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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 incillded in or eligible
for inclusion in the National Register of Historic Places,
and Title I of the Public Buildings Cooperative Use Act,
which requires the Council to advise the General Services
Administration on the suitabU ity 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 ip.terest. 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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I. overview





OVERVIEW

THE BUILT ENVIRONMENT REPRESENTS A MAJOR ENERGY
INVESTMENT BY OUR CULTURE

Processing, transporting, and putting construction
materials in place requires substantial amounts 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_
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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 energy 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.
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ANALYSIS OF THREE DISSIMILAR PRESERVATION PROJECTS HAS SHOWN
THAT REHABILITATION OF HIS'I'ORIC BUILDINGS CAN PRODUCE

SIGNIFICANT ENERGY CONSERVATION BENEFITS

Individual existing buildings represent large energy
investments in materials and construction processes

Lockefield Garden Apartments, Indianapolis,
Indiana, one of the first government 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.

'l'he 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.
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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"
carne 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.

4



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 climatic 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 apartmen-t---­
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.
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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 operate
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 3D-year period, the rehabilitated Austin
House will conserve enough energy to heat and
cool an equivalent new apartment building for
over 10 years.
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IT IS IMPORTANT THAT PRESERVATION RECEIVE PROPER CREDIT
FOR ITS ENERGY SAVINGS

Once energy is embodied in a building, it cannot be
recovered and used for another purpose 8 bricks embody
energy equivalent to a gallon of gasoline 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 it.

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.
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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,
amount of energy required
Operational energy depends

Climate
Occupancy characteristics
Physical design of the building.
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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 Operatlonal Energy for a Comparable
New Facility-Compare the estimated amount of
energy needed annually to operate the rehabili­
tated facility with the corresponding estimated
energy required for operation of comparable new
construction which incorporates contemporary
energy conservation standards in the same
climatic region.

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

Alternatively, the total energy 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.
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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 AVAILABLE

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
detail and precision:

Building Concept Model--simple methods
Building Survey Model intermediate methods
Building Inventory Model--detailed methods.
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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 required to estimate the amount of
energy needed to raze, load, and haul
away construction materials.

2Eerational Energy: Based upon the
building type, location, and gross size,
a single calculation is required for an
approximation of total annual operational
energy.
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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
energy 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.

Demolition 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.
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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.
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In making comparisons between the energy 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.
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1. BUILDING CONCEPT MODEL

~. BUILDING SURVEY MODEL

~.BUILDING INVENTORY MODEL

II. 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 Survey Inventory

Model Model Model

Embodied Energy Investment 1.1 2.1 3.1in Existing Buildings

Demolition Energy for 1.2 2.2 3.2Existing Buildings

Embodied Energy Investment 1.3 2.3 3.3in Renovated Buildings

Annual Operational Energy 1.4 2.4 3.4in Renovated Buildings

Embodied Energy Investment 1.5 2.5 3.5in New Bui Id i ngs

Annual Operational Energy 1.6 2.6 3.6in New Buildings

15





1. concept model





INl"OHMA1'lON RE:QUIR{o;O

Cui IdilllJ type

Gross s.L

t:;ll1uodit'd
Ent=l-gy
Illvestll1~nt

'7

x
IllVeSted crh_':['':!Y per ~quClre ]
foot specific to thl:. buildiny
type from Exllibit 1



1.2 CONCEP'l' MODEL OEMOLI'rION ENERGY FOR EXISTING BUILDINGS-------

INFORMATION REQUIRED

Construction materials type (light, medium, or heavy)

Gross s.f.

PROCEDURE

Demolition Energy

J 8

[

Gross floor
etrecJ of
existi.ng
bui lding

Demoli tion energy of materials ]
per square foot of construction
for buildings of similar size
and construction type,
Exhibit 2



EXIIIBIT 1
Embodied Energy of Materials and COllstruct101l

Per Square Foot of Construction

EXIIIBIT 2
Demolition Energy of Construction Materials for Existing Buildings

Hesidcntial - 1 Family
Residential - 2-4 Family
Residential - Garden Apt
Resid~ntial - High Rise

notel/Motel
Dormitories
Industrial Buildings
Office Buildings
Warehouses
Garagcs/Serviee Stations
Stores/Restaurants
R~liyious Buildings
Educational
Hospital Buildings
Other Nonfdrm Duildinys
a. Amusement, Social b Re~

b. Mise Nunresidential Bldq
C". Laboraturie.!::l
d. Libraries, Museums, ~tc.

MBTU/Sq. Ft.

700
630
650
740

1130
1430

970
1640

560
770
940

1260
1390
1720
]450
1380
1100
2070
1740

Light.

(",.g .• wouct fl·am..,)

MeJ i Ulll

(~·9., :ill''''l tram",)

Htlavy
(e.g., ma::;t;,m:y,
concret.e)

Sl1ld.11
5000-15,000 s.f.

3100 Btu/s.L

9300 atu/s.f.

1~,500 Bl:u/".f.

Buildi 09 size

J<1",dillm

50,OOU-15U,OOO s.f.

2400 Btu/s. f.

7200 Bt.u/::;.f.

12,OOU Btu/s.f.

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

2100 Btu/s.f.

6]00 Btu/s.f.

10,500 IItu/s.f.

I !::~;~~iy-iI5-"'--.0~.!!2~J~!~~~ C"llst:r~ct:jon, j,;llP-H)Y
l~l.':l'-'<.In:h G,'''''J', Ct~ntal' fur Adv<lru.:(;d COlIlPUt.<ltjolL,

llllivl.">iity "r JU illOi" all...! Hidldrd (,. Sl...,ill allJ

lit.::;ll<.:icltet,;, [)"c'"'uL", l'J7u.



INPORMATION REQUIRED

Building type

Gross s.f.

(1. fraction of materials and construction of the existing historic
building that is being replaced or added in the renovation process.
The value of fl is largely a matter of judgment

PHOCEDURE

Embodied
Energy
TnvestnJent [

Gros~ floor area of
historic building

20

x
Invested energy per square ]
foot specific to the building x f

1type from Exhibit 1



INFORMATION REQUIRED

Building type

GroSS s.f.

f
2

, multiplier repre::;enting the extent to which renovations may be expected
to make the historic building energy consumption equivalent to new buildings.
The value of f

2
is larq~ly a matter of judgment

PROCEDURE

Annual
Operational
Energy [

G~OSS fluor area
of hisLuric
btlildjn(j

21

x
Energy conslmlption in build- x f

2
]

iogs of similar type in the
same climatic region. 1-975
levels, Exhibit 3



CLIMATIC REGIONS

22

EXHIBIT 3
A.nnual Opt:rational Energy (HBtU/Sf)l

"0.""• RegionBUilding 'rype z

I 2 ] , 5 6 7

Office 64 " 76 65 61 51 50 64

Elementary 65 n, 70 68 70 53 '8 57

Secolldary 52 77 66 55 51 17 41 J4

College/Univ. 65 67 70 '6 59 - - 83

Hospit.al 190 - 200 171 227 207 - 197

Clinic 69 84 72 71 65 61 59 59

Asst.!mbly 61 58 76 66 51 44 68 57

Restaurant 159 162 178 IB6 144 123 137 U1

Men;:;lntl1e B' 99 9B 86 Bl 67 B] BO

Warehouse 65 75 82 65 50 36 17 39

Residential Non-
lIousekeeping 95 99 84 9' 125 90 9] 106

High Rise Apt. '9 53 53 52 53 J4 29 -

Multif;Jmily
}.ow Rise " 58 55 41 n 27 22 12

Single Family
.'\ttached 47 65 54 45 17 35 3J 45

Single Family
Ij,'tached 69 10' 73 61 52 " 3B 5B

Mobile lIames 75 103 B' ., 67 42 54 70

1'111\5£ ONE/BASE DATA for the rtevelopment of ENERGY PERFORMANCE
S'!'ANDAROS FOR NEW BUILDINGS, HUO, OOE, January, 197B



1.5 CONCEP'l' MODEL EMBODIED ENERGY INV£S'rfolEN'l' IN NEW BUILDINGS

INFORMATION REQUIHED

Building type

Gross s.f.

pnOCEDUH:E

Embodied
Energy
Investment (

Gros~ floor area
uf new building x

Invested energy pel' slluare foot]
specific to the building type
from Exhibit 1



1~Ei ~Q~~PT. MOU~L ANNUAL OPERATIONAL ENERGY IN NEW BUILDINGS

INFORMATION REQUIRED

Building typ.e

Gr-oss s.f.

