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This study contains formulas to measure the energy
needed to restore and rehabilitate existing buildings and
that needed to demolish and replace them with comparable
new construction. The Advisory Council on Historic
Preservation has developed these formulas to assist it in
discharging its responsibilities under Section 106 of the
National Historic Preservation Act, which requires Federal
agencies to seek the comments of the Council when their
undertakings affect properties included in or eligible
for inclusion in the National Register of Historiec Places,
and Title I of the Public Buildings Cooperative Use Act,
which requires the Council to advise the General Services
Administration on the suitability of historic buildings
in a given geographical area for needed Federal office
space or other mixed uses. This study provides the
Council with another tool for determining the total worth
of historic structures, and, in specific cases, whether
the retention and continued use of threatened properties
are in the public interest. This study provides the
Council with another tool for determining the total worth
of threatened properties, and, in particular cases,
whether retention and continued use are in the public
interest.

In addition, formulas have been used to compute the
amounts of energy needed to rehabilitate and replace
three National Register properties: Lockefield Garden
Apartments, an early Federal housing project in Indian-
apolis, Indiana, recently the subject of Council comment:
the Grand Central Arcade, a pivotal commercial complex in
Pioneer Square Historic District, Seattle, Washington;
and the Austin House, a three-unit apartment building
converted from a carriage house in the Capitol Hill
Historic District of Washington, D.C. In each instance,
analysis shows that renovation, instead of comparable new
construction, results in impressive energy savings.

The Council encourages planners, designers, and
adminstrators to use this methodology in determining the
advantages of supporting restoration and rehabilitation
of existing buildings as an alternative to demolition or
new construction. Energy conservation is an important
concern, and one that needs careful consideration in
decisions affecting the built environment.
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OVERVIEW

THE BUILT ENVIRONMENT REPRESENTS A MAJOR ENERGY
INVESTMENT BY OUR CULTURE

Processing, transporting, and putting construction
materials in place requires substantial amcounts of
energy——about 5 percent of United States energy
consumption annually just for new buildings.

Replacing all existing buildings in the United States
would require the entire world's energy output for
about a year just for materials and construction

processes—approximately 200 quadrillion Btus of
energy.



COMMON SENSE SUGGESTS THAT PRESERVATION OF EXISTING
FACILITIES IS LESS COSTLY, IN MANY WAYS, THAN
DEMOLITION AND BUILDING ANEW

While the social and cultural benefits of historic
preservation are becoming widely accepted, there is
disagreement about applying this conventional wisdom
to energy conservation.

Some opponents of preservation might argue that "new
buildings can be made more enerqgy efficient than old
buildings."

The Advisory Council on Historic Preservation has
investigated this issue and developed tools for
assessing the potential value of rehabilitation in
terms of energy conservation.



ANALYSTS OF THREE DISSIMILAR PRESERVATION PROJECTS HAS SHOWN

THAT REHABILITATION OF HISTORIC BUILDINGS CAN PRODUCE

SIGNIFICANT ENERGY CONSERVATION BENEFITS

. Individual existing buildings represent large enerqgy

investments in materials and construction processes

Lockefield Garden Apartments, Indianapolis,
Indiana, one of the first governmeni: sponsored,
low-cost housing projects built in the United
States, represents over 550 billion Btus of
energy embodied in its construction. This
investment in the existing complex is equiv-
alent to 4.5 million gallons of gasoline.

The shell of a Washington, D.C. carriage
house, a small two-story brick structures,
embodies over 1 billion Btus of energy in

its materials. This energy in the shell
materials is equivalent to about 8000 gallons
of gasoline.



Rehabilitation of existing buildings requires much less

initial investment of energy than constructing comparable
new facilities.

- The Grand Central Arcade, an adaptive reuse of
a hotel in Seattle's Pioneer Square Historic
District, required less than one-fifth as much
energy for rehabilitation materials and con-
struction activities than would have been needed
to produce the materials for and build a com-
parable new facility. The rehabilitation "savings"
came to more than 90 billion Btus or over 700,000
gallons of gasoline.

- Rehabilitatiort of the Lockefield Garden Apartments
would potentially require only one third as much
energy for materials and construction processes
as a new complex providing the same services. In
this case, the rehabilitation "savings" would be
equivalent to over 2250 billion Btus or almost
2 million gallons of gasoline.

- An extensive rehabilitation of "Austin House™", a
3~unit apartment adaptive reuse of a Capitol Hill
carriage house in Washington, DC, left only the
exterior shell intact. Even so, the rehabilitation
materials and construction activities required less
than half as much energy as would have been required
in the materials and building of an equivalent new
structure., Initial rehabilitation "savings" for
this small structure (2700 s.f.) are over 1000
million Btus or over 8000 gallons of gasoline.



. Rehabilitated buildings will annually consume about

the same amount of energy as equivalent new structures

The Grand Central Arcade was restored prior to
the oil embargo without particular emphasis on
energy conservation. It annually consumes about
5 percent more energy than an average equivalent
new structure in the same c¢limatic region would
if designed in accordance with present day energy
conservation standards.

Lockefield Garden Apartments, when restored,

would use approximately one sixth more energy
annually than average comparable new facilities

in the same climatic region. The analysis
procedures did not take into account the effect
of massive construction in the existing buildings
which might offset the excess energy consumption
somewhat. Also, no attempt was made to assess the
potential effects of energy conservation measures
which might be incorporated in the rehabilitation.

Austin House will use approximately 5 percent less
energy than an average equivalent new apartment
building in Washington, D.C. because of the par-
ticular efforts made to incorporate energy con-
serving design features such as double glazed
windows, additional insulation, and efficient HVAC
systems.




Rehabilitation of existing buildings, rather than
demolition and new construction, results in a net
energy investment "savings" over the expected life
of the structures.

- The total energy investment to renovate and cperate
a rehabilitated Lockefield Garden Apartment will be
less than the energy required to construct and
operate new facilities for over 50 years-—even
though new facilities might use less energy annually
for operations.

- The Grand Central Arcade will have a net energy
investment advantage over an equivalent new struc-
ture for the next two centuries.

- Over a 30-year period, the rehabilitated Austin
House will conserve enough energy to heat and
cool an equivalent new apartment building for
over 10 vyears.



IT IS IMPORTANT THAT PRESERVATION RECEIVE PROPER CREDIT
FOR ITS ENERGY SAVINGS

Once energy is embodied in a building, it cannot be
Tecovered and used for another purpose--8 bricks embody
energy equivalent to a gallon of gascline but cannot
fuel a car.

Preservation saves energy by taking advantage of the
nonrecoverable energy embodied in an existing building
and extending the use of 1it.

Because the energy embodied in an existing building was
invested long ago, and is nonrecoverable, its economic
value is not adequately recognized by normal economic
comparisons of preservation versus new construction.

Publicizing the energy conservation benefits of
preservation can increase public awareness of this
hidden benefit of preservation, even though the energy
savings do not translate directly into dollar savings
in the marketplace.




THE METHODS DEVELOPED AND USED IN THE ANALYSIS OF THE THREE CASE

STUDIES CAN BE APPLIED TO ANY EXISTING BUILDING TO ASSESS

THE POTENTIAL ENERGY CONSERVATION BENEFITS OF REHABILITATION

The Council has developed tools for assessing the

potential energy conservation value of preservation .

and rehabilitation using combinations of three

measurements of energy use.

Embodied Energy of Materials and Construction

for Existing, Rehabilitated, and New Construction—
The amount of energy required to process and put
materials of construction in place. Embodied

energy increases with the amount of processing
and is not recoverable.

Demolition Energy for Existing Buildings—The
amount of energy required to raze, load, and
haul away building construction materials.

Annual Operational Energy for Existing, Rehabilitated

and New Construction—The amount of energy required

to operate the facility. Operational energy depends
upon:

. Climate
Occupancy characteristics
Physical design of the building.



The methods developed by the Council can be used to
perform a number of different analyses of energy use
in renovated and new buildings.

Existing Energy Investment in Materials and
Construction—Calculate the embodied energy
of materials and construction for the exist-
ing building.

Energy Investment in Rehabilitation Materials
and Construction versus New Materials and
Construction—Compare the embodied energy of
rehabilitation materials and construction with
the corresponding quantity for new construction
which provides the same level of service. If
razing an existing building would be necessary
for new development, then Demolition Energy
should be added to the embodied energy of
materials and construction for the comparable
new building.

Annual Operational Energy for the Rehabilitation
versus Annual Operational Enerqgy for a Comparable
New Facility—Compare the estimated amount of
energy needed annually to operate the rehabili-
tated facility with the corresponding estimated
enerqy required for operation of comparable new
construction which incorporates contemporary
energy conservation standards in the same
climatic region,

Rehabilitation Total Energy Investment versus
Total Energy Investment for a Comparable New
Building—Combine Embodied Energy of Materials
and Construction and Annual Operaticonal Energy
over a pre-determined life expectancy for the
rehabilitated structure and a comparable new
building. This comparison reveals the net
enerqgy "savings" of preservation.

Alternatively, the total enerqgy investment
advantage of preservation can be represented

by the time period required for the rehabilita-
tion energy investment to equal the comparable
new construction energy.

9



THE ENERGY CONSERVATION ANALYSIS METHODS AND TOOLS DEVELOPED
BY THE COUNCIL CAN BE APPLIED AT ANY POINT IN THE
DECISIONMAKING PROCESS, REGARDLESS OF THE
AMOUNT OF DETAIL OF INFORMATION AVATILABLE

. The Council's objectives for this study were twofold:

- Provide methods for determination of the energy
conservation aspects of renovation.

- Demonstrate application of resultant methods to
actual preservation examples.

The analysis methods are intended to be useful in a
variety of applications:

~ The techniques are designed to be usable by
individuals or groups with different skill
levels and expertise.

- The particular analytical problems or questions
to be addressed will involve different levels of
detail depending on the availability of information
and resources.

- Highly detailed procedures, while useful to some,
require more time and money than can be practically
invested in many cases.

. To accomplish these goals, the Council has developed a

series of computation techniques for different levels of
detall and precision:

- Building Concept Model—simple methods
- Bulilding Survey Model —intermediate methods
- Building Inventory Model—detailed methods.

10



Building Concept Model—The simplest method

requires minimum information. Consequently,
the results are generally correct but not
precise.

Embodied Energy: Based upon building
type and gross size, a single calculation
is required for energy emobdiment of con-
struction, and for energy emobdiment of
demolition. The approach measures the
energy embodied in materials for existing
buildings in terms of present day levels.

Demolition Energy: Based upon building
type and gross size, a single calculation
is reguired to estimate the amount of
energy needed to raze, load, and haul
away construction materials.

Operational Energy: Based upon the
building type, location, and gross size,
a single calculation is required for an

approximation of total annual operational
enerqgy.

11



Building Survey Model—The intermediate
method may be the most useful. It yields
refined results with relatively little
additional effort.

- Embodied Energy: Based upon a coarse
survey of quantities of primary build-
ing materials and their respective
enexrgy embodiment, up to eight calcu-
lations are required to obtain the
energy embodied in materials. A
single calculation is required for
energy embodiment of construction.

- Demoliition Energy: Based upon a coarse
survey of quantities of primary building
materials and their respective weights,
up to nine calculations are required to
approximate demolition energy.

- Operational Energy: Based upon a coarse
analysis of climate, building envelope
composition, and physical properties,
approximately 16 calculations are required
to obtain an approximation of annual energy
consumption.

12



Building Inventory Model—The most complex
model requires substantial detailed infor-
mation and provides correspondingly precise
results.

- Embodied Energy: Based upon a detailed
inventory of material quantities and an
analysis of energy embodied for each
material type, many calculations are
required to obtain the energy embodied
in materials. A single calculation is
required for energy embodiment of con-
struction.

- Demolition Energy: Based upon a detailed
inventory of material quantities, and the
weight of construction materials, many
calculations are required to obtain the
energy required to raze, load, and haul
away the demolished structure.

- Operational Energy: Based upon an assess-
ment of the complex interactions of site
climate, building envelope, and occupancy
characteristics, several hundred calcula-
tions are required to obtain the total
annual operational energy. Manual and
computer aided data reduction techniques
are provided. Exhibit 15 is a listing
of the coding for the computer program.
Exhibit 16 lists the input data require-
ments necessary to run the program.

13



In making comparisons between the enerqy investment
requirements of Preservation and Comparable New

Construction, more than one analysis model may be
used.

New building energy investment requirements
will often be calculated using concept model
procedures due to the lack of detailed
information.

Better information will generally be available
for the existing building or proposed rehabili-
tation, allowing use of more detailed survey
model and inventory model techniques.

The following sections describe the analysis procedures
and provide detailed reference materials as required.

14



1. BUTILDING CONCEPT MODEL
2- BUILDING SURVEY MODEL

3. BUILDING INVENTORY MODEL

Il. analysis models






analysis models

The following matrix lists the procedural methods

available in each of the analysis models.

Select

particular procedures on the basis of information

and time available.

