E 758
24.8 28.4
1123 1159 oo
14
FER MAR AFR
282 4649 1443
28.4 FR.4 I9.2
VHE7 16264 7835
15
FEE MAR AFR
221 673 1193
-2.2 1d.4 28.4
1894 1721 1884

Rid NUMBER:
FER  MAR
T2 7131431 1178 1181
SO 34,2 FB.1 45035 487

JAN

ey

wiae et
b 1 [ =g
SE. S

1 g

%4

o}

#5492

RO FUMEBER:

JAMN
=G
&a.8

1|ene

FEE MAR
DRI A

ROW NUMBER:

JAN
i@
—~15.4

240

LT
Py

G.8 6.8 19.4

26

AFR

LA

1
4

LA

1
4

734 490

T.= 33.4
MaY  JUN

29@ 1413
Gad Tl 6
S6I IES
Te= &4.8

MAY - JUN

&E2 1754
b.4 5F.4
945 211

LAT.= 31.5

MAY  JUN

Qs &7E 4892
25 LAT.= &4.05
AFF MAY  JUN
1184 1571 1752

16748 1784 17282
ot LA

FER MAR AFR
172 &15 1227 4
~7.E 1.4 21.2 4

PEIR 1949 1336

ROW NUMBER:
BB HAR
7E 4946
-14.8-18.4-14.8
42 24846 1976

JAM
¢l

2471

TLOAD

F?

e

ot

NHS

ot
AFFR
1349
~3. 4

a4

LA
1

1
1

-

Fa.6 4504

]

QE&H 585

Tu= 66.9
MAY  JUN
&7 18335

1.4 55.4
7Rz 27d
Te= 7T1.3

MaY  JUN

159 152
9.4 3IT.8
424 959

PAGE 4

DESIGN TEMP.= =-5.1 F SIGMA= @. F

JUL. AUG SEFF OCT NOV DEC
1396 1187 79¢ 434 175 &7 BRTU/FT2-DAY
51.8 51.8B 46.4 7.4 28.4 21.2 F

94 I91 549 BEY 1143 1332 F-DAYS

DESIGN TEMF.= —4.4¢ F SIGMA= d. F
JuL. AUG SEFP 20T NOV  DEC
1277 983 438 2@ 148 61 BTU/FT2Z2-DAY
T34 T30 SE.E 4l.8 JI2.0 Z26.6 F

288 331 473 718 92746 1168 F-DAYS

DESIGN TEMP.=-31.8 F SIGMA= &, F
JUl AU SER OCT NOVY DEC
1541 1117 748 292 74 2 ETUSFTZ2-DAY

6.8 S5.4 44.6 24.8 T.2-11.2 F
148  Z@4  &17 1235 18467 2356 F-DAYS

DESIGN TEMF.= 19.9 F SIGMA= @, F

JUL AuUG SEP OCT NOV  DEC
1119 948 758 527 @7 187 BTU/FT2-DAY
S@.@ 49.8 49.35 42.8 D4.9 345.1 F

459 471 458 &R1 84g 924 F-DAYS

DESIGH TEMF.=-%1.8 F S1GMA= B, F
JUL  AUS  SEF  OCT NOV  DEC

14132 Q92 &72  IdE &4 2 BETU/AFT2-DAY
Sl Sg.e 42.8 28.4 15.8 S.d F

46T 49¢ 488 1132 1481 1879 F-DAYE

DESIGN TEMFP.=-5l.d F SI1GMA= @, F

JUL AUG SEFP  OCT NOV  DEC
1561 1674 &71 201 4.4 (4] ETU/FTZ2-DAY
57.2 51.8 F9.2 19.4 -2.2-12.4d F

2E@G 4¢7 751 1T95 1993 2I92 F-DAYS

DESIGN TEMP.=—45.8 F SIGMA= @. F
JUL Al 8EF OCT  NOV DEC
1458 88% 414 125 ) ¢ BTU/FTZ2-DAY

I9.2 Z7.4 3@.2 135:8 —@.4-13.4 F
815 gS5¢@ 194@ 1541 19646 2396 F~DAYS
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IXELEE]

1 73451

12 138333,
138333,
117892,
217821,

16 217821,

LENIENT

MEIEE2

85823,

85023,

BO£23,

62489,

118964,

§8. 116944,

142689,

142589,

128151,

2364633,

236433,

ME2EEL
s14g5, 71686,
61465, 73848,
61483, 73861,
42462, 52573,
§2462. 52573,

42442, 52973,

. 116914, §23383.

118918, 123313,

S
25313,

116918,

94567, 134734,

KEZEEZ SMEIEE)

ANNUAL HEATINE FUEL USE (BTU/SRFT-YR)

MODERATE 1

36317, 67191,

36317, 47191,
36317, 67191,
43715, 33544,
43715, 33544
43715, 53541,
43715. 53541,
83474,

88474, 97442,

115152,
115158, 127232,
115158, 127232,

162884, 112711,

MEIEEZ MEZEES

44938,

69273,

41125,

96331,

54531,

94531,

ga585.

185811, 199@31, 194845, 287844, 165139.

{B5211, 199811, 194845, 287844, 185139,

TLOAD — NHS —:@604 - PAGE

ME2EE2 INEILE!
39799, 44304,
55799, 44354,
33799, 44354,
44174,
43176,
44176,

43178,

1E133E,
. IB1I3E,

88948,
178141, 173954,

178143, 173944,

MODERATE 2

MEIEEZ

54858,

54859,

J4839,

435533,

é -
T
S AT

45333,

45533,

83418,

8618,

49514,

113163,

. 181334, 113183,

113143,

98333,

186882,

186832,

MEZEE!

14882,

34882,

145341,

ME2EE2 sMEIEE:
4ai12, IGbds.
44112, 35648,
44112, 35646,
36789, 29164,
16789, 29154,
36789, 29144,
I5789. 29144,
£5593. 64474,

68993, 64474,

ratce
cEldda

87583,
87583.
87525,
77225. 75392

158525,

145541, 153525, 153447,

STRINGENT

MEIEE2

45275,

45275.

43275,

37688,

TEES,

€rd

37688,

37508,

72983,

24869,

164398,

ME2EEL
26116,
26116,
26114,
21316.
21518,
21518,
21516,
47529;
47529,
23388,
71834,
71438,
71818,
33578,

128588,

MEZEE2
35198,
35198,
33198,
29581,
29361,
29581,
29581,
33354,

95394,

82384,
44593,

139544,

166598, 126588, 139544,



CR IMELEE]

I 41884,

ra

41884,

L

41884,

L
E-
——
(e ]
[=e]
=y
-

TLOAD

LENIENT

MEIEEZ MEZEE)
SP451. M4l82,
38451, 34382,
8451, 34382,
38451, 34382,
J8451, 34382
38451, 34382,
38401, 34362
38451, 34382,
IF451, 34382
JEE5L. J436%.
36451, 4382,
39451, 34362
36451, 34382,
3#451, 14382,
38451, 34382,
38451, 34382,
— NHS -

HEZEE2 IMEIEE]

22929,
22929,
22929,

22929,

L Tslpte)

@goa

ANNUAL ELECTRICAL USE (BTU/SQFT-YR)

MDDERATE 1
MEIEE2 MEZEE!
11884, 3PS 34362,
41834, 38451, 34362,
41884, SFASL. 34362
$1889. 38451 34362
11684, 30451, 2432
51884, 3FAS1. 34362
41888, 1451, 4362
41984, 38451, 34362,
41884, IF451. 4382,
41938, 3IE51 332
1188, 30451, 14362
41984, 36351, 436D
£1884, A5, T2
41994, IP451. 34362,
41884, 3ES1, 34362
41894, 34451, 3362,
- PAGE &

MEZEE2 SMEIEE!

22929,

22929,

41884,
41884,
41884,
41884,
11834,
11884,
41884

418084,

41884,
41684,
41884,
41884,

41884,

A-55

MDDERATE 2
NEIEE2 MEZEE!
38451, 34362
36451 34362
39451, 34362,
36451, 34362
8451, 4362,
30451, 34362,
36451, 34362
36451, 34362
39451, 34362
30451, 34382
39451, 14362
8451, 3362,
3451, 34362
36451, 34362,
8451, 3462,
36451, 34362

ME2EEZ IMELEE!
22929, 41884,
22929. 41884,
22928, 41884,
22929, 41884,
22929, Afggd,
22929, 41894,
2292§. 41884,
22929, 41884,

2292%. 4184,

22929, 41884,
22929, 41884,
22975, 41884,
22929, 41884,
22979. 41884,

22929, 41884,

STRINGENT
MEIEE2 ME2EE]
38451, 34362
38451, 34362,
36451, 34362,
36451, 34362,
3f451, 34362,
36451, 34382,
I8451. 34342,
384531, 34382,
SE451. 34362,
38451, 34582,
J8451. 34362,
38451, 34362,
38451, 14381,
36351, 34362,
Ja4sl. 34382,
38431, 34362

NEZEE2

22929,

22525,

22929,

22929.

22929,

22929,

22929,

22929,

22929,




ANNUAL ENERGY COST ($/SGFT-YR)
LENIENT MODERATE 1 MODERATE 2 STRINGENT
CR WMEIEEY MEIEE? MEZEE) MEZEED WMEIEE! MESEED MEJEEL NEJEEZ NEIEEL MEIEED MEZEE! ME2EE2 SMEIEES MEIEEZ ME2EE] MEDEE2
I 57 4,46 427 356 479 4.6 398 318 452 L7966 2,92 432 358 I48 2,72

6.9 532 8.1 641 658 494 714 6130 6,38 468 7.35 0 5,927 612 4,48

[ %}
[<-]
.

td
~0
o
[=e]
-

- 7.4 & 18 6.13 4.8 765 5N 3.76 4,42 56,7%  0.44 5,52 4.16 6,68 3.23 5.34 3.96

4 5.4 447 442 349 520 AT A% L L85 4,49 418 3140 489 392 96 2.9B

341 LI LAY .81 A1 LR L2 .43 A‘ e Lt 2 447 LM Les 9B 2.3
6 574 473 478 368 854 4,52 452 49 53 A 43 LI L2t AM6 472 L6

oL LW L& 2.4 LSRN 292 .42 LY 492 77 LI 37T 74 LAY .89

&.24 5.33 586 417 595 5,84 4,82 3.9 578 478 458 365 544 452 430 L4l

L= s}

9 12,5 16,21 1825 7.9 12,18 9.82 9.9 7,53 (L824 957 7,28 1148  S.11  9.26 4,87
¢ R0 &8s 592 4.k 6,76 5.4% 0 556 4.2 6.5 8.23 5.3 4.8%F 632 5.8 S LG
11 %72 8.1% 8§ &54 X 7,87 L4 624 S.85 .06 743 589 &7 7.7 1M 458
2 1893 9,47 9.8 7.8 1.8 8,79 B.73 6,93 1826 B.44 B4 661 9.92  B.49  B.11 6,28
13 19,87 15,29 IS.76 11,99 (8,62 14,83 15.3% 11,35 18.28 i4.41 14,95 If.16 17,79 1L W57 177
14 22,39 18.87 | 18.24 1471 2.8 17.92 1.3 IE.QS 26,61 17,86 1668 1563 1979 16,21 15,85 12,25
15 618 48 Sl 577 6.67  A74 5,81 L7 5,97 464 491 3.3B 5.87 454 4,82 3.48

1578 1357 I%1E 198 15.14 1292 12,57 1636 1453 1231 1286 .79 1394 LT3 (145 9.24

TLOAD - NHS - @84 - PAGE 7 :
- A~56



LENIENT

CR tMEIEEY MEIEEZ MEZEE]

1 4,48
2 4,83
3 ALGE
4 515
5 §.84
& 82
7 689
§ 5Ef
¢ G.4f
ir 9,9
O 31
12 6.9
13 1118
14 12,14
15 8,49
15 13.35
TLOAD

{

4,97  5.b%
4,93 689
S.P6 6,18
3.23 6,33
.9 1.e

6,18 717
5.98 7.2
.83 1L
£.13 111
6,91 8.2
7.7 B.42

2.29  14.44
8.83 18,52

.56 18,18

NHS -

KEZEE2 $MEIEE]

3. 74

b.1%

6.27

5.31

7.16

18,85

7.48

-

11.87

—
(%

[=e]
Crd
-

aa@4

ANNUAL COST OF CAPITALIIATION ($/SBFT-YR)

RODERATE 1

4,68 477
5.85  5.14
.12 522
5.4 §.32
5,95 &M
8.36  8.49
6.28 5,29
5,99  6.89
2.85 188!
1,35 16,54
6,93 7.6%
7.69 7.2

FAGE 8

MEIEEZ MEDEE1

3. 85

6,38

b.48

11.99

(=]
3
or

8.58

13,63

14,85

18,68

16.48

MEZEE2 IMEIEE]

3935 4,98
b,4¢  5.37
g 419 5.45
6.4  5.39
L 6,12
18,28 8.&6F
7.37 8.3
7.32 6.6
12,84 18,14

8.47  7.1X
§.66 7.29
13.68  11.62

A-57

MODERATE 2
MEIEEZ? MEZEE!
3.87 b1
3.47  b.83
555 613
5.47 647
628 .Y
8.73 14.32
6.47  7.6§
6.26 7.4
16,29 12,17
113 1142
7.24 8.5
7.48 8,75
11,88 13,95
12.86  15.2%
.24 18.93
14,19 16,79

ME2EEZ MMEIEE!

.24

6,73

14,13
15,48
11,67

17,88

5.53

5.98

5.87

STRINGENT
MEIEE2 MEZEE]
.63 6T
6,88 7.4
.16 .15
3.88  5.88
5.7  T7.81
9.38 14.97
6.95 B.14
673 71.97
11,66 12,94
12,28 14,19
7.7 9,18
7.5 9.3
12,68  14.83
13.82  18.17
%.93  1l.62
15,23 17.83

ME2EE2

6.68

1,33

7.84

6.95

13.89

14,35

9.21

9.41

15,61

16,36

11.76

18.68




CR SMEIEE]
1 g,
2 3.42
3 4,42
§ £.36
3 44
£ 2,57
742
g £.41
§ AT

i £.78

t §.47

12 8,48

1 877

14 6.2
15 f.6f

16 6.9%

TLOAD

LENIENT

MEIEEZ MEZEE]

8.39

.42

.42

§.36

.41

NHS

#.46

ANKUAL COST OF MAINTENANCE ($/SOFT-YR)

MEZEEZ SMEIEEQ MELEE2

8.46
#.49
‘ﬁ.ﬁﬁ
#.42
B.48
8,68
f.5¢
#.49
8,88

d.84

aa4b

MODERATE 1
ME2EE1
£39 B39 648
8,42  F42 4.8
B2 842 B.5F
8.3 0.3 6,42
B4l A4 B
6.57 £.57 8.8
8.42  f.42 .58
a4l B4 849
6.67 8.8  A.6E
.71 @71 #.84
.47 EAT 456
6,43 848 .57
.77 877 892

.84  4.98 188
.68 8.6 6,72
.93 6.93 118

PAGE 9

ME2EE2 SMEIEE!

8.46
8.49
f.58
8.52
£.48
#.68

8,58

4,85
.56
#.57
8.92

1,68

1,18

.39

g.42

.42

8.36

8.4

£.57

#.42

g.4

.67

my
~J
Py

4.57

6.77

8,34

.68

4.93

A-58

MODERATE 2

MEIEE? MEZEE]

8.39

8.36

£.41

.57

#.42

4.4

#.46

8.49

8,58

§.42

8.48

#.68

8.5¢

8.49

.88

ey
(2]
o

8.3

#.37

6,92

L.8¢

118

ME2EE2 IMEIEE]

g.46

#.49

4.5¢

8.42

.48

#.568

£.5¢

#.39

8.42

6,42

£.36

#.41

8.37

8.42

STRINGENT

MELEEZ ME2EE]

£.3%

8,41
8.67
8.7
.47
#.48
£.77
6,84
€. 64

a.93

8,46

2.49

£.508

4.42

.48

£.68

.58

B.49

#.8¢

8,84

MEZEE2

6,46

g.49

.58

8.42

8.48

#.68

8.58

6.72

1,18

.
A



LENTENT

MEIEEZ MEZEE]

CR IMEIEEY
1OIEfE .42
2 1L.44 12,15
3178 LS
& 16.91 10.85
5 1844 9.9)
& 14,527 13.64
7R 9.9
g8 12,54 IL72
§ 22,82 .72

T - R ¥ P

i1 17,87 1538

12 18,42 18712

13 3494 27,34

14 35,33 3L&4

13 15,48 14,28

18 - 3085 20.84

TL. OMD

18.37

13.49

12,81

11.68

18,98

16,35

3¢.44

MEZEE2 1N

9.73

NHES

EIEEL

.85

13.47

12.68

16.81

16,77

18.17

36,69

TOTAL BUILDING LIFE CYCLE COST ($/5QFT-YR)

MODERATE !

MEIEE? MEZEE!

%22 16,26
11,56 13.34
1,35 12.66
9.95 11,86
0m 1892
13.58 15.28
5.81 18,96
11,58 12,53
28,58 22,58
18,71 18,96
15,3 16,66
16,47 17.87
27,68 29.88
.27 k3.
14,33 16,48
27.65  36.87
— L FSZi

ME2EE2Z INMEIEE]

9.57

11.83

11.41

19.13

14.38

14,34

18.49

it

9.B9

13,53

12.67

14,88

1§.18

14,5

WM

MODERATE 2

MEIEE2? ME2EE!

$.25

12.62

11.41

9,92

13.64

9.81

11.44

FaGEeE
A-59

184.27
13.43
12.73
11,64
14.95
13.37

16,93

1 if

ME2EE2 SMEIEE!