PROCEDURE

Annual
Operational
EnergY [

Gross floor
area of new
building

24

x

Energy consumption j n ]
buildings of similar
type in the same cli­
matic region, 1975
levels, Exhibit 3



2. survey model





INF'ORMA'l'ION HBQU I RED

Building type

Gross s.f.

Materials quanb ty sUl.vey ill terms of seven [_,rimctry material categories

PROCJ.::DURE

Embodied
Enel."gy
Investment

[Eller<.w u:icd in construction + I::neryy inv<2sted in materialS]

En8rgy
Used in
Construction

[

Gros::; floor area
,',f historic
but lding

Invest<2d construction]
eneryy per square
foot specific to the
building type from
Exhibit 5

Energy
Invested
in Materials

Invested energy per material]
unit fr~m Exhibit 4

i=l - \'loud
2 - Paint
J - Asp!J,llt
4 Glass
5 S lillie dlld clay
6 - Prihldry iron and steel
7 - Pt-ir:ldry non-ferrous

* Til" ,;ur-vc:y"d" md-L;;;~--ia.l:..; ~<:C:<."-llli r'i! ,I",,,t ~,o 1',"1"'-''''11. (Jl til .... lOl,ll cm!>ocJi"d Q'll.L'JY of buildlnq cOIl!.;lruction. 'l'he
hurv",y,-,d mc!lI.ai<-!l=-.; du wJI illCj':dc "'HI"<:,,JJ,"'c,utl~ iJld=-.;t_ich; L'<lvin'J; llU'I-f..... l-0U:; win::; Illt!ch"uJical. plumLiny iJ"d

Cli,ll:t.lic.Jl ""JOIifJlII'--'ut. <-!lld tixllI'"",; ;),,,,,1. 10,-1..11 wCJr" .... ; "....,L.. t ,J,JOL:.. ill'U lJlalt: WOlk; misr.cJldU<':OUS and <.irc:.:hitcclll1-al
1I1(.:L ... JWlll-k,,,J ,1110.1 1Il~f\y "Lt,,,,, it IL,', ',1,1"', do lillI., iwJividurilly. cUlltl_iLute o;jqniti"'''lltly to the tutal cmLodicd '--'Iwryy.
'l'u il(:<-'ulJlll tu,- these "ldLel-i;\j", 'ihi,,]. [,o'J(.::IIL"- <'<JWI'l-i"", abuut 20 [leu..:cUl <If lll" Lotal l..!mLucti"'d energy of b"i.ldl.ll'l

eOllsLru...:liulI, the '~IIIIJlldiec1 <:llUI'I: ,I :"lIrvel'cod 'll~Leri<l.I~; lS in"n;dhl..!d :<t, H,~L, ,.. llu'J"'lhec, m'll"l'jaltJ accotllll tul'
](j PL'C<':Clll ut lhL' luL,-d ""11,,,.1','.1 '"II"I")'! "t uuildin_J cul'l:;lrut.:ti,m.
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EXlIJllIT 4
Energy Embodiment of Primary MaterialS"

I':XIII8I'r 5
Energy F:mbodjrnent of constructionl

~Iaterial category

Wood Products

~:'nbodied f:llCCyy pcr
-Maler1,)1 ulll t

'JOOO Btu;nOFT

ll"jjdinq COIl:>lrueliOIl 'I'YI'"

Energy Emboriierl ill Iniun:1
~'uel Purchases for)

construction"

MBtu/SF

Paint Products

Asphalt Products

t,jl.:J.s~ Products

1000 Btu/sf 14505f/9al.1

2000 Btu/sf

15UOO Btu/sf-windows

Resident ial
Hesidential
Rc,;Jdelltial
Re!;id,mtial

J fi.lmi Iy
1-4 family
(;.lrdl<u Apt
lIiqllyb€

90
100
120
150

~e that thes~ val"ues are approximations based on data
for it variety of producls included in Energy Use fur
Buildings, Dec~l~er 1976.

SlOlle ,. Clay Products

I'rimary Iron & Steel Products

Pr .illLary Non-Ferrous Products

40000 Btlljsf~plate

')f>OOO IJtujcf concrete

'100UOO Dlu/cf brick.

2S0QO Btu/lb

:.1',000 Btu/Ib

lIotcl/Motel
Dormitories
Indm;triaJ Buildlnqs
Office Buildil19!;
Wilrchou~cs

Gdrayc~/S~cvice SLations
S toc<·,,/H.~s tau ran ts
1,,~li'lioU5 Building
E,lucatiundl au! ldin'~~;

1I0~"itill Buildings
nt.h,)!' 1l0n-~'il[[n Hui}dings
d. Amll""lno~nt, Social, R,'('rc:lti,,,,
L. !-li sc Non-Residenti. .. 1 Flu i Id ill<JI'l
l,;. r.ahoriltnr ies
d. Libraries, MUSeUllls. ,-I,'

[-"ann Hesidences

250
330
100
360
80

150
220
260
270
350
310
300
240
450
380

70

26
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Center for Advanced Compulation, unl versity of ll}j wJis ami
Richard G. Stein and A!;soeiatus. oocenlber 1976.



2.2 ~~.!:~v£::'!. l-IODEL DEMOLJ'l'lON ENJ::IH.iY f'(,!{ l::XIS'l'lNG}JUILDINGS

INFORMATION REQUIRED

Materials quantity survt:Y in tel-ms of seven primary materidl categories

PROCEDUHE

O.:Hoolition
Energy

50· fJlu/Jh of materials x 1.4....2::
i

(
QUdiltitY of
Material

x Weight per material]
unit, 1':.xhibit (,

'rl,.., "lllvey.."j 111.',t':l'lcl.l,. ..C,-,UUllt fUi iiL,'lll ,>0 1",r':<:I,t lOf ti,e l.<.>t<11 '-'lIIl... ,di..,d ",nu,'9Y of Louildilu:J congtructioll. 'rIle
",urvuycd IIU1",.l"I.>.o dQ Hot iue]. ..d", "mi,;,'"ll",,,,,,,,,,,, I,la::;~.ico.;; l'"Villy; IHJIl-[,H"IUU:; Wln.li ~chdnj<.'i.I1. plumbiny dud

"'\"Ct1 it.:id l"JuipmcnL dud tixLun.:.J; ,,11,'''1. 1I11'tdl w""'" /\letdl du"r" dud pldL'-' wock.; IHit>cullancou» and archit~ct·ur.d

uh..:t<ll""ork,"l unu lIIc.lll'i Otll<:I' it'~1U1; wlLh,h du "llt, individUillly, <:QulriLule ~J<Jllifi<.'i.lllLly tu lh.... tol.:ll cmhodim1 .::H.... e·ly·

'/,,, ..t<:(;(,unt 10e th..,,,,u lililt"ri<ll», wJ,id, L· "J<.: I 111-'[" '-">Jlll'l·iJ;Q uLout 20 pen:cl'!". of 11,,-, Lol ...1 i':lul>odied CI'C[yy uf uuildit'.)

<.'.•I'o;le'l.;t1'"" t/,e cIllLodlcu clt.JY'olY "f c.urv"z·.·d ,ndlux-lali) is i.nc.["t1<1,;eJ :";0 U".l. dlt(j'J~lh<!r. Ilk.lt .... rii.lJ!. ':H;<:.J1Ull f'Jl-

70 I'crCGllt. of til" t",:,,1 <.:mLuoJi...,u CI,,,I\IY "f buiJdillij l.:Oll~t[uc:tion.



EXlIlBI'l' 6
Weight of Materials

Weight of H<tteridl~

woud products

Pililll products

Asph<ll t. Products

GI ass products

stone & Clay Products

Primary Iron <Iud steel prodU<:ls

Primary Nun-Ferrous Products

Weight per Uni t Quanti ty

4 11>/h. [. {board h~etl

12 Ib/gallon

100 Ib/c.f. (cuhic f~etl

170 lb/c. f.

144 Ib/c.f.

500 Ib/c.f.

250 lb/c.f.



IN~ORMATION REQUIRED

Building type

Gross s.t.