PROCEDURES

Concept
Model

Survey
Model

Inventory
Model

Embodied Energy Investment
in Existing Buildings

1.1

2.1

3.1

Demolition Energy for
Existing Buildings

1.2

2.2

3.2

Embodied Energy Investment
in Renovated Buildings

1.3

2.3

3.3

Annual Operational Energy
in Renovated Buildings

1.4

2.4

3.4

Embodied Energy Investment
in New Buildings

1.5

2.5

3.5

Annual Operational Energy
in New Buildings

1.6

26

3.6

15







1. concept model






11  concePr MUDEL EMEODIED ENERGY INVESTMENT IN EXISTING BUTLDINGS

INFORMATION REQUIRED
. Building type

Gross s.f,

I'ROCERVRES

Eﬂtﬁg;Ed Cross floar area of
THves Luen b historic Lwmilding

X

Invested encruyy per sguare
foot specific to the building
type from ExLibit 1

]



1.2 concerT MODEL DEMOLITION ENERGY FOR EXISTING BUILDINGS

INFORMATION REQUIRED

. Construction materials type (light, medium, or heavy)

. Gross s.f,
PROCEDURE
Demolition energy of materials
Gross floor per sgquare foot of construction
Demolition Energy = area of % for buildings of similar size
existing and construction type,
building Exhibit 2

18
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EXINBIT |

.}
Embodied Energy of Materials and Construction
Per Square Foot of Construction

EXHIBIT 2

Demolition Energy of Construction Materials for Existing Buildings

MBTU/Sq. Ft.

Residential - 1 Family
Residential - 2-4 Family
Residential - Garden Apt
Residential - High Rise

liotel /Motel

Dormitories

Industrial Bulldings

Office Buildings

Warehouses

Carages/Service Stations

Stores/Restaurants
Religious Buildings
Educational

Hospital Buildings

Other Nonfarm Buildings
a. Amusement, Social &

k. Misc Nunresidential Bldg

©. Laborataries
d. Libraries, Maseums,

Rovc

eto.

700
630
650
740

1130
1430

970
1640

560

770

940
1260
1390
1720
1450
1380
11006
26740
1740

;y_iﬂ;;_fé;_ﬁﬁiTﬁiﬂgiUunstruchgﬂ, Euergy

kuesearch Group, Center four advanced Computation,

Uuiversity of 111inois and Richard G. Stein and
Anzociates, Lecoember 1976,

Construction Type

Building Size

Small

5000-15,000 s.f.

Medium
50,000-150,000 3. fF.

Large
500,000-1,500,000 s.F.

Light

{e.g., woud framu) 3100 Btu/s.f. 2400 Btu/s.f. 2100 Btu/s.f.
Med i wn

{u.g., steel frame) 9300 Btu/s.f. 7200 Bruw/s.f. 6300 Bru/s.f.
Haavy

{e.g., masanry,

concrete) 15,500 Biew/s . f. 12,000 Btu/s.£. 10,500 Bru/s.f.

L4




INFORMATION REQUIRED
Building type
Gross s5.f.
fy. fraction of materials and construction of the existing historic

building that is being replaced or added in the rencvation process.
The value of £, is largely a matter of judgment

PROCEDURE

Embodied - Invested cnergy per sguare
Energy = gigigrféogﬂi?;?i of X foot specific to the building x fl
Investment J type from Exhibit 1

20



4.4 CONCEPT MODEL ANNUAL OPERATIONAL ENERGY TN RENOVATED BUILDINGS

INFORMATION REQUIRED
. Building type
f Gross s.f.

. f.,, multiplier representing the extent to which renovations may be expected
t5 make the historic building energy consumption equivalent to new buildings.
. The wvalue of f2 is largely a matter of judgment

PRGCEDURE
Annual Gross flouor area Energy consumption in build-
Operational = of hislLoric X ings of similar type in the x £
Energy building same climatic region, 1975

levels, Exhibit 3

2]



EXHIBIT 3 1
Annual Opurational Energy (MBtu/sf)

o

q

o

H

Buildiag Type = Region
1 2 k| 4 5 [ 7
Office 64 AS 76 65 61 51 50 64
Elementary (33 14 70 68 70 { 53 48 | 57
Secondary 52 77 66 55 St 37 41 34
College/Univ. E5 67 10 46 59 - _ B3
Hospital 190 —_ 200 171 227 | 207 — | 1597
Clinic 69 a4 T2 71 65 61 59 59
Assumbly 61 58 76 66 51 44 68 57
Restaurant 159 162 1718 186 144 [ 123 137 ] 137
‘Mercantile B84 a9 98 B6 Bl 67 83 BO
Warehouse 65 75 B2 65 50 36 37 39
Reaidential Non-
Housekeaping 95 99 B4 94 125 | 90 93 106
High Rise Apt. 49 53 53 52 53 34 243 —
CLIMATIC REGIONS

Multifamily
Low Rise 43 58 55 41 31 | 27 22 3z
Single Family
Attached 47 65 54 45 7 kL] 33 45
Single Family
Dotached 69 104 73 [ 52 43 Jja 58
Mobile Homes 75 103 B4 at 67 42 54 o

1 PILASE ONE/BASE DATA for the developwment of ENERGY PERFORMANCE

STAHDARDS FOR NEW BUILBIHGS, HUD, DOE, January, 1978

22



1_£s CONCEPT MODEL EMBODIED ENERGY INVESTMENT IN NEW BUILDINGS

INFORMATION REQUIRED
. Building type

. Gross s.£.

PROCEDURE

Embodied I 1nvested energy per syuare foot
Energy = S;Dﬁ;wfiﬁ?;d?iea X specific to the building type
Investment g Erom Exhibit 1

23



1_(5 CONCEPT MODEL ANNUAL OPERATIONAL ENERGY [N NEW BUILDINGS

INFORMATION REQUIRED
. Building type

. Gross s.f.

PROCEDURE

Annual
Operational =
Enerqgy

Gross floor
area of new
building

24

Energy consumption in
buildings of similar
type in the same cli-
matic region, 197%
levels, Exhibit 3



2. survey model






21 SURVEY MODEL EMBODIED ENERGY TNVESTMENT IN EXISTING BUILDBINGS

INFORMATION REGUIRED

. Building type
. Gross s.f.

Materials quantity suivey in terms of seven primary material cateqories

PROCLEDURE
gmbOGIEd [Enerqy usced in construction + Energy invested in materials]
nergy i .
Investment
Enerygy Gross fleoor arca Invested canstruction.
Used in = »f historic X energy por sguare
Construcktion buiiding foot specific to the
building type from
Exhibit 5
Energy . )
Invested = b4 E Quantity of material X Invested energy per material
in Materials unit from Exhibit 4
i=1 - wWood

2 - Paint

3 - Aasphalt

4 - Glass

5 - Stoue and clay

6 - Primary iron and steel

7 - Primary noun-ferrous

—

Tlic surveyod materials account For deeal Y0 purcent of the total enbodicd encigy of building construction. The
surveyed materials Jdoe ol aclade “msced bacous plastios; wavide; non-ferrous wire; mechanical, plumbing and
elactiical wouipment and Fixlure; heet molal work; aetal doors and plate work; miscellancous and architeclural
muLaiwuck,"J and wany othoe itowe Wliten do oot individually, vonteibute 2igni bloantly to the total embodied Cneryy .
To account fur these watevials, whicl, together comprise abont 20 percoent of U Lotal embodied energy of building
conslruct jun, the cmbodioed hveagr o surveyel materials s increascd sa that, Al loyethicr, malerials accounst fur
W opercent ol the toltal vmbiodiced ciergy Gf Luatlding constructiun.

i kneryy Use For Huilding Codeab gt ion, Ducanber 1970

25



EXIITBIT 4

Energy Embodiment of Primary Materials

Material Category

tmbodied Fneryy per
-Material unit

Weod Products
Paint Products
Asphalt Products

Glass Products

Stone & Clay Products

Primary Iren & Steel Products

Primary Non-Ferrous Products

G0un BLU/BDFT

1000 Btu/sE {450s€/gal.)
2000 Bru/sf

15000 Btu/sE-windows
40000 Bru/sf-plate
96N00 BEu/cf concrete
400000 Pru/cf brick
25000 Btu/lb

Y5000 Bru/ll

Note that these values are approximations based on data

for a variety of preducls included in Eiergy Use fur

Buildings, December 1976,

26

FXHIBirT 5

Energy Enbodiment of Construction

I

Encrgy Embodied in (Pirect
Fuel Purchases for)
Buiblding Construction Type Construction®
MBLU/SF

Residential ~ 1 Family 20
Residential - 2-4 Family 100
Residential - tarden Apt 120
Residential - Nlighrise 150
Hotel/Motel 250
Normitaries 3230
Induystrial Buildings 100
Office Buildings 360
Warchouses 80
Garayes/Survice Stations 150
Stores/Hestaurants 220
Ruliyicus Buildipg 260
Educational pulldings 270
llospital Buildings 50
MLher non-Farm Buildings 310

4. Amusement, Social, Rucreation 300

b. Misc Non-Residential Anildings 240

¢. [aboratories 450

d. Libraries, Museuws, oo, 80
Faym Residencaes 70
1 Enerqgy Use for Building Construction, Energy kesearch Group,

Center for Advanued Cowmputation, Und versity of
Richard 6. Stein and Associates, December 1976.

Iilinois and



:!_;Z SURVEY MODEL DEMOLTLION ERNBEHRGY FOk EXISTING BUILDINGS

INFORMATION REQUIRED

. Materials quantity survey in terms of seven primary material categories
PROCEDURE
Demolition _ ro - I A Guantity of Weight per material
Energy = 50 Bitu/lh of materials x 1.4 Z [Materia.l X unit, Exhibit 6
i

PNFPLE: kadge Qs 35-05 HEa/1b Of materials
b The @tvveyed waterials account Lo about 50 porcent of the Lotael cobodicd enecgy ot building construction, The
survayed atur tals do ot daclude “adsveltancous plastics; paviang; von-ferpous wire; mcchanical, plumbing and
ehectiival eguipment and Fixbares; sheol metal work; metal dours aud plate work; miscellancous and architectural
mutaluo:k,"l and mwany otber Ltews which do oot, individually, contribute signifivantly to the tolal embodied vnecgy.
To dueaunt wor these materials, whivh toguithor comprise about 20 percent of the Lolal eabodiod cnerygy ol building
witslbowction, the wabodied coeryy of surveyed matcerials is increased o that, altoyelher, materials accounk for

70 percent ot U tuval embudicd eneryy of building coustenct ion.

1 Enerygy Uue For Huilding Conzt ruckion, Deceolos V376

27



2y

EXItIBI'F

6

Weight of Materials

Weight of Materials

Hoight per Unit Quantity

Wood Products

Paint Products

Asphalt Products

Glass Products

Stone & Clay Products

Primary Iron amd Steel Products

Primary Hun-Ferrous Products

4 1b/b. £, {board feet)
12 ]b/galion

100 Ib/c.f. {cublc feet)
170 1b/c.E.

144 1lb/c.f.

500 lb/c.f.

250 lb/c.E.



2.3 survey MODEL EMUODIED ENERGY INVESYMENT IN RENOVATED BUILDINGS

INFORMATION REQUIRED

. Building type
. Gross s.f.
. Materials of renovation yuantity survey in terms of seven primary categories
. €., fraction of energy intensity of new buiiding construetion for
tae total building which would bue expended in renovation activities
PROCEDURES
Einbod i ed
Envryy

Investment (BT}

Energy used
in rencvation
construction

Eneryy invested

in materials

surveyed malerials do not

cieoleival eoquipment and £ixture

1o hods

- [ﬂnergy used in reno-

vation construction

Gross floor area of
historic building

. Duantity of reno-
1.4 E : vation materials

L -vood

Z2-paint

J-asphalt

4-yluss

S5-stone awl clay
b-primary iion and steel
T-primary non-ferrous

Energy invested in
renovation materials

Invested construction

x f
energy per sguare foot 3
specific to the building
type, Exhibit 5

Invested enerqgy per
material unit, Exhibit 4

j\;uiyunf]n’al.ultiﬁ!s secounl Eor ubout S0 perceat of tle total embodicd cnecyy of buildiag construction. Phe

"ai seel laoneuus plastics; paving: son-lerrous wire; mechanical, plunbing and

Slesel awetal work; metal dours and lube wink; miscellaneoos aud architectural
metalwoek, "V and many ather ilems which Jdu nobt, individeaally, conteihule signiricastly to the total embodicd eneryy.
o avcounl tor These maleviaks, which Logoller comprise aboul 20 peivent of il tolal aibodicd encrgy of buildimg
Gonob ot bon, Lo wibodied chetgy ol sulveysd moletiols bs ioercdsed so chal, altuyethes , materials account Eor

U pereent ot the total cmbodicd «oergy b bod Llioyg cunstroagl jon,

Vo Energy Use fur Bubldiog Sonsennitien, becanber 1376

29



2.4 SURVEY MODEL ANNUAL OPERATIUNAL ENERGY * 1IN RENOVATLED LBUILDING

INFORMATION REQUIRED
Enclosed voluwee
Lxposed roof, wall, and qlass aveas
Ixposed roof, wall, and ylass thermatl transmission, U, values, Exhibit 1o