9.61
11.99
11.;9
18.12
16,39
14.46
16,38

11.63

18.26

16,87

18.24

387

16.27

29.51

STRINGENT

MEIEEZ ME2EE]

.64

12,41

11,81

18,18

1¢.12

i1

18.12

11,65

18,63

13.88

13.19

11.27

11.27

13.87

11.77

1.1

16.82

17.99

2g 1o
38,32

17,15

3¢.44

HE2EE2
9,98
12,31
11,56
16,35
16.78
14,94
18.83
11.?6
28,76

19.£5



TLOAD — RHE —i#E549
NO HEAT RECOVERY
HEATED CRAOaWLSFACE

EXTERICOR FOasM

1883 75 82 F5 s IS S22
(2227832 T e es o aa s
LD —  MNIHE — #5549 FaGE

A-60

1

o




TITLE IS"B:CIDX"
TITLE IS"E:CLIMATE"
TITLE IS"R:ARCHFMHC"
TITLE IS"ER:AIRCHGNR"
TITLE IS"RB:FCOSTNHE"
TITLE IS"B:FMA"
ARRAK BASIC BUILDING XokdkX
1. CITY LOCATION: HOMER,JUNEAU, FATREANES, ADAK, NOME, BETTLES, BARROW
2. REFERENMCE ANGLE WRT SOUTH. cw v e aevvsana e bt saaaa
Z. HEATED AIR VOLUME. c v st v v nsassanansavecssnnannuns
4. CONSTRUCTION QUALITY {(1=VERY TIGHT,S=VERY LO0OSE)...
5. NUMBER OF EXTERICR WALLS......c.... i
&, EXTERIOR WALL F=VALUE........... . A h e e s
7. WINDOW R-VALUE — DAYTIME. tuuusovunsmsrsnnanannnsens
B, WINDOW R-VALLE — MIGHTTIME. e cvevwunonnvrsvnaoannan
@, INTERNAL STORAGE CAPACITY (1=LI1GHT,2=MEDIUM, Z=HEAVY)
$RERN WALLS k¥¥X¥ .
1. DRIENTATION WRT REFERENCE. . v vavrrarrsnnaacnsnnasnas
2. BROSS WALL AREA. .o n s wns L
. EXTERICR WALLL — R-VALUE. . ... .. e m vk A s e v a R v
A WINDOW = AREF. e s e s u v u e sv e e Sa N h e e senan
B, WD - DAYTIFE R-VOLUE . o s s s s e e v r s v am e mnmrnm e
fre WINDOW — MIGHTTIME R-VOLUE. oo ss i e e v v s v e w s e
7. WINDOW ~ % OF TIME GHADED. s v e v scann v a e PR
B, DOOR — AREA. s n e s s s s e naanseescnenn Pa v e s e w o .
@, DO ~ R-VALUE. ... cuw.oa.n I -
¥EE¥E WALL 2 (DIRECT BGAIN — FASSIVE) . kKXXX
1. ORIENTATIDON WRT REFERENCE. s v s s s s v uvnvmecrenesanannn
2. DIRECT GAIN WINDOW AREA. . caveccrsarsnasuusnsenex ‘e
Z. NUMBER OF GLAZINGES (1 T 2 e vevennanoonwanns few e
4. DAYTIME GLAZING SYSTEM R-VALUE. .. ccuwa.an. . wasaa
S, NIGHTTIME GLAZING SYSTEM R-VALUE. .. .vvasauwn annaw
&. OVERHANG SHADING? (1=YES.2=NO)...... s s s s v uan
7 WIDTH OF WINDOW. ... v evsasuvasnssasnnns cwman
8. FROJECTION OF OVERHANG. v ss s s s s s anrasanan seaan
g. GAF BETWEEN OVERHANG AND WINDOW. ....v.. e
T eIy —  MNHE —  EEg PaGE 2

A-61

¢,
147284, @&
B AIRCHG
2.
F ARCH
R ARCH
R ARCH
1. G

gl
SEgE. e
=FARBE (&)

i,

G

g,

.
1 @86, GG
R ARCH

.
27 . @

R ARCH
=FAREE(7)
=FAREE (9)
2. G

3.

@,

[

DEGRE

FT2-HR~F /B
FT2-HR-F /B
FT2~HR-F /B

DEGRE

F'
FTE=HR~F /B
F:
FTa~HR—F /B
FT2-HR-F/E

F
FT2-HR~F/E

DEGRE]
F

FT2-HR—F /R
FT2-HR-F /R




Yikx¥ ROOF-FLOOR-EBASEMENT-GARAGE - XXX ¥ ¥

1. TOTAL CEILING AREA. . e san s cnarsonnasonnanens v e C B&0, 3
2. CEILING R=VALUE . o i v v s s s evosnnsannsanancearaannas R ARCH
Z. BASEMENT TYFE (1=8LAR,2=CRAWLSFACE, Z=FLLL, 4=COME. ). 2. 006
4, (FOR TYFE 1) HEATING DRUCTS IN SLAE? (1=YES,2=N0}... 2.6
5. (FOR TYFE 1) FERIMETER OF SLAB........ e e s anae (.,
6. (FOR TYPE 1) R-VALUE OF EDGE INSULATION....... . .
7. {FOR TYFE 2) GROUND FLOOR AREA OVER CRAWL SPACE..... Bo&d, g
8. (FOR TYPE 2) FLOOR R-VALUE. v e s s n v aswnrnewsass R ARCH
9. (FOR TYPE 2) CRAWLSFACE HEATEDR? (1=YES,2=N0)....... 1.l
15, (FOR TYFE ) RBASEMENT HEATED? (1=VYES,2=NE) . wews .. .
11. (FOR TYFE 3) GROUND FLOOR AREA OVER EASEMENT....... [
12. AFOR TYFE J) FLOOR R-VALUE . n s rcn v nccnnnnvneensn=a=FARRFE{R)
12 ATYFERZ-3) BASEMENT/CRWL.SF. DEFPTH RELOW GRADE(Z-8FT). 4 . G
14. (TYFEZ-3) BASEMENT/CRWLSHF. WIDTH...... e e e s n B, @i
15, {TYRERZS-T) AREA RASEMENT/CRUWLESF. WALL AROVE GRADE.... G,

1L ATYFEZ-3) BASEMENT /CRWLEP. WALL R-VALUE ABOVE GRADE. R ARCH
i7. (TYPE 2-2) RBASEMENT/CRWLSF. WALL AREA RELOW GRADE.. 15356, 6

18, (TYFE 2-3) BASEMENT/CRWLSF WALL R-VALUE BELOW GRADE =FRFE(1&)
25, HEATING DUCTS IN UNHEATED SFPACE (1= YE@»;~NOJ....... 2.6
Fhdwy INTERMAL SPACE ®¥R¥y

i ! SETTING ~ BAaYTIMI . e s v v wanmunn o rnnns T,
Za THMRMD‘TAT SETTING — NIGHT TIME. .o v vuieeevasanouvnrns GG,
. HOWRS FOR NIGHT SETRACE .. an v v vawaa WM umEamum e o1t
4. ALLOWARLE TEMFERATURE SWINEG (FASSIVE SGYSTEMS)...... 7 . Gh
S. ANNUAL ELECTRICAL CONGUMPTION. s s v s s e e s n e s cmmnsns =RMTT

L. AVERAGE NUMBER OF OCCUFANTS . i e v s s n s e e m v s nnmwnn 8. e
2. SEASONAL EFFICIENCY OF CONVENTIONAL FURNACE........ T

—

TEL_OOaD —. MHE — £l FPaisie IR
A-62

Vha

FT2 -

FT2-HR-F/RTU

FT
FT2-HR~F /BTU
FT2
FT2-HR~F /BTU

FT2
FTR~HR~F/BTU
FT

FT

FT2
FT2-HR-F/BTU
FT2
FT2-HR~F/EBTU




ROW NUMEBER: 5 LAT.= 59.6
JAN FER MAR AFR  MAY JUN
121 I33 0 758 1247 1581 1749
21.2 24.8 29.4 TS.4 42.8 48.2
1352 1127 1159 9@ 7@4 494
ROW NUMREFR: 14 LAT.= 58.4
JaM FER  MAR  APR MAY  JUN
114 282 A69 1645 12940 1413
DT 28,4 TE.H T2 Ab.4 BT 4
1287 14637 1§26 787 563 3I55
ROW MUMBER: 15 LAT.= &4.8
JAN  FEER  HMaR  AFR  MAY « JUN
T 2P &TE 1193 1662 1750
~2.R 1@.4 28.4 44,4 59,0
1ROF 1721 164 S49 0 D11

O NUMBER: 20 LAT.= 51.5
Jol FER  MAR  AFPR MAY  JUN
ST 472 715 14631 1178 1181

TeLE WAL OT4,D IR.1 4303 48.7
PE4 0 9aT  BEd L7 482

ke LaT.= &4.5%

MO AFRR MAY  JUN

HTH 1184 1571 1757

$.9 5. 5.8 1%.4 35,46 44,4
aRg 1474 1784 1302 936 5ES

ROW NUMBER: eto LAT.= &6.9
JanN  FER  MAR  AFPR MAY  JUN

16 172 &15 1227 1497 1955

—1EL i ~7.8 1.4 21.2 41.4 55,4

D40 DPETH 1969 1334 722 276

ROW NUMBER: E LAT.= 71.3

JAN FER MaR AFR  MAY JUN

o] TI O 49% 1849 1139 1526

~14,8-18.4-14.8 -, 4 19.4 3.8

2471 RIAD D4BE 1976 1424 959
TLOAD - NHE — @84 PAGE 4

DESIGN TEMP.= -5.1 F SIGMA= d. F
JUL Al SEF 0CT NOV  DEC
596 1187 799 46 179 &7 BTU/FT2-DAY
51.8 S1.8 446.4 37.4 28.4 21.2 F
94 391 5448 857 1147 1352 F-DAYS
DESIGN TEMF.= —4.¢ F sIGMA= g, F
JUL AUG gEP OCT  wNOV DEC
1277 983 478 3I2@ 148 &1 BTLU/FTZ2--DAY
B55.4 SIT.6 TE.g 4106 T2.8 26.6 F
288 IIZ1 473 718 974 1148 F~DAYS
DESIGN TeEMP.=-81.8 F SIGMA= &,
JUL AUG BEFR QCT NOQY DEC
1541 1117 TFgg 292 74 2 BTU/FT2-DAY
&3.8 55.4 44,4 24.B Z.2-11.2 F
148 I@4  &17 12E5 18467 2TE6 F-DAYS
DESIGN TEMF.= 19.9 F SIGMA= . F
JuL. AUG SEF OCT NOV  DEC
1119 948 738 327 47 187 BRTU/FTZ2-DAY
SE.E 49,8 49.3 42.8 I&.9 3501 F
459 471 458 481 845 924 F-DAaYE
DESIGHN TEMP.=-31.8 F GIGMA= . F
JUL ALlG SEF 0CT MOV DEC
1412 922 &7 @S &4 2 BTU/FTZ2-DAY
SE.E SE.@ 42,8 28.4 15.8 5. F
4567 4%9¢ 489 1132 1481 1879 F~-DAYS
DESIGN TEMF.,=-31.6 F SIGMA= d. F
JUL AUGE SERP DCT MOV DEC
1581 1674 671 251 44 4] ETU/FTZ2-DAY
57.2 $51.8 9.2 19.4 -2.2-1Z%.@ F
23@  4#7  7E1 1395 199E 2392 F-DAYS
DESIGBN TEMP.=-45.0 F SIGMA= @, F
JUL  AUG  SER COCT  NOV  DREC
1432 855 414 1285 = 0] BTU/FTZ2-DAY
I9.2 F7.4 T@,2 15.8 -g.4-13.4 F
815 R%@ 1449 1541 19646 2396 F-DAYS

A-63




CR NELEE]

1 7457,

2 73457,

3 73457,

LENIENT

MELEE2
B5F29.
B5829.
85629,
82494,
62494,
62494,
§2494,

118972,

55, 118972,

1§ 63171,

11 138345,

12 138343,

IT (TG?#'!
AT T

14 117981,

13 217633,

16 247833,

TLOAD

76954,

142517,

142617,

142517,

128158,

215847,

MEZEE]

61411,

61411,

ai411,

42468,

42456,

42455,

32466,

BI511,

31511,

26334,

118914,

118918,

{18918,

HE2EE2

13865,

13646,

32978,

984672,

123322

Lix

-
123522,

INEIEE]

54339,

54559,

54539,

42299,

12299,

42799,

42299,

86347,

112686,

112636,

94516, 184759, 108844,

1B6H23, 199442, 191118,

- NHE -

236647, 136823, 199242, 191118,

ANNUAL HEATING FUEL USE (BTU/S@FT-YR)

MODERATE 1

MEIEE2

63347,

60347,

65347,

51963,

51943,

31965,

81963,

94582,

124546,

124645,

169962,

284114,

284114,

#ga4 PAGE 5

MEZEE]
43265,
43265.

43245,

33273,

39532,
93594,
53994,
33954,
77952,

161411,

ME2EE2 ¥MEIEEY

93949,
53949,
5949,
42358,
47594,
42598,
42358,
73635,
75635,
J1843.
T#EEST,
186633,
186433,
87515.

174413,

44645,
44945,
14845,
36132
36132,
36132.
36132,
75777,

15777,

-----
7

173125,

MDDERATE 2

MEIEE2

54479,

34479.

54479,

45289,

§5289.

45269,

43289,

84582,

112624,

112624,

97983,

HEZEEL

33741,

33741,

33741,

27621,

27624,

27621,

27621,

37567,

g3142,

67387,

HEZEE2

43732,

43732,

43732,

6474,

[

36874,

35474,

36474,

3498535,

94953,

76547,

185163, 144762, {57745.

181411, 174413, 173125, 184143, 144762, 157745,

A-64

IMEIEE]

35932,

39932,

35932,

29414,

29414,

29414,

29414,

54803,

73872,

194147,

STRINBENT
MEIEEZ HEZEE!
43598, 26396,
43598, 26394,
45398, 28394,
37859, 21745,
37885, 21745,
37869, 21745,
37869, 21745,
73338, 47913.
73&39. 47933,
31133, 23814,
71486,
59361, T1448,
555561, 71466,
85165, Sha42,

167259, 127249,

154367, 167259, 127249,

ME2EE?
15581,
35581,
35561,
29756,
29756,
29754,

29756,

148243,

148245,




CR SMELEE]

I 41864,

2 41884,

3 41884,

4 41884,

o 41884,

& 41834,

TLOAD

LENIENT

MEIEEZ MEZEE)

38451, 34382,

38451, 34362,

38451, 34362,

J8431, 34342,

38451, 14362,

J8451, 34382,

3F431. 34382,

I3451, 34362,

38451, J4TEL.

--------

38451, 34342,

NHE -

ANNUAL ELECTRICAL USE (BTU/SEFT-YR)

MODERATE 1

NE2EE2 $MEIEED MEIEE2
72929, 41884, 6451,
22929, 41884, 3@45l,
22929, 41884, 18451,
22929, 41384, 3§51,
22929. 41834, 3841,
29, 41888, 3443,
22929, 41884, 38351,

22929, 41884, 38451,

22539, 41884, OF45L
22929, 41884, 38451,
22929, 41884, 36451,
2929, 41884, 18431,
27919, 41884, 345l
22929, Al18B4. 38451

22929, 41884, G451,

f6G4 PAGE 6

ME2EE1

J43462,

34347
343562,

wavim

MEZEE2 INEIEE)
22629, 41884,
22929, 41884,
22929, 41884,
22929, 41884,
22929, 41884,
22929, 41884,
22929, 41884,
22923, 41884,

21929, 41884,

22929, 41834,

22929, 41884,

22929, 41884,

22929, 41884,

22923, 41894,

22929, 41884,

9. 41884,

A~65

MODERATE 2
MEIEE2 ME2EE!
SE451. 34362,
38451, 34382,
30451, 34342,
38451, 34362,
38451, 34382,
30451, 34362,
38431, 33362,
34451, 34362,
J8451. 34382,
J8451. 34352,
38431, 34382
38451, 34362
38451, 14342,
Je438, 34382,
SR451., 34362,
38431, 34362,

MEZEE2 IMEIEE]

22929, 41884,

[ *]

2929, 41884,
22929, 4ig84.
22929, 41884,
22979, 41834,
22929, 41884,
22929, 41894,
22929, 41884,
21525, 41584,
22929, 41684,
22979, 41834,
22929, 41884,
22929, 41834,
22979, 41884,
22979, 41834,

22929, 41884,

STRINGENT
NEIEEZ MEZEEI
451 T2
33451, 34362,
36451, 34362,
30450, 34362,
51, 183
36451, 3432,
38451, 34362
38451, 34362,
51, 4382,
36450, 34362
W45, T3,
J#451. 34382
45, AT,
38451, 34362,
151, 34362
36451 34362,

MEZEE2

22923,

22923,

22929,

22929,

22923,

22929,

22929,

22929,

22528,

27979,

22929,

22925,




ANNUAL ENERGY COST ($/5O0FT-YR)
LENIENT NODERATE | NODERATE 2 _ STRINGENT
CR ANEIEEI KEIEEZ WEDEE! WEEE? INEIEE! MEIEE2 MEZEE! MEZEE2 OMEIEE! NEIEE? MNEZEE! MEZEE2 SNEIEE] NEIEE2 MEZEE! MEZEE2
©O517 446 427 356 475 482 B LI 451 L78 a5 250 433 LS8 .48 72
T3 686 691 532 Y 63 65F A9 773 6.2 628 467 TS5 595 643 449
748 61 613 488 .82 587 ST 438 678 543 551 45 6eF 523 535 LW

4 5,4F 4,47 442 %49 518 4.3 422 527 585 489 A1 313 4.9 3.9F7 397 2.9

~-d
oy
e
R
=N

419 LET L4 Ll e LI LW 259 LB LW L1l 2.4 % 2,99 .12
¢ 574 473 478 LeR 551 449 449 X46 537 43 43 332 S22 417 4B LY
Toone 3¢ L.e9 2,46 356 .6 289 2,38 .42 291 27 L L2 LI LAY LB
€ A4 ,5.33 S£3 417 5.9t 499 A7T LB 587 477 457 b4 5.4 453 43 542
g 12.8 &2 1E25 7.9 1.1 §,7% 9,83 7.46 11.8f  9.44 .35 7.18 11.49 9,12  9.27  &4.88

6,58  5.22 53 4.8F &30 LA S5 LB

0y
E=
-

2% ]
o

8 7.2 LB S.T 4.8 6,72 5045 45
2,72 B9 8,87 6,35 I 7P TLE 0 6,13 9.8 7.49 7,42 nBR 874 78 NI 559
12 1898 %17 9,38 7.3 16,34 8,72 B.68  4.87 1424 Q.42 B 45% 995 B¢ 8.12 629
13 19,67 1529 1576 1199 18,54 14,76 15,26 11.48 18,19 14,48 14,94 1114 17,81 1480 1459 16,78
14 22,39 18.®7 | 18,24 1470 21,29 17,75 1.2 13.;6 26,58 17.62 16,37 12,99 19.82 16,24 15.88 12,29
15 6,158 485 5. 3.77: 6.5 4,72 499 L5 597 463 4,91 L3T  5.88 A4 4,82 349

15 1578 1557 1318 16,9% 15.83 1L.B! 12,48 1825 1451 1229 198 9.77 1396 1L75 147 9.2

TLOAD - NHE - @64 PAGE 7
A-66



CR MEIEEL
1 4,48
2 4,8
T 4.9
4 5.13
5 5.84
& 8.2
7 6.F9
B 5.89
? 5.t

¥ 9,5¢

11 &8l

12 6.9

131148

14 12,18

15 B.89

16 1435

LENIENT
MEIEE2 MEZEE!
4,57  5.85
4.92  b6.89
.08 b.18
3.23 4,13
5.93 1.®:?
8.34  9.93
6,18 T.34
.99 .12
7.8 L7l
18,12 1411
691 8.4
7.47  8.42
11,27 1543
12,29 14,84
8.83 16.52
{3.36 14,15

BE2EE2 $MEIEE]

3,73

6.18

£.27

6,31

7.16

14,86

13.68

14,83

15,65

16,37

4,7¢

11,35

12,37

8.89

ANNUAL COST OF CAPITALIIATION ($/SOFT-YR)

MODERATE 1

MEIEE2

4,79

TLOAD - NHE - @64 FPAGE: 8

NE2EEL LBE2EE2 SMEIEE]

5.87

5.33

1.2
11,93

12.54

5.96

14.25
7.68

7.35

3,49
12,85
15.1¢
18,85

16.67

4.98
9.37
5.43

5.39

612

8.59

A-67

MODERATE 2
MEIEE2 MEZEE]
.87 b.13
3.47  6.83
3,95 673
3.47  6.47
6,21 T7.34
8.72 14,32
5,47  7.435
6.26  7.44
16,29 12,17
.13 154
7.23 8.5t
7.48 8.7
1.7 13,93
12.85  15.21
$.24 18,93
14,19 16.79

ME2EEZ MEIEE]

6,24

6.73

7.44

1£.43

14,13

15.48

1087

17.68

5.4%
5.92
.81
3.73
6.52
§.17
6,86
4.57
14.8!