Ndll..'rials uf r'enoV<.ltior, quantity survey in terms uf seven priuldry cLlle'.!ol"ies

E , fraction uf j;,nergy il1lensiLy uf new buiJdiwJ l..:onslruction fur
t~e total building whh:h woulJ lJl..' ~~xpended in l-enovdtion activities

pnOCEDURES

ElllboJied
Energy
Investment (BTU)

Energy used
in renovation
construction

[
EJl~r'JY used in reno­
v<.1tion consLruction

[

Gross floor ar~a of
historic building

+

x

Energy invested in ]
renovation materials

Invested construction
ClIenJY pe 1" ::;quure foot
~pecific to the building
type, Exhibit 5

x

Eneryy invested
in materials

'\' [(lUantit Y of l:"eno­
1.4·~ vat ion materials

i-vlood
2-[l.:.Jint
3-u:iphall
4-'JltlsS
5-slun.:.: <.nd clay
6-lJrilUary i Lon and st.eel
7~primary non-fo..:rrous

x
Invested energy per ]
material unit, I::xhibit 4

* -·"'7i1-;-';-':;,~.-v-...,-t'~.I~~;;L-~~i;.ls ....e<'ouul LuI· "I,uut ~u L"",·...,ut OL tJlt> lot..tJ (~llJ",dic;d "1l,-,c'IY of ulIildju':l ,-,on~tru<.:ti.r1n. 'i'll<.'

:":U[.v<,:~',-,d 1](.ll""i ... 1;; do lle,1. lB,·I,d" "1'li~(;,-,ll<.l."I..'.Ju,; L'I .... :Jtio.:s; p.-.Vithj; 'h)ll-lelr~u,; wire; llKJ.ehitllieal, plun~Jill<J ..t",j

..,1,,"l';<.:.J.1 '-"I"il'lIl,-,lll .J./ld (;Xl"'·,,~;; "1.,,,'1. ,1I<.;L_l! "''>l·k, ~Ldl .lou[",; dlld I.l"t" WU1J.:.; mi;;c..,11"'1lt!,'U5 ... ud ar{;ldtc<.:lur ... J
1"<.'I..J.lw,,tJ.:., "j ... lld m'Ult' <)1.1,,,,1 il.<.'lll'; Wlll,'I, .Iu lloL, il,dividudily, <.:uLlt,.ll,ul<: ,.i'Jui ric...Int1y to the lotdl elil/.Joo..li'~d 1;:11'-'["'1Y·
'1'0, dt:Clllllll fur 111..."h.: 1Il"I<..:lJ.ll.,;, wl,i,:I, 1."')<.11,,,1 <.:'J"'I •• i",-, ..poul 2u l"'lL:'~l1l ot: 1.1,<. l.ol. .. 1 <":liilJudi.t.:d ",,"crqy of lJuildiu'J

,x)ll:..;lr,,"llull, Un.: ...,,,,lJ....di,,d ""'''"''rI ,)L "",v'~·I"d 1l!.,l""l·j"ls i" in,,["<..:.J.""..:] :>'J Lt.dL, .... ltu'.1<.:ll1'-'1, m..tt"riil}:"; ilet:uunt f"r

7lJ l'en':"IIL "t L11'-' Lul"d eluuudJ.",j 'IF"I'I',' "t l."i }.ji "'J <:"n"lnl<.:lI01l.



n~FORMATION HEQlJIrum

Ell(; J oSl.!d vo IlIJO<.~

Exposeu roof r wall, and qlilsS an~i:lS

I-:xp<.>scd roof, w<tl l , alld ~ll ass thermal tr.:lnsmissioll, U, values, E:xhi bi t [0

Ilcal. illq system t)'pe

Coulill<J system tYI'e

PROCEDURE

l\nnu<,1.
Opet-ational
Eneryy, [

Energy
offset

required to
heating loads

+ Energy
offset

l.-eguired to 1
cooling loads_

Energy requireu

[~1I xA 7]
Source )

to offset: heat- x Clim<1,te heating [H,ating system effi- x energy
ltllJ loads factor, Exhibi t clcncy, Exhibit B effidcncy

Exhibit 9

Euery, requhed [

7]
Source ]

to offset cool- =: LUX A. x Climate cooling [C?OliB9 system effi- x energy
iog loads . factor, Exhibit c1ency, Exhibit B efficiency, Exhibit 9

i~l - roof
2 - \""11
3 - 'Jlazill9

·-------;y;j;;:;-CC:r-;;;Til; \j;;;:(j- ill ..:<,.lcuJ<'lillfJ opt-luI i"llilJ <-'llt.;lqy ill tili~ study illE' sillipli fied methods. They art! liot illtendQd to he

c<Hlsi,ll'[l;d ,lIl,"llvtic"llv rigon"IH i."'" HI(·n.~t'llt·t: I.,," pl"d,u;", nnly appro)(i.!lldl iUllS of the enl.'HIY whi(~h call be expected Lo
be .:orl~;Um0..-j ill blli.ll1ing:;. Mor.. dVI,lil·:·t1. dgoln'I';, '!r dc.;ur"lc meth"d~; I\l<JY be suhstituted in this analysis at the
IIS'-'I·· 50I,tin".

1U



EXHIBI'P 7
Ueyree-Hr!:i. of Ileatinq and Cooling Required for vdr-ious

Locations Within the United States·

1.A"~ilt ion l,ocatioll

EXIIlBI'I' 8
lIeating System auJ Cooling System Efficiencies

ALL>':IlIY. NY
AIL1l4uerque, I~M

At I,Ullil. GA

Ili:.illl<.l£l:k, Nil
U"i»tl, ID

80»tOl" MA
l:iill i.IHjl.l. H1'

8uffalo, NY
Charlo.:,.loll, St'

ChiL:iJ<Jo, 11.
(.'<"'i"l>; Ch,-i>;li, '1'X
rM}lill>. 'I'X

11t'IIVt:l, CO

llt;l-r"jt, HI
f:ll>;worl:h, :::n
I'ilir.:;hild. WI\,
(;r,-,!l~ll:;l~~r", lie

Ih~lull<l. WI'

l(ilH:id>; ci I-y, HO

J(odid"', Aft
1.,1:,; V'--'4d;:, NV

161
174

74
lBB
140
155
154
161
4.

156,.
57

l27
16(,
ISh
16')
U',

JUb

114
240

51

9

36
35
1.
19

9
15

6
42

Jl
65
61

'"9
17

U
11

U
)5

"9'

r.os Angele», ell.

l.oui~villt.l, KY
l.uLJback, 'l'X
Mc,mphil:i, 'rN
MiiUlli, f'L

Hinncd!.-'Oli", HN
Nt:w Orleiln~, I~

Or.nOlha, Nt:
{'colel llarboc. III

Phuenix, AZ
Pil.l>;bur'jh. I'll.

"oet lauel, ME
Port l..wd, OR
Nc~scvt:lt RdB, PH
Sacedm,,"to. CA
Salt L<.lk ... Cily. 11'1'
Sail lli~<Jo, ['/\
Sail ("('olio';!.';';">, ('J>.

'rr..lVel·'<C' Cily, HI
'lui>;.. , OK

Wa"l,ill<jto", IJC

J5
105

711',.
3

1",,.
14(,

o
9

09
174
122

o
64

J51
J7
75

\fLo'
Ii';

'14

o
J5
42
45
67

JJ
54
2]

70
104

11
)

"96
.5

"o
n
U

45
1(1

I::leclric

llC<ltill<J
l,;rl'i<:iuncy

••' - .l:J

1.0
(RU:.;i.:;ti.J.fH:.::J

1.7
(JI~'<ll PURl!':';)

Cooling
h:fficilC'IlCy

0,5

{AbsorfJtion Coulinyl

3.0
(kufl'i'1cca.Uo,,1

2.4
(lie .. !; Pump)

n ..u..,d Oil dvec~qu he4ting JjC;ison lcmpccalu('t! aud l(~lIgth aud OlVCl-,J.gu l.;vol i fly
=->"d>;OIl !;t,'II'1-',--,rillulc imd lellgth hom ElIt:ryy Cou!.>crv<tliolL with CORlfo,t,

UUllcywt:ll, 197(,.

Jl



EXIIIBI'l' 10
1'herlll<J.l TraJISmission, U, Values for

Exposed Roofs, Walls, and Glazing
E:XIIIBIT 9

tl~atiny Enet"yy and Cooling Energy Source Efficienci.es

Source Efficiency

DescJ:iption TJ:ansmission, U. BtU/ft
2

of

Coal

].0

oil

],0

Gus

1.0

I::l~ctricity

.3

32

Roof ConstJ:uction

Wa11 Construction

Glazing

0.05-0.20

0.10-0.60

0.60-1.13



2.5 SURVEY MODEL EMBODIED ENERGY INVES'l'MEN'l' IN NEW HUILDINGS

INFOHMATION REQUIRED

Building type

Gross ft.