Heating system type

. Couling system type
PROCEDURE
Annual
Uperakional = Energy required to + Enerdy required to
Eneryy, offset heating loads offset coecling loads
Energy required B Source 7
ko offset heat- = E UxhA x Climate heating . |Heating system effi- , energy
inyg loads R factor, Exhibit 7 ° lciency, Exhibit 8 efficicnoy
L Exhibit 9
Eneryy required [ Source I
to offset cool- = E Ux A x Climate cooling : JLooling system effi- , energy
ing loads - factor, Exhibit 7| ° lciency, Exhibit 8 efficiency
1 | - Exhibit 9
i=1 - voof
2 - wall
3 - yglazing
- “The tormulas Vsed in catculating operaet ional cacrgy in this study are simpliiicd molbods. They are not intended to he
cansidered analytically rigorous mud Fhovefore o meoduce unly approximations of the encrgy which can be expected Lo

be consumed in buildings. More detaitsd, rigovouws, or accurale methods may be substituted in this analysis at the
wser's option.
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Locations Within the United States”

EXHIBIT 7
Leyree-Hirs. of Heating and Cooling Required for Various

iiEatang IRy

YIS S INEY . GaiBIT 8 cienci
Local ion ZHaHEw & E | ocation vy E gwadB Heating Systum and Cooling System Efficiencies
Albany, NY 16l 9 Ias Angeles, CA a5 1] Heating Cooling
Albuguerquea, NM 174 16 Louisville, KY 105 15 Sysbem Type ¥rricicnocy Efficiency
Allanta, GA 74 315 labback, TX T8 42
Hismarck, N 188 18 Momphis, TN 78 45
Boise, ID 140 19 Miami, ¥PL k] 67 Fuel Fired T 0.5
Boston, MA 155 9 Minncapolis, MN 83 13 {Absorption Couling)
Hillings, MT 154 15 New Orleans, LA 28 54
Butfalo, NY 16l & Oanalia, NE 146 23 Electrie 1.0 3.0
Chacleuton, SC 46 42 Pearl flarbor, HI 0 M) {Rusiistanue) (hefrigeration)
Chivago, 1L 156 11 Phuenix, AZ 9 104
Covpus Chrisci, TX 18 65 Pivtshurgh, PA u9 11 1.7 2.4
Budlas, ‘X 5% G3 Portland, ME 174 1 (leal Pumpis) (leat Pump)
eaver, 6 127 20 Portland., OR 122 [\]
lerroib, ML 1606 E Roosevelt Rds, PR 4] 96
ElYsworth, ub 156 17 Sacramuntao, CA 64 65
Fairahild, Wh 164 o Salt Lake City, UT 151 24
Greensibora, e gy 33 San bieyo, CA 37 1]
Helena, mr lib a San Francisoco, ChA 75 ()]
Kalitias City, MO 114 a4 Traverse City, Ml 14 1}
Kodiak, AR 240 0 Tul sa, OK 8h 45
Las Veyan, NY 51 a4 Washington, bLQ 14 20

seanon temperalure and Length from Energy Couservelion With Comfore,

Huneyweld, 1970,

fascd on average heating scason temperature and leagth and average cooling

il



EXHIBIT 10
Thermal Transmission, U, Values for
Exposed Roofs, Walls, and Glazing
EXHIBIT 9
Heating Eneryy and Cooling Energy Source Efficiencies

Description Transmission, U, I'.H:u/Et2 DE‘
Source Efficiency
I RooE Construction 0.05-0.20
roal 0il Gas Electricity
1.0 1.0 1.0 .3 Wall Construction 0.10~0.60
Glazing 0.60-1,13

32




2_5 SURVEY MODELL EMBODIED ENERGY INVESTMEHT TN NEW BUILDINGS

INFORMATION REQUIRED

. Building type
. Gross ft.
. Materials quantity survey in terms of seven primary categories
PROCEDURE
Embodied energy Encergy used in Energy invested]
investment (BTU) = Lnew canstruction + in materials
Energy used in Gross tloor area Invested construction
new construction = of new building x energy per sgquare foot
specific to the building
type, Exhibit 5
Energy invested Quantity of Invested energy per
in materials = I.QE material X material unit, Exhibitc 4
i=1-wood
2-paint
3-asphalt
4-glass
5-stone and clay
6-primary iron and steel
T-primary non-ferrous
o ‘ih_l."::r—\;-.yaj materials accuwit for aboul 50 pereeank of the total embodicd e rgy of building construction. ‘the

surveyGd moterialy do not include "miscellancous plastics; paviny; ouen-ferroas wirve; moechanical, plusbing and
slectrical equipment amd fixtures; shect metul work; mebtal Juors and plate work; miscellaueous and architectural
metalwerk, "t and many uther items whicl do not, individually, vontribule significantly to the total embodied vaergy.
Tg account for these materials, which toyelhur vomprise about 20 percent of the total embodied encrgy uf building
consLiuction, the cmbodied encrgy of sorveyed materials is increased so that, altogether, waturials account fur

TO percent of the total wobodied cneogy of biblding construceion.

1 Ererygy Use for Builkding Constriuction, Deceabwer 1976
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2.6

SURVEY LIFE CYCLE OPERATIONAL ENERGY IN A NEW BUILDING

INFORMATION REQUIRED

PROCEDURE

Enclosed volume

Exposed
Exposed
lHeating
Cooling

Nnnual
Operational
Lnergy

Enerygy req.
to offset
heating
loads

Energy req.
to offset
conling
loads

roof,

roof, wall, and glass areas
wall, and glass
system type
system type

= [Energy required to

offset

= E Uxa =x

i

= E UxhA =

| 1

i=1 - roof
2 - wall
3 - glazing

34

Climate
factor,

Climate
factor,

+

heating loads

heating
Exhibkit 7

cooling
Exhibit 7

Lhermal transmission, U,

values,

Exhibit 10

Energy reguired to ]
offset cooling loads

-

Heating
Lciency.

# |Cooling

fiency,

system effi-
Exhibit 8

system effi-
Exhibit g

X

X

Source 1
energy

efficiency
exhibit 9 |

Source L
energy
efficiency
Exhibit 9




3. inventory model







31 rwvenrory mo

_EMBODIED ENEKGY LUVESTMENT IN EXISTING BUILDINGS

INFORMAT ION RLQUI1RED

Buitding Lype

. Gross 5.(.
. Materials guantity inventory
PROCEDURE
Embodied
?gig:{_ = [Energy used in construction + Energy invested in matErials]
ment
f?igg{n Invasted construction eénergy per
18 = Gross floor arva of historic X synare foot specific to the building
construc- X . "
" building type from Exhibit 5
tion
Energy n
?ﬂUGStEd = 1.4* E Quantity of X Invested eneryy per material unit
i . - materials Exhibit 11
materials i
i=} - Rough lumber, softwood bds
2 - Dressod lumber, softwood bds
n ~ Nuts, boles, and other standard fasteners
P .

The duvenlonted maberials account bor aboul S puereent of the tatal cubodiced eacegy of Luildiug construction.  The
Gavenlorted mates id by do sot include "miscellaneons plastics; paving; tun-lerrous wire] sechanical, plumbing and
clectrival wyuipent and Eixtuies; gheel metad work; metal doors and plate woerk; mscellancous and architectural
[m;tulwluk,"l and Many other itews whoole e nobl, individaally, corlribute significantly to the total embodied enceyy.
Pu accounl for these muterials, which tegether comprise about 200 percent oi Lhe tolal embodied energy of building
Lonsteuslion, the cabodied conecgy 0 inveotorsed malerials s lacieased so that, altogether, materials account for
70 pereent of the toral cabodicd cnevyy of Luilding constrsction.

1 Liergy Usce foo Bunjclinﬂ Canunl.ouet bon, Beeerbue 19706




EXHIBIT 11 EXHIBIT 11

Embodied Eneryy of Materialst {Continued)
Malerial Embodied Energy Matcrial Fmbodied Energy
Classificalion Deseription Ui v Per Material Unit Clusuification Descriplion Unit Per Material Dnit
W00 PRODUCTS WOCHY PROLIDCTS  (Cont i rined) WOOL
Sawmill + l'luninql Rouqghy Lumbey: Window Units, Wood ors, Wood, Inbezior Ve
Mill Products Sofiwd hoards b ft - 7,800 (Cont inued) + Exterior, lanel w
Type
Drossod Lumber :
Softwd boardsy bd t1 7,900 Bouglas Fir |
Wostern Pine 1 ea §73, 000 :
Ruugh TLamber: GLher Species
Hardwoaod bd ft 9,300
Flush 'fype, Hollow
Dressed Lumber: Core
lardwood bd £L 9,700
. Suflwood Faces
Sulkwood Flooring Sofurwoed Flooring kd [t 10, 300 Hardwood 1 ea 347,000 @
Oak strip flooring Other Faces
Hardwond Flooring vak ﬂpeulule Elooring bd £t 10 100 Flush Type, Solid '
Maple flooring Core ¢
Other hardwoods - IE
et - lardwood Faces L5
Shingles, Coopetage shimgles Sof twsord + Other £ ua 1,191,000 'I'r
Stovk 1 Excelsior: Remanufactured g L 7,300 L
Rud Cuodoy Handsplit Shakes Other Wood Lwors 3 i'a
3 "
Window Hnd b, Woed Conventional Double, Combination Storm ] v
Hung 1 ea 1,127,000 + Screen I ea 8aL, o0 B
Awnings + Casement I ea 1,190, 000 Garaye Dours 1 ea 3,321,000
All uther wood windows | | ea 1,830, 000 Screcn Doors 1 ea 360,000 j:t.
i Louvre Doors 1 ea 475,000 ]
Woud Window Sash &
' ‘inished Wood Moldings o
Knock down 1 ea 167,000 Finishe “ 9 :
open 1 ea 168,000 SofLwood bpd EL 18,000 il
Glazed 1 ea 291, 000 Hardwood i
Storm Sash 1 ea 427, 000 Veneer + Plywood Nardwood Plywood sq f& sm 17,000 3
Softuotidlplkuod S0 fl' 5, 000 o
{Interior Type) /8
i Softwood Dlywond aq ft 6.000
1 Ehergy Use far Bullding Construction, B, M. Harmon, R. A. Stcin, B, Z. Seqal, (Exterior Type) 3/en : =
D, Suber, C. Stein, Enerqgy Rescarch Growp, Center for Advanced Computation, )
University of [1linois; Richard M. Stein aad Associates, Architects,
New York, NY, Decenmber 1976,
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EXHIBIT 11

EXHIBIT 11

{Continued) {Continued)
Haterial Embudied Enecyy Halerial Labodied Bnergy
Classifivatiun Boescriplion Unid Per Material Unil Classi Fivation Description Uit Per Matocrial Unit
HOOZ THRODHCTS  {Cuntinsed) WOOD PROBUSTS  (Cont Liued) l
Veneer + Plywood Prefinished Hardwood s5q ft 10, 200 Construction Paper PRODUCT LEXAMPLE - BLDG PAPER
{Cuntinued) Plywood sm {Counl inued) . .
Prefinished ldwd Bases | sq Ft a8 Size Ib/ug Fu Total Btu/sg £t
= N U
Pruefinished Sftwd Basey sm ' 1 ply .05 1b 524
N
Nardwuod Veneer sq ft 3,400 2 vly o b T,na8
Specvial + Type Face Sm ‘ PALNEY PHRODUCTS
Commercial + Utility sg ft 2 200 Exlerior Oil-Type Semi-paste 0il + alkyd
Type sin ' Palnl broducts paints gal 484, 000
“untainer T s Et
t':,at 'l’m_-e Yie :-qsm 1,500 Exterior water-Lype
i trade sales paint .
softwood Veneer products gal 489,000
Plywuod Veneer sy ft Intecior oil-type
- 8,100 trade sales paint
Conlainer Veneur sq ft brodiucts yal 508,000
1" 9,600 Interiol waler-type
Fubrivatud Structural Glued laminated Luwber §bd ft 16,700 um:u .s‘].les baint - 417,000
Wuod Medlagr Sawh Luinber bd fr 6,400 products yal ‘
Cumbination Glued ABMIIALT PRODUCTS
1+ Sawn Lumbore bd Et 16,5013 3
Asiphatt Felts wooul Asphslts + Patches
Rueady-cut + Profal W ovaatings
. Bui 1dings Buof Asphaly 1h 6,900
Dved 1 ngs 1 ea Asphalt + Tar Roofing
Farm Buildings 1 ea + Siding Products
Hout Truunes Made of Asphialt HouFing:  Swooth | sg G 7.400
suwn Luoboe - Light Surtacesd Rooled Roofing
Construcbion 1 ea & Capr Sheet, Including
Constlruciaon laper Constowelian Paper 1b 10, 560 Sanded, 'l“..al\.', Ml'«lﬂf
(Y Lasis before & Lher Fine Malorial
Safuraling) Surfuciisg
Mineral surfaced woll
Hoofing & Cap Showt sq £t 11,000