11.94

12,39
13.51
3.71

14,91

STRINGENT
MEIEE? MEZEE!
5.58  b.bb
6,82 7.18
6.1 7.28
3,83 6,83
6.6  T.75
9.3F 18.89
6.89  B.f8
4.67 7.81
16,96 12,84
12,16 14,59
7.1t 9.8
7.88 9.3
12.57 14,72
[3.76 16,45
9.85 11.33
15.12  17.72

ME2EE2

6.73

7.28

6.91

7.84

11.82

8.17

1.98

9.14

9.34

14.98

16.24

11,67

17.93



CR IMELEE]

1

L&)

8.9

g.42

8.42

£.36

848

£.93

LENIENT

MEIEE2 MEZEE)

£.39

é.77

2,54

8,68

4,9

B.4b

.49

8,58

ME2EED INEIEE!

B.4b

#.57

£.92

1,68

#.39

g.42

8,42

8.3

ANNUAL COST OF MAINTENANCE ($/SOFT-YR)

MODERATE 1

MEIEE? MEZEE

8.3%

6.42

8.42

8.357

8.77

.84

#.68

#.93

TLOAD - NHE - @@g4 PABE <9

8.56

g.49

8.58

8.42

MEZEEZ SMEIEE!

fi, 44

.49

8.6

4.42

8,68

8.72

1.1¢

8,39

B.42

8.42

8.36

A

.57

#.42

4,41

8,67

£.47

A-68

MODERATE 2

MEIEE? ME2EE!

4,39

8.52

8,77

g.84

#, b8

g.46

.49

#.5¢

.42

8.48

.68

#.5¢

§.49%

.88

6.64

6,57

4.92

8.72

{18

MEZEE2 tMEIEEL

8.45

€.59

8,58

8.42

¢.48

4.68

g.5¢

8.49

§.84

§.72

1.1#

.39
4.42
8.42
4.36
£.41
8.57
§.42
g.41
8,87

g.71

8,48
8.77
4.84
f.58

9.93

STRINGEWT
HEIEEZ MEZEE!
8,39 B4
8.42  8.49
6,42 5.58
é.36  8.42
g.41  B.48
8.57  8.68
§.42 8,58
8.4  0.49
8.47  B.8F
#.7¢  #.88
£.47 856
#,48  4.57
g8.77  6A.92
4.84 1.od
8.68 8,72
.91 1.18

ME2EE2

g.45

8.49

8,58

8.42

8.48

f.68

g.5¢

£.72

1. 18

b

o




MEIEE2 MEZEEN

18,37

15.49

12,81

11,68

1¢.98

 LENIENT
CR IHEIEE!
TN B T
2 1L&4 1214
312,76 1153
§O1R91 16.65
51844 9.9
SIS 1363
TR 9.9
B LS ILT2
9 2091 .72
15 1T.8F 16,76
11786 15,57
12 1882 16,72
RIS 700
143532 3260
{5 1548 14.28
16 38.86 28.85
TI_2AD

ME2EED SMEIEE!

9.75

12.8¢8

14,52

16,57

.84

13.46

12.59

14.0¢

34.51

15.55

29.61

N —

JOTAL BUILDING LIFE CYCLE COST ($/SQFT-YR)

MODERATE 1

ME1EE? MEZEEI MEJEED IMEIEE!

9.28

11,95

11.34

9.94

9.82

13.58

5.8¢

11,51

.16

14.35

27.51

gl FPaiEE

{8.1%

13.33

12,65

18.59

18.91

15.28

18.89

§.55

i1.82

11.48

16,12

18,37

14,38

18,48

11.48

9.88

13.52

12.66

18.7%

34,89

15.467

29,41

A-69

HODERATE 2

NEIEEZ ME2EE]

9.24

12.61

11.48

8.52

9.82

13,83

9.68

11.43

16,38

25,96

36.72

14,48

27.41

18.26

13.42

12.74

18,99

16.94

153.35

18,92

12,43

22,582

19.28

29.88

16,53

29.87

i

ME2EE2 KMEIEE!

9.68

11.89

11.48

1811

15,148

16.83

25,19

29,39

16,21

13.89

13.83

11,88

16,63
14,98
18.49

12,44

35,17
16.19

29,88

STRINSENT

MEIEE2

9.55

12.36

11,76

18.11

16,87

15.04

18.86

11,68

28.75

17.83

ME2EE]

16,68

13.88

13,44

11,22

11.22

15.88

L

MEZEE2

7.93

12.26

11.85

18,32

18,464

14.87

18.77



TLOAD — -RHD — @5E4
MO HEAST RECOVERY
HEATED CFRAaWL_SFacCE

ORI = ST UD

1 E 485 S8 Lz A&z 083
L T s Qe R i CE22778)

TLOOD — DT —  fZReF L

T raerss of e

— EFacE

A-70

b |
i

s Ao



TITLE IS"B:CIDX"

TITLE IS"R:CLIMATE"

TITLE I8"E:ARCHDEHC"

TITLE IS"E:AIRCHGNR" _

TITLE IS"B:FCOSTNHD" ¢
TITLE IS"E:FMA"™

*FEXRX BASIC BUTLDING ¥kx¥x

1. CITY LOCATION: HOMER, JUN‘EF-‘sU, FAIREANKS, ADAK , NOME, BETTLES,, BARROW

2. REFERENCE ANGLE WRT SOUTH. . s ew s d v s v v aa e mm e . . DEGRE
T, HEATED AIR VOLUME. s ucvuvovesnarsnasunnnavanennsanss 137200, A6 F
4. COMBSTRUCTION QUALITY (1=VERY TIGHT,S3=VERY LOOSE)... R AIRCHG

5. NUMBER OF EXTERIOR WALLG. cvuaarrunnensovrnseesnnanns 2.

L. EXTERTIOR WALL R-VALUE. .o vr e an v ens . R ARCH FT2~-HR-F/E
7. WINDOW R=VALUE — DAYTIME. cueeuncnunnnnenransacresns R ARCH FT2-HR-F /R
G, BINDOW FR-VALUE — NIGHTTIME. cvovsuassvsanosvsusrosnsnsese R ARCH FT2-HR-F/E
S, INTERNAL STORAGE CAFPACITY (1=LIBHT,.,Z2=MEDIUM, Z=HEAVY) 1.9@

FEEEF WALLS ®¥¥xkx . 1

1. ORIENTATION WRT REFERENCE s v e s s e nnnrrsomennmnsanenns a. DEGRE
T. BROBE Walll ARES. . ... u e w e n s s e We e n e aaa  OURE GG F
. EXTERIOR Wall — R-VALUE. swv e renanrwrnawnan eusanrenes =FPARBR{S) FTZ-HR-F/H
4, WINDOW — GREMA: v v e s merma e m e e e E e a e n . i F
S PHERIOHE = DMVTIME R-VSUDe s v e v av o v e s v v v vuunoanaswas & FTa-HR-F/E
Go WINDOW — NIGHTTIME R-VALUE. s s v e v v s s v s s v s v nma e us @, FT2~-HR-F/E
7. WINMDOW - ¥ OF TIME SHADED..... e m e w s s e e m e .- g,

g, DODR - AREA. .. ... I 1aig, e F
@, DOOR = R=VALUE . s v s v v m s s s nwassnnsrnanansaonevnesunns R ARCH FTZ2-HR-F/E
¥¥x%xy WALL 2 (DIRECT GAIN — PASSIVE)  XXXX¥

i. ORIENTATION WRT REFERENCE....... Wewame e s E R e . DEGRE
2. DIRECT GAIN WINDOW AREA...... sevraannnan e s e e w e 327 . 0l F
T. NUMBER OF GLAZINGS (1 TO S)ue s mnrerrsnasrrenns R ARCH

4. DAYTIME GLAZING SYSTEM R-VALUE. ... .uveuvevvenrenerne =FARBR(7) FT2-HR-F/E
5, NIGHTTIME GLAZING SYSTEM R-VALUE. s v v r vt v a v s e a s =FARBR(B) FT2~HR~F/E
&. OVERHANG SHADING? (1=YES,Z2=NO)u s asevusvrveacoannaa 2.0

7. WIDTH OF WINDOW. . s v e e v aneanserrnesnsunnnmonsens @,

a. FROJECTION OF DVERHANG. s v e v s s s neaan s amnnnsans a.

P GAF BETWEEN OVERHANG AND WINDOW. . .voonans - .
TE OIS — NI — - g5 — FPaGE 2

A-71




¥x¥¥x¥ ROOF-FLODR-BASEMENT-GARAGE XX XXX

1.

4, (FOR
. (FOR
6. (FOR
7. (FOR
8. (FOR
. (FOR
1@, (FOR
11. (FOR

12. (FOR

17, (TYPEZ
14, (TYPER
1T (TYREZR
16, (TYPEZ

17. (TYFE 2=
18. (TYRFE 2-3)
25

TYPE
TYFE
TYFE
TYFE
TYFE
TYFE
TYFE
TYFE
TYPE
=Z)

-3

~3)

~3)

BASEMENT TYFE

1)
1)
1)
2
2)
2)
)
)

kD)

TOTAL CEILING AREA. s s uuvervvusnanneessnnonssnnnesns
CETLING R=VALUE . v v cvennrennnn-
(1=SLAR, 2=CRAWLSPACE, 3=FULL , 4=COME. } .

------------------ . .

HEATING DUCTE IN SLART? (1=YEE,2=NO)...

FERIMETER

OF GLARs cvenomevvennsnnnaans

R-VALUE OF EDRGE INSULATION. .. avvenaas
BROUND FLOOR AREA OVER CRAWLSFACE.. ...
FLOOR R-=VALUE. s vsuvsvuasnssnosnnsnansusas
CRAWLSFACE HEATED?
BASEMENT HEATED? |
GROUND FLEOR AREA (OVER BASEMENT.......

FLOOR

R-VALUE. .

BASEMENT /CRWLSF. DEFTH
BASEMENT /CRWLSF. WIDTH
AREA BASEMENT /CRWLEF.

BASEMENT /CRWLSP. WALL R-VALLUE AROVE GRADE. R ARCH

BASEMENT /CRWLSF., WAL
BASEMENT/CRUWLSP WALL R-VALUE EBELOW GRADE

5. HEATING DUCTS IN UNHEATED SPACE

xdyg INTERNAL SFACE k¥ i

THERMOSTAT
MOSTAT

. HOURS

S. ANNUA
&. AVERA

TS0

FOR

SETTING

NIGHT SETRACK . v e nw .
4. ALLOWARLE TEMFERATURE SWING (FPA
CONSUMFTION, .

- ELECTRICAL

(1=YES,2=NO).......
1=YEQ,2=Nf) s sueenn.

BELOW GRADE(Z-8FT).

WALL ARBOVE GRADE....
L AREA RBELOW BRADE. .

(1=YES, 2=NOY o o v v. ..

--------------------

--------------------

SSIVE SYSTEMS) ...

GE NUMBER OF OCCUPANTS. e r s e i w s s aas e ww e e
8. SEASONAL EFFICIENCY OF CONVENTIONAL FURNACE. . ...«

PMNHID

§23 423 LF

B L@ . it
R ARCH
2.0
2.0
a.
.
BR4&@. GiE
R ARCH
1.e4a
.
fi.

4., i
8. @
&,

1536, 0@
=FRFEB(1&)

2.4

@ il
2. 68
7. 00
=RMTT
za. g@

TE . @i

o

FT2-
FT2-HR~F /BTU

FT
FT2-HR~F /EBTU
FT2
FT2-HR-F /ETU

FT2
FT2~HR-F /EKTU
FT
FT
FT2
FT2-HR-F /ETU
FT2
FT2-HR—F /BTU



ROW NUMBER:
JAN  FER MAR
121 333 758
21.2 24.8 28.4
1752 1123 11359

ROW NUMBER:
JAN  FER  MAR
116 282 o9
25.¢ 28.4 2.9
1287 1437 1426

ROW NUMEBER:
Jak o FEER MAR
22 673

2.2 1.4
189@ 172!

FOb MUMBER:
JAN  FEE  MAR
2E1 432 715

T OT4.T T4.7

Tt

QP54 8L

R MM
JAak O FEER MAR
20 IRE L3
b8 5.8 5.8
1229 1474 1786

ROW NUMEBER:
JAN  FER  MAR
g 172 613
-17.¢0 -7.6 1.4
2425 REEE 19869

ROW NUMBER:
JAN  FER HMAR
¢ 73 494
-14,8-18.4-14.8
2471 2T42 2486

TL.OAD - NHD -

1

g
skl

i)

e
i

LD

5 LAT.= S9.&
AFR . MAY JUN
1247 1581 1749
T5.46 42.8 48,7
Qe 7H4 490
LAT.= 58.4
AFR  MAY  JUN
16145 12949 1417
I9.2 4b.4 53.6
787 543 355
5 LAT.= 454.8
AFF MAY  JUN
1193 1682 1750
28.4 46.4 59,40
1o84 549 211
LAT.= 51.5
AFR  MAY  JUN
1671 1178 1181
TEL1 ATLT 48,7
Eui ATE 487
e LaT.= &4, 5
APE MAY  JURN
1184 1571 1752
19.4 Z5.46 46.4
187 9346 545
LAT.= 546.9
AFR MAY  JUN
1227 1497 1855
21.2. 41.8 S5.4
1336 722 276
{LAT.= 71.3
AFFR MAY  JUN
1649 1139 1524
~#H, 4 19.4 3.8
1974 1424 959
agqa - PAGE 4

DESIGN TEMP.= -S5.1 F SIGMA= @. F
JUL AUG SEP OCT NOV DEC
19946 1187 796 436 175 &3 RTU/FT2-DAY
51.8 51.8 46.4 7.4 28.4 21.2 F
Q94 391 S4¢ BS7 1167 1352 F-DAYS
SIGBN TEMP.= -4.0 F SI16MA= @#. F
JUL AUG SEF 0OCT NOV DEC
1277 983 638 I2@ 148 61 BTU/FT2-DAY
55.4 SE.6 SU.8 41.@ I2.9 2é.6 0 0F
288 I31 473 718 976 1168  F-DAYS
" DESIGN TEMP.=-S1.# F SIGMA= @. F
JUL  AUS SEF  OCT NOV  DEC
1541 1117 748 292 74 2 BTU/FT2-DAY
6.8 55.4 44.6 24,8 Z.2-11.2 0 0F
148 IT@a4 617 1235 1867 23X F~DAYS
DESIGN TEMP.= 19,9 F SIGHMA= @. F
JUL AUG SEFP 0OCT NOV  DEC
1119 948 758 52 =y 187 ETU/FT2~DAY
=@.0 49,8 49,5 47,8 T5.9 IS5, F
459 471 458 “81 Q4 Q@r4 F-DAYS
DEGTEN TREFP L =-T1 86 F GIGMA= i £
JUL  AUE  SEF OCT WNOY  DEC
14132 Qe 572 s &4 = HTU/FT2-DAY
56,0 S@.¢ 42.8 28.4 15.8 S.¢ 0 F
44T 496 488 11772 1481 1879  F-DAYS
DESIGN TEMP.=-51.4 F SIGMA= @#. F
JUL AUE SEF OCT NOYV DEC
15461 1674 &71 251 4 @  BTU/FTZ2-DAY
57.2 S51.8 3I9.2 19.4 -2.2-13.8 F
23 A4G7 7Sl 1395 1993 2392 F-DAYS

DESIGN TEMFP.=—~45.@ F SIGMA= @, F

JUuL AUG  SEF OCT WOV DEC

1438 855 414 25 X a BTU/FTZ2-DAY
J9.2 37.4 F@.2 153.8 ~@. 412, @ F

a13 Q2ow 144@ 1541 1744 2T96 F~DAYS

A-73




- ANNUAL HEATING FUEL USE (BTU/SGFT-Y#)
LENTENT MODERATE 1 HODERATE 2 STRINGENT
CR $NEIEE] MEIEE2 MEJEE] MEZEE2 SNEIEE! MEIEE? NEJEES MNEZEE2 SMEIEE] ME1EE2 ME2EED NEZEE2 AMEIEE! MEIEE? NE2EE1 MEZEE2
1 69279, B8723, 57246, 4B491, 51822, 42518, 4536, 51124, 41613, SIBSS. 31385, 41113, 33585, 41488, 24185, 33427,
2 69279, B#723. 57246, GBA93. 51822, 62018, 40334, 51128, 41613, 51853. 31383, 41113, 33583, 4344, 24186, 33627,
T 9279, BB723, 5724h. 68693, 51822, 52518, 44536, 51128, 41613, 51855, 313BS. 41113, 33585, 4TéAe, 24186, T362T.
4 49759, 50854, 39442, 4B92h, 44139, 49554, 31181, 48201, 413, 429§9. 25855, 34267, 27442, 35727, 19865. 27hbL.

5 43759, 5B8S4, 39642, 48926, 4A179, 49554, 111, 44261, 34113, 42949, 25655, 34267, 27442, 35727, 19865. 276&6.