M.:tterials quantity sur'/~'.l' in terms of seven primary cateSjories

PROCEDURE

E:mbO<.l ied energy
investment (BTU)

Energy used in
new construction

Energy invested
in materi.als

[
Energy used in
new construction

[

Gross tloor area
of n,;,w building

;A-{Quantity of
1. ~Lmat:erial

+

x

x

Energy invested]
in materials

Invested construction ]
energy per square foot
specific to the building
type. ExhiLit 5

Invested energy per ]
material unit. Exhibit 4

i=l-wood
2-paint
3-asph.l.lt
4-g].:\55

5-stone and clay
6-prjl1lilry iron and steel
7-pr iuw.ry non-ferrous

'~-<i:i;-,-,--;;;:;r-·';~·y{'dIIldtud"l" i.l<.;<.;UUHL fut ;,bouL so l>(;r"~"L of the toti.ll t:lmhodi.."j "'lI<.'r'lV o( buil<1iu<,J <.:L>ll»tructioll_ 'I't1"

'-'UtV~''1I.oJ lIl.:att:ria)" J .... not inr.lud" "mi~(;ellilJl'--'Oll" pl<1stjt.:»; IIdviutj; lIlJll-fCcrOll:; Wjl'~; mu(;hi.lnicill, I-'lunlbiny iHld

.:h.:c:trJt.:dl "'y'uiplno.:llt iolll\l fixtul"eS; shcL:t Iltel.. 1 W"I!;, meLd JVOIS alit] 1,1.;lt~ ....ol-k; Dlist.:.;:lL.ulI.JOUS <lnd .:u:<.:hitecturi.ll
Inutalwvck, ,,1 dlld IIWfly "Lher itellju "'Ili..:l' do /lut, individually, l:olltriLuLc significantly to the loldl t:!1nl.odicd ,mepJY_
'j'O dCCUUllt for tile:;e matPri",l:;, wloidl l:oqQLlH~t c:uftll'rise a.Luut 20 Jli;!I ...·cnl <If the totdl embodied tllleryy "f LuUJiog
conuLl·ut.:tioll, Ule ('.llltJodi",d e'lul:'JY of u",·veY'.:d lIldlctial:.i i ... illt.:l'eased,;;o U'<ll. i.llto<Jt.:t.Jwr, llliltl.<rials dc\.:ount rUt'
70 p<.;u.:eIlL of the tot.:;.l l.<mL"fliuu ,-,Il'-'[qy uf wui 1<11119 ,-,on» tl. u ....·t ion.

33



2.6 SURVEY LIFE CYCLE OPERATIONAL ENERGY IN A N~W BUILDING

INFORMATION REQUIRED

Erll:::losed volume
Exposed roof, wall, and glass areas
Exposed roof, wall,- and glass Lhermal transmission, U, values, Exhibit 10
Heating system tYl-'e
Coolin~ system type

PROCEDURE

l\nnual
Operational
Energy

Energy req.
to offset
heating
loads

Energy req.
to offset
coolinq
loads

[Energy required to + Energy required to ]
offset heating loads offset cooling loads

[~ 7]
Source )

UxA x Climate heating [Heating system effi- x energy
factor, Exhibit ~ ciency, Exhibit • efficiency

t:xhlblt 9

=[~ 7]
Source )

U x A x Climate cooling T [COOling system cffi- x energy
factor, Exhibit ciency, Exhibit 8 efficiency

Exhibit 9

1=1 - roof
2 - wall
3 - glazing

L



3. inventory model





INFOHMATION REQU1HEIJ

Bui Iding LJp=
Gt·oss s.f.
Miller ial S 'llhlilt i. t 1' i.11\f~lllory

PROCEDUNE

E:mbodi~d

eneryy
invest­
ment

Energy
used in
construc­
tion

[£::ner gy llSt;;>d in construction

[
Gross floor i.IrCd of historic
buildili<J

+

x

Energy invest.ed in materials]

Invested construction energy ~er ]
sllu3re foot speci fic to the building
tYl-'e from Exhibit 5

Energy
invested
ill
lUaterials

n

i
[
uuantity of
mat.erials

Inve::;led energy per iIIaterial unit]
Exhibi t 11

1=1 - RUlHJII lumb~[", softwood bds
2 - Dres!O;ed lUlliber, softwood bds

n - Nuls, bal hi, <l.Tld otheL' standurd fastellers

1'11(' ill"l'nL<>ll,-,d Ill...jtlc,-i .• ls "'.·,."O'U'l toJl "l,.-"!l ~,l/ .''-', '-"'Ill 01 lh~ lotdl ,-,u~~"di.l'd '-'lI~ryy of ulliidillq ..:ollslrUl:Lioil. 'rile

illV~l.Lul-l"d UI..ll'-'J i_ .. t,-> <1,--, " ...... t i''''l\H_h' "llIi:-.~"JI,",ll"'"1'; (,I"~ljc,;, l>dV.Lllq, IIU,,--r...,,·t-,,'H' wJ.rc. Illl?ch.ulicill, plumbiu<J d'l.J

l'l"'l'Ll (,;,,1 ,",cluil'llh'IIL Clud [ixllll..,,,. ;;1,,-"1 n1"l.,1 101.,,-1;; llI<'t..tl dOOI>'; dUU pIal" \41>l'K; U11i:\(;cll~l1",um; rlUd ar<.:hitecturaJ
1"<.oLdw'Hk, .. l d"d Ill""y uthel- ilc'lI;; wl" .. I, d,_ " ...... l, i,,,jjvidui.llly, <':(JI'ldulite ~;I'lllil'i<':<>lltly lo lh.., total embodied cncr'olY.
'l'" <-l<.:CCHUll lur tilcs.. m.. t",,-i<.ll::;, wld,,11 l.u'J"lllt;r '-'''lll[!l-i~a~ <ilLllll 20 [>""I"I:':lll- ul LIll' tol.-'ll cmblJdi"J energy uf uuihlillY
l."l,slLU<:liuu, lh" ",mJ)udi.,d ,-,,,,,r'IY ,.. [ j"\",,,U~t!l'<-l n'<-lL<.'L-i .. ls i ... lUL:l"d'ied ,;ll llt..!l, <lltO<ltoU,,,,r, m<lterial!:i a<.:coulil fur

70 I'et<':'--'lll uf Lh" Lutill emLodilcd 1.:1l'~t··n' 'Jf L'ui liling cOr'i:\lUlctiUlI.



EXIIIDIT 11
~~odied Eneryy of Materials l

EXIIIBI'r 11
(Cont.inueJ)

]~~r<JY U~e for .Bulidilllj COllstruction, D. M. lIi1rmun, R. A. Stein, B. Z. Scgdl.
o. Suuer, C. Stein, Enerqy HC$carch Group, Center for AdvilllCC'] COlllpul<ttion,
UlIivtlndty of llIillois; kichard A. Stein aud A~soci,ltes, Architects,
N,!w Yor:k.., NY. IJcr.:emlJCr: 1976.

v,
Ie

­wooe

347,000

673,000

~'.mbodied Energy
Per Material IInitlhri t

l b'l 1,191,000

J ea 801,000

J co ],J2},OOll
1 c. 3&0,000

J e. 475,000

"" fl 18,000

"'I " ,m 17,000

''I ft
5.000

J/8"

eq It
6.000

l/I:I"

I ea

Softwoocl
Hdr:dwood

Uoiudwoorl [> I ywood

Softwood P) ywoorl
(T1lt"",i:ior: Typ,J)

Sof twoorl FaCf'5
Ila I'dwood 1 ea
Olher F'at.:"lfi

Other Woud Puors

Soflw,oo-;l Plywood

(~~xtcrjor "Yl'c)

lIol.l:dwoud Fac:es
Soft.wood + Other

C0l11bil1atiol1 Storm

+ St:reen

GarCl"C' Dour::>
Sc:reclf Doors
Louvre Door!:!