Material

EXHIBLT 11
{Continued}

Embedied BEnoray

Material

EXHIBIT 11
(Continued)

Fmabod ied Bnergy

Classification Descript fon Unit Por Matcvial Unit Classilication Deseriptiog it Pur Material Unit
ASPUALT PRODUCTS (Coulinucd} GLARS PRODUCTS (Continued)
Asphalt Folts Atrip Shingles-Setf sq fi 29,7Tun I"latl Glass (Contipued) Gther Flal glass {(such
& Coat ings sealing as plate glass blanks,
Slandard or requlal i 25,300 benl or cnameled sheet,
o N M ! PPlate float and rolled | sq Ft 34,600
skrip shingles .
g9lass, multiple gluzed
Indiv, Shingles-all aq ft 25,600 and sealed insulation
styles units
Asphalt Bldg sidings: sy ft 13,600 Plate 4 Float Glass
11 E ingte £
;Tl a:i:risSh‘"g s Plate 1 Floal Glass less | .\ 37, 500
- B than 1/8" thick = '
i -surk tngu- E] 67, ]
Mlm.era.l E’f’r aced m.u_ . 5q ft 50t Flate + Fioat Glass be-
lating bLoard base siding twoel 1/87-1/1" thick sq Fu 43,000
tall types and finishes) weed e
Plate + Float Glass over
Saturated felts: asphalt 1b 13,600 .
“ . . . 5
saturated felts for roof- 1(4 thick + rolled sq ft 4,700
. . wire ylass
ing and sidings
Saturated felts: tar b 16, %n; Laminated Glass
saturated felts for roof- Laminated ylass 1/4% and
ing and sidinys under
A S s ft 212,500
GLASS PRODICTS Laminated ylass 1/4™ and
ovar
Flat Glass Shex > 3 i
ass heet Glass (Windows) Laminated sheet (window)
Single strenyth s Et 13,700 qlass sq Ft 113,500
Bouble strength sq £t 15,400 Other laminated glass
Heavy sheet sq ft 14,600 .
N 3 5
Thin, including picture sy ft 20,000 STAHE & CLAY PRODUCT:
glass + tinted {all Cement, Hydraulic Portland coement I bLl 1,582,000
thicknesses) @ 376
Other Flat Glass ibs
5 . , THI0
Tempersd glass For archi-|sg fi 72,600 Prep |rm3| or mixzed 1 bbl 1,587
Hydraulic & Masoncy B 280
tectural construction
cements other than lbs

purpases

ja

special Portlands

i
13
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EXHIBIT 11

EXHIBIT 11

{Continued) (Continued)
Haterial rabodied bBheiyy Materjal Embodied Energy
Clagsification beseription Untt Per Material unit Classification Description Unit Fer Material Unit
o s SIDNK & CLAY PRODUCTS
blﬂﬂ&.}h CLAY PRODUCTS {Continued}
{Cuntinued)
. _ dranl v Brick & S aral Cl: Concrete Hlocks Seructoral Block - Heavy
Luang, Hydeaunlic r1% & ructura ay weight: aggregate
{Continued) Tile - - B"XBYx16"
Brick, except Ceramic ! btk 31.800
:;’ ‘ ; +"z fract Strustural Block -
aze N tor
dze v vrory Decorative
ick oo
Bl:gb‘::e(tonmn Brick 1 brk 14, Hrick 1 brk 5,000
. 2-1/4%x3-5/8%x7-5/8" -
{2-1/4"x1-5/8"xF-5/8"%) { ! /B x7-5/8")
idy Mi o d 2,594, 00
Other Brick (Pavinyg, 1 brk 25,600 Heady Mix Concrete su Y +394,000
Fluor & Sower) Lime - -
_ g3 g “ . .
{2-1/4%%3-5/8"x7-5/4"} Quickline L 6,867,000
Glazed Brick + Struc— .
Hy L L
tural Heilow Tile ydrated Lime e 9,464,000
d d lomg 1
Structural Clay Tile 1 tila 27,700 bead Buried Bolomite T $,148, 000
vxciept facing includ- Gypuum Products -
ity load Learing Calcined gypsum bldg 17 6,970,000
& non-luad bearing .
tile materials, bhldg plas-
¢ ters & prefab bLldg
Facing tile {structurall| 1 brk 33,400 materials
& Ceranic 9lazed Lrick .
g ther cale 5
[2-1/4"%x3~-5/8"x7-5/4") Othex caleined gypsun T 4,362,000
OCUCT EXAMFLE ~ GYP RO
Unglazed & saltl glaczed b otile 6B, 200 PROLUCT EXAMFLE BORKD
facing vile Size 1b/sq ft Total Beu/sg Fi
(B a5 x11") . )
/8 1.52 5,300
Ceramic Wall & Floor - - 1/2m 2.00 7,000
Tile Mineral Wool Mincral Weol for Struc-
Quarry tile & Prowcpade s Fe 51,000 tural Insulation
Tile Luose Fiber (Blowing st 12,326,000
Ceramiv Mosnaic Tile =y Ft G4, 600 1 Pouring + Granu-

& Acceusories - Un-
Wlazed

39
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EXHIBIT 11

EXHIBIT 11

{Continued) {Continuead}
Haterial Embudied Energy Material Embodied HEnorigy
Claysification Desuription Unit Por Msterial Unit Classification Nescription unit Puer Materidal Unit
STONE & CLAY PRODUCTS PRIMARY TRON & STEEL
{Cont i imad)} {Cont.inned)
Hineral Wool (Continued) 4.5 inches or more thick |sq tt 8,000 Sleel Products ot Rolled Bars + Shapes
.:b:-.:,gll:?tts' blankets (Continued} Carbon Stecl:
® i Strucltural Shapes b 18,700
2.0 to 4.4 inches thick sq £t &, 9041 Sheet Pilings '
Less thap 2.0 inches sq ft 4,800 Hearimg Piles
thick PRODUCT EXAMPLE -
PHTHARY IRON & STEEL Size th/LF Tatal Bru/iF
Steel Products Coke Oven + Blast Fur- W12 x &5 65 1b 1,218,000
nace Products Wle x 36 36 ib 656,000
: . ¢ ox 2x 30 30 1b 562,040
i 7,400
Fig lron 1o ’ LxB8x4x1 3741 701, 0U0
Steel Products - - WwTG x 27 29 b 543,000
Tin Mill Products Steel Products -
ﬁzzboﬂglizgei ::::liéd 1b 16, BUG liot Rolled Bars + Shapes
) [l NG
Carbon Steel Conc
Steel Products - - Reinf Bars Rolled
. 5
Tin Mill Products from Hew Billek b 15,7100
Carbon Steel Sheets: . 27, 800 #olled from Old Haterial
Galvanized ! PRODUCT EXAMPLE - REINF DARS

FRODNUCT EXAMPLE - GALV SHEETS

Thickness 1b/sq fu
22 GA 1.7% 1b
20 GA 2,14 1b
18 GA 2.83 1b
16 GA 3.54 1L

Total Biku/sq ft

49,800
59, 500
78,800
98, 500

410

Bar Size 1h/LF
§2 167
3 376
LB . 668
¥5 1.043
LL) 1.5n2
LK Z.044
.13 2.670
*

Toral Btu/LF

2,600
5,900
10,500
16, 400
23,700
32,000
41,800

|




Material
lassiFication

EXHIBIT 11
(Continued)

Deser ption

it

Enbodicd Encruy
Por Haterioal uuit

Material
Classification

EXHIBIT 11
(Continued)

bBeseriplion

Unit

Embodivd Eucrgy
Per Malerial lnit

PRIMARY 1RON & S5TLEL
(Continued)

Steel Products
(Conlinued)

Steel Producrs

Hol Rolled Bars
aid Shapes

Alluy Stueel:

Plates + Structural

Shapes

1h

26, 900

BRODUCT EXAMPLLE -~ STEEEL SHAPES

Size

Wl2 x 65
Wit x 36
Cx 2x 30
Lx 8 x4 x1
wWie x 27

Noninsulated Ferrous
Wire

Wire Strapd for Lro-
stressed Coucrete

Steel MProducls

Steed Nails t Splikes

Carbon Sleel Wire
roducts:
Nails 4 Staples

P ROLUCT 1

Size

2 penny -
3} penny .
4 peuny .
5 ponny .
L0 penny .

1L/LF

65 1b
36 1b
0 16
7.4 lb
29 1b

I

[N

Fotal Btus/Ly

I,749,000
269,000
807,000

1,008, 600
784,000

44,600

34,000

KAMULE - COMMUN HALES

1/Hail

Ook2 a1
0aL8 1L
0033 1b
Uiy b
415 1L

Tulal Blu/Hail

40
[H1]
il
130
514

FHIMARY IRON & STEREL
{Cunlinued)

Staecl Products
{Continacd)

11l

steel Products
Bteel Wire
Plaln Wire

Galvanized Wice

1L
1b

31,200

34,400

PRODIICT EXAMULE - 7 WIRE STUHAND

pia 1b/LF

1/4% L1122 b
172" L1968 1L
/8" .274 1b
/16% 373 1b

Other fabricated wire
pracducts

Conu Keinforcing Mesh
{Helded Wire)

lb

Total Biu/LF

5,400
d,d00

12,200
16,600

24,200

LPRODBUCT EXRAMPLE - WIRE MESIt

Slze

x4 14714
x 2 8/8
x 16 8/12
x 16 6/10

[\SIN S SR

Slecl Prodoocis
Stecl Pipes and Tubes

Carbun steel Finished
Shapes 1 Porms:
Staidard Pipe

Ih/SF

.16 1b
1.05 1b
A6 L
.65 b

Tolal Btu/SE
3,900
25,400
11,100
E5, 700

25,800



Mulerial
Classificabion

EXHIBIT 11
{Continued)

pegeription

o]

Embodied Lncryy
Pur Material tinit

Material
Crassificalion

EXHIBIT 11
{Continued)

Descriplion Unit

tmbodied Encryy
Per Material Unit

PRIMARY IRON & STEEL
{Cuntinucd}

Steel Producls
{Continued)

PRIMARY NONFERROUS

Alumimun koelling

PRONLCT EXAMULE - STANDARD PIPE

Hom Dia Total Bru/L¥
/2" .85 1b 21,900
/4" 1.13 1b 29,200
1~ 1.68 1b 43,300
" 3.65 1b 24, 2un
6" 18.97 1b 489, 100
Stainless Steel -
Finished Shapes + Forms
Sheets - Cold Kolled *1b 138,000
Sheets - llot Rolled ib gl,000
Strip - Hot + Cold Rolied 1B 121,000
Plates Ib 154,000
Bars - Hot Rolled b 157,000
Bars - Cold Finished pIT 193,000
Wire 1b 240, 000
Aluminum Plate + Sheut
Plate: Hon-licat 1b 116,000
Treatable

PRODUCT EXAMPLE - ALU

M PLATU

Thickneas Ib/SF ‘Total Btu/5F
174" 3.u4 1h 421,000
sz 7.27 1L 840,000
3/4" 1.4 b b, 2r1, 004

1 14.54 |b 1,6H0, 000

PRIMARY NONFERROUS
(Continuedd

Aluminum Rolling
{Continued}

FABRICATED METAL PRODUCTS

Fabticated Stiuctural
Staecl

Aluminum Plate + Sheet

Sheet: HNon-Heat ib 956, 00U
Treatahble

PROGLKT EXAMPLE - ALUM SHEET

Thickness 1b/SF Total Btu/8F
/8" 1.82 1b 175,000
3/16" . 2.73 1b 262,000

Aluminum Rolling - -

rolled Aluminun Rod, Bar
+ Structural Shape

Rolled Bar + Rcd
Continvous Cast Ih 92,000
Ralled Styuctural Shape

PROGUCT EXAMPLE - STANDARL SUARES

S5ize 1b/LF Total Btu/1F
Ble.81 .81 Ib 812,000
716,05 6.0% 1b 557, 516
615.10 5.10 1b 470,000

Fahricated Structural

Meltal For Buildings
tndustrial
Commercial, Residential 1 22,700

+ Lnstitutional
Public ULilities




EXU1EBIT 11 EXUIBIT 11

{(ConLinued) (Continued)
Material tmbodied Eneryy Halorial nbodied LEueryy
Classificalion Deseription Unit Por Mateorial donit Classification Description | Unit I Per Materiual Linat
FABRICATLD METAL PRODICTS SCHEW MACHINE PRODUCTS
{Continuad) {Lont inued}
Fabrivated Structural PRODUCT EXAMPLE — STEEL SHAMES Screw Machine Products Nuts, Bolts 4 Other
Steel (Continued) Size th/LF Total BLu/LF {Cont inued) Standard Fasteners
B o 300
W12 % o5 65 lb 1,475,600 Rivets 1/ and uver 1k 17,
Wle x 36 36 lb 817,0Q0 PRODUCT EXAMPLE - RIVETS
Cx 2 x 3u in 1b 681,000 o . ) )
LxBx4x1 7.4 1b 849,000 S5ize 1b/Rivet Total Bru/wivoet
_ " “
SCREW HAUHIHE PHODUCTS I-i/4" x 172 -1t 1,900
1-172" x 1/2» Si2 2,160
Surew Machiine Products Murs, Bults and Olher 2" x 172" .15 2,600
sStandard Fasteners 4" x 3/97 .U 12,100
Standard lex amx 1 110 20,100

Standard kound
bay oerews + balls
Studs + Threaded Rods

ih 24,600

PRODUCT EXAMPLE -~ BOLTS

" sSize 1b/Balt Total Hiu/Holtb
I* x 12" 021 540
2" x 172" RN 4,800
3" ox /o 21 1k 6,200
4" x 1/ .29 ib s 7,700
x i/a" 18 b 4, 8U0

'l
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3.2

INVENTORY MODEL DEMOLITION EMERGY FOR EXISTING BUILDINGS

INFORMATION REQUIRED

PROCEDURE
n

Materials guantity inventory

Demoalition Lo o Quantity of Weight per material
= 50* Btu/lb of materials x 1.4 [Material ® unit, Exhibit 6

Energy
i=1

*NOTE :

A

Range 1s 35-65 Btu/lb of materials

The inventorvied materials account for about 50 percent of the Lotal embodied encrgy of building construction. ‘The

inventoried materials do nut include "miscellanecus plastivs; paviug; non-ferrous wirce; mechanical, plumbing and
vlectrical equipment and fixtures; sheet wetal work; metal doors and plate work; miscellaneous and architectural
mebalwork, "l and wany other itewms which do nok, individually, contribute significantly to the total embodied energy.
To accounk for these materials, which toyether comprise about 20 percent uf the retal embodied energy of bullding
¢onstruction, the embodied energy of inventoriced malerials is increased so that, altogother, materials account For

70 percent of Lhe total embedied encrgy of building conslruction.