58759, S3BS4. 39442, 48926, 44139, 49354, 31181, 46261, 34113, 42969, 25635, 3I4267. 27442, 35727, 19885. 276bb.

or-

T 45759, 50854, 9842, 48926, 48139, 49554, I11BL. 4#781. 34113, 42969, 25453, 34267, 27442, 35727. 19845, 27666,

95819, 105174, 75916, £4955. 82328, 91175, 63172, 71868, 72364, 88932, 54191, 42525, B1474. 49772, 44561, 52299.

co

9 3t

7]

9, 185174, 75916, 84955, 982328, 91175, A3172, 71868, 72384, G8A9I2. 54191, 62525, 41474, 89772, 44431, 52299,

- Li:  wos geLg T80T T
§218, 478EC, 78456, 39325, 2855, 389IL. 21885, 31874,

7344, 48569,

d
A

1§ #1872, 73306, 03§28, 44B8Z7. 43485, D674,
11 124545, 136641, 184944, 117348, 188515, 128678, 9497, #2859, 97899. 188889, 79513, 91212. 84435, 93748, 67831, 79498,

12 124444, 135461, 184944, 117348, 148515, 128576, 9B397. 182853, 97699, 188883, 79513. 91212, B44gd. 95748, 67831, T9E9E.

<~

13 124444, 134651, 164944, 117348, 1E8615. 126678, 98297, 182659, 97699, 1688BY. 79513, 91212, 84485, 95748, 47BIL. 79894,
14 111432, 121567, £8258, 99149, 95742, U586, 73751 ©3741, 84376, 93978, 43395, 72646, 71927, Billl. 52218, 61671,
15 268456, 221473, 177455, 196476, {85385, 198377, 153678. 168676, 167726, 18f698. 139361 152346, 148262, 161BH3. 121884, 134704,

16 208865, 221475, 177455, 196474, 185385, 198377, 155678, 168576, 167726, 196598, 139363, 152348, 146862, 161885, 121884, 134754,

TLOAD ~ NHD - @64 — PAGE 5
A-74

Ve



CR EMEIEE]

! 4184,

3

41884,

L2

41884,

4 41884,

s
(=54
4
—
ro
T
a4
-

11 41884

Le e

12 41834,

13 41884,

14 41884,

15 41884,

16 41884,

TLOAD

LEXIENT

MEIEE?

38451,

38451,

30451,

38451,

1p451.

38451,

J#451,

30451,

J§4351,

T;’-Url
Rl o o

I8451,

384351,

18451,

34451,

36451,

38451,

HEZEE]

34362,

34362,

34262,

J43E2,

34362,

34382,

= NHD -

HE2EEZ 4MEIEE!

22929,

22929,

22929,

22529,

ag g

41884,

41884,

41884,

41§84,

41884,

41884.

41884,

41884,

41884,

41584,

41884,

41884,

. 41894,

41884,

- PAGE 6

ANNURL ELECTRICAL USE (BTU/SQFT-YR)

MODERATE §

MEIEE2

18451,

38451,

38451,

36451,

38451,

38451,

18451,

38451,

3F4st.

38451,

36451,

16451,

38451,

MEZEE]

34362,
34362,

14362,

14382,
34382,

34352,

4382,

34362,

34362,

NEZEE2 tMEIEEL

12929,

22929.

22929,

41884.

41884.

41884,

41884,

11890,

41884,

41884,

41884,

41864,

41824,

41384,

41884,

41884,

A-75

MGDERATE 2

EIEE?

3g451,

Ja451.

36451,

38451,

38451,

38451,

38451,
38451,
38451,
8451,
36451,
38451,

38451,

38451,

J&451,

ME2EEL

34362,

34362,

34382,

34362,

343562,

MEZEE2 $MELEE!
22929, 41884,
22929, 41884,
22925, 41884,
22929, 41884,
22929, 41884,
22929, 41884,
22929, 41884,
22929, 41684,
22929, 41884,
22928, 41884,
22939, 41R34.
22929, 41884,
22924, 41084,
22929, 41884,
22929. 41854,

22929, 41884,

STRINGENT

MEIEE2

38451,

32454,

28451,

3@4s1,

38451,

3¢451.

36451,

18451,

38451,

Ig451.

38451,

3351,

38451,

38451,

38451,

34451,

ME2EE]
34162,
34362,
54362,
34362,
34362,
34362,
34362,
34362,

38362,

HE2EE2
22929,
22929,
22929,
22919,
22929,
22929,
12929,

22923.

22925,
22929,
21929,
22929.

22929,




CR INEIEE]

! LE
2 B.s
iLM
4§ 533
5 412
L1
7oA
8 .12
§  12.4f
iE 784
1 5.3
{2 14.83
131889
14 21.99
15 &.14
16 15,33
TLOAD

LENIENT

MEIEE? ME2EE]

4,37

5.71

6. 81

£.39

3.49

4,64

)|

9.82

L1

{5.12 15,59

18.47 17

4.8¢

— NHD

ANNUAL -ENERGY COST ($/SQFT-YR)

HODERATE §

MEZCEZ SNEIEE! MELEE2

3.46

5.23

4,7¢

3.81

agg

4,69 3.9
7.9t b3
b.96  5.61
.14 4,18
L9 LD
5,46 4.43
.51 34l
.83 4%

18,48  B.42
16.42 14,54
2,83 17,49

6,81 469

14,86 12.85

- PAGE 7

MDDERATE 2

WEZEE! NEZEE2 NEIEES MWEIEE? MEZEEY

L.BF .47
644 484
5.66 4,31
817 L2
.18 2.5
LM 348
2,90 2,33
a8 377

5.47 4.2
7.58  b.84
8.59 6,77

5.0 103
16,95 13,48
09 163

12,38  18.98

4,4

7.68

b.73

0. 88

L8

wn
-

4
(23

<
I

[
(5]

5.61

ot

6.5

A-76

3,72

5.86

3.37

4.84

3.17

7.48

8.13

14.29

16,77

4.41

12,14

S.68

6,24

5.46

4,85

3.87

§.32

2.72

4.49

9.46

14,83

16.33

4,88

1].82

ME2EE2 IMEIEE]

2.85

4,81

4.89

3.88

3.27

.28

3.57

7.68

4.28
7.58
6.55
4.8b
3.66
3.18
3.23

3.38

g.45
9.84
17.76
19.58
5.85

13,84

STRINGENT
MEAEEZ MEZEE1
1.5 3.4
5.87 6.8
5.18 5.3
3.8 3.92
LoE 295
512 4.19
276 2.59
545 4,29
9.8 9.18
4.9 5.1
.89 786
8.6  8.63
£3.89 14,48
15.99 15,45
4,50 4,58
11,59 1131

MEZEE2

2.67

§.43

3.12

2,83

3.33

£.78

i



LENIENT

CR EMEIEE! MEIEEZ MEZEE)

[ AN
2 5.4
I 5E7
.é 5.28
3 b.pf
& 3.4
ER 0/
B 5.5
7 9.9
118,28
T
12 115
12 1.4
14 12.43
15 8.93
16 1372
TLOAD

.72

589

5.17

3.37

6.14

18,18

1
H

£.41

5.8#

14,98

18,76

16,53

NHD -~

MEZEEZ IMEIEE!

3.89

6.33

6.44

b.45

13.91

15.47

18,98

16.74

ga4q

4,88  4.89
.18 5727
3.25 §8.35
335 543
6.87 ' 617
8.53 8.4
6,33 642
12 62
18,88 18,22
16,57 14,73
7.68  7.18
7.4 .15
11,54 17}
12,58 12.77
9.84 9.8
13.68  14.89
- PAGE 8

-ANNUAL COST OF CAPITALIIATION ($/SBFT-YR)

MODERATE 1

NEIEE? MEJEE) MEZEED NEIEE! NEIEE?

5.97

15,12

18.85

16.6%

6. 85
6.33
6,52

.51

18,39
1,78
7.45

12,25

2.087

5.47

3.35

5.47

6,26

18,29

{13

A-77

HODERATE 2
NEZEE}

.16 4.2
3.57 6.73
5.65  6.83
5.55 6,55
6.3 7.8
B.B6 18,45
6,57  1.73
6,33 7.58
16,45 12,33
11,29 1LAR
7,35 8.67
7.51  8.86
11,98~ 14.13
15,66 15,41
%.38 1.7
14,41 17.64

NEZEE2 MEIEE]

8,33
6.82
6.92
6,64
7.53

18,58

3.99

6,83

6.12

3.5

.43

9.32

6.91

.68

18,99

12.12

7.73

7.98

12,59

13.73

.87

15.135

. STRINGENT

MEIEE2 MEZEE}

5.68

6.13

6.21

6.76

.29

7.48

4.92

7.8

11,44

g.19

7.92

§.38

15,92

16.27

11.69

17.96

MEZEE2

b.83

7.38

7.49

7.668

7.%5

1.17

8.8t

13.17

14,44

9.47

159,18

16,46

11.83

18.17



CR tMELEE]
1 &1
2 842
3 A.42
i 8.3
5 &M
& £.37
P 842
B £.41
§  £.47

IF 7

i1 847

12 8.48

13 &7

14 8.8

13 8.58

15 8.93

TLOAD

LENTENT

MEJEE2 MEZEE)

8.39
6,42
4,42
8,35
#.41
#.57

8.42

£.84
8. 68

8,93

NHD

2,46

8.49

£.58

6.42

#.48

f.68

.58

MEZEE2 SHESEE!

.48

@.49

f.56

8.42

£.48

8.68

.58

.49

aaa

ANNUAL COST OF MAINTENANCE {$/SOFT-YR)

NCDERATE 1

MEIEEZ MEZEE
539 £.39 8.4
.42  8.42 8.5
842 842 858
8.3 0.35 8.4
B.41 0 FAL 048
8.57 6.57 6.5
8.42 8.4 4.5
g.41 8.4 .49
8,47 4.7 .88
g7 7L 68
£.47  8.47 4.5
.43 6.4 4.57
8,77 877 692
£.85  £.84 108
.68 .68 BT2
£.93  £.93 1,18

PAGE ¢

ME2EE? $MEJEE]

£ 46

B.49

#,5¢

.42

.48

.68
8,56
£.49

.88

.56
8.57
£.92
1,8¢
8.72

118

8.42

8.48

é,77

#.84

A-78

"~ 'MODERATE 2

MEIEE2 MEZEE]

8,39

8.52

8,42

36

8.41

8.57

8.41

£.867

#,7!

8.47

4.48

8.46

8.49

8. 58

B.42

8.48

.48

.54

8.4%

§.85

TS

#.57

6,92

i.8¢

£.72

ME2EE2 MEIEE]

8.45

8.49

.58

.48

8.68

£.38

8.49

8,56

4.57

1.88

8.39

.42

#.42

#.38

#.41

8.57

§.42

8.41

#.67

8.47

4,48

6.77

.84

8,46

#.93

STRINGENT

MEIEE2 MEZEEM

4.39

8.42

£.42

8.36

8.57

2.42

8.41

#.67

8,71

8.47

.43

877

£.84

#.608

8.93

£.46

8.49

8.58

.48

8,68

6,58

6.49

8.8

8.84

#.56

8.57

=11
-

~o
ra

1.68

8.72

1.18

MEZEE2

8.45

8.49

.58

g.42

B.48

£.68

¢.58

8.49

#.88

8.56

8.57

1.68

8,72

1. 14




LENKIERT

MEIEE2 ME2EE!

CR NMEIEE]
o181 9.47
2 1L 122
IO1L.84 .68
§ 16,97 1412
5185 9.9
& 14,87 13.78
TR 8,99
§ 12.38 1L7¢
¢ 5.pD 0 ZR.E2

i# 18.4 16,98
1 17084 15.A]

12 18.47 1677

Y B N Y

14 3527 1193

15 15,68 14.48

th 38,18 28.18

TE &S

18.43

13,57

12.88

11,154

11,87

15.4¢

11,83

NEZEED 1M
.81

12.87

38,48
15,35

28,56

P ID

EIEEL

.87

i#. 41

14.57

16,26

12.36

22,74

TOTAL BUILDING LIFE CYCLE CDST ($/SQFT-YR)

MODERATE 1

MELEE2

bk d
LFaN]

11.99
11.38
9.97
5.87
13.67
9.85

11,53

16,84
15,33

16,45

[ %]
=
-

—
r3

3.1

4.4

21,67

MEZEE! ME2EE2 EMEIEE!

18,23
13,37
12,49
11,83
18,97
15.38
14.93

12,53

ra
ka3
o
(28]

—
~Q
.

5
e

16,63

17.84

29.93

33,69

16.54

If.689

S5 75 43

.59

11.84

11.44

18,15

18,42

14.47

18,53

9.92

13.57

12,78

18.83

18,42

14,43

15,66

18.¢4

38,65

34,64

13.7%

29.48

MODERATE 2

ME1EE2
.27
12,83
11,44
9.95
.84

13.74

18,67
14,59

27.47

FaGE
A-79

ME2EE1

16,29

13,46

12.79

11.83

14,99

15,43

18,97

12,48

22,58

19.4¢

16,57

1 173

ME2EE2 tMELEE)

9.64
11.93
11,52
18.14
19,43
14,53

18,55

11.64

16,26

13.95

13.89

11.85

14,78

15,66

18.56

12.47

23,85

19.11

16.85

18.22

3187

3413

16,32

29.08

STRINGENT

MEIEE2

9.39

12.41

11.81

18,16

18,13

14,14

1£.13

11.63

26,83

17.98

15.4¢

16,58

27.54

36.76

15.12

7.88

ME2EE!

18,65

13.86

13.28

11,27

11.29

15.98

11.28

12,69

23,08

ng ne
823

16.78

MEZEEZ

9.98

12.31

11,91
16,37

1871

14.97

16.84

11.84

19.£3

15,33

16,23

26,89

29.5¢

16.81

28,37




TLOAD — HHS  — &5 5554
HIE AT "RE:CL‘CJVE_"RV

HIZATED CROWL . SPFaCE
SINGLE STLID WKL LS

=

R 0 B i e P S S e 272 20

C 227780 Ty e =sol Sy

FTLOSOD O — HHHS —  Ziea

s
A-80

1



TITLE I8S"E:CIDX"

TITLE IS"RB:CLIMATE"

TITLE IG"H: ARCHSGHCY

‘TITLE IS"E:AIRCHGHR"

TITLE IS"H:FCOSTHHS"

TITLE IS"R:FMA"

Fix¥d BASIC RUILDING XX¥x¥
1. CITY LOCATION: HOMER,JUNEAU, FAIRBANKS, ADAK, NOME, BETTLES, BARROW
2. REFERENCE ANGLE WRT SOUITH. caw..... e e s e e .
. HEATED AIR VOLUME. ..o e eeven. b s e n s m e .o 1472010 . i
4, CONMNSTRUCTION QUALITY (1=VERY TIGHT,S=VERY LOOSE)... R AIRCHG
S. NUFBRER OF EXTERIOR WALLS.......... wrweesvana wwmae 2
H. EXTERIOR WALL R-VALUE. ..t s i v s s v annasnannnnornes R ARCH
7. WINDOW R-VALLUE - DAYTIME. .....uaun. ke s ke R ARCH
. WINDOW R-VALUE — NIGHTTIME. sssevrsnannsrsvrnsanusse R ARCH
&, INTERNAL STORAGE CAFACITY (1=LIGHT,2=MEDIUM, Z=HEAVY} 1.8
EheEd WALLS ¥iokkd . 1

1. QRIENTATION WRT REFERENCE.. . vcvvesvennanrns e mwew e o,

2. GROSS WALL AREA. v v e nervnenrsnusas mmm e YW E ok m e &ERE ., G
2. EXTERIOR WALL -~ R-VALUE. . cu o nan wm s m s s =FARBE (&)
4. WIRNDOW — AREA. o v e e v o v anaoacaunans v mm e s s w s E e .

Z. WENDDOE - DAVTIME R-VALLE. . s ens heum e nE e G,

S WINDOW ~ NIGHTTIME R-=VALUE. c o s u s v s s e v m s r s s s wannns g,

o WINDOW - % OF TIME SHADED. .. .... f e e m [

B. DOOR =~ AREAw s s s uwscuannunnanssnnas e w s s 1, @
2. BOQR — R=VALUE. s s v v v v s e s s nmam e s s n v o swcnnas e n e R ARCH
fxx%% WALL 2 (DIRECT GAIN — FASSIVE) fxixx

1. ORIENTATION WRT REFERENCE. e v es s asnnvnraoweaunas . g,

2. DIRECT GAIN WINDOW AREA. s s vur s s evsuvusuoovunanannns J27, @
. NUMBER OF GLAZINGSE (1 TO 3. wsewsunn B T T I R ARCH

4, DAYTIME GLAZING SYSTEM R-VALUE. . .......... ieenieens =FARER(T)
S. NIGHTTIME GILAZING SYSTEM R-VALUE. .. s. v ereunwaweews =FARBRI(Z)
&. DOVERHANG SHARING? (1=YE&S,2=N0) o u v nn s r it e nmvnnas 2.8
7. WIDTH OF WINDOW. v oo veewnnneneasnan . e [

8. FROJECTION OF OVERHANG. s v.aev v nas csersuanmsnw @,

2. 3AF BETWEEN OVERHANG AND WINDOW. @ v i e vaosvsreew i,

TL.OAI

HIHS §xF 75 <}

—  FPFacE =2
A-81

DEGRE

FT2-HR—F /
FT2-HR—F /E
FT2~HR-F/

DEGRE]

F’
FT2-HR—F /K
F
FT2—HR—F /)
FT2-HF—F / H

F‘
FT2-HR~F /B

DEGRE
F

FT2~HF—~F /B
FT2~HR~F /E




Rk ROOF-FLOOR-BASEMENT~GARABE R kKX

1, TOTAL CEILING AREA. i uam v v s s s anassunuanscanannns .

2. CEILING R-VALLUE... 0., S hm s e e e m e ke AP E

. BASBEMENT TYFE (1=S5LAR,Z2=CRAWLSPACE, Z=FULL, 4=C0OME. ).

4. (FOR TYPE 1) HEATING DUCTS IN SLAE? (1= YES,DmNQ) .

T. (FOR TYFE 1) FERIMETER OF SLAB. i v vn i i i it s cenas v

L. (FOR TYPE 1) R-VALUE OF EDGE INSULATION. v v e eweeonn

7. (FOR TYFE 2D GROUND FLOOR AREA OVER CRAWLSFACE.....

8., (FOR TYFE 2) FLOOR R-VALUE. s it s s s i v v s annnonsersun

g, (FOR TYPE 2) CRAWLSPACE HEATED? (1=YES,2=N0).......

i@, FOR TYFE 20 RAGEMENT HEATED? (1=VESG, 2=R¥) . o0 er ...
11. (FOR TYFE 23 GROUND FLOAR AREA OVER BASEMENT.......
12, (FOR TYFE T) FLOOR R-VOLUE. w . e v v n v v s v v e m e v v s wasn
12 (TYFEZ-T BASEMENT/CRWLESF. DEPTH BELOW GRADE(T-EFT).
14 {TYPEZ=-5) BASEMENT/ZCRWLEP. WIDTH. ... .. v e maa. "
AREA BOSEMENT /CRWLSF. WALL ARBOVE GRADE. ...