~'iT1islied W"od Moldillq

t'lu:-;h Type. Solid
Core

llt:'H.:rit,liou

1)o'lUL..i, W,JV<1. Inter inI'
-I- l::xterior. 1',)ne]

Type

l)\l\lfJlas ~'iI'

Western pillH

Other: Spec ie»

Flush 'rype, lIo11uw

Core

~l.. tel"ial
cl.Js~;i[ic.::ltiull

1J",]l~,"'1 I· l'lywuod

Willduw Ilnils, Wood
(Cnllt blued)

WIl(lll 1'!lI)lJIJC1'S (ContiTl11~t'l1

I::mlJod ied Energy

lIll;I PCI' MatedCll Uuit

"" " 7 ,bOO

hd " 7,900

"" ft 9,,]00

"" " 9,700

!xl It 10, JOO

"" ft lrt; 300

:;'1 it 7,300

e. I,J27,OOO
e. 1,190,000
e. 1,830,000

e. Im,OOO
l':d lei8,OOO
e ..,. 7.91.000
e. 427,000

Orc",.,c,'! J.Ulnb<.:l':

SoEt:.wrJ boar:ds

DI'essed Lumber:
lIardwood

Ruuyh Lmnl,o;:r:
Hanlwood

ROlJ')h l.umber:
Softwd l,oLlnls

Knock down
Open

Glazed
Storm Sash

Sldll'Jle~

Remanufactured
!lilndsi'lit Shakes

COI\Vl'lltiollal DOUble,
Hung

!\w"j IIg>; --l- Ca:;ement
All other wood windows

Soft:wood f']uorin9

Oak strip floor'ing

uak "pccialty flooriny
Maple flooring
Olher hnl:dWOOds

HaltH" iill

cla~n;j fic'al ion

lIunlwond F']\JUl'ill<j

Wi,,<luw lhlil,~;, Wuud

Suflwood ~'JooIill':J

S1lill'lle~, '~{)(lp,~r;l'Je

StOl.:k -l f,;)u.:"lsiur:

It"",! C"c1;lr

WOOD PT!O[)IlCTS

S<lwmilJ + Pldnin'll

Hi I 1 I'r<)dlH':t.~

I:



Mdlcri<.lJ
C]"s,; i [i,:,,1 itl"

rKJOP PIIOlJIIC1'!:> (ColIlIIIUC<.!)

EXUIB!'j' 11­
(Continued)

lJ(!!;'~1"il,1 i,lj, Ulli I
J::mbudit:,) cll'-'('JY

P",r M<lt<Jl"ial IJlLi L
H<.Ill'Li"'l

C1 ",;"j f I ';<.IliOll

WOOD l'IlOllllr~'l'S ICulltil,l.Ieclj

I::XIIIBl'l' 11·
(Continued)

Uus<;;ril'tioll Unit
I::tnbodied J:;ner<JY

Per Matt,rj .. l llllJ t

Pr~fil\i!>hed IIdcdwood sq tt
Ply\~ood Sill
Pndill_bh-=d UdwrJ Bi.l~O:s ~q it
l'rcfinislu,d Sftwd Base ::;m

VI:IIl:Cl- -f Plywood
jColllillUCU)

lIardwood Veneer
Sped al + Type Face

sq ft
,m

10,200

8,BOO

3,400

Cnn;;trucLion P<tp...r
(CUll I i"u",dj

I'AUtJ' 1'IGJl>l)C'l':>

l'ElI)UlJCT I::XAMPLE - ULOG PAPER

Size IlJ/l,lq it Total Dtll/sy it

1 ply .0' Ib 524
2 ply .10 Ib 1,048

A;;i'hdll fluuri"'J' Smuoth 1'4 tt
SUr-ldCC,J Hl',uh.:d 1l",)fillC]

Ii. CajJ l;1i,.'cl, IIll:ludillLJ
Sd,.dcd, 'J'"I..:, Mi<':d,

'" OLlll,r Fill'" Miil,'riill
SU1-f""1'1<1

l'oJlll'ic,ll,,(j ~t(u<:tur<ll

WtK}d M"IIll>(,c:.;

COllVllerClal -t Utility

TYJ:>H
Cuntajucr Tn..e
l"lat 'I'Yl't!

::ioflwood Vel,eer

Plywood Veneer

COllla I IllH- Vent;<:c

Glw..>d l,amillatL'<1 LUllIL",c­
SaWlI Lillll!>t":

Cumloinatioll GluL-d
't- Si.lwn LumLcc

KUddy-cut -t Prci<.lL

Wuud Bui lJill<js

Owel ti n<Jf;

Farm Uui ldiu'ls
lluut '1'.:u""c,:; H..<lu of

S.:.oWll Cumbcr - Li'Jlll
CUU>;ll-ucljoll

COlo>;lxlictioli Pdl'Cr
(Iu-y ud"is UCtt.oll:
~••lluJ: .. ljll'F)

tiq ft

sm
34, ft

sq "I"

sq ft
I"

b" f'
bd f'

"d ft

ea

••

1"

2,200

1,500

8,300

9,600

16,700
6,400

16,5UO

1U,500

I::xturj"c Oil-'1'ype
p... jnl YluduClti

!>;.;I'IIAl.'1' PlluouC'rs

A~;t'h<lll FLd t~

I. ':"<.11. i IlYS

l'>en!i-l',lo>Lc oil" dlk.yd
1'aiul;.;

I::xt... rior w~t ...r~lype

tr~de sdles pilillt
pnxlucts

Int.,rior oil-type

trade ~alcs pdinl
I,rodlll.:t.s

Illt:.el-il}l" walcr-tYl-Jl.!

tl<.ld", sdles pai',t
I'H><.1ut.:t,;

Hoot Atil,!l<lltti -t I'dtches

110U f Atil'ha Lt

Asphalt + Tar Roofin!j

-t Sidill'1 l'roduetl:;

MiI,,,c'al Stl"r(;-H:cd Holl

Huuflllg '" Cell' S1H~,--,t

qal

<J~l

lb

sq ft

489,000

489,000

508,OGU

437 ,000

6,';100

7,liOO

11,000



EXIliBIT 11
(Continued)

ExurBl'!' 11
<Continued)

37,500

]4.600

48,000

r·:mbud i .~d Erourqy
1'<21:: Mdt.•.'.-idl lJui l

sq ft

IJllit

Plille ... f'luat Glam;

Plate -t Float G]ilSS Jess
thall liS" thick

I'ldte .. !·'Io<ll Glass be­
tweel Ij&"-l/-t" thie!:

Olh", fl,lt ql<l"'~ (slIell
a,; pldle gl<l~;:; hl,,"ks,

btml OJ:: cflilmeled sheet,
plate flout and rOlled sq ft
glass, multiple glazed
<and s",aled insulatio'l
units

M.;J Lt') i ,1J

CL.lSi;i.! il.:,'li011

1"1.<11 r.1<t:.;t> IContinued)

';I.A:-;~ I'HnIJllC'l'~ (Contil,ue<11

2':>,100

67.500

25,600

1] ,600

f~nbuJi~,t E,,,'PlY
1'('1:: M<.lt(!Li'<ll VII i 1Unit

sq fl

"'-I "
sq "
"''I ft

SLd.nd<ttu ur regul,ll

strip shinqJes

Indiv. Shingles-all
styles

Asphalt BId,] <iidings:
roll form & shingle furlll
all patterll!j

Mineral-h11rfaced iIlBU- ~q ft
latill<J IJ03rd bi:l~e sidilig
(<Ill tYPes alld finit;hes)

Dcm:l'il,tiull

strip Shill<.jlcn-Self
Sf'a] ill'!