1 Encrgy Usu for Building Congtrnction, becenber 1976
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:3'53 INVENTORY MODEL EMBODIED ENERGY INVESTMENT IN RENOVATED BUILDINGS

INFORMATION REQUIKED

. Building type
. Gross s.£.
. Materials of renovation gquantity inventory

f3, fraction of energy intensity of new building construction for total building
which would be expended in renovation activities

PROCEDURE
Embodied
enargy = [Enerqy used in renovation construction + Energy invested in renovation
investment materials
Energy used Invested construction eneryy
in renovation = Gross floor area of x per square foot specific to x E3
construction historic building the building type, Exhibit 5
. n
Eneryy invested _ * duantity of renovation Invested enerqgy per material
. - = 1.4 - X b T s
in materials materials upit, Exhibit 11
1
i=I - Rough lumbear, softwood boards
2 - Dressed luaber, softwood boards
E .
n - HNuts, bolts, and other standard fasteners
f""'?ﬁETELEEBEBF§3?}Elcl1a1= account For aboat S0 piycuent of the Lotal embodied energy of building construction.
The inventuricd materials do nob include "miscedlaneows plastics; paving; non-ferrous wire; mechonical, plumb-

ing and electrical equiplent aod Fiktoes; shoet metel wock; mctal doors and plate work; miscellancous and
architeclural metalwork,"l  and waby wibee items which do not, individually, vonlribute signiticantly to the
tutal embodied encrgy. Tu account for ihese maturials, which together comprise about 20 percont ofF the total
wumbodicd energy of building constructiog, Lhe embodied energy of inveptoricd malerials is inereased so that,
altoyether, msterials accounl for 70 percent of the total cmbodied chersgy ol burlding consteuct fon.

1 Poevygy lse tor Baiiding Construction, Docewber 1976
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34 INVENTORY MODEL ANNUAL OPERATIONAL ENERGY IN RENOVATED BUILDINGS

INFORMATION REQUIRED

. Enclozed volume

Exposed roof, wall, glazing areas and orientations
Exposed surface area transmission values, U
Exposed surface area absorbtivity/transmission, £

. Ventilation rates
. internal heat gains due to people, equipment, lights
. Cooling system type
. Heating system type
PROCEDURE
Annual : ;
operational - Energy reqguired to Energy requ%red to
offset heating loads offset cooling loads
enargy
Energy .
Required to _ ; . |Heating system efficiency Fuel source energy
cffset - [Annual heating 1oad] * lExhibit 8 * efficiency, Exhibit 9
heating loads
Energy
Required to . . | Cooling system efficiency Fuel source energy
= : + i x® : e
offset [Annual cooling 1°ad] [Exhlblt 8 efficlency, Exhibit 9
cooling loads
* Formulas aud pruEEﬂurus used in caiculating operational encrgy in this study are simplified methnds. The

inventory madel is o siwplifical ion 2f eneryv consumpption simulation compuler technigues.  This method is

intended ouly to produece approximalions of eneigy consweption in buiidings as it varies throughout the year,

Mot detuil af,  Eigorous or accurate s thoeds may be substituted in this analysis at the user’s option.
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Anpual

heating = E Heat loss for all data points

load

Annual

cooling = E iHeat gaiu for all data points

load

Heat gaim/  _ :E: Transmission _ Ventilation R

loss h gain/Sloss * gain/loss * Solar gain + TIaternal gain
fransmission = [Transmittance X Area A Temperature differential, Exhibit 12
yain/loss z : .
Ventilati . . . . L
g;?“/lgsson = [ventllatlon rate x Tomperature differential, Exhibit 12]
Interaal = leat loads of equipment le, ligi
heat gain ed oads of equipment, people, lghts
Solar heat . :E: absorptivity, x bArea x Incident insolation,
gain Exhibitc 14 Exhibit 13
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Diurnal Temperatures (

EXHIBIT 12

1
o] )

1 Hourly

i_l!_the" United States and Cauiada, HBS Building acirnce Series No. 96,
Kusuda and K. lsli

T.

Solar Radiation Hates for Vertical and Horizontal Surfaces on Average Days

ni

18

21 March 21 June 21 septombas 21 fesowben
AR 1M an I'M M M AM PM
City 2 6 1o 2 O Yu e odp 2 6 o 1uf2 o6 1o 2 6o dof? oo ko260
Indianapolis, Indiana }53 45 53 61 70 61|74 ©7 74 81 89 81 ] 52 44 51 58 65 5 17 11 ¥7 23 30 23
Seattle, Washington 43 42 47 S5 53 4559 %9 67 14 72 65[ 48 45 55 59 54 49| 38 37 40 44 42 38
1 Inual_c_lui-imtn}.ngi::-ul Data, Habjoual Oceanic and Atmosphueric Administration Envirvemenlal
pata Scervice, NHational Climatic Jeatey, Ashoeville, N.C.
EXIHIBIT 13 1
y Insolation Htu/sf
o
3
[ 21 Morch 21 Juae 21 Septomber 21 pecember
-d AM I'M Fil ) '™ M (A2 MM M
city oz &« 10 2 & 102z o 10 2 & I & i 2 & Iul2 6 30 2 6 10
Slo 7 99 99 7 0 o 12 97 97 12 © {0 O 1441440 0O O 58 98 0 O
sWwly 7 4913032 o0 |o 12 54 14153 0 [0 0O 571670 OV }0O O 45 WB O O
Wio 7 49113 49 0 {0 12 54 135494 o |0 0 351130 00 0O 24 &9 O O
M#lo 7 49 59 41 o0 f0o 12 54 BY A6 D jO O 35 35 0 oo 0 24 24 0O O
Indianapolis MNio 14 49 49 14 0 Jo 36 54 54 36 0|0 O 35 3™ 0 O0j0 O 24 24 0 O
HE [0 41 59 44 7 o |o 8 8 5412 oo o0 35 B 0 OGO O 24 24 0 O
EJo 49 11349 7 O |0 94 135 54 12 ©olo 0 11335 0 o0 O 6% 24 0 O
SE |0 3z 130 49 7 0 |0 53 141 %1 12 o |o 0 167 57 Q |0 0168 45 © Q
Alo 16 167167 16 O |0 37 21221237 o fo 0 1291290 O 0 0 73 73 0 O
s |lo 8 100109 8 0 {0 15 10310315 O |0 O 93 933 0 G |O O 50 50 0 O
SWlo 8 45 136 29 0 15 50 13556 O |0 0 421050 0j0 © 26 53 0 0
Wino B8 45 109 5% D 15 50 11893 o|lo 9 25 70 O 0|l o 16 35 0O b}
M |o 8 45 45 44 o0 |0 15 S50 61l BA O f0 O 25 25 O 0D O 16 16 0 O
Seattle N lo 16 45 45 16 0 Jo 34 s0 503 oo 0o 2% 25 0 0|0 O 16 16 O O
HE loy 49 45 45 8 0 jo B4 61 5015 Ol o 25 25 0 0j0 0 16 16 0 O
E |0 59 109 45 8 0O gilasois oio o 70 25 0 0j0 o0 35 16 0 O
SE 1 39 13645 B O 56 135 5015 o ¢ o 10542 0 0|0 0 53 26 0 O
0o 20 155155 20 0 4z 16118142 oo o 75 75 0 ©|O O 37 317 O 0O
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EXHIBIT 14
Solar Radiation Absorptivity/Transmission Factors

Percent of Incident Insolation Which
Is Absorpbed and Transmitted Throuyh
Exposed surface Characteristics the Building Envelope

Clear single glazing 0.90

Clear double glazing 0.823

Dark color wall 0.20

Light color wall 0.05

Dark color roof 0.05

Light colox roof Q.02
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INFORMATION REQUTIRED

. Building type

. Gross s.f. -

. Materials guantity inveukory -
PROCEDURE

Embodied ;

enerqy = [Enurqy used in constructioen + Ffnergy invested in materials] E

investment

b e B ke

Energy used _ Gross Floor area of Invested canstruction enerqgy per square foot
in construction - new building specific to the building type, Exhibit 5

n
Energy invested _ * : . Invested energy per material]
in materials = 1.4 Quantily of materials x unit, Exhibit 11

gl aio o Sl

- Rouyh lumber, softwood boards

i=1
3
2 - Pbressed lumber, softwood boards 3
: E
n - Huts, bolis, and other standard fasteners 3
- The inventoried materials account for abuut 50 pulvent of the toral embodicd energy of building vonstruction.

The inventoried materials do not includr "miscellanenus plastics; paving; non-ferrous wire; mechanical, plumb-
ing and electrical equipment and fixtures; sheet metal work; metal doors and plate work; miscellaneous and
architectural matalwork,"1l and wmany oiiwr items which do not, individually, conktribute significantly to the
total embodied cnergy. To account For these materials, which together comprise about 20 percent of the total
embodied encryy of building constructicn, the ewmbodied encrgy of inventoried materials is increased so that,
altoyether, materials account For 70 puexcent of the total embodied uneryy of building construction.

1 inergy Use for Building Construccivn, December 1976




3.6 NUENTURY MODEL ANNUAL OPERATLONAL* KNERGY iN MEW BUILDINGS

INFORMATION REQUIRED

. Enclosed volue
. Exposed roof, wall, glazing areas, and orientations
. Exposed surface area tvansmittance values, U
. Exposed surface area absorbrivity/transmission, £
. Ventilation rates
. Internal heat gains due to people, egquipment, lights
. licating system Lype
. Cooling system type
PROCEDURE
Aﬁﬂﬁztional - Bnergy requited to Energy required to
vhe oEfset heating loads offset cooling louds
eneryy
Energy
required to . . |Heating system cfficiency Fuel source eneryy
= Anlille a3t adj + P x P S
offset nual heating lo Exhibit 4 efficiency, Exhibit 9
heating loads -
Eneryy
required to , . [Cooling system efficicucy Fuel source energy
- = A 1« acl |+ sl P C 2%
offset [ anual couling loa ] [Exhlbxt B ¥ efficiency, Exhibit 9
cooling leards ’
¥ T Fermalas 'aﬁit';'rEEJJuxcu usud i cvaloulaling cpecationel encrgy du bbis study are simplificd methods.  The
inventory moded i oa gimpliCicat 1on il cheagy consampt fon simalation computor technigues. Tiis oelhod s
intended only fu ploduce alproximal ions ol ereccgy csnsumpbion b boildiogs as 1l wio bes Lthroughoul the year.
Morw dulalled, pigorous or weeurate metlueln moy bo submtitnted o thds analysic al the asoee's option.
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Annual s {}

heating = E lleat loss For all data points I iz

load o 14

- 15

: 1c

- 17

) K

Annual F 1

cooling = E Heat gain for all data points .‘ &

load E &1

-

Hleat gain/ _ z : Transmission Ventilation . . i:, ::

loss - [gain/loss + gain/loss + Solar gain + TInternal gaxn] ? o

by

fransmission _ 2 : [ . Temperature diffevential, !
gain/loss = [I‘Ldnsmlttance X Area x Exhibit 12 i
ventilatinn _ sy e . . . - .