15, {TYPREZ2-X
PaLITYREZ-Z) BASEMENT ACRWMLGH.
7. (TYFE 2-3) BARGEMENT/CRWLSF.
8. (TYFR Z2-3) BABEMENT/CRWLEF WALL R-

WALL R-VALUE AROVE GRADE.
WALL AREA RELOW GRADE..
VALUE BELOW GRADE

D5. HEATING DUCTE IN UNHEATED SFACE (I=YES,2=NO).......
FXEFE O INTERMNAL SFACE Rkix:
THERMOGTST SETTING - DAYTIME. .. .. . v w e s “aun

TIME. ...
R R R

{(FABSIVE BYETEME) .- v v .

THERMOSTAT SETTING —~ RMRIGHT
HOUWRS FOR NIGHT SETRACKE.. ..
ALLDWARLE TEMFERATURE SWING

A F W 4 s s aon

01 ds 0 by

« ANNUAL ELECTRICAL CONSUMFTION. v wew .- s m o n e ..
H. AVERAGE NUMBER OF OCCURFAMTS. @ ie s i i s it b i d s s s ammas .
B. SEABONAL EFFICIENCY OF CONVENTIONAL FURNACE ........

T OasD — HHHSE —  @eig — FasE =&

BY4E ., @
R ARCH
2. e
2. @
a,
gt
Bo&E, S5
R ARCH
1. 3¢
o
g,

=FARRFR ()

4, i
., @

@,

R ARCH
1538, 84
=FRFRE(15)
2. am

T,
&b, GG
12,868
7.

=1 ﬂ"
8., e

T, @

FT2

FT2-HR~F /ETU

FT

R-HR-F /ETU
FT2
F/ETU

FT

FT2-HR~

FTZ
F/ETU
FT
FT
FT2
FTE-HR~F /EBTU
FT2
F/ETU

FT2-HR-

FT2-HR-

HR

FhiH

A




ROW NUMBER: o LAT.= 5%.& DESIGN TEMF.= —-5.1 F SIGMA= @, F
JAN - FER  MAR  AFPR  MAY JUN  JUL AUG SEF OCT NOV DEC
121 ZEZ 758 1247 1581 1749 1596 1187 799 434 175 &6 BTU/FT2-DAY

21.2 24.8 28.4 I5.6 42.8 49.2 51.8 51.8 446.4 37.4 28.4 21.72 F
1352 1123 1159 9@@ 764 496 394 391 S4@ 857 11@35 1352 F-DAYS

ROW NUMBER: 14 LAT.= SB.4 DESIGN TEMF.= —-4.4 F SIGMA= @, F
JAN  FER  MAR  AFR  MAY JuN JUL AUG SEF OCT NOV  DEC
116 282 H89 1475 1290 1413 1277 983 438 3I2¢ 148 &1 RTL/FTZ-DAY
25,0 28,4 I2.6 I9.2 46.4 3.6 55.4 GBI 6 SE.E 41,8 T2, 26.6 F
.287 1@Z7 1826 787 563 335 288 I3 473 718 976 1168  F-DAYS

RO NUMBER: 15 LAT.= &4.8 DESIGN TEMP,=-51.¢ F SIGMA= @, F
JAM  FER  MAR AFR MAY L JUN  JUL  AUG SEF OCT NOV  DEC
R 2RI STE L19E 18682 17S¢ 1541 1147 748 292 74 2 BTU/FTZ2-DAY
—2.2 1@, 4 28.4 46.4 S9.6 HE.8 B5.4 44,46 24.8 I.2-11.2 F
1aeg 1721 1884 49 211 148 a4 417 1235 1847 2EI6 ¢« F-DAYS
FRUd NUMERER 26 LAT.= 51.05 DESIGN TEMP.= 19.9 F 2IGMA= d@.  F

JQN FER MAR  AFR MAY  JUN- JUL  AUG SEF OCT NOV  DEC
432 715 1@31 1178 1181 1119 948 758 527 =47 187 BRTU/FTZ-DAY
4.3 E4.7 FEL1 43,3 4807 D@0 49.8 4%.5 42.8 F6.9 T5.1 F

ama 987  Gaa 470 487 459 471 458 681 848 924 F-DAYS
RO NUMEEF 25 LAT.= &4.5  DEGIGN TEMF,=-351.6 F SIGHMA= @. F
JAN FER  MAR  AFR MAY  JUN  JUL  AUG  SEF OCT  NOV  DED
29 2RI 436 1184 157! 178D 1413 992 &7R FHE &4 2 BTU/FT2-DAY
6.8 B, 6.8 19,4 IN.6 46.4 SH.O TE.¢ 42,8 8.4 15.8 5.6 F
1829 1474 1786 1T82 956 BRS 46T 49@ 488 1132 1481 1879  F-DAYS
ROW NUMBER: ¢ LAT.= &6.9  DESIGN TEMF.=-51.9 F SIGMA= @. F
JAN  FEE MAR  APR  MAY JUN JUL AUG SEF OCT NOV  DEC
1E 172 615 1227 1697 1835 15&1 1674 &71 251 40 #  ETU/FT2-DAY
—1T.E ~7.6 1.4 21.2 41.0 55,4 S57.2 S1.8 39.2 19.4 ~2.2-13.6 F

2425 28I 194 1ITES TRE 27 2T 0 47 TSl 1395 1993 2392 F-DAYS

ROW NUMBRER: 35 LAT.= 71.3 DESIGN TEMP.=-45.8 F SIGMA= @, F
JAN  FER MAR AFR  MAY JUN  JUL AUG SEF 0OCT WNOV  DEC
@ 7I 499 1@49 1139 1524 1438 855 414 125 3 4] BTU/FTZ2-DAY

-14.8-18.4-14.8 ~¢h. 4 19.4 Z3.8 39.2 7.4 Ze.2 15.8 ~@.4-1Z.4d F
2471 2342 2488 1976 1424 959 815 85 1448 1541 1966 2396 F-DAYS

TLOAD - HHS - @@4 - PAGE 4
A-83




LENIENT

CR SMEIEE! MEIEE2 ME2EEL

I 73451, 85623, 49671,

(%)

73451, 83823, 49471,

3 73451, BGA2I. 49871,

§ 52245, 42489. 3244,

62489, 1446,
52489, 32446,
52244, 62489, 32446,
§ 181548, 118964, 64844,
5 181648, 118954, 64864,
1# 53185, 75945, 44894,
1 138335, 142689, 91284,
12 138335, 142689, 93254,
13 136335, 142589, 93234,
14 117692, 128151, T7S7I5,
15 217621, 236835. 148416,

16 217821, 236835, 160416,

TLOAD - HHS - @64 - PAGE 5

ME2EE2 tMEIEE]
L8154,
68154, 56317,
66154, 5617,
41711, 43715,
41741, 43715,
41711, 4375,
41711, 43715,
73534, 83474,
73638, BadT4,

57719, 49255,

183328, 115156,

{65328, 115154,

Lo

{§3328. 115154,

85249, 162884,

173421, 194845,

173421, 1948435,

36317,

ME2EE2 ¥HELEE]
43646, 44354,
43586, 44354,
435644, 44355.
36422,
I5422,
36422,
33834, I8422.
61881, 76284,
61841,
42367, 3BiE

91484, 101338,
91464, 181334,
91464, 181338,

71867, 9B9U8.

267844, 14Gagd. 153382, 173964,

267844, 1464¢8, 153382, 173944,

A-84

113163,

ANNUAL HEATING FUEL USE {RTU/SQFT-YR)

MODERATE 2

ME1EE2 ME2EE!
54839, 23973,
23975,
23975,

15489,

19489,
19489,
gsg18, 43372,

5818, #3I7Z,

45618, 228Es,

{13163, 67734,

%8832,

98551,

86882, 121498,

186882, 121692,

19489,

ME2EEZ EMEIEE!
12795, 35646,
32795, 35646,
32795, 3348,
27258, 23164,
27254, 29144,
27254, 29164,
27254, 29144,
51824, 64474,

64474,

S1838,

79881,

59618, 75392,

134638, 153647,

134539, 153847,

166598,

166598,

STRINGENT
MEIEE? MEZFEI
45275, 17138,
45275, 17138,
43273, 17138,
37486, 13986,
37688, 13965,
37608,
37868, 13966,
72945, 33528,
12985, 13524,
423868, 15181,
99895, DHEIS.
99635, 35835,
99895, 36813,

B4669, 9841,

MEZEE2

24922,

24922,

24822,

24384,

27884,

26834,

bbb,

47781,

163613, 114588,

183613, 116568,



ANNUAL ELECTRICAL USE (BTU/SQFT-YR)
LENIENT ' XODERATE 1 : MODERATE 2 STRINGENT
CR SMEIEE! MEIEE2 MEZEE! MEZEE2 MEIEE! MEIEE? NEDEE] ME2EEZ SMEIEEY NMEIEE2 ME2EE! MEZEE2 SMEIEEY MEIEE2 MEZEE] ME2EE2

{41884, 36451, 34362, 22929. 41884, 36451, 34362, 22929, 41884, 3@451. 34362, 22919, 41884, 3A451. 34362, 22929.

*a

41884, 38451, 34362, 22929, 41884, 3£451. 34362, 22929, 41884, 3B4S1. 34352, 22929, 41884, 38451, 34362, 22929.
I 41684, 34451, JA3RI. 22929, 41854, If401, 343182, 22929, 41884, 38451, 34382, 22929. 41884, If451. 34382, 22929,
5 41884, 3M45L. 34362, 22929. 41884, 38451, 34382, 22929, 41884, 3@451, 4362, 22929, 41894, 3M4SL. 34362, 22929,
S 41984, 38451, 34362, 272979, 41884, 3IG4SH, 34362, 22929, 41864, IA4S1, 34362, 22929, 41884, 3FASI. 34362, 22929,
& 41835, 33451, 34362, 22929, 41884, 3@4Sl. 4382, 22929, 41884, 3P451. 34362, 22929, 41884, @451, 34362, 12929.
7 41%Ré, 8451, 14362, 22929, 41BG4, 36451, 4382, 22929, 41884, @451, 4382, 22929, 41884, 38451, IAXE2, 29N,
§ 31884, I@45L., 34362, 22929, 41884, 3B451. 35362, 22929. 41884, 3845, 34382, 22929, 41884, G451, 34362, 22929,
§ 41994, I8451, 34352, 22929, 41004, 3351, 34352, 22929, 41BB4. 3A4SL. T4362, 22929, 41884, 3B45f. 3462, 22919.

13 {364, IS, 14382, 22579, 41684, 3#451. 34362, 22929, 41834, 38451, 34382, 22929, 416R4, 38451, 3432, 20929,

11 41EF4, 38451, 34382, 20929, 41884, 3451, IET&2. 22929, 41804, @451, I4362. 22975, 41884, 3451, 34362, 22929,

2 41834, I@45), 34362, 22929, 41BB4. @451, 34362, 22929, 41684, G451, 34352, 22929, 418B4. IR401. 34362, 22929,

13 41884, 3B451, 34342, 22629, 41884, 345!, 34382, 22929, 41R84. 3B4Sl. 34362, 22929. 4184, 38451, 34362, 22929,

BASI. 34352, 22929, 41994, 3GASI. 34362, 22929. 41884, 3G4SH, 34362, 22929,

A

14 41834, 38451, J43L2, 22929, 41884,
15 41884, 38451, 34362, 22929. 41884, IMS1, 33382, 22929, 41884, 451, 34362, 22929. 4188A. I8451. 34362, 22929,

16 41984, 36451, 34362, 22929, 41884, 38451, 3432, 22929, 41BB4. 3IB45I. 34362, 22929, 41B84. 38451, 34362, 22979,

Al e

TLOAD - HHS - @@4 — PAGE &
A-85




CR SMELEE]
I 5N
2 8.3
I LY
4 5,48
I 8 b
& 5,74
7 LI
g &2
g 15§

1 712

i .n

12 14,98

13 19.87

14 22,39

15 &8

16 15.78

TLOAD

LENIERT

MEIEED ME2EEL

4.46

5.86 .

611 »

4,47

HHS

3.99

3
~

o
patey

4,72

3.77

367

KE2EE2 $MELEEL

3.27

6.83

11.45

13.52

3,85,

aa4q

4.79 A8
8.81  4.41
7.6 5.71
521 427
§.81 0 L3R
5.54 4,82
3.59 .14
5.96  5.04
-12.19 9.82
6,76  5.49
9.37 1.8
14.68  8.79
18.52  14.83
20,46 17.92
6.67 474
15.14  12.%2
- PAGE 7

MODERATE

MEIEE? NEZEEI

3,65

14,84

16.29

4.89

11,85

~ ANNUAL ENERBY COST ($/SQFT-YR)

NEZEE2 $HEIEE)

2.9

3.26
.19
3.35
7.8
4,88
5.79
6,51
1.8
12;}9
355

7,54

4,52

174

3.78

11.82

A-86

4,32

7.55

b.68

5.44

11,48

6,32

5.87

HDDERATE 2
MEIEE2 MEZEE! MEEE2 IMEIEE]
L9 343 266
6.13 6.8 4.43
5.4 5.3 591
4,89 392 2.9
20 2.9 .77
L34 1B I
292 2.5 2.84
578 426 332
9,45 9.14 .74
503 512 382
7.5 7.8 5.5
B.44  8.83  4.26
14,41 15,48 16,67
17,85 15.5% 11,95
5,64 4.BF 344
1231 131 918

13.94

STRINGENT

MEIEEZ HMEZEE]

3.98

5.92

.23

8.89

13.99

16,21

4,54

1173

3.28

5.92

4,85

8,83

4,58

8. 7%

7.74

14,13

KEZEE2

.49

Y TETET



CR TMEIEE]
1 4,48
2 4.8
3 4.9
4 5,15
3 5.M
6 8.21
T 4.8
g 5.8
9 9.8

] .88

b8

12 6.5

13 HLIF

14 12,16

15 8,69

16 13.35

TLOAD

LENIENT

MEIEEZ MEZEE!

4,57 34
4,93 64,19
3.88 6,27
5.23 6.3
3.9 T.16
B.34 18.Ps
6.18  1.4b
5.98 1.2
9.83  11.97
£43 0 1228
6,91 8.34
7.7 8.53

1,27 13,68

i

i

2.2 1

4.83

8,83  18.66

3.5 I

HHS

5,37

MEZEE2 BMEIEE1

3.82

15.62

16,56

16.58

acG4q

5,88 4,77
565  5.14
512 5.2
5.4 532
5.95  b.#4
8.36  8.49
628 6,29
5.99 6.9
9,95  16.61
16,35 1651
.91 7.8
.69 7.26
11,38 11,47
12,32 125
8.85 8.9
13.59  13.86
- PAGE 8

“ANNUAL COST QF CAPITALITATIDN {$/S@FT-YR)

MODERATE §

MEIEEZ MWEDEE] ME2EE2Z WMEIEEL

6,82

6.49

5,59

1£.95

16.82

4,98

3.37

5.435

3.39

612

8.68

6,37

b.16

16,14

13.98

A-87

MODERATE 2

MEIEE2 MEZEE!

.87

3.47

5.35

3.587

6.21

8.73

6.47

.26

18,29

1,13

6.24

6.73

6,83

5,95

7.44

1£.45

7.7%

14,13

19.44

11,87

17. 68

MEZEEZ IMEIEEL

6.33

5.82

5.95

3,98

.87

s.ee

18,91

12.84

7.67

7.84

12,58

13.63

3.79

15,64

STRINGENT

MEIEEZ MEZEE]

5.63

6. 68

.16

.88

6.67

9.38

6.9

6.73

12.48

13.82

9.93

15,25

6.88

.33

7.44

8.96

7.96

11,14

8.23

7.96

13,69

14,35

16,38

11,76

18.65

- ME2EE2

6.89

7.43

7.4

7.84

7.99

11.23

8,33

8.86

9.52

15,15

16,56

11.94

18.27




- - ANNUAL COST OF MAINTENANCE ($/50FT-YR)
LENIERT ) MODERATE 1 ' : ’ HODERATE 2 © STRINGENT
CR MEIEE] MEIEE2 MEZEE! ﬂEZEE? IMESEE! WE1EE2 NEZEE] MEQEE? AMEIEE] MEIEE? ME2EE1 ME2EE? SMEIEE] MEIEE2 MWEZEE! ME2EE2
1 83 £3% B4 B4 B39 B39 p4b B4 £.39 839 446 6.4 639 £39 B.4s 6.4b
2§42 842 249 649 842 442 449 849 642 £.42  B.49  B.49 442 642 A4 8.9
T @842 B.42 656 8.58 642 £.42 f58 6.5 p.42 4827 658 6.5 f42 B.42  B.GF B.58
£.42 6.3 B3 847 £.82 A3 6.3 £.42  0.47 8.3 A3 A42 BA2

§ 38 8,56

_
.

I
[

5 841 B4 #.48 £.48  A.41 A4 B0 ﬁ.48> ) g.81 481 4.4 8,48 41 841 648 4B
& £.57 1,57 @48  6.48  6.57 6,57 @.68 .48 £.57 657 F.68 468 457 457 4.68  £.68
s 547 §.42  B.5F 6.5 6.42 .42 658 4,58 642 6.42 4.5¢ G5 642 442 $.068 8.0F
© gl 481 489 449 A8 A4l 449 A4 A41 A4 B9 849 441 641 8.8 8.49
o .47 647 6,58 6,88 667 .67 H.88 6,88 667 867 8.8F 6,88 667 467 R.G0 §.86

£.84

iz}
(e
de

8.84 A71  &.7] §.84 8.84 £71 &N

—~d
—
=

A

—
743
f=g]
=
s
T
ra

(]

.

~

—

"5y

~1

—

i

.