HdleriaJ
Clol~~jfic<lLiolJ

1\:;(>11<11 t Fnl ts
& C<>.:lt lngs

A~I'IlAJ,'l' PRUDlJCTS (Colltinucd)

TcmperM glass for ar<:111- sq ft

tf'ctllral constcuctioll
l'ur!'Os"s

1'1atc -t Float Glass over
1/4" thick + rolled sq ft
wire <.jlas8

Laminated Glass

Lami"a t cd '.Ilas5 1/·1" ."d
under

ftL.:uninated glass 1/4" dnd
sq

over

Laminated sheet (windGw)
glass s'l Ft

Other laminated qlilss

{a,ASS PHOIIIJCTS

~'lal GI<..lsS

Salurdtetl fells: asphalt
saturaled fclts for roof­
ing and sidings

Salurated felts, tar
saturated felts fOl roof­
ing and sidill<.js

Sheet Glass (Willdows)

Single strength
Double strength
lIeavy sheet
Thill, including picture

glasH + tinted (all
thicknesses)

Other Flat Glas",

1b

Ib

s'l ft
sq ft

sq ft
sq ft

lJ,60iJ

16.'.1011

13,700
15,0100
14,60(l
20,000

72.600

S1'OtlE & CLAY l'kOWCTS

CelnclIt, HyJrauJ it.: Portland cC'ment

Prel'iln~d or mixed
lIydcaulic & M.asonrv
c.,mellts uthet: than
s[)t-'Ci.ll Portland!>

1 bLI
(l )16

Jbs

I bbl
~ 280
Ib,

54,700

212,500

1,582,000

1,587,000

)R



It.'nJY
lJuil- ~Idt ..ri ..d

(' tai..1~if iC.lti "II

~'I'Otj£ .. l.:1.AY PHOl>lICfS

(Cuutillu .....d)

EXHIBI'l' 11
(Continued)

j)e~cript ion Unit
t.:mbod.iE:d };:lI~IYY

Per Mdt.~ri<11 LIlli t
M<lteridl

C1Cll:>sificatiolJ

S'I'ONI': IiO CLAY PRODUCTS
(Cullt:iuued)

EXtlIBIT 11
(Continued)

Description Unit
£rnLodied Energy

Pur Mul<.!ci<ll Unit

L'UlllllJlt, Hydt'dllJ ic
iC"lltillucd)

Hrick IN ~Lructura.l Clay
Tile

Brick, except Cerdmi.c
t>laz..::d + Hefra<;h>t"Y

Bldo; or ConllllOfl Brick 1 lork
Ii. 1-'a.ce
i 2-1/4"x1-5/8"x7-5/8")

Othur Brh:k iPaviny, 1 hrk
1-'100r Ii. Sewed
{2-1/4 "x)-5/B"x7-5/~"J

Glazed BriCk + Struc­
lural Hollow 'l'ile;

structural Clay Tile 1 tile

"'XCl:pt facing ilic1uJ-
ill',! 10,Id he,u"iny
Ii. Ilon-Iuad b"'dcill<::I

tile

j··..ciu'J t:ilt.! {,.t!"ul'lur<lIJ I b!"k
IN C",r<llnic ~]1d.zed l>rick
(:l-lj4 "xJ-5/tl"x7-5/8")

14,)00

25,600

:17.700

33,'100

Concrete Blocks Structural Block - Heavy
wei';.!ht:· aggregate
8"xS"x16"

Stl:uctural Block
Decorative

I::Irick
(2-1/4"x]-S/B"x7-S/B" )

Heady Mi.x Conct"cte

Lime

Quicklime

Hydra tcd Lime

Oead Buclled Dolumite

Gnwum l'roducts

Calcined gypflum bldg
malerlalfl, bldg plas­
terfl ~ prefab bldg
lU<ltel-ial:;

OthCl: <:<lJcine<l gypsunl

1 blk 31, 800

1 brk 5,000

C" yd 2,594,000

,. 6,l:l67,OOO

1 T 9,464,000

'r 9,748,000

1 ,. 6,970,000

1 T 4,362,000

PRODUC'f EXAMl'I.E - GYP BOAftlJ

~i:l;e Ib/sq fc Tolill Btu/:;'l n

J/S" 1. 52 5, )00

1/2" 2.00 7,000

UI,y1",,<:<1 lO sd]l 'Jlct<:l,d
fi.H;j Il'J l i J ..
{U"x5".xlJ"1

CCl:dmi.., Wed I .. Flout"
'file

Quarry tile .. Prul'''... II,I<..l ....
Til ....

Cet"ami.., MU~<lic '1'1 I~

'" Ac<.:e>.;l:>o!"i .... ,; - lJr,­

'Jli.. zerl

•

1 ti Ie

';'1 f t

:,;q f l

68,20U

Sl,OUIJ

(d,t-Oll

Mi,' .....·d) Woul

39

Hi 11 ... ,'<11 Wool for ::itruc­
tllral IIll:>ulatioll

LI,JUc;c l'il.Jllr (Blowing

-oj "Puuriug i· GrdILU­

I .. Ll'd }o·il>cr)

sm'l' 12,tl26,llOU



Material
Clil~s.ifkation

STONE IiO CL....Y PRODUCTS

(Cnnl i II1lHd)

EXHIBI'l' 11
(Continl1ed)

De~o..:ripthlll Unit
Embudif!d EIIl,nIY

I'tn- Maled it t lJrd t
Material

Classification

PliIMI\RY THON IiO STEEL

(COIIl.illlleJ)

EXHIDI'l' 11
(Continued)

!lcso..:r iptioll Unit
l,:m!>...d i ed !':lIl: r'lY

I't:l M.. lcridl Unit

r

Hincrd] Wuol (Culltillucnj 4.5 indle!> or more tllick
(bldg bdt.lS, blankets
+ roll!»

2.0 to 4.4 illt:hes tlLlt.:k

Less than 2.0 illche..,
thick

sq tt

$'-1 fl

sq ft

8,000

6,900

4,HOO

;'J.<'el Pn;dUt.:ls
(Corltillucd)

lIot Rol1"d Bar!! + Shal'l'!s

Carl>on Sl:"cl.
Struclural Shapes
Sh..,,,t Pi! lllgs
Heariro<j Piles

PRODUCT EXAMPI.E -

lb 18,700

PIHMARY lOON /;, S'l'EEL

Stc~l Products Coke Oven + Blast Fur­
nace Products

pig Iron

Steel Products

'1'1n Hill Products

size It,/u' '!'ot'll lH'l/l.f'

W12 x 65 65 lb 1,218,OflU
W16 x 36 36 Ib 656,000

",400
C x 2 x 30 ]0 In S62,OOO

Ib
B x 4 J J7 .4 Ib 701,OUf).. x x

WT6 x 21 29 lb 543,UUU

St~",l Pl.oducts

pnODlICT EXAMPLE - GAIN SlIf:l:TS

'rhi<.:kness 1I,/sq ft Total Btu/:>q ft

22 GA 1. 79 lb 49,BO()
20 GA 2.14 Ib 59,500
IB G10 2.83 Ib 78,800
16 ;,,, 3.54 lb 98,5uO

PRODUCT EXAMPV~ - lU':lN~· BANS

BilT Size Itl/i,'" 'rotal Btu/I,f'

12 .167 lb 2,600

" .31b lb 5,900

" .668 lb 10,500

i5 1.04] lb 16,400

'6 1.502 Ib 2],70n

17 2.044 1h 32,OUO
,e :2 .670 lb 41,£100

CarLon Sleel Sheet.s.

Hot Rolled + Enameled

Sleel Product!':

Tin Mill Products

Carbon Steel Sheets:
Galvanized

Ib

Ib

16,800

21,800

40

1I0t Rol led Bars + Shapes

C<1rooo Steel Cone
Rei IIf Mars Rolled
from New BJllet

Roll~d from Old Material

Ib 15,700



EXHIBIT 11
(Continued)

EXllIBI1' 11
(Continued)

Mut. ...cial
Cl":;,,i fi<.: •• t lOll lJnit

Elnbodi....,d Et,cr,.v
p~[ Rllcl-j"l Uld.l

Milterirll
Cl<.l~~ificiltion Ulli t

b:mliOdicd l::llcnJY
p!![. MdLer ii.ll lJui t_

l'lUMI1'i ]~ON 100 S'l'I;EL

(Coulinuedl
I'IIIMARY IRON & STEEl.
\( '"tl L i nllctl)

SL~"I Produ<.:t~

(Colllinuedj
Stet;l l'rodu<.:t_s

1I0L Hol1",.\ 1:I"c,;

""ltd 5bdpc~

Alloy ~a".,l:

Plale,; + 5lrucLur .. l 1" 26,900

St",,1 Pr<>du<.:l'. ..