- = 1.08 } Ventilation rate x Temperature differential, Exhibit 12 :
gain/loss 3
Internal . . . 3
heat gain = E [Itc.at loads of equipment, people, lxghts] ;

i
Solar heat _ Abgorptivity, % area % Incident insolation, 3
gain - Exhibit 14 Exhibit 13
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b DEVELOFED AT

i ¢ REAL

¢ FERD

BRI NRERN &

BOHP TUYENTORY MDLEL UF OPEFATIONAL ENEFDY .
ENDZ, RLLEH ¥ HAMILTON APPIL. 197

S HIMERCSION STRTEMENTE

HIREMC 100 TEMFOT (623 s TEMPIH (G« 3 o VENT
OTHENZ 10N FEOFLE (Es 4 s WELFT (e
DIMEHZ T0H BLDG (10 ACE(LD:

DIMEHTION RPERASS s UMAL «30 s ABT TRIECS
GIMENZ 10N EFF (2x« ZEFF 22

BIHENS TOM SOLAP «SErd>

Gy sy HTGRIM B 47

FEHL LOARD

INTEGER OF

FEAN-WRITE DEVICE HUHEERE
kRT=T

FMRT =0

SET

BUILLINHG DATH
FERDERIL E001Y < BLDG Ta s I=1s 110
FERD kR 202N
X lHET;ﬂL]EE EUILLING TOTALZ

H=1

144 MERTHER DATAH
FEADGERDs 2NNy « s TEMPOT CIHF 1S3 0 13=15 45« IHF=1562
FEAT P 20043 (¢ ZOLAR (OF s IHF- 123 s 12212435 OR=15 355 IHR=1 02
HErRT LM
WHTTE kR T 100
LTHRT IPACE T LOOP
Lt} w0 HC=1sN
INITIALIZE FOR EACH SFACE
WL Ofh=0
CLORD=10
EGUIP=0

vEAD T LRTHA FOR ERLH :PACE
IF EML OF FILE 15 FE Ely PRINT EUILBING -UMMARY REPORT A4D

FERLCEH RO 2001 s EHD=3001 0 «SPRCE T s =1 103
FEMRIEPIs Z0ue $IZEs AN
FEHE kR E00ds < TERMP IR IHE ID 0 s 1321425 THF=10 03
RERDFETS 43 CAVENT Y IHR TS0 1 8 sdi s IHF=F sy
FEAD FFDs . 4+ CPERBPLE CTHFRs 1235 T2=1s 40 s [HF =10
FERD(EFIs2hids ( HTRATH THE, T30 » TE=10 425 IHR=1 s c2

Y

1 l‘}
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Inventory Model Aniual Opueralronal Bneecgy Computer Program Coding

PEHD-FPBs?ﬂﬂ4)!lMLQFT\IHFsISFs12=l!43slHP=1s6)
pEﬁhinh,EﬂﬁS)-fﬂFEﬁtﬂF)sUVHL‘ﬂP)yHESTPHiUPU)-DP=l:93
RERD kRO SOORIEFF v 13 s EFF (2

FERLERD - E00S) SEFF 12 s ZEFF 222 »ELEFF

[ak )

STRART HLF LO LO0OF
g soon J1I=1:4
oo 70un JHR=lso

oo

INITIRLIZE FOP EACH HOUR
COMD=0
SO GH=0
YEHTEH=N

-

CALCULATE RELTR T
DELTRI=TEMFDT « 1HKs IS ~TEMPIM Y JHRS 150

STRERT OFTEHTRTIOR DO LODF
Dl conn F=1."

CALCULATE COMIUCTION ¢ I0LAF LOAD FOR EACH ORTEHTATION
COHD=CAHN+LEL TATeARER «OF > #UYAL 1ORD
TOLGH= T OLOH+AES TRH DR «AREA O «20LAP (OFs THP - 123

- ENR OF OWIEWTATION M) LOOF

ANy COMTTHUE

™

C.
C CALCULRTE LOAD COMPONENTE
VENTEH=1 0GUeVENT VIH&, 150 «DELTRT

HTGHIHFIHP~133=iHTGHlH(IHF-15)+SIZE*MEQFTfIHP!13)/]0ﬂ0ﬁ*3413

e

CALCULATE COMBLATIVE EQUIPMENHT LORD
EOUIF=EQUIF+HTOARTH IHF 150

™

CRLCULATE FOTAL HEATIMG-COOLIHG LOAD AHD RCCUMLLATE
LBHD=VEHIEH+CDHH+:ULGH+HTGH1H~IHPpIS)+ESUOPEDPLE!IHPsIS\
VF L DA 61 N Tikiine 82000

HTLOAD=HTL OAD-1 ORD

SO T o

o na

[0 CLOAD= L ORDH ORDI+ESOeFEOFLE « THP» 130
Toag CONTTIHILE
Song  CONTIRUE

ZPRCE
LeHTLNAD- ~EFF (1) «SEFF ¢ 122
.l L eCL AN - "EFF 2y« XEFF 7253
EQtn] F=; 14l G0l «ECMTP “ELEFF
TEMH=HEARTEM+IMILER+ENULP

SEMIF= v EN. Z1ZEy w1 Grniiadn,

CALCHLATE EHEFGY U.ED

ar
"




EXUIBIT 15 (Continued)}

100 © ACEUILARTE BUILDING EHERGY LICE TOTALS
1040 EH=EH+HERTEN
10%0 EC=EC+COOLEN
10 FER=FEQ+EQUIF
: ECF=RIF+S1ZE
BEH=REH+ZEH

L DUTENT FEFPOPTE

IFHCE (ATPUT FEFORT
MEITE (VMR T 1000 «SPACE s Tdx I=1~ 1003
WEFITE «LWET 1002 HERTENS COBLEN-EQLIP ZEN
WFTTEGHUWRT: | N4« TEHSF

¥,

LOEHMD JFACE DO LOOP
Spn TOHTIHUE

C CALCULATE BUILDING ©6 FT EHEPGY ULE
C

EEMSF=<BEN-ELF) 1 D,

RUILDBIHE QUTPUT FEFNORT

not MEITECRWMET 10003 cELDGA T > « 1=10 108

6 1] WMEITE (KMRT« 10023 BHs BCs EEQs REN

12710 WRITE (KWPT« 1605 EENCF

1230 C

ic3n © WMRITE FOPMAT STATEMENTS

1o FOFMATC THEEY 1S THE RCHP INYERTORY MODEL OF DFERATIONAL»
1° EMERPWY ‘-3 DEYELOFED AT EODSs ALLEN & HAMILTON- >

1001 FORMAT Crrre TNy L A4S

bk it ek rwh ek e ks B b e ok e A e
B R

1002 FUOFMAT 43 “TOTAL 7 - HEATING” » 5 - CODL ING -~ » Sy
1 "EQUIPMENT DFERATIONAL “» -y ° EHERGY " » 6Xs "ENERGY “ v 6X ¢
2 EHERGY” +«5Hs EHERBY“er»” CHMHMET < 5 53y 7 VHMETUS “ <63y

37 CHIETLDY 7 s dXs < (MMETLE s s A& =" > /s 4F 1 2. 02

10Nz FORMAT (rrerro 480 #7307 BUILDING TOTAL " « <5 13Xy 1 0A4)

1004 FUORMAT " ANBURL EHEFGYT UTE IN THIS IPACE IS “sFA. 0O
1° ETU FPEP ZUURRE FOUT FER YERR, )

1065 FORMAT (Y AMHUAL EMERGY UZE 1M THE BUILDING IS “»FE. 0.
1° ETHL PEF SOQUARE FOOT PEF YERF. Y

1
1470 © FEAD FUFMAT JTATEMENT
195 20Nt FORMAT ) 0AR
] FOFMAT 133
FOFMAT <&F1n, &%
FOFMAT VaF 10,20
FOFMAT ceFta. 2

SN F
1910 ¢
1550 ZToP
15%Nn ED

EADl OF FILE
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EXHIBIT 16
ITnput Sequence for ACHP Inventory Model
of Operational Energy

I

Card Uescription of Input Units format
I-1 Building name Up te 40
characters
1-2 Number of zones in the building {integer) I3
[-3a Outside temperature at 6 hours, winter of 6F10.2
b * " spring of 6F10.2
C b " suRner Of 6Fi0.2
d " " fall of 6 10.2
-4 3 (1-9) Insolation at € hours, H, N, NE, E, SE, S, SW, W, NW (9 cards) winter BTU/ Fte &6F10.2
b (1-9) " " spring . »
¢ (1-9) N " Sunsmer " .
d (1‘9) n " fall 1 "
REFEAT [HE REMAINING SEQUENCE ONCE FOR EACH ZONE IN THL BUTLDING
1i-1 lone name Hindow code: Up to 40
0 = Fixed s.F., days/ characters
1[-2 Floor area of zune, # days of operation per year, I = Operable year, code +10.2
11-3 a interiur temperdlure at & hours, winter Of 6F10.2
b ) " spring of "
C " " sulmer 0F "
d N " fan Of "
t1-4 a Ventilation air 4t b liours, winter Thousand CFM 6F10.2
b ; T spring :: ::
c Sunuer
d " " fall " "
.




EXHIBIT 16 {Continued}

e

D e

VLT TR

Card Description of Input Units Format
Ii-% a Number of peopie at 6 hours, winter ¥ people 6F10.2
b “ " spring “ “

c " " suner " i
d M " fﬂ]l " "
1-6 a Equipment aperation at 6 hours, winter KW B6F10.2
b " “ spring » "
¢ “ “ sumner " "

d w» L3 fa]l n L]
i1-7 a Lighting Toad at 6 hours, winter W/sa.ft. 6F10.2
b " " 5pr’ing o o
C " " SLIIIIDEI‘ n n
d " - fa]" H 1
11-8 a Area, U-value, and absorption/transmission coefficient {f) Horiz. 2, U, % F0.7
b “ M N " "

c n " NE L] L3
a M u £ “ "

e " " e u "

f “ " 5 " "

g N » W " "
by " 0 W " "

3 " “ oy “ "
11-9 Efficiency of heatinyg equipment, efficiency of cooling equipment €, Cop 2F10.2
1-10 Source efficiency of (heating fuel, cooling fuel, electricity) % 3r10.2
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LOCKEFIELD GARDEN APARTMENTS

appendix A






APPENDIX A
CASE STUDY: LOCKEFIELD GARDEN APARTMENTS, INDIANAPOLIS, INDIANA

Lockefield Garden Apartments is an abandoned, low-income
housing project in Indianapolis, Indiana. Built by the PWA in
1935, the complex represents one of the first government spon-
sored housing developments built in the United States. Demo-

lition of the Lockefield Garden Apartments is currently being
proposed.

This case study analysis of the Lockefield Garden Apart-
ments and potential rehabilitation demonstrates Inventory
Model technigues for estimating embodied energy of materials in
the existing structures, embodied energy of potential rehabili-
tation materials and construction, and the amount of enerqgy re-
quired for demolition of the structures.
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THE EMBODIED ENERGY OF MATERIALS IN THE EXISTING LOCKEFIELD GARDEN
APARTMENTS IS MORE THAN ONE~- AND ONE-HALF TIMES THE ENERGY
INVESTMENT WHICH WOULD BE REQUIRED TO
BUILD A NEW COMPLEX

Embodied Energy of Materials in the Existing Buildings
Was Determined by Using an Inventory of Materials From
the Original Architectural Plans

Materials were inventoried from the plans for a typical
building in the complex. Exhibit A-1 lists the gquanti-
ty of materials inventoried for building 10. Because
these materials represent about two-thirds of all mate-
rials used in construction, the subtotal of embodied en-
ergy was increased to account for the remaining materials.

70% Embodied Energy of Inventoried Materials, Building #10 = 25800 MMBtu

100% Embodied Energy of All Materials, Building #10 36800 MMBtu

Building #10 was considered typical of construction through-
out the complex. The embodied energy of materiala per square
foot of typical construction was calculated and then multi-
plied by the total complex construction area to estimate the
embodied energy of materials for all buildings.

36800 MMBtu

Embodied Energy of materials/s.f. (typical) = 33400 s.F. 1.10 MMBtu

Embodied Energy of materials for the complex =
516980 s.f. (complex area) x 1.10 MMBtu/s.f. (typical) = 568700 MMBtu




Material

Hardwood flooring
Doors

Paint

Roofing

Window glass
Masonry Cement
Face brick
Structural tile
Ceramic tile
Concrete block
Ready mixed concrete
Plaster, 1/2"
Batt insulation
Rebars

Wire mesh

Steel pipe

EXHIBIT A-1
Materials Inventory for Building #10

Energy/Unit

14,283 Btu/b.f.
872,881 Btu/ea.
508,475 Btu/gal.
7,753 Btu/s.f.
13,659 Btu/s.f.
1,586,787 Btu/bbl.
14,283 Btu/ea.
33,416 Btu/ea.
68,660 Btu/s.f.
31,821 Btu/ea.
2,594,338 Btu/c.y.
6,970 Btu/s.f.
6,860 Btu/s.f.
16,338 Btu/c.f.
3,870 Btu/s.f.
164,106 Btu/1.f.