(s

-

11 £.47  F.AT &5 E.54  F.47  #47 &5 A58 447 447 656 656 BT 847 B.Ob 8,58
(2 4.8% #.48 &57 657 @448 .48 457 457 §.48 .48  8.57 607 A48 g.48 0,57  &.57
3 677 877 BS2 B2 677 BRI E92 £92  AT77 | 6.77 €92 692 &77 &7 6892 892
14 6.8 4.8 | 1.86 188 6,84  £.84 L.BF l.éﬁ #.84 8,84 186 L1088 . 4.8 6,84 1.pF 1.FF
15  &6F G.68 B2 #7268 def 672 £.72 A48 d.o¢6  6.72 6,72 A.b6 868 5,72 .72

16 £.93 893 LF  L18 A93 A5 L1 118 A9F &9 LIF 1.1 491 4393 .18 L.1¢

TLOAD - HHS - @@4 - PAGE 9
A-88



CR SMEIEE]L
e 8
2 13.64 12,13
LI 701 B § P
4 1891 1485
O S I
& 1452 13.44
T2 9,98
g 12 172
g. 22,92 2872

LI 1R

1 17,88 15,58

17 18.42 18,72

13 38,94 27,34

1 1537 LA

15 15.48 14,28

16 38.66 28.8h

TEOAD

LERIENT

MEIEEZ2 HMEZEE)

18,18

13.31

12,67

18,94

18.86

15.2

11.77

29.7¢

J2.9!

16,36

29.91

MEZEE2 IMEIEEL

9.56  9.85
11,88 13.47
11,39 12,48
16.66 18,81
18,31 1836
14,31 14.47
16,42 18,2
.68 12.34
8.2 2.
17,59 17.8}
15,11 16,77
15,67 18,17
.15 38,49
29,54 3482
15.16: 15.53
27.9¢  29.66

HiHs —

TOTAL BUILDING LIFE CYCLE COST ($/SBFT-YRI

MODERATE 1

MEIEE2 NEZEEI

9.22  16.8%

11.96  13.1%

1535 1.5

9.95 16.68

' 9.82° 14.82

11,54 12,29

15.34 16,37
16.47 17,34
27.88  19.58é

1,27 3.3

7

13,33 16.42

27,65 29.57

=5 (=5 <4

NE2EE2 #MELEE]

§.39

11.66

11.24

.98

16,25

H

9.89

13,53

12,67

18.83

16.28

14,38

18,23

2.7

22.63

18.1%

16,63

18.43

MODERATE 2

MEIEEZ MEZEE!

9.25

12,82

11,41

9.92

.82

13.564

.81

11.44

38,78

14,48

27.44

oS E
A-89

18.43
13,38
12,62
18.89
16,86
15.34
18,83
12,24
22,26
19.24
16,29

17.57

31.96

16,58

29.41

b Y 3

9.45
175
11,33

9.99
16,2

14,37

i8.11
14,64

15.73

28,55
153.38

27.481

MEZEE2 tMEIEE]

18.26
13.95
13,89
11,85
14,68
15.63
18,35

12.4%

19.47
16.87
18.24
iy
34,2

16,27

29.91

STRINBENT

MELEE2 NME2EE!

9,68

12,41

11,81

18.16

{£.12

14.11

18,12

11,63

28.84

17.54

38.87

15.87

27,91

18.54

13.75

13,69

11.18

11,28

15.83

11.1%

12,54

22.73

23.95

MEZEE2

9.84

1.77

168.26

18,68

14,58

14.73

28,79

15.99

27.94




TLOAD  — HHE — #3549
HEAT RECOWERY
HEOGTED CRAWLSFaCE
E X TEF TR FCar
1 A IBS 20 1z S44 =0 55

(B2 Twuescaday

TLOAD — HHE - @64 - FAGE 1

ahn



TITLE
TITLE
TITLE
TITLE
TITLE
TITLE

EXH KK

1.
]
alw
o
e

4,

n

J

o~

.

doh N W
BENTAD A O

CITY LOCATION:
REFERENCE ANGLE WRT
HEATED AIR VOLUME
CONSTRUCTION QUALITY

BASIC EUILDINMG

IS"R: CIDX"
IS"BR:CLIMATE"
IG"R: ARCHFMHC"
IS"R: AIRCHEHR"
IS"E: FCOSTHHE"
IS"R: FMA"

XK KK X

SOUTH. .

(1=VERY TIGHT,

NUMBER OF EXTERIOR WALLS...

EXTERIOR WALL R-VALUE....

LR R

--------

HOMER, JUNEAL .- FAIRBANES, ADAK,

S=VERY LDOSE)...

LR R R A N 2 R I A I )

LR R R R A B I A

"% 2w aw

L A A L R N Y B R I I A ]

WINDOW R=~VALUE ~ DAYTIME. cu v ecnerarsnnonrnnmannsony

WINDOW R=VALUE — NIGHTTIME. . ...
STORAMAGE CAPACITY (1= LIFHT.;~HEDIUM43—HFAVY)

HTChNﬁL

WALLS ®xk¥y

ORIENTATION WRT REFERENCE.. v cuvuwwus

GROSS WALL
WAL
= ARE R v e e
DAYTIHE ﬁ
NIGHTTIME
woOF TIME
L =

R—-VALUE.,

EXTERIQOR
WD
IR —
WINDOW -~
WINDOW -
DOOR -
DOOR -

¥x¥¥d WALL 2

- R

(DIRECT

AREA. . s e s
~VALUE. ...

R A A A ]

s = ow

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

VAl
B thUba
SHADED. .

GATIN

LRI
PR "
...........
......... "
------- w ow .
o = oo

- FASSIVE) %%k

1

. cn e s s
- e u e

e
- wwa e aawn
. ca s
- ww e
..............

1. ORIENTATION WRT REFERENCE. .. s vsenuaas sesewnras
2. DIRECT GAIN WINDOW AREA. .t s as st s n s acsvsanunasn -
. NUMBER OF GLAZINBGS (1 TO Sl asssnvanunes carr e
4. DAYTIME GLAZING SYSTEM R-VALUE......... cnrenmana
S. NIGHTTIME GLAZING 8YSTEM R-VALUE. ... ... v aearvsnnan
&. OVERHANG SHADING? (1=YES,Z=N0i..c.uae.n ceeeas e
7. WIDTH OF WINDOW. e rswwnvaoues ewmnrsec e an s
8. FROJECTION OF OVERHANG. . ... cawm e w e ca e a s
. GAF BETWEEN OVERHANG AND WINDOW. . ... cucvaevwan
TLOAD — HHE - @34 - PAGE 2

A-91

NOME, BETTLES, BARROW

.
14720 . (g
R AIRCHG
-
R ARCH
R ARCH
R ARCH
1. 66

7
&HEARG, gig
=FARRBE (&)
£,

i,

[
L, g
R ARCH

i
.
JET . @

R ARCH
=FARBR(7)
=FARBR {8)
2,06
.
@
7.

DEGRE

FT2~HR~F /B
FT2~HR-F /E
FT2-HR-F /E

DEGRE

F
FT2~HR-F /K
=
FTR—HR~F /E
FT2-HR—F/E

F
FT2-HR-F/B

DEGRE
F

FT2-HR~F /R
FT2-HR—F /R




¥¥ k%% ROOF-FLOOR=BASEMENT—GARAGE * %k XX

B8Is&., W@

1. TOTAL CEILING AREA. . cu e v cnnenensannenmnncssas e
2. CEILING R-VALUE. s v s u e v v v v n v v s nanm v v sasesuvennenas RARCH
Z. BASEMENT TYPE (1=SLAR,2=CRAWLSFACE,3=FULL,4=C0OME.) . o 2.a@
4. (FOR TYPE 1) HEATING DUCTS IN SBLART (i=YES,Z=ND ... 2.6
S. (FOR TYFE 1) FERIMETER OF SLAE. s v sweevscsnananonnss &,
6. (FOR TYPE 1) R-VALUE OF EDGBE INSULATION. cvsvewssaas i,
7. (FOR TYFE 2) GROUND FLLOOR AREA OVER CRAKLSFACE..... 8969 . @i
2. (FOR TYFE 2) FLODR R-VALUE. ... rons.n eesrssuuane R ARCH
?. (FDR TYFE 2) CRAWLSPACE HEATED? (1=YES,2=N0)....... 1, agl
ig. (FOR TYFE JT) BASEMENT HEATED? (1=YES,Z=NG)........ . g,
11. (FDR TYFE 3) GROUND FLOOR AREA OVER BASEMENT....... i,
12, (FOR TYPE 3) FLOOR R-VALUE. v s s s aaavmnnraams=smssonwn =FARRFE(8)
17. (TYPE2-3) RASEMENT/CRWLEF. DEFTH RELOW GRADE(Z-QFT). 4. g
: "E2-T) BASEMENT/CRUWLESF. WIDTH. o v s v v vs s e v nananws 8¢ . B
19, (TYFEZ2-Z) AREA RASEMENT/CRUWLSF. WALL ABOVE GBRADE.... .

1é, (TYPEZ-T) BASEMENT/CRWLSF. WALL R-VALUE AROVE GRADE. R ARCH

17. (TYPE 2-3) EASEMENT/CRWLSH. . WALL AREA BELOW BRADE.. 15336, 816
18, (TYPE 2-3) ERASEMENT/CRWLSF WALL R-VALUE BELOW GRADE =FPRFR(1&)
2%, HEATING DUCTS IN UNHEATED SPACE (1=YES,2=ND)..u...- 2.0

xEERy INTERNAL SFACE R¥ R

= DAY TIFE . e o v v

1. THERMOSTAT SETTIMG - DAYTIMD . oo e v e vo v v e an v
2. THERMOSTAT SETTING — NIGHT TIME. .oovv.. . s a e

T. HOURS FOR NIGHT SETERACK . . o v v v v o ba e u e a s G m e e

4. ALLOWABELE TEMPERATURE SWING (FPASSIVE SYSTEMS) .. .. ..

. ANNUAL ELECTRICAL CONSUMPTION. s v v v annmewmawonsweas =RMTT

&, AVERAGE NUMEER QF OCCUFANTG. s we v . M w e a s . S8 @

SEASONAL EFFICIENCY OF CONVENTIDNAL FURNACE. o v c v v v & T G

TLOAD - HHE - @@4 - FAGE =
4 A-92

FT2
FT2-HR-F/BTU

FT
FT2-HR—F /ETU
FT2
FT2-HR-F /BTU

FT2
FT2—HR—F /ETU
FT
FT
FT2
FT2-HR-F/ETU
FT2

FT2-HR-F/BTU

HR

KiWH

™~

v it




- -ROW NUMRBEFR: S LAT .=
JAN FER MAR AFR MAY
121 JI3F3 798 1247 1381

21.2 24.8 28.4 TG.6 42.€
1382 1127 1189 9@ 744
ROW NUMBER: 14 LAT.=
JAN FEB MAR AFR  .MAY
1146 282 449 19145 1296
DELE 28,4 Z2.6 29,2 46.4
1287 1637 14126 783 5473
ROW NUMBER: 15 LAT .=
JAaN FER MAR AFR MAY
T 221 &T7E 1193 1662
-11.2 ~2.2 18,4 28.4 46,4
mEEE 189 1721 1ags 549
FOW NUMRBER: 20 LAT.=
: Jarn FEER MAR S AFR MAY
omy 437 715 1831 1178
RS F4.0 F4.2 Z8l01 45303
e @54 987 ang §7e
FOy RERE o LaT.=
Jak FER MAaR ARk MAY
we PRE HEE 11g4 1571
G0 SH.0 6.8 19.4 8.6
1829 1674 1784 13222 96
FROW MNUMBER: 1] LAT.=
JAN  FER  MAR  AFR  MAY
1@ 172 415 1227 1497
-13.8 ~7.6 1.4 21.2. 41.4

DI 19469 13546 T22

2425

ROW NUMBER: 15 LAT.=
JAN FEE MAR AFR  MAY
@ 7T 493 1449 1139

-14.8-18.4-14.8 -@.4 19.4
2471 2742 24846 1976 14324

TLOAD - HHE - €84 - PAGE 4

S2.6
JUN
1749
48.2
49¢

28,4
JUN
1413

[

wllie O

4t
wtodd

&4.8
CJUN
Pty
59 .4

21t

S1.5

JUN
111

48,7

e s

4a2

A =

[oars

JUN
1752

4bH.4

oy e
S8

b6.9
JUIN
1855
55. 4

27

T1.32

JUN
15826
35.8

959

DESIGN TEMP.= —-5.1 F SIGMA= @. F
JUL AUG SEF 0OCT NOV DEC
1596 1187 79¢ 436 175 &5 BTU/FTZ2-DAY
51.8 51.8 46.4 T7.4 28.4 21.2 F
Z94 91 54 BST 1143 1352 F—-DAYS
DESIGN TEMF.= —-4.6 F SIGMA= @, F
JuL.  AUG  S5EF OCT  NOV  DEC
1277 983 68 320 148 &1 BTU/FT2~DARY
5.4 9306 D@L 4108 D206 2606 F
2B8 3IF1 473 718 976 1168 F-DAYS
DESIGN TEMF,=-31.4 F Si6MA= @. F
JUL AUG SEF DCT NOV DEC
1541 1117 748 292 74 2 BTU/FTZ2-DAY
.8 S5.4 44.6 24.8 IT.2-11.7% F
148 Z@4 617 1235 1867 2356 F-DAYS
DESIGN TEMF.= 19.9 F SIitMA= d. F
JuL. AUG EEF 0OCT NOV  DEC -
1119 w48 758 527 @7 187 BTU/FT2-DAY
S@. 49,8 42,5 42.8 I36.9 3801 F
45% 471 58 681 84@ 924 F~DAYS
DESTEN TEFMP.=-21.49 F SiGrA= . F
JUL. AUGE SER 00T NOV DEC
1413 992 672 Ian &4 2 RTUW/FT2-DAY
Se.g SE.@ 42,8 28.4 15.8 Sl F
4587 499 &B8 1132 1481 1879 F~DAYS
DESIGN TEMF.=-31.¢@ F SIGHA= #. F
Ju. AUG 8EFP OCT NOV  DEC
13861 1@74 671 251 44 ] BTU/FT2-DAY
57.2 51.8 9.2 19.4 -2.2-1Z.4d F
2@ 4@7 751 139D 1993 2392 F-DAYS
DESIGN TEMP.=—453.4d F SIGMA= @. F
JuL. AUG SEF 0CT NOV  DREC
1452 BI5% 414 125 = 4] BTU/FT2--DAY
39.2 37.4 T2 15.8 -@.4-13.4 F
815 B&F 1440 1541 1966 2396 F-DAYS

A-93



CR $HEIEE]
t 73457,

2 73451,

I 73457,

wn
©wn
()
rJ
on
—
-

-
wn
ra
ra
wn
——

134343,

13 138343,

14 117585,

15 217833,

16 217833,

TLOAD - HHME - #04 - PABE §

LENIENT
MEIEE2 WEZEE!
BSE29. 49677,
95029, 49577,
85029, 49677,
§2498. 1,
151,

£2491,

52494,

12451,

o

52494, 32431,

142617,
142617,
128168, 73734,

238847,

239347, 168428,

. 185336,

HEZEEZ IMEIEE]
s8168, 54559,
68168, S4559.
s8164, 54539,
41716, 42299,
41718, 42299,
41716, 42299,
41716, 42299,
73438, Bbf47.
3836, Béﬁ#?.
47736,
. 112536,
112686,
185336, 112486,
§9258. 1Rg244,
173433, 191118,

173433, 191118,

ANNUAL HEATING FUEL USE (BTL/SQFT-YR)

MODERATE 1

MESEE2

63347,

63347,

65347,

51965,

51945,

51943,

519435,

94582,

$4982.

n

F1e

(3]

124544,

124646,

124646,

189942,

284114,

204114,

HEZEE]
12145,
32143,
32145.
24182,
24182,
24182,

24182,

7187,
77317,
77317,

58747,

136573, 149631,

MEZEE2 SNEIEE!
B2, S,
41842, 44585,
41852, 44845,
. T,
32385, 36132
32385, 36132,
37385, 3132
59362,
593462,
45637, 38300
9388,
88888,
88888, 178943,
89119, 8332.

173125,

136675, 149552, 173125,

A-94

. 112624,

MODERATE 2

MEIEEZ MEZEE!
S4479,  23b46.
54479, 23666,
54479, 23686,
19223.
19223,
19223,
45269,
B4582, 42897,
81562, 42957,
19252, 21721,
67214,
112524, 67214,
112624,
9793, 5294,
185143,

128912,

185143,

NE2EE2

J2443,

32443,

S2443.

26928,

25938.

26938,

26938,

SEs3t.

38337,

J2814,

73463,

78443,

78443,

39439,

133859,

126912, 133859,

IMELEEL

15932,

353932,

15932,

29414,

29414,

29414,

29414,

64888,

75872,

154367,

154387, 167239,

STRINGENT

ME1EEZ MEZEE]

43598, 17376,

45598, 17376,

435%8. 17378,

37859, 14116,

37869, 14118,

37859, 14116,

37859, 14116,

73338. 33919,

TIT

WD

33919,

41133, 15375

59361, Db449.
995561, 5449,
59361, 56449,
gsist, 44321,

167255, 184272,

ME2EE2
25284,
25284,
25284,
2121,
21,
21121,
21124,
41387,
41367,
éiBSE.
L7879,
£7479.
67879.
48239,

117159,

164272, 117169,



ANNUAL ELECTRICAL USE (BTU/SQFT-YR)
LENIENT HODERATE 1 HODERATE 2 STRINGENT
CR SMEIEE] MEIEE2 NEZEE! WE2EE2 MEIEE) MEIEE? MEZEE] NEZEE? INEIEE] MEIEEZ ME2EE! ME2EE2 $MEIEE! MEJEE2 MEZEE! ME2EE
| 41gsd. 3BADE. 34362, 22929, 41884, IA40L. 34TL2. 22929, 41804, IB451. 34342, 22929, 41B94. Ip4S1. 34382, 22929,
2 41384, 39451, 34362, 22929, 1884, 3E4GI. 34382, 22929, 41884, 38451, 34362, 22929, 41804, IA451. 4382, 22929,
I 4184, 3A451. 34362, 22929, 41884, 16451, 34362, 22929, 41884, 36451, 34362, 22979, 418B4. IA451. 34362, 22929,
4 41884, @451, 34362, 172929, 41884, 3RA3L, 343£2, 22979, 41884, 8431, 34362, 22929, 41B34. @451, 33362; 22929,
§ 41BB4. RASY, 343p2. 22929, 41BBA, 38451, 4362, 22929, 4i8BA. 36451, 34362, 22929, 41884, I#431. G432, 22929,

I@a5y, 34352, 22929, 41884, 3M45L, 34362, 22929, 41884, 3M45l. 34162, 22929, 41884, 38451, 34382, 22929,

=3
E-3
—
s
o}
I

TO41884, 345!, T4342, 22929, 41884, 6451, 4362, 22929, 41BB4. IB45L. 34342, 22929, 41884, 38451, 3532, 22979

Ig451, 34362, 22929. 41884, 36451, 34352, 22929. 41884, JB451, 4362, 22929. 41884, 38451, 34362, 22929,

fae]
-
e
o
0
-

¢ 41884, 34451, 34362, 22529, 41BBa.  3B45l1. JA35%. 22929; 51884, 38451, 36382, 27929, 41884, IMAS), 34362, 22929,
1041835, II4E1, 14382, 22929, 41984, 3PMSL, F4362. 22929, 41884, 3E4S1, 34362, 22979, 41884, 34451, I4382. 22925,
$1418p4, ISA5L, 34342, 22929, 41884, IF451, T434Z. 22929, 41684, 3#AR1. 34382, 22929, 41884, 39451, 4162, 22929,
12 41884, 34451, 34362, 22929, 41884, 32451, 34362, 22929. 41684, @451, 34352, 22929, 41BB4. 3451, 34367, 22929,
12 41884, I2451, 34352, 22929. 51884, @451, 34362, 22929, 4104, 3@451. 34362, 22929, 41884, IA451. 34362, 22929,
14 41884, C3EASL, l34362. 22929, 41834, 36451, 34352, ‘22959. 41084, 38451, 34382, 22929, 41BB4. 30451, 14382, 22929,
15 41884, 38451, 34382, 22929, 41884, If4SL, I41b2. 22929. 41804, 38451, 34362, 22929, 41BS4. 3B4SL. I436Z. 22929,

14 - 41884, 32451, 14382, 22929, 41894, 36451, 34362, 22979, 41884, 3#451, 34362, 22929. 51854, 3A451. 34362, 22929.