(Collti"'Judl
::>teel Product,;

St"e1 Wire

l'lnill Wirf;l

Gdlvani~i:d Wire

II,

Ib 34.400

PROotlC'l' l:.:XAHPLE - S'n:l::L SHAPES

Si~e

WU x 65
W16 x ]6

C x , • jO

•• x 8 x , x 1
W'f6 • 27

IlJ/U'

65 lL>
36 llJ
]0 Ih
J7.4 Iv
29 Ib

Tol.al BLujLF

1,749,000
'369,000
807,000

1,006,000
JOO,UOu

PROOf/C']' EKAt-ll'LE - 7 WIRJ,: STI:AND

Oi<1 Ib/I,f' ']'otal Stu/u'

1/4" .l:!2 ." 5,400
1/2" .198 1" H,BllO
J/8" .274 1" 12.200
7/16" .J7] 1" 16,600

(Jlh~c fallricated wire
plo,hl<.:Ls

I'Hnl!lJC'I' l::XAMI'I,~; - CUI'lNltN 1...'dI.S

si~c JIJ/H.. iJ 'l'uL,1 Ul u/N" i I

2 1..... /lIIY .U0l2 JI. '0
j penlty .(JOlH 1" 6U,

l'CllllY .0033 '" 110
5 l-'f~llny .Utljoj H. lJ()

lU IlelLlly .01:' II, Slll

Wllill MI::SIl

Con<.: l<.:illl'orcintj Me~h

(Wul.:1ed Win:)

l'ROLJUC'I' f:XI\Mf'l.E

24,200

:'<5,800

],~OO

25,400
11,]00
15,700

'J'ot<.tl fltu/::W

Ib

J"

lb/~W

.16 11.
l.OS Ib

.16 III

.05 IIJ

_",414/]0,1

:1 x 12 H/S
:1 x 16 U/U
2 x 16 6/10

Car bUll ::>leel l"ini>ihud

Sh<JI'e~ ~ Fonn:>:
St .. ll<lLlnl pjl''-'

H,Ofl(j

4'],liOO

1"

1"
Wire SLrdnd for VCc­

stcess.,d ('ou(.a:t;t...

Steel I'lodueLs

NOllin,;uldled 1"E!Cl:OU,;

Win:

Cat'Lou Sl..,el Wirt;
1'1 oduct:>:

N<li 1,; -t SLLll'le,;

Sleel Nails I Spike,;



EXIIlBIT 11
(Continued)

EXII rlH'r 11
(Continued)

M.. l,"· i ,,1

(,ld~Jl;irjc<lliuli l)escriptioll Un! I

Emhndicd EIt{'Iqy
l''''l" H<lt.~ciill Unit-

M.ll t~r luI
CLI>;,d f leal iOll Descriplion unit

l'.:mbodi~,rl EnCl'1Y
PPC Matt>c;d] Ihlil

t'HOlluc'r f,;XAMl'LE - S'rANDA.HD P[P~

No. nia 'l'otal Htu/LF

I/Z" .O~ lb 21,900
]/4" 1.13 lb 29,ZOO

'" 1.68 Ib 4],300
2" 3.(,5 Ib 94,2UO
6" 18.97 10 489,700

PRODUCT I':XAMi'J,E: - ALUM SUE),:'!'

STANflARil Stl1\Pf:S

Aluminum Plate i Sheel
t
F
I

9l,OOO

115,000
262, UOO

96,OOU

Tot.,l Btu/SF'

Total Utll/l,['

812,000
557,500

470,000

lh

1"

Ib/SP

l.82 III
2.73 lL

Size Ib/1,F

818.81 13.81 1"
716.05 6.05 lh
615.10 5.JO Ih

1/8"
J/Hj"

'I'hicklles~

l'ROi)OCT EXA.MPf,E

AlumillUm Rolling

Rolled 1\]llmillwn Rod, Dac
+ Stl"\ll..'tuJ:dI Shape

Rolled Hal" ~ R0d

C'olllillUUU5 Colst
Rolled Slr-u(;tural Shape

5hpet: NOIl-H(!al

'I'I:eatable

f'ABIHCATED m·:TlII, PRQOuC'rs

PRIMARY NONFERROUS

(c~'lltiJllll..'dl

AlllmillulIl Roll ill'J
(Continued)

157,000

19],OClO

240,000

138,000

81,000

121,000

15'),000

Aluminum Plalf;', -I- ~heet

Stainless Steel -
Finished Shape:;" + FornI:;"

Sheets Cold Hulled ' Ib

Sheeb. 1I0t Rolled 10

SLrip - Hot + Cold Rolled Ib

Plates lo

flaI"s 1I0t Roll cd Ib

Bal'S Cold Finished 10

Wire Ib

AIund"'llll 1,01!1119

S lee! PI'Otlliel >;

(Cuntilllllldj

PRIMARY t.fON~·ErtHOllS

PRIM/IRY IRON j., Sn:EL

(Cunti"ucd)

ALUI~ PLATt::

Plate: Noll-Ileal

'I'u'<I Ldl..>l e

l-'HODIICT E:XAMPU;

'!'hicknCblH Ill/SF

1/4" J .1,,'1 1h
1/2" 7.27 10
3/4" Itl. 'lj 10

I" 11.54 10

Ih 116,000

Totdl fltu/S£"

4Z1,00l1
H40,O{JO

J,2r,1,OOO
l,r,HO,IlOO

F;,ln ;c"Ll'd St.Iuctural

5h",1
F<:Ibricall.>d StrucluI"dl

Ml'lal [01: Buildin'ls

llldu,;lrial
COlllJllen;idl, H'~f'idcntjill

t In:>tltlltioll.:tl
Puh!i.; UUljLiei;

11, 2:2,700



EXlllllI'r 11
(Conlillued)

EXIIIlllT 11
(Continued)

M<lt~J. ia]

Cld~::;ifi"aliUll Unit
8ll1"luie<J EII"''["'J~'

Per ~li.lt"ridl lJllit
Huluri.d

Cl<l::;::;ificdtiOIl De::;Cliptioll
I,)lIbudied E,,,,uJY

P"'l:" Matl'J::! .. ] UTI; t

l'l1BIHCATED r-mTAT, PROfl!ICTS
(CUIII;illu",t)

SCREW MACIIINE PRODUCTS
(<:{lnl illu,'d)

PRUI?UCT E:XAMPLE - STEEL o.:llAI'ES

5i;'.:e Ih/U' 'l'otal ElLU/LF

W12 • "' 65 Ib I, 47~, 000
I~] b x ]1; 'f> 16 817,000

C x , x Ju Jo 16 6£11,000
6 x " x , x n .' 10 iH9,OOO

l<lve'-s 1/:.'" <llld uver 17, )00

] ,9lJO

2,100
2,6UO

12,llJO
2U,100

'r~,l<l1 l:ltu/!tivet

llIVJ::'rs

Ib

.11

.12

.15

. 7u
1.1(,

f'RODUC'I' t::XAMl-'LE

Ib/Rivet

l/Z"
I/:!"
1/2"
j/4"

1"

]-1/4" x
1-1/2" x

2" x
j" x

4" x

Nut.:> , Bo1 t.:; ~. Oth",!:"

Sldnudni Fd:>t.eIlC!:"';

;>...:rew ~l<.1dd Ilc= l'!:"o<luct>l

(Cur,t illu",d)

26,60011>

NUL:;, Bult::; cJwl Olher
SL:'llldard F..l~;tl~"L'r;;

~;t"'lld... rd lie);;

St;lll<!drd \{ullud
Ld'J ::;Cl·>OWo; t 1:1<,lt,;
Studs t 'l'hn;o.td..,d Ru{b

F<.luri..,,,,ted StructurcJl
Steel (Conti nuedl

SCllEW 11AVtl 1 tIl': I'WlIJl1C'I'S

l'Huoue'!' EX!l~lJ>LE - 1:l0L'1'S

::;1;1:(' lb/Bol t TOtdl lltu/lkl1 L

I" , 1/4" .01 10 500
2" x 1/<," .lU 10 -1,800
]" , l/:.!" . 21 11> 6,200

'" , 1/2" . 29 11> 7,700
5" x ]/8" .1" 16 4,8UO

'J



3.2 INVENTORY MODEL DEMOLITION ENERGY FOR EXISTING BUILDINGS

INFORMATION REQUIRED

Materials quantity inventory

PROCEDURE

Demoli tion
Energy SO~ Btu/lb of materials x

n

1.4'2:
i= 1

[
Quantity of
Material x Weight per material]

unit. Exhibit 6

*N01'E~ Ranqe 1s 35-65 Btu/lb of rnate~ials

.. 'llt~ inve!\tot-ied nt<loterlals account {or al.out ~O (,nrr.t)Tlt of the lnlill embodied eucrqy of buildinq construction. 'l'he
illvt.!utoried materials do nut inr:lude "rnisL:"'LJaneulls plastics; paviug, non-ferrous I.dec; mcc:hanit;:al. plumbing and
cJe<:trical equi(.mcnt and tixturuSI shet1t m...,tal work; mula] douc!i and plate work; misecllaneous anll architectural
IllelulWtJrk,"l <uld miiJlY athel: ilclns whieh do [;ot, individualJy. contribute siqnifh:untly Lo the ,total clIlbodied energy.
To a~cow\l for th~:'Je mdleJ:ialg, which tOlJether <,;:nmp,-ise about 20 peJ:cclit of tile tnt.al cmbudtud e"",rgy of building
<.:on",truct:iull, the embodied CI1(:rlJY of illllcnlolicd mul:l.!riids is increased so thdt, altu'1ether, mat(j):-ials account for
70 pcr<':l.lIll of tIm tol<ll embo,lied I:",ergy or buildi Il'J (.;ont;truction.