59

Unit Quantity

12,523 b.f.
380 count
256 gal.
10,239 s.f.
4,250 s.f.
1,670 bbl.
438,984 count
219,492 count
9,980 s.f.
2,688 count
2,082 c.y.
235,264 s.f.
8,350 s.f.
10,282 1.f.
800 s.f.
4,710

TOTAL

Energy (MMBtu)

179
332
130
79

58
2,650
6,270
7,334
685
86
5,188
1,640
57
168

3

773
36,650 MMBtu



The Existing Building Represents More Than One- and One-
Half Times The Energy Investment Reguired to Build a
New Complex Today

Concept model calculation techniques were used to esti-
mate the Embodied Energy of Materials and Construction
required for a comparable new complex. Quantities of
embodied energy per square foot of new construction were
obtained from Exhibit 1.

Embodied Energy of New Materials and New Construction =
516980 s.f. x 0.68 MMBtu/s.f. (New) = 351,500 MMBtu

Comparing this estimate with the embodied energy of
materials for the existing buildings calculated above
shows that the embodied energy of the complex is more
than double the energy investment required for a new
building providing the same services.

568700 MMBtu (Existing/351500 MMBtu (New) = 1.61
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REHABILITATION OF LOCKEFIELD GARDEN APARTMENTS
POTENTIALLY REQUIRES ONLY A FRACTION OF THE
ENERGY NEEDED TO CONSTRUCT A COMPARABLE
NEW COMPLEX

Rehabilitation of Lockefield Garden Apartments could range
anywhere from minimal renovation to extensive alteration
of the existing structures. At a minimum, the following
activities would be required: '

. Refinish all interior surfaces (paint, plaster,
flooring, etc.)

. Reglaze all windows

Replace all mechanical, electrical and plumbing
systems. :
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Embodied Energy of Rehabilitation Materials Was Estimated
py Using Survey Model Techniques

Rehabilitation materials quantities were approximated for
a typical building and the results used to estimate the
embodied energy of rehabilitation materials for the en-
tire complex. Exhibit A-2 lists the survey of rehabilita-
tion materials for Building #10. All systems and miscel-
laneous materials would account for about one-fifth the
embodied energy of materials for a comparable new facil-
ity. Therefore, the total embodied energy of rehabilita-
tion materials includes 20 percent of the embodied energy
of materials required for a new building.

Embodied Energy of Inventoried Rehabilitation Materials, Bldg. #10
= 2,000 MMBtu

20% Embodied Energy of New Construction materials 4,542 MMBtu

i

Total Embodied Energy of Rehabilitation Materials = 6,542 MMBtu

Dividing by the gross area of Building #10 yields an esti-
mate of the embodied energy of rehabilitation materials
per square foot of typical construction and, in turn, an
estimate of the total materials energy investment required
for all the buildings.

Embodied Energy of Rehab. Materials per Typical Square Foot
6542 MMBtu/33406 s.f. (Building #10) = 0.20 MMBtu/s.f.

Total Embodied Energy of Rehab Materials for Complex

= 516980 s.f. x 0.20 Btu/s.f.
103400 MMBtu
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Construction Energy for the Rehabilitation of Lockefield
Garden Apartments Will Only be One-Quarter the Amount
Recquired to Build a New Complex

Rehabilitation of Lockefield Garden Apartments would re-
quire substantially less construction effort than con-
structing a comparable new facility. For analysis pur-
poses, it is assumed that about one-fourth the amount
of construction activity will be required and, for esti-
mating purposes, the relative requirements for enerqgy
use is directly proportional. Quantities of energy per

square foot required for new construction were obtained
from Exhibit 5.

Rehab. Construction Energy % [ 516980 s.f. x 0.15 MMBtu/s.f. (New)]

19400 MMBtu
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EXHIBIT A-2
Survey of Rehabilitaticon Materials
for Building #10

Item Quantity MMBtu
Hardwood Floors 12523 b.f. 179
Interior 0il Paint 256 gal 130
Window Glass 4250 s.£f. 58
Plaster 235264 s.f. 1640

Surveyed materials subtotal: 2007 MMBtu
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Rehabilitation of Lockefigéld Gardens Will Require About
One-Third as Much Initial Energy Investment as Building
a Comparable New Complex

Embodied Energy of Rehabilitation Materials and Construc-
tion represents less than 35 percent of the Embodied
Energy of New Materials and New Construction.

122600 MMBtu (Rehabilitation) - 0.35
351500 MMBtu (New) :
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DEMOLITION OF LOCKEFIELD GARDEN APARTMENTS WILL
REQUIRE ONE-EIGHTH AS MUCH ENERGY AS
REHABILITATING THE COMPLEX

The Amount of Energy for Demolition Is Estimated in
Proportion to the Weight of the Materials to be
Hauled From the Site

The weight of construction materials in Building 10
was estimated from the materials takeoff used for
determining embodied energy. From this result, the
weight of materials for the entire complex was cal-
culated. Exhibit A-3 lists the inventoried materials
and wéights for Building 10.

!

Material weight, Building #10 7700 tons = 0.23 tons/s.f. (Typical)

L]

100% material weight, Complex = 516980 s.f. x 0.23 tons/s.f. (Typical)

= 118000 Tons
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EXHIBIT A-3
Material Weight Inventory for Building #10

Material Weight

ek FedEal % Bk o el 4 i e A 05y e

Material (tons)

Hardwood flooring 25

'E Doors 19
? Paint 2
Roofing 16

Window glass 6

Masonry cement 491

Face brick 1,369
; Structural tile 1,368
é Ceramic tile 45
% Concrete block 54
g Ready mixed concrete 4,047
& Plaster, 1/2" 205
Batt insulation 1

Rebars 5

Wire mesh 1

Steel pipe 2
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Demolition of'Lockefield Garden Apartments Will Potentially
Consume One-Eighth as Much Energy as Rehabilitating the

Cogglex

Demolition Energy can range from 0.07 MMBtu/ton to
0.13 MMBtu/ton to load and haul away building materials.
it does not include landfill or regrading the site.

Lockefield Garden Apartments Demolition Energy =
118000 tons x 0.13 MMBtu/ton (Materials) = 15300 MMBtu

Demolition Energy is about one eighth the Embodied Energy
of Rehabilitation for the Lockefield Garden Apartments.

15300 MMBtu (Demclition) /122600 MMBtu (Rehab.) = 0.12
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ANNUAL OPERATIONAL ENERGY FOR THE REHABILITATED
LOCKEFIELD GARDEN APARTMENTS WOULD BE
GREATER THAN ANNUAL OPERATIONAL
ENERGY FOR AN EQUIVALENT
NEW COMPLEX

Annual Operational Energy for a Typical Building in the
Complex Was Calculated Using the Inventory Model Method

Exhibit A-4 displays the calculation results for Build-
ing #10 which was considered typical of complex
facilities.

Building 10 Annual Operational Energy 2132 MMBTU

= 0.0638 MMBtu/s.f. (Typical)

The Annual Operation Enerqgy for the Entire Complex Was
Obtained by Multiplying the Typical Consumption Per
Square Foot by the Total Building Area

Complex Annual Operational Energy

516980 s.f. (Area) x 0.0638 MMBtu/s.f.
{Typical)

33000 MMBtu
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EXHIBIT A-4
Annual Operational Energy,
Building 10

THIS IS THE ACHP INMYENTORY MODEL OF OFERATIONAL ENERGY
RUILDIMG 180 TYPICAL
TOTAHL
HERT INi CO0OL IMG ERUIPMENT OFEPRPARTIOMAL
EHERBY EMERGY ENEREY EHERGY
CMMEBTUS TMMBTLI CMMETLID CMMBTLE
1945, 187, n. clac.

AMNLUAL EMERGY LUZE IM THIS ZFACE IZ ZOIARRE FOOT FER

PRI PRpAPr I Sy R s o A L o e oo D o d P TR IS S DE S 2 2 B ) ot

PUILDIMNE TAOTAL
LOCKFIELD GAFDEN APTS. — BUILDIMG 10
TOTAL

HERTINGR COOLTHG EQUIFMENT OPERATIONAL

EMHERGY ENERGY EHERGY ENERGY

CHMBTL TMMETLD CMMBTLY CMMEBTLD

1245, 1837, 0. c132.

ANMUAL ENERGY USE IN THE EBUILDING 1= 3218, BTU PERP ZOUARRE FOOT PER YEAR.
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Lockefield Garden Apartments Will Annually Use Approxi-
mately One-Sixth More Enerqgy Than Average Comparable
New Facilities in the Same Climatic Region

Annual operational energy for a comparable new complex
was estimated using the Concept Model method. Values
for the amount of operational energy per sgquare foot of
new consturction were obtained from Exhibit 3.

New Construction Annual Operational Enerqy

516980 s.f. (Area) x 0.055 MMBtu/s.f. (Multifamily, Low Rise)
= 28400 MMBtu

Comparing the annual operational energy for the rehabili-
tated Lockefield Garden Apartments to the annual heating
and cooling consumption of an average new complex shows

that the existing structures will consume approximately
16 more percent energy each year.

33000 MMBtu (Lockefield Garden Apts.) /28400 MMBtu (New) = 1.16

71



THE REHABILITATED LOCKEFIELD GARDEN APARTMENTS COMPLEX
WILL HAVE A NET ENERGY INVESTMENT ADVANTAGE OVER AN
EQUIVALENT NEW COMPLEX FOR MORE THAN 50 YEARS

The Lockefield Garden Apartments annual operational energy
deficit is small when compared to the energy savings in
rehabjilitation. The total energy invested in the rehabil-
itated complex will be less than the energy invested in
equivalent new facilities until the net accumulated oper-
ational energy deficit is equal to the energy savings in
rehabilitation materials and construction. From the pre-
vious analysis:

Embodied Energy Savings = 351500 MMBtu (New)
122600 MMBtu (Rehab.)

= 228900 MMBTU

Annual Operational Energy Deficit = 33000 MMBTU (Rehab.)
-28900 MMBtu {New)

4600 MMBtu

Therefore, it will take 50 years before the total energy
investment in the rehabilitation and a new complex are [

eguivalent.
Rehab. Embodied Energy Savings _ 230000 MMBtu
Rehab. Operational Energy Deficit 4600 MMBtu/Yr.

50 Years

I

72




wame icdie abasn 0% cuially

oA ia s Al i A PR e i

"

GRAND CENTRAL ARCADE

appendix B






APPENDIX B
CASE STUDY: GRAND CENTRAL ARCADE, SEATTLE, WASHINGTON

The Grand Central Arcade is an adaptive reuse of a hotel
in the Pioneer Square Historic District in Seattle. The 80,000
s.f. rehabilitated building includes both office and commercial
uses.

In this case study, the Arcade renovation is analyzed
to demonstrate the use of the Inventory Model methods for
calculating Embodied Energy of Materials and Construction
and Annual Operating Energy.
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EMBODIED ENERGY OF REHABILITATION MATERIALS AND CONSTRUCTION
FOR THE GRAND CENTRAL ARCADE IS ONLY A FRACTION OF THE
ENERGY EMBODIED IN AN EQUIVALENT NEW STRUCTURE

. Embodied Energy of Rehabilitation Materials

The Inventory Model for calculating embodied energy
requires a thorough inventory of rehabilitation
materials. Exhibit B-1 tabulates the inventory of
materials obtained from the architectural plans for

the Grand Central Arcade. The materials inventoried

are only those for which embodied energy characteristics
are available. Because these materials represent about
70 percent of the total energy invested in materials,
the subtotal of embodied energy obtained from the
inventory is increased.

Inventoried Materials, 70% of Rehabilitation Materials, Embodied Energy 3300 MMBtu
100% of Rehabilitation Materials Embodied Energy = 4700 MMBtu
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Rehabilitation Materials Inventory for

Material

Wood studs

Wood doors
Plywood

Sheet glass

Float glass
Ceramic tile
Concrete block
Brick

Concrete

5/8" gypsum board
6" batt insulation
Nails

Rebars

Angle iron

Steel strip

Steel beam

Steel bolts

Interior ap. paint

EXHIBIT B-1

the Grand Central Arcade

Energy/Unit

7,611/b.f.
346,502/ea.
5,779/s.f.
15,430/s.f.
54,672/s.f.
68,660/s.fF.
31,821 /ea.
4,985/ea.

2,594,338/c.y.

5,297/s. f.
8,345/s. f.
34,016/1b.
15,664/1b.
26,910/1b.

120,825/1b.

22,707/1b.
26,625/1b.

437,025/gal.
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Quantity

14,300 b.£.
90 count
59,584 s.f.
9,080 s.f.
81 s.f.

200 s.f.
615 count
2,663 count
43 c.y.
72,482 s.f.
16,662 s.f.
1,376 1b.
1,923 1b.
15,334 1b.
7,818 1b.
17,792 1b.
120 1b.

340 gal.