TLOAD - HHE - 884 ~ PAGE &
A-95




~AKNUAL ENERGY COST ($/SO0FT-YR)
LENIERT ‘ NODERATE 1 MODERATE 2 STRINGENT
CR OMEIEE! MEIEE2 MEZEE] MEZEE2 SNEIEE! MEAEE2 NEZEEL MEJEE? SNEIEED NEIEEZ MEZEED NEZEEZ SMEIEE! HEIEEZ MEZEE! ME2EE2
Y547 446 3,99 %27 4,75 4,82 361 2,87 451 7B L4266 4,33 35B 328 2.49

2 B3 b6BF 663 584 297 637 b26 463 .73 412 667 442 7.5 W 5.9 42

.
~t
e
.
o
.
—
—
w
.
e
wn
=
.
wn
—
-3
-
Y
3
wn
o~
el
wn
L
[ ]
.
—
—

6,79 5,43 5,29 1.9 . L8 523 515 34
4 548 447 428 L25 5B 424 482 L84 S.E5 489 39Y 292 4.9 393 3.8 279

257 L% L3 LA 238 LES 2P 293 2% L7¢ M 282 213

on
-
o
o
<4
-
on
~
[}
.
~3
[N

£ 574 473 447 344 551 449 A28 X2 537 A 417 38 532 447 46 2,97

7L 33 2.8 LW LS eSS 269 245 %420 2.8t .58 463 DT 75 .46 198

& &.24 0 533 A7 3.BF 5.9 499 443 358 G A77 423 331 545 ABY 486 3.
§ 12,58 182 9.77 7.4 {211 475 .37 699 LBl %44 913 LT3 1449 9.12 B.BT b6

1 7,12 5.8 587 441 872 543 M A& L EZ2 S 3B &3 BUES 0 498 GWdS
11 %72 819 7.6 8,42 9.3 L7 L2 ST Y 149 785 549 474 LI 4B 522
12 16,98 917 8.7  6.85 16,54 8.72 8,27 644 1424 8,42 882 619 993 8.1 .75 5.98
13 19,87 15.29 15.24 11,45 18,54 14,76 14,76 1£.96 18,19 14,48 14.46 1865 17.B1 1481 1414 1431
14 22.3% 1B.97 | 17,68 1352 20,29 1075 1612 12.53 26,58 17.62 15,53 11,92 19.82 16,24 14.97 11.26
15 618 487 499 3.65 £.65 4,72 4,87 353 597 4,63 4,79 I.46 588 454 471 LIB

16 15,78 13,57 12,43 14,22 15.8% 12,81 1175 9.5 i451 129 1139 9.87 13.96 1175 16.81  B.59

TLBAD - HHE - #84 - FPAGE 7

il



CR SMEIEEL
1 4.4
2 48
I 4.9
4 515
3 504
& 8.2
Tt
g 5.89
9 9,58

¥ 9.9

11 681

12 b.96

15 1.8

14 121§

2 8.6%

16 13,35

LENIENT
MEIEE2 ME2EE!
4,57 3.73
4,92 &.1B
5.08  6.27
521 &3
597 7.6
8,34 18,84
6,18 7.4
5.98 1.22
9,83 11.8b
18,42 18.27
6.91 9,34
7.67  B.53
1.7 13,48
12,29 14,83
8.83 18,46
13.56 146,37

TLOAD - HHE - 884 - PAGE 8

MEZEE2 IME1EEL

15,82

18,79

16.58

4,76

5.87

3.15

5.26

5.97

6.82

9.9¢

1€.29

b.96

ANNUAL COST OF CAPITALIZATION ($/SEFT-YR!

HODERATE 1
MEIEE2 MEZEE1 ME2EED IMEIEE]
579 5.9 605 4.9
5.7 b.43  5.52 5.3
5,24 652 662 545
5.3 643 651 539
a8 T T3 612
8.5 18.25 1838 B.59
6,32 T.68  7.89  6.37
641 .35 .M ‘b6
19,65 1265 12,24 18,14
G55 17 12,85 18,9
787 8.5F  8.60  7.03
723 849 888 709
11,52 15,85 1463 11.82
2.5 1505 1529 10,47
.81 16,85 1899  9.18
13.86 - 16,67 16.88  13.98

A-97

MODERATE 2
MELEEZ ME2EE]
J.87 5.24
5.47  8.73
5.5 482
5.47 .35
6,28 71,44
B.72 .18.45
.47 1.7D
.26 1.49
16.29 12,32
.13 1327
7,23 4.6
7.4 8.86
11.79 14,13
12.86 15,48
9.28 11.87
14,19 17.88

HEZEED IMEIEE]

6.33

5.82

6,92

6.63

14.58

7.84

7.59

12.48

13,44

8.77

8.97

14,38

15,59

11.26

17.21

3.4%

.86
6.7
fﬂ.Bl
11,94
7.68

7.71

STRINGENT
MEIEEZ KWE2EE!
3.38  &.75

- 6,82 7.2
b.18  7.38
.83 &9
6,61  7.84
5.3¢ 11,82
6,89  8.17
6,67  7.9%
16,96 13.6F
12,18 14,25
L 914
7.88 9.3
12,57 14,98
1L.78 16,24
2.8 11.67
15,12 11,93

MEZEE2
.83
7.37
7.48
6,99
7.93

(1,15

8.27

9.46
15.§7
16,44
11.81

18.14




£R IMEIEE]
1 B3
2 4.4
I a42
4 8,38
I Y )
¢ £.57
FR X
g £.41
9 447
g 4L
i1 £,47
12 448
12 &7
14 £.84
15 4.48
6 8.93

LENIENT
MEIEEZ MEZEE)
8,39 844
6,42 4.49
#.42  B.58
8,36 4.42
#.41 .48
§.57  4.58
fi.42 Q.58
8.8 4.49
£.67  B.8F
.71 &.04
£.47 456
f.48  6.57
.77 6.92
§.88 1.6
8.6 8,72
893  L.1¢

TLOAD - HHE - 884 - PAGE 9

MEZEE2 SMEIEE]

£.46
g.49
¢.58
£.42
£.48
¢.68

4,30

8.84
f.0b
8.57
#.92

1.68

B.72..

8,39

8.42

#.42

6.67

£.47

.48

8,77

.84

8,68

2,93

HODERATE 1
MEIEEZ ME2EEL
8.39 8.4
.42 9.49
6.02 8.5
.36 §.42
g1 B0
6.57 4.8
p.42 6.5
£.01 .49
.47 6.0
871 664
.47 B.5
608 657
077 692
6.80 1,68
b.68 672
.93 1L1g

MEZEEZ $MELEE!

6.4
2.49

g.58

4,68
f.56

g.49

1.8¢
£.72

1.18

8,39
g.42
.42

8.36

At

8.57

8.42

#.41

8,67

ey
~~
—

4.47

4,48

8.77

8.94

£. o8

8,93

A-98

NDDERATE 2
MEIEE2 MEZEEI
8,39 6.8
§.42  9.49
8.42 .58
8.3 8.42
8,41 £.48
8.57 868
8.42 8,50
8.41  8.49
B.67  8.8¢
8,71 5.E4
.47 8.5
.43 8.57
8.7 8.9
8.84  1.066
.68  8.72
6,93 1.16

* ANNUAL TOST OF - MAINTENANCE ($/5FT-YR)

NE2EE2Z IMEIEE]

#.4b
8.49
8.58
#.42
€.48
6,68
§.58

1,49

1.a0
£.72

1,12

8.19

.42

4.42

£.36

8,41

8.57

8.42

8.41

=]
S

£
~

v
~
-

#.47
#.48
8.77
#.84
g.5¢

8.93

STRINGENT
MEIEE2 MEZEE]
6,39 B.4b
#.42 6.49
§.42  B.58
.3  4.42
#.41  8.48
8.57  8.68
§.42 B30
g.41  B.49
.67  8.86
g7 g.e4
8.47 8.5
g.48  8.57
477  8.92
8,88  1.g6
f.68  8.72
a.93  1.18

NEZEE2
.46
4.49
B.58
.42
6.48

g.68

=
~

en
-~

g.49

g.88

£.36

.57

4.92

f.04

8.72

.16

B TR



CR tMEIEE]

(]

14

15

16

14,83

13.64

12,76

19.9¢

14,44

14,51

18.42

36,94

[ )
en
-

€
3

15.48

38.86

LENIENT

MEIEEZ ME2EE!

9.41

12.14

11,53

18,85

27.33

12,68

14,28

28.83

18,18

13,34

12,63

29.9¢

MEZEEZ INELEE]

9,95

5,84

13,46

12,59

16,88

i4.48

18,24

12.34

TOTAL BUILDING LIFE CYCLE COST ($/50FY-YR)

HODERATE

HEIEE2

9.24

11.93

11,34

9.%4

© 9.82

13.58

9.8¢

[1.51

26.47

13.3t

16.43

31,16

14.35

27,61

TLOAD — HHE — @4 — FAGE 16

ME2EE!
16,63
£3.18
12,58
16,87
1. 91
15.21

18,79

MEZEE2? IMEILE]

§.37
11,64
1.2

9,97

14,28
1,35
11.42
2682
17.73
14,96
15.82
25.91
29,83

15.24

9.88

13,32

12,66

18.79

A-99

MODERATE 2

MELEEZ ME2EE}

9.24

12.41

11,48

11.43

8.4

17.86

15,28

16.38

26,56

.72

14,48

27.41

18.12

ME2EE2 SMEIEE!

g.44

11.74

11.32

.98

19.27

14,36

- 16,38

11.38

28,68

8,18

14.82

15,73

23,67

28.51

13.38

27,38

18,21
13.89
13.43
11.88
18,63
14,96
16,49
12,44
2.9
18.97
16,81
18,18
38,97
34.17
16.19

29.8¢

STRINGENT

MEJEE2

9.55

12,36

1,76

14,44

18,47

14,04

16,86

11. 68

28,75

17.83

REZEE)

18,49

13.78

13.83

11,13

11,15

15.75

11,14

17,867

29.95

3216

17.18

29.84

MEZEE2

9.79

12.12

11.72

18.2¢

14,55

14,88

18,67

11.59

28,41

18,91

15.93

28.89

15,98

27.83




TLOAD — HHD — &4
HEAOT RECOVEFRY
HEATED ORAOWL.SFOEE

THELIERL = STULD Wal LS

168 /B S B 11z 12z 22
R == MC I S5 ] Ture=sod Sy
LOoaD — HHD —  @isa

— FPEaGE

A-100

i

iy 0



TITLE IS"R:CIDY"

TITLE IS"H:CLIMATE"

TITLE IS"R:ARCHDERHC!

TITLE IS"E:AIRCHGHR"

TITLE IS"H:FCOSTHHD"

TITLE IS"E:FMA"

¥x¥x¥ BASIC BUILDING Xk¥X¥

. CONSTRUCTION BUALTITY
OF EXTERIOR WALLG
Walt R-VALUE. .« 00w
— DAYTIME...:... e e M e m s u e

. REFERENCE ANGLE WRT SOUTH. vesen s v s nnunascnnaaonerna

HEATED AIR VOLUME . s v v eevanusennaannssnonnnnsssnnan
(1=VERY TIBHT,S=VERY LOOSE)...

I )

o 4 & 4 E 4NN N

1
2
-
PR
4
.
¢

S NUMBER

4. EXTERIOR

7. WINDOW R-VALUE
f. WINDOW R-YALUE
<

— MIGHTTIME. vucussauun

LI I R R R R

TMTERMNAL STORAGE CAPACITY (1=LIGHT,2=MEDIUM, I=HEAVY)

FaokEd WALLS ¥ dKkxX
1. ORIENTATION WRT REFEREMECE. s v aarursrvrvansnraananean
2. BRNOEE WALl AREA. . ...« hmurEema ey P e m e a s e
T. O EXTERIOR WALL — R-VALUE. . e Fun e e, e e w
G WINDOW ~ AREA. . oo weanwan f U R M e e e e s
L MTHIDER — DAYTIME RV U e e e e e e R
S. WINDOW — NIGHTTIME R-VALUE. s uaew-. b m e s .
7. WINDOW — % OF TIME SHADED. s w e v e v nwwaeenn aea e
8. DOOR — AREAR .- vsasnemnevs amemmm s i m e m e
G, DOOR — R=VALUE . i v v v s n s nasumannn .
¥EEEY WALL 2 (DIRECT GAIN - PASSIVE) - XK¥X¥¥X
1. ORIENTATION WRT REFERENCE........ e n s a s ma .
2. DIRECT GAIN WINDOW AREA.......- P R
I, NUMBER OF GLAZINGS (1 TO 3 .vevussnvsnnevennnnsonns
4. DAYTIME GLAZING SYSTEM R-VALUE. ..o wrecerraneraan..
=, NIGHTTIME GLAZING SYSTEM R-VALUE. s v wse v an s -
&. OVERHANG SHADINGT (1=YEG,2=NO) s s e v vnms e n s v wwnnesan
7. WIDTH OF WINDOW. v s s s cnaanaasennceoenen “sussuaa
8. FROJECTION OF OVERHANG. ccav oo “eev e a e u
9. GAF BETWEEN OVERMANG AND WINDOW. .....0.cceevus
TL.OSD — HHID O —  #5eEag — FAaGE =2

CITY LOCATION: HOMER, JUNEAU,FAIREBANKS, ADAK , NOME, RETTLES, RARROW

.,
1472044 . (#15
R AIRCHEG

o

R ARCH

R ARCH

R ARCH
1. G
.

1 G171, i
R ARCH

e,

ey
il S om

R ARCH
=FARRBRR(7)
=FARRBER(Q)
2. @4
.
.
.

(715

DEGR

FT2~HR-F/
FT2~HR~F /
FT2-HR-F /

DEGR

FT2-HR—F /B

ET7wHR-F /B
FTR~HR-F /

FT2-HR~F /E

DEGRE]

FT2~HR—F 7
FT2~HR—F /R



Rk %% ROOF-FLOOR-BASEMENT-GARAGE - XXX k%

1. TOTAL CEILING AREA. e evweuenn- R < - 2y P <
2., CEILING R=VALUE. v s snrencannnnn e e i ernenaeeees R ARCH
=. EBASEMENT TYFE (1= SLAE,2=CRQMLSPACE*;—FULL A=COME. ). 2. G
4. (FOR TYPE 1) HEATING DUCTS IN SLART (1=YES,2=N0)... 2. B0
S. (FOR TYFE 1) PERIMETER OF SLAE....... ke i,
6. (FOR TYPE 1) R—VALUE OF EDGE INSULATION. vuwwwrseuns G,
7. (FOR TYFE 2) GROUND FLOOR AREA OVER CRAWLSFACE..... B9&d. @@
Q. (FOR TYFE 2) FLOOR R=VALUE. cusvusunnen fenneeennnn- R ARCH
9. (FOR TYFE 2) CRAWLSFACE HEATED? (1=YES,2=N0)....... 1. @6
15, (FOR TYFE =) PASEMENT HEATED? (1=VES, 2=N#) . .euu.... g,
11. (FOR TYPFE ) BROUND FLOOR AREA OVER EASEMENT....... .
17, (FOR TYPE 3) FLOOR RoVALUE . s e venennnnnnnnnns e e =PARRFE ()
17, (TYFEZ-I) EASEMENT /CRWLSF. DEPTH EELQOW GRADE (Z-8FT). 4. a6
14, (TYFEZ-3) BASEMENT /CRWLEF. WIDTHuw us wrvnvonnen. e 86 . @
1L (TYPE?=3) AREA BASEMENT/CRWLSF. WALL AROVE GRADE.... .
Lal (TYPEZ-Z) BASEMENT/CRWLEF. WALL R-VALUE AROVE GRADE. R ARCH
17, (TYFE 2-3) EBASEMENT/CRWLSF. WALL AREA BELOW GRADE.. 1526.00
19. (TYFE =-7) EASEMENT/CRWLSP WALL R-VALUE BELOW GRADE =FRFE(16)
= HEATING DUCTS IN UNHEATED SFACE (1=YES, 2=N0) ..... .. 2. G
yrery INTERMAL BRACE $X$sx

i THER Tl Tf:f]ﬁ‘-.i#.”_"-; T N i

o THERMOSTAT SETTING ~ MIGHT TTHEa e o mn e sr e e eeeeannns &6,

S UGURS FOR MIGHT SETEATI . v v e v e se nn e roneene e enns 12, &0
4. ALLOWAERLE TEMPERAGTURE SWING (PASSIVE SYETEMS) » v s 7. i
5. ANNUAL ELECTRICAL CONSUMPTION. . v e v nusnomannnrns =RMTT

4. AVERABE NUMEBER OF OCCUFANTE . o v s v v s nssneenenennnens I8, 06
5. SEASONAL EFFICIENCY OF CONVENTIONAL FURNACE........ 78 . G

TL_OSSIT — HHMHED — &g —  FakiE T
A-102

FTZ
FT2-HR-F/BTU

FT
FT2-HR-F/BTU
FT2
FT2-HR-F /RTU

FT2

FT2-HR~F /BTU
FT

FT

FT2
FT2-HR-F/ETU
FT2
FT2~HR-F/ETU

0

Trmmnn

A

[EEEERY (S TR



RO NUMRER: o LAT.= 59.&
JAN  FER MAR AFR  MAY  JUN
121 333 788 1247 15981 1749

21. 24.9 28.4 Z5.6 42.8 48.2
1:52 1127 11589 Q@@ 764 494

ROW NUMRBER: 1 LAT.= 58.4
JAaNM  FER MAR  AFR  MAY JUN
1146 282 &9 1645 127290 14173

DELE 28,4 T2.6 39,2 46,4 T30 6
1287 1077 1924 782 S63 255
RO NUMBER: 15 LAT.= &4.8
JaM o FER S MAR  AFPR FHAY & JUN
HT7Z 1193 167 1754
igi.4 28.4 446.4 594
1721 1884 oA 21l