Energy (MMBtu)

108.8
31.2
344.3
140.3
4.4
13.7
19.6
13.3
11i.6
383.9
139.0
46.8
30.1
412.6
944.6
404.0
3.2
148.6

3,300 MMBtu



Embodied Energy of Rehabilitation Construction

The Inventory model requires an estimate of
Rehabilitation construction energy based upon

the construction energy for comparable new
construction. Professional judgment must be

used in determining whecher and to what extent
rehabilitation construction will reguire more

or less energy than new construction. Accord-

ing to the architect and owner, the Grand Central
Arcade required considerably less construction
activity than a comparable new building. Almost
all energy consuming materials activities associated
with construction of the building shell were elim-
inated, as well as much of the major interior work.,
Therefore, it was conservatively estimated that
one-half the amount of construction energy for an
equivalent new building was consumed by the
rehabilitation.

The Grand Central Arcade incorporates both office
space and commercial space, each type requiring a
different amount of construction energy. The
total construction energy for the rehabilitation
is made up of proportional contributions for each
type of space. Quantities of construction energy
per square foot of new construction were obtained
from Exhibit 5.

Rehabilitation construction energy = .5[32000s.f. x 0.22 MMBtu/s.f.
(Commercial)
+48000 5. f. x 0.36 MMBtu/s.f.
(Office)]
=12200 MMRERtu
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Embodied Energy of Rehabilitation Materials and Construction

The embodied energy of Rehabilitation materials, added to
the energy of rehabilitation construction energy, yields
the total embodied energy of Rehabilitation Materials and

Construction.

Embodied Energy of Rehabilitation Materials and Construction =
4700 MMBtu (Materials)

12200 MMBtu (Construction)

16900 MMBtu
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The Grand Central Arcade Required Less Than One-Fifth
as Much Energy for Materials and Construction as a
Comparable New Facility

The embodied energy of materials and construction for
a comparable new building was obtained by using the
concept model method of calculation because more de-
tailed plans were not available. Quantities for em-
bodied energy per square foot of new construction were
obtained from Exhibit 5.

Embodied Energy of New Materials and New Construction

Il

32000 s.f. x 0.94 MMBtu/s.f. {(Commercial)

+ 48000 s.f. x 1.64 MMBtu/s.f. (Office)

=108800 MMBtu

Comparing embodied energy of materials and construction
for the rehabilitation and a comparable new facility
shows that the rehabilitation requires considerably
less initial energy investment.

16900 MMBtu (Rehabilitated)}/108800 MMBtu (New) = 0.16
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ANNUATL, OPERATIONAIL ENERGY FOR THE GRAND CENTRAIL ARCADE 1S
SLIGHTLY GREATER THAN OPERATIONAL ENERGY FOR AN
EQUIVALENT NEW BUILDING

Inventory Model Calculation of Annual Operational Energy

Annual operational energy for the Grand Central Arcade
was estimated by assuming that the commercial spaces
and cffice spaces had different schedule and use re-
quirements. Exhibit B~2 displays the computer print-
out for the building and each zone.
Grand Central Arcade Annual Operational Energy =
3325 MMBtu (Commercial Spaces)

+2389 MMBtu (Office Spaces)

=6215 MMBtu (Total)
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EXHIBIT B-2
Annual Operational Energy for
the Grand Central Arcade

THIEZ IS THE RACHF INYENTORY MODEL OF OPERATIONAL EMERGY
DEVELOPED AT BOOZs ALLEN & HAMILTOM

OFFICE SPRCE

TaTAL
HERT ING COOL ITMG EQUIPMENT OPERATIOMAL
ENHERGY EMEFRGY EMEREY ENERGY
CMMBTLL CMMETLUD TMMETL CMMEBTLR
35, 11594, 1e54a. 2820,

ANNUAL EMERGY LSE IN THIZ ZPACE IE a60213. BTU FPER EGQUARE FOOT PER YERR.

RETRIL =PRCE

TOTAL
HERTING COOL IMNG EQUIPHMENT OPERATIDNAL
EMERGY EHERGY ENERGY EMERGY
CMMETL MMBTLD CMMBTL TMMBTL
2. 1094, 2052, 2325.
AMMLIBL ENERGY DEZE IN THIZ ZPRACE IS 103906, BTU PER SQUARE FOOT PER YERR.

e b s s d e s st ol s S22 2 2 S T R RS2 LA NS N T e S e

BUILDING TOTAL
CEAND CENTRAL BHOTELs ZEATTLE. WAZHIMGTOM

TOTAL
HERTING CO0OL ITHG EQUIIPMEMT OPERATIONAL
EMERGY EMERBY EMERGY EMERBY
{MMETLE cFMBTL CMMBTL CMMETLE:
= Z2eva. 2E0, ecl5.
AMNUAL ENERBY JZE- IH THE BUILDIMS IS FYeAn, EBTL PER ZOARE FOOT PER
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The Grand Central Arcade Will Annually Use Approximately
6 Percent More Energy Than an Average Comparable New
Facility in the Same Climatic Region

Annual operational energy consumption for a comparable
new building was estimated using the Concept model
method. Values for the amount of operational energy
per square foot of new construction were obtained from

Exhibit 4.
New Construction Annual Operational Energy

= (32000 s.f. x 0.086 MMBtu/s.f. (Commercial Space)

+48000 s.f. x 0.065 MMBtu/s.f. (Office Space)]

= 2752 MMBtu + 3120 MMBtu

= 5872 MMBtu
Comparing the annual operational energy for the Grand
Central Arcade to the annual consumption of an average
comparable new facility shows that the rehabilitated
structure will consume approximately six percent more
energy each year. It should be pointed out, however,

that the Grand Central Arcade was completed prior to
the 1973 o0il embargo.

6215 MMBtu (Grand Central Arcade)/5872 MMBtu (New) = 1.06
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THE GRAND CENTRAL ARCADE WILL HAVE A NET ENERGY INVESTMENT
ADVANTAGE OVER AN EQUIVALENT NEW STRUCTURE FOR THE
NEXT TWO CENTURIES

The Grand Central Arcade annual operational energy deficit
is very small. The total energy invested in the Grand Central
Arcade will be less than the energy invested in a new eguivalent
facility until the net accumulated operational energy deficit is
equal to the energy savings in rehabilitation materials and
construction. From the previous analyses:

Embodied Energy Savings = 108800 MMBtu {New)

- 16900 MMBtu {(Rehabilitated)

919200 MMBtu
Annual Operational Energy Deficit = 6215 MMBtu {Rehabilitated)

5872 MMBtu {New)

343 MMBtu

Therefore, it will take approximately 250 years before the
energy investment in the two schemes are equivalent,

Rehab. Embodied Energy Savings 91900 MMBtu

= = 268
Rehab. Operational Energy Deficit 343 MMBtu/year years
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APPENDIX C
CASE S5TUDY: "AUSTIN HOUSE", WASHINGTON, DC

"Austin House" is a 3~unit apartment adaptive reuse of a
carriage house in the Capitol Hill Historic District of
Washington, DC. The extensive rehabilitation of the carriage
house left only the original exterior shell intact.

This case study analyzes the rehabilitation of the
Austin House to demonstrate the Survey Model methods for
determining embodied energy of materials and construction
for the adaptive reuse of the structure, the energy in-
vestment represented by the building shell, and the annual
energy consumption for heating and cooling.
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THE "AUSTIN HOUSE" REHABILITATION REQUIRED LESS THAN HALF
OF THE ENERGY EMBODIED IN MATERTALS AND CONSTRUCTION FOR AN
EQUIVALENT NEW STRUCTURE

Embodied Energy of Rehabilitation Materials and
Construction Was Calculated Using Survey Model
Techniques

A survey of building materials was taken from architec-
tural plans and notes of an inspection of the building.
Materials were grouped into five categories and quanti-
ties estimated for each. Exhibit C-1 lists the cate-
gories and quantities of surveyed materials. Because
the surveyed material categories represented only about
two-thirds of the total energy of construction materials,

the subtotal from the survey was increased to account for
the remaining materials.

70% of Rehabilitation Materials

260 MMBtu
100% of Embodied Energy of Rehabilitated Materials

371 MMBtu

I
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EXHIBIT C-1
Survey of Embodied Enerqgy of Materials
and Construction

EMBODIED ENERGY OF REHABILITATION MATERIALS

Wood 3078 b.f. x 9,000 Btu/b.f. = 28 MMBtu
Brick 304 ¢.f. x 400,000 Btu/c.f. = 121 MMBtu

Concrete
{(Plaster) 720 c¢.f. % 96,000 Btu/c.f. = 69 MMBtu
Window 388 s.f. x 15,000 Btu/s.f. = 6 MMBtu
Insulation 4472 s.f. x 8,000 Btu/s.f. = 36 MMBtu
SURVEYED MATERIALS SUBTOTAL = 260 MMBtu
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The Extensive Rehabilitation of "Austin House" Required
at Least as Much Construction Energy as Building a New
Structure

Both the owner and the contractor asserted that the
rehabilitation effort required as much or more con-
struction activity than building a new facility. In

the analysis, it was assumed that construction energy
for the rehabilitation equalled what would be reguired
for a comparable new structure. Quantities of construc-
tion energy per square foot of new construction were ob-
tained from Exhibit 5

Rehabilitation construction energy = 2700 s.f. x 0.10 MMBtu/s.f. (New)
270 MMBtu
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Embodied Energy of Rehabilitation Materials and
Construction for "Austin House" Is Only 40 Percent
of the Initial Energy Investment Which Would Be
Required for a Comparable New Building

The embodied energy of materials and construction for a
comparable new building was estimated using Concept
Model methods. Quantities of energy per square foot

of new construction were obtained from Exhibit 4.

Embodied Energy of New Materials and New Construction

2700 s.f. x 0.63 MMBtu/s.f. (New)
1701 MMBtu

ol

The embodied energy of rehabilitation materials and
construction is less than half the initial energy
investment for a comparable new building.

371 MMBtu (Rehab. Materials) + 270 MMBtu (Rehab. Construction) - 0.38
1701 MMBtu (New Materials and Construction) o
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THE EXISTING EXTERIOR SHELL OF THE "AUSTIN HOUSE"
REPRESENTS OVER HALF THE ENERGY INVESTMENT
REQUIRED TO BUILD A NEW 3 UNIT
APARTMENT BUILDING

Analysis of the "Austin House" rehabilitation suggests
that the exterior shell accounts for more than half the
total energy investment in buildings of this size and
use because everything else (interiors, etc.)} amounts
to only 45 percent. To verify this, survey model
techniques were used to estimate the embodied energy

of materials in the existing shell.

Existing Shell Embcodied Energy 1817 c¢.£. (brick skin) x 0.40 MMBtu/c.f.

6108 b.f. (rocof structure & sheathing} x 0.01 MMBtu/b.f.
128 c.f. (clay tile) x 0.40 MMBtu/c.f.

1773 ¢.f. {concrete} x 0.10 MMBtu/c.f.

1016 MMBtu

+ o+ o+

Comparing the existing shell embodied energy to the total
energy investment required for a comparable new building

shows that the brick skin does account for over half the

needed energy.

1016 MMBtu {(brick skin) /1701 MHBtu (new building) = 0.60
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THE REHABILITATED "AUSTIN HOUSE" WILL ANNUALLY CONSUME LESS ENERGY FOR
HEATING AND COOQLING THAN THE AVERAGE NEW 3-UNIT APARTMENT
IN THE WASHINGTON, DC CLIMATIC REGION

. The rehabilitation of the carriage house included particular
attention to energy conservation measures. Extra wall and
roof insulation and double glazed windows were included, as
well as construction details to reduce infiltration.

Heating and cooling energy consumption was 10 percent less
in the rehabilitated "Austin llouse" than in an average
comparable new three-family residence.

Exhibit .C-2 displays the computed annual operational energy.
The proportion of energy used to operate lights and eguipment
has been subtracted from the total to determine the energy
required for heating and cooling.

Comparing heating and cocling energy for the rehabilitation
to annual consumption for an average new facility shows that
"Austin House" will consume approximately 5 percent less
energy each year.

4300 Btu/s.f. {(Austin Housé) /4500 Btu/s.f. (new building) = 0.95
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| EXHIBIT C-2
Annual Operational Energy
for the Austin House

= A | a0, MOULDEL
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OVER JTS EXPECTED LIFE, AUSTIN HOUSE WILL CONSERVE ENOUGH ENERGY TO HEAT
AND COOL AN EQUIVALENT NEW APARTMENT BUILDING FOR OVER 10 YEARS

Energy savings continue to grow over the expected 1ife
of the rehabilitated Austin House.

Il

1701 MMBtu (New building)
-_641 MMBtu (Rehabilitation)
1060 MMBtu

Renabilitation Embodied Energy Savings

30-Year Expected Life Operational
Energy Savings = 5.4 MMBtu/yr
X 30 yrs
= 162 MMBtu

1060 MMBtu
162 MMBtu

Total energy savings = 12227 MMBtu

Total energy savings over the life of Austin House will be enough
energy to heat and cool an equivalent new apartment building for
over 10 years.

Total Rehabilitation Energy = 1222 MMBtu

Annual heating and cooling requirement for
equivalent new apartment = 2700 s.f. x 45000 Btu/s.f. = 122 MMBtu/yr.

1222 MMBtu/122/MMBtu/yr. = 10 vr.

* U.8.G,P,0, 625-050/1302~1233 91
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