RO MUMRBER: 29 LAaT.= 51.5

JAar . FER OMAR AFR MAY  JUN
a2 715 1wl 1178 118t
TA4LE T4, gLl 4305 48,7
fmdg el Hmm &78 482
el RHARER s LiaT.= S54.5
J Ak I—Ex’ 1 APFR MAY  JUN
2 AR 114 1571 1753
H.8 5.8 4.8 19,4 I5.4 44,4
1829 1474 1784 1282 934 SRS
R0OW NUMEBER: S LAT.= &6.9
Jan FER MAR  AFR S MAY JUN
1 172 &1%9 1227 1697 1885
-1, 7.6 1.4 21,2 41.¢ 55.4
2425 2638 19469 1T34 722 278

ROW NUMBER: =] LAT.= 71.3

JAaN FER MAR  AFR MAY  JUN

Gi 73 4A%@ 149 1139 1326
-14.8~-18.4~-14,8 ~-@.4 19.4 5.8
2471 2742 24846 1976 1424 959
TLOAD - HHD -~ @&4 - PAGE 4

DESIGN TEMP.= -5.1 F
JUL  AUG SEP  0OCT  NOV
1596 1187 79¢ 436 175
51.8 51.8 446.4 3F7.4 28.4
394 F91 D49 BET7 1147
DESIGN TEMFP.= —4.4 F
JUL  AUG  SBEFP OCT  NOV
1277 Q83 6328 329 148
SS.4 SE.6 DE.@ 41,0 J2.03
288 IE1 473 718 976
DESIGN TEMF.=-01.4 F
JU Al SER QCT  NOV
1941 1117 788 292 74
HE. R B5.4 44,6 24.8 I.2-
148 I@4 617 12E5 18&
DESIGN TEMP.= 19.9 F
JUL  AUG SEF OCT  NOV
1119 948 758 527 47
SE.@ 49,8 49,3 42.8 36,9
459 471 4358 4H81  B4d
DESIGH TEME, =-Z1.& F
JUL AlUE SEFR 00T NOV
1413 992 &72 IZEh bd
Se.d D@ 42,8 28.4 15.8
453 490 588 1132 1481
DESIGN TEMF.=-51.@ F
JUuL  AlUE  BEFP QCT  NOQV
15461 1§74 &71 281 44
ST.2 %1.8 39.2 19.4 2.2~
2T¢ 447 751 1395 1993
DESIGN TEMP.=—45.4d F
JulL  AUG SEF 0OCT  NOV
1432 @55 414 125 =
I9.2 I7.4 TE.2 15.8 6.4~
815 B84 144d 1541 1246

A-103

SIGMA= @B. F
DEC
3 BTU/FTZ2-DAY
21.2 F
Io2 F-DAYS
SiGMA= @w. F
DEC
61 BRTU/FT2-DAY
26.6 F
1168 F-DAYS
SIGMA= @. F
DEC
2 BETU/FTZ-DAY
11.2 F
22F F-DAYS
SIGMA= @. F
DEC
187 BTU/FTZ2-DAY
Y F
@24 F-DiaYs
SIGMA= @, F
BEC
z BTU/FT2-DAY
St F
1979 F-DAYS
SIGMA= @. F
DEC
4] ETU/FTZ2-DAY
12,8 F
2392 F-DAYS
SIGMA= @. F
DEC
@ BTU/FTZ-DAY
15,49 F
23964 F-DAYS




CR IMEIEEL
1 69279,
2 69279,
349279,
4 48759,
548739,
b 48759,

4873%.

g 94219,

9 3819,

61672,

{1 124444,

17 124444,

24454,

14 111432,

15 268455,

16 283406,

TLOARD

LENTENT

AEE

88723,

8672

8672

5885

58854,

IS

3885

5885

16317

1617

TINS
Foai

13686

13866

£E2 MEZIEE]
45838,
3. 45(38.
3. 45438,
4, 29241,
29241,
4, 29741,
4. 19241,
4, 59424,
4, 59424,
£, 42624,
f. B74s5.
1. 87445,

1. B744%.

69487,

MEZEEZ BMEIEE]

+3892,

50892,

33892,

39148,

I1e8.

38188,

38188.

S4181,

99376,

99376.

99375,

78844,

221475, 151883, 164882,

221475, 151883, 164582

HHD -

aaq

1836185,

188513,

185385,

. 1853835,

“ANNUAL HEATING FUEL USE (BTU/SBFT-YR)

HODERATE 1

NEIEED
51822, 62518,
51822, 62518
51822, 42518,
48139, 49554,
16139, 49554,
JB135. 49554,
48139, 49554
82328, 91175,
91175,

434£5.

148515, 128578,

126676,

165585,

95761,

198377,

- PAGE S

ME2EEL

29467.

29647,

29667,

2277,

35915,

MEZEE2 TMCIEE!

39483,
39483,
39433,
J6183.
39181,
36183,
J5183,
55624,
35624,
38489,
§4933.
B4923,

84933,

84522,

198377, 136346, 143914,

MODERATE 2

BEIEEZ
41613. 51833,
41613, 5i8as.
41613, 51855,
34113, 42989,
}4113. 42949,
34113, 42959,
18113, 42949
72384, 88932,
8891z,
47488,
$7£99. 128889,
97899, 188839,
97893, 168659,

92878,

B4326.

167726, 1885698,

136945, 143916, 167725, 1885694,

A-104

MEZEE1
21534, 38613,
21534, 38613,
24534, 18613,
17426, 24918
17426, 24918,
17826, 24918
17426, 24918,
39685, 47125,
19665, 47125,
1974, 29935
63664,
b3664.
63464, 74759,
44586, 55498,
115524, 128455,

115521, 128455.

NE2EEZ IMEIEE!

STRINGENT

ME1EE2
33585, 4%68a.
33580, 43p64.
33583, 43604,
27442, 35777,
27442, 387117,
35721,
35727,
§9772,
69772,
38931,
95748,
84485, 93748,
84485, 95748,

git,

71907

! ity

148842, 161863,

148852, 161885,

MEZEE] MEZEE2

15399, 22691,
13399, 22891,
15199, 272891,
12486, 19175,
12486, 19173,
12466, 19175,
124g5, 19175,
J8F31,
IBEI1L.
22711,
33748, 63394,
33848, 63394,
SI844. 63396,
J5591. 44448,
38841, 111717,

98841, 111717,

IRy



" ANNUAL ELECTRICAL USE (BTU/SDFT-YR)
LENTENT MODERATE ! MODERATE 2 STRINGENT
CR EXEIEE! MEIEE2 ME2EE! ME2EED MEJEE! MEIEE? MEZEES MEZEEZ #MEJEE! NMEIEE? MEZEED MEZEED SMEIEE] MEIEEZ MEZEE] MEZEE2
1 41884, 3P4531, 34362, 22929, 413B4. IR401. 34382, 22929, 418B4. 3451, 3462, 22929, 41084, 18451, 34362, 22929,

41884, 18451, 143152, 22929, 41BBA, G3@4SL. 34381, 22929. 41884, 3¢451. 34382, 22929. A18B4. 38451, 34362, 22929,

[ %]

£~

41874, @451, 34362, 22979, 41BB4. I@451. J4382. 22929. 41gB4. 36451, I4362. 22929, 41884, 3451, 34362, 22929,

4 41984, 36451, 34352. 22929. 41834, 3F451. 34382, 22929, 41884, 8401, 34362, 22929, 41884, 34451, 34382, 22979

5 41994, 3451, 34362, 22929, 41884, 34451, 34362, 22929, 41884, @451, 4362, 22929, 41884, 3AASL. IATeL. 22929,
& 41885, 36451, 34382, 22929. 41884, 30451, 4362, 22?29. 41884, 3B451. 34342, 22929, 41884, 30451, 34382, 22929.
73184, 38451, 18352, 22929, 41584, #4511, F4182. 22929, 41RB4. IP451. 34382, 22929. 418B4. Ip451. 34362, 22929,

§ 41884, @451, 4382, 22929, 41884, 34451, 34342. 22929. 41884, IFASY, 34362. 22929. 41834, 3645), 34362, 22929,
§ 41BR§. 3I#451., 4362, 22929, 41884, IA4GL, 4382, 22929, 41884, TA4S1. 34382, 22929, 41884, IA45i. 3462, 22929,
£ 41884, #4510, 38382, 22929, 41884, 38451, J455C. Z2929. 41064, 30451, 34382, 22979, 41884, 8431, J43s2. 12979,
11 41884, 3451, 343IL2, 27929, 41B34, IFASL. FEIS2, 22929, 48R4, IR4SI. 34382, 22929, 41884, IMGL. 34Te2, 22929,
12 41864, 36451, 34352, 22579, 41884, 3A451. 34362, 22929, 41884, JIMMGL, 34362, 22929, 44884, 3e45i, 34362, 22919,
13 41894, 3Ig45i, 4382, 22929, 1G4, IA4Si. 34362, 22929, 41884, @451, T4352. 22929, 41884, 3M4DI. JA382. 22929
14 41894, JF45L '34362. 22924, 418é4. 34451, 34362, 2292@. 41884, 3£45{, 34347, 22929, 41884, A4S, 34382, 22929,
15 41884, 18401, 34362, 22929, 41884, IR4S1. 34362 22929, 41884, 30451, 34362, 22929. 41684, 3Ip43l. 14362, 22929,

16 41884, 3P451. 34362, 22929, 41884, 38451, 34362, 22929. - 41884, R4SI, 34362, 22529, 41854, 36451, 34362, 22929,

TILOAD - HHD - @4 - PAGE 6
A-105




CR tMELEE]
! 5.8
2 8.38
I LM
5 5.3
5 412
& 3.66
R
g 812
g 12,4f

fg 7.84

it 9.5¢

12 14,83

13 16.B%

14 21,99

15 414

15 15,53

TLOAD

LENIENT

MEIEE2 NEZEES

1.3 L8
671 6,58
6.1 5.7k
L3 A1l
49 LIS
.60 4.4
L2 2.08
.21 441
18,05 9.4
.78 5.5
8.65 7,57
.62 8.52
(5,12 15.8
19.47 18,76
.88 5.94
13,32 119
~ HHD -

MODERATE 1

KE2EE? SMEIEE! MEIEE? ME2EE)

3.18

4.9

4,42

3.17

13.13

sa4q

" AMNUAL ENEREY COST ($/S@FT-YR)

ME2EE2 IMELEE] MEIEE2

049 39 55 286 Adb
7.9 6.3 6,28 457 T.68
.95 5.6 S.42 465 4T3
.14 418 398 2.9 5.68
3.9 329 I.gF 2,33 l.es
5.6 443 42 318 5.3
L5 LA 268 281 338
583 4.9 4.3 342 5.6
12,88 %.48 527 688 C1LTI
5,67 546 525 L9 bk
9.2 7.68 7,28 S.64 8,95
19,40 8,62 8.18 635 1815
18,42 14.64 14,45 16.85 16,88
21,63 17.49  15.97 228 2.3
6.63 4.4 484 L5 5.9
14,86 1265 11.58 9.37 14.35
- PAGE 7

A-106

MODERATE 2
NE2EE]

.72 338

666 6.82

537 5.2

Lo 397

LI5S 289

4,28 413

2.8 2,54

1,69 418

5.1 9.63

5.7 5.67

748 6.97

8.1 .93

14,29 14,35
16,77 1538
461 4,77

12,14 1113

STRINGENT

MEZEE2 IMEIEE] MEIEE? ME2EE]

2.68

18,54

11.68

3.43

4,28

B.85
9.84
17.78
19.58
5.85

13.84

1.3

.78

5.45 -

9.81

4.98

15.99

4.5

11.59

3.
5.88
5,11

3.76

2.42
3.9%

8.77

7.67
14,84
14,78

4,68

18,563

HEZ2EE2
2.54
4.21
3,69
2.75
2,89
2.93
1.8
3.64
6,36
3,68
3. 14

3.81

Idina




CR XESEE]
I 4,83
2 5.8
RN
4 5.9
5 LB
5 8.44
7k
g 6.8
¢ 9.9

ig 18,28
11 7.8

2 7.45

13 11.4]

14 12,43

15 8.3

15 1372

TLOAD

LENIENT

MEIEE? KEZEE)
4,72 5.89
5.69  b.35
5.7  6.44
537 6.45
b4 .12
.57 142§
6,35 7,83
6,14 7.38
19,16 1214
18,40 12,5
716 B3
7.26 0 473
11.58 1391
1,63 15.17
9.67 18,98
13,93 14,74
— HHD -

© ANNUAL CDST OF CAPITALIZATION {$/SGFT-YR)

ME2EE2 MEIEE)

6.14

b.b2

5.b¢

7.4%

16.52

7.8¢

7.54

MODERATE |
NEZEE? SMEAEE! MEIEEZ ME2EEL
598  4.BF 489 565
6.45 5.8 527 6,53
.54 525 5315 b.62
£.53 535 543 6.5
742 L6764 L9
16,47 B.53  B.66 16,39
73 633 A4 778
747 612 621 745
12,29 16,85 18,22 12,25
12,77 18,57 16,73 12.88
8.8 788 7.8 B.82
B.84 7.24 .35 8.6
14,69 1034 1071 14,84
15,35 12,58 12,77 15.3t
.65 984 9.18 1.8

16,95 13.82 14.89 16,98

GH4. -~ PAGE B

5.87

3.47

3.55

5.47

.13

7.24

A-107

MCDERATE 2

MEIEE2 MEZEEL

516

6.57
6,35
18,45

11.29

6,33

b.82

6.92

b.64

7.33

16.58

7.85

7.59

15,68

.21

17,24

ME2EE2 IMEIEE!

b.42

6.92

6.72

7.82

16,71

7.94

7.48

12,63

9.88

14.48

15.79

3.59

6.63

6.12

5.84

b.63

9.32

6.1

STRINGENT
MEIEE2 ME2EE)
5.68  6.B5
6,13 7.38
6,21 1.89
5.92 V.48
6,72 7;95
9.45 1117
7.68  B.28
6,77 8.81
11,14 13.17
12,29 14,44
7.83 9.2%
g.#1  9.47
2,77 15,18
13.92  15.4%
18,68 11,83
15.37 18,17

MEZEE2
6.94
7.48
7.59
7.89

8.84

4.4
5,37
9.58

15.28

16,66

1,97

18.38




CR IMEIEEL
R S
2 642
3 .42
§ B3
5 &4
& 8497
g f.4]
7 L

ig .71

1 a4

12 8.48

3 &7

4 .84

15 £.58

15 .93

TLOAD

LENIENT
MEIEE2 ME2EE)
8,39 6.456
g.42  4.49
£,42 4.5
8.3t  8.42
8,41 6,48
§.57  &.48
£.42 8,56
8,41 £.49
g.67 4.8
§.7 ¢, 64
8,47 6.56
4.48  6.57
§.77 4.92
a.84 1.88
g.5¢ .72
893 Lié
— HHD -

- ANNUAL COST OF MAINTENANCE ($/58FT-YR)

NODERATE

MEDEED AMEAEE! MEIEE2 MEZEED ME2EED MEIEE!

g.45

.49

4,58

#.42

.48

#.68

£, 08

aaq

.37 A3
#.42 £.42
g.42 a4
8.3 0.3
a.41 84
#.57 . 4.57
f.42 842
4.4 4.4
f.67 .67
.78 8.7
#.47  8.47
#.48 8,48
§.77 &7
g.84 6.84
g.66 6,68
4.93 8.93.
PAGE @9

fl. 46

4,49

f.58

g.4

8.46

a.49

.58

.48

.58
8.4%
£.8¢

8.04

g.97

1.6

£.72

.39

- 8,42

8.47

#.36

g.41

8.57

£.48

8.77

.84

§.48

#.93

A-108

MODERATE 2
HESEE2 ME2EE!
8.39 8.4
£.42  B.49
6.42 4.5
8.3  8.42
8.41 .43
.57 6.68
§.42  8.58
£.41 £.49
6,67  4.88
4,71  f.84
£.47 4,58
f.48  8.97
8,77 8.92
8,84 1.8
g.68 472
.93 LI18

MEZEE2 $MEIEE]

£.46

g.49

4.5¢

€.42

é.48

.48

8.58

.39
8.42
8.42
8.36
4.41
§.57

8.42

8.48
8.77
8.84
f, 68

8.93

STRINGENT
NEIEE2 MEZEEL
.39 B4
8.42 649
£.42  6.50
8.3 6.42
.41 608
8.57  6.68
B2 .56
0.41 649
L B.67  0.57
571 .84
A7 B.SS
8.58 6,57
.77 8.92
.84 182
B8 £.72
8.9 Lid

. ME2EE2

8,45

4.49

f,58

8.42

4.48

8.8

.58

8.4%

6,88

2,84

#.56

8.37

.92

{68

8.72

118

R YT

]



LENIENT

HEIEE2 MEZEE]

CR tXELEEL
{1 Jg18 9,47
2 1371 1.7
IO12.84 11,68
4 16,97 1812
5 185 5,99
& 1487 13,78
T8I 5,99
IS T I
§ 23,82 28.82
f¢ 18.8¢ 15,98
11 17.86 158,43
17 18.47 18,77
13 .67 27.47
1§ 3527 L3
18 15.68 14,48
16 34.18 28,18
T eI

14,25

13.39

12,11

1.8

16,95

15.37

18,93

16,36

2
-~
.

e
-4

~TOTAL BUILDING LIFE CYCLE COST ($/SQFT-YR)

MOBERATE 1

HEZEE? $MEIEE] MEIEEZ ME2EE)
9.1 9,87 923 14.47
11.88 13.5¢ 11,99 1323
11.46 12,63 11,38 12,55
18,17 14,88 9.97 1492
18,48 18.41 9.87 18,87
14.46 14,57 1367 15,34
1851 18,26 9.86  18.85
1,68 12,36 1133 1229
28,33 22,74 28,51 2012
17.89 17,95 15,84 (2,97
1518 16,77 15.3% 16,37
16,12 18,46 16,40 17,56
26.28 3673 27,12 29.41
29.49 34,45 318 IL18
15,36 13,67 14,47 16.56
28,83 29.47 27,67 29.58
D — ke

MEZEE2 SME1EE]

9.4

11.69

.27

14,81

18,348

14.37

16.41

11.45

28.88

9.92

13.57
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