44
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3.3 INVENTORY MODEL EMBODIED ENERGY INVES'fMEN't IN RENOVATED BUlJ.DINGS

INFORMATION REQUlkED

Building type
Gross s.f.
Materials of renovation '1u<:wtity inventory
f3, fraction of energy intcrisi ty of new building construction for total building
which would be expendeJ. in renovation activities

PROCELlUHE

Embodied
energy
investment

[Ener9Y used in renovation construction + E:nergy invested
materials

in renovation]

Energy used
in renovation
construction [Gros~ ilour area of x

historic building

Invested cOllstruction enenJY
per square foot specific to x
the building type, Exhibit 5

Energy invested
in materials J .4 11

n

L, [ QU~ntitY of renovation
materials x

Invested energy per material]
unit, Exhibit 11

i=l - Rough lumber, ~oftwood boards
2 - Dressed lumber, soitwood boards

n - Nuts, bolt!:i. anll other standard fasteners

*---'TIi;;-i·I,~;llt()-l"-il=",l~l-;:;t"lidl,;<.I.,",';U'''lt 1'01 dla",l so ~'i.:1C'!Ilt of the LotL,] ~'llIUoJicu CIH'l"gy of building eon~tcuction.
The .in'J\lutur-i ...·,1 "I<;tl:-1:ial,; de. Hut illctlldl: "l1'i:;<;...,lldll'-'''Il~ pl ...»tics; IliJ,villl.jl nun-fcl"l"oIlS wire; mCl.'h<>nic,tl, plullll>­
ill'J i:1nd elo::ctri':al cquil'lllt.:nt .lw.l l'i:<lhIO:o;; "IIClet llh,L..d Wl"n-k; no"tal door,; iJ,nJ l'l.:ltc wUl"k; misc;..,U"ncous dud
o::n:c!-.ite<.:tural md:<tlwork."l and I".:llly Ucll"l items wlti(;h do Bot. individu<.llly, L:untriLute signitic"lItly to the
tutal embodied '-'''L'1.·gy. 'J'o dCCO'Ult fo.:: Ltl\:~:C mdLuriitls, which lUyt!thur G'ilill" jti\: "I.loul :.1ll I'tHT<,ll1l of ti,e total
cilioodicd ellCl"gy uf builtliu'J GOn<;lllh.;li(lll. til{; \:lI\l:JodiQd enclgy of iuv,mloli ..:,1 mdlcl"i.lls is incl-"a:jcd so th<.il,
.. lt0<J"th...,c, IIiiltlCridls ,J,(;Gl'UIlL tue 70 I-'(,H(;...,lll: Ill' the lutill ""mJ..,odil·d ,-,II,-,Z·'IY "I lllil luill'-j t.:ullstrulCLiuli.



INFORMATION REQUIRED

3.4 •
INVE~'!'2...R~ MODEL AN!!UAL OPl'.;RATIO~_A~~_~~~ IN._~ENOVATED BUILDINGS

Enclosed volume
Exposed roof, wall. gldzing areas and orientations
Exposed surface area transmission values, U
Exposed surface area ahsorbtivity/transmission, f
Ventilation rates
Internal heat gains due to people, equipment, lights
Cooling system type
Heating system type

PROCEDURE

Annual
[Energy required to Energy required Lo ]

~.

operational offset heating loads + offset cooling loads ~
energy f
Energy

[Annual load] [ueating .] iRequired to heating
syst~m efficiency x Fuel source energy

offset Exhibit 8 efficiency, Exhibit

heating loads

Energy load] .]Required to
[Annual cooling [COOling system efficiency x Fuel source energy

offset • Exhibit " efficiency. Exhibit

cooling loads

Formulas .;1110 fJr-uccdul."""s Il"H~O in c<llculdLilleJ ul'>:'Y<ltiolla.l enel"':lY in this study aTC simJ-ilified methods. The
inventor)' model is c\ o:il1ll,liftccll iOIl ·,f enulyv L'on:-<urnptjoll sirnulation computet t~clllli.qu""s. 'This method is
illb.-'Il<)ctl ulIly Lv prnd"",--, <ll'l'l'oximatioll" of erwl'lY cc,n,,;oulIl'tinll in b"ildings as it vilties throu'Jhnut the Y...,<lr.
Mon' uuL.-li,1 "I, r-i'J"l'OU,,;)r aCCUl"i.ll<-, .,~ thod» rr".l¥ be substitut.'d ill this iJnaly!.is at the us~'["s option.
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Annual
heatin,]
load

Allnual
cooling
load

L Heat loss for all data points

L lIl:at gaill foe all ddta points

Heat gain/
loss

'" [Tr~IlSlld~~ionL.J galll/Jus::.
Ventilation
gain/loss + Solar gain + Internal gain]

Transmission
(jdin/loss

V01lt i Id t ion
gain/loss

Inte~nal

heat gain

L [Transmittance x Area x Temperature d.ifferential, Exhibit 12]

[vo=nti Lit iun rate x ')·c.mLJ~rature di fferential. I::xhibit 12]

L [lleat loads of equipment, people, lightS]

Solar lLeat
gain [

'\bSOrPliVi ty,
Exhibi t 14 x Area x Incident inSolation,]

Exhibit 13



Indianapolis, Indiana 53 45 5] 6J 70 61 '/4 67 H tH 69 81 52 44 51 58 65 58 17 11 1"1 21 ]0 23

Seattle, Washington 43 42 47 55 S3 45 5') ~'cl 67 74 72 65 48 413 55 S9 54 49 38 37 40 44 42 38

'0
21 D.,cpmber
AM I'M
f} 10 6

~] 1>,.",,1,,1>.·,
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:;> (, III r, In
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21 S,'pl "'IIL,'r
AM 1'/1
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L] ~".pI', '11I1 ,,.,
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III
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I,'0

21 ,)\UlI'

:>1 ,JUIl"

.'\1-1 J'H

,,10 (,

'"I,

EXlIl B 11' J) I
lllsolatiun tltil/sf

10

EXIlJHI'" 12
Oiul"llot 'l'ernperdlures

~l ['I,lCd,

Mol I'M

t, ] 0 (, 10

21 ~1"r<..:"

11.["1 I'H

r, I {} f,

S 0 7 99 99 7 0 0 12 97 97 12 0 0 0 144144 0 0 0 0 98 98 0 0

sw U 7 49 13U 32 0 0 12 54 141 S3 () 0 0 57 167 0 U 0 0 45 108 0 0

W 0 7 49 113 49 0 0 12 54 13594 0 0 0 35 11] 0 0 0 0 24 69 0 0

NW 0 "1 49 S9 41 0 0 12 54 81 86 0 0 0 ]5 3S 0 0 0 0 24 24 0 0

N 0 14 49 49 14 0 0 ]6 54 54 36 0 0 0 3S 35 0 0 0 0 24 24 0 0

rm () 41 59 44 7 0 0 86 81 54 1~ 0 0 0 35]5 0 0 0 0 24 24 0 0

I::: 0 49 113 49 7 0 0 94 135 54 12 0 0 0 113 35 0 0 0 0 69 24 0 0

SE 0 32 130 49 7 0 0 55 141 51 12 (I 0 0 167 57 0 0 0 0 108 45 0 0

H 0 16 167 167 16 0 0 37 21221237 0 0 0 129129 0 0 0 0 73 7J 0 0

City

city

Indianapolis

-- I,ocillW-lll<lt<:;-l<l':l.i~;-;l (1.-.la, Natiulli,l n''''illli,; <tl,d lI,ll1~'';I,h'''I'lC Admll1islr<.lUon Envir:unmclllal

Dat.a sCl·vic;.." Natiolli.l Climdtic ,'t... HL"l', Asheville, N.L'.

Seattle

s 0 8 109109 8 0 0 15 10] 103 15 0 0 0 93 9) 0 0 0 0 50 50 0 0

SW () 8 4S 136 39 0 0 IS 50 13556 0 0 0 42 105 0 0 0 0 26 53 0 0

W t1 8 45 109 59 0 0 15 50 11893 0 0 0 25 70 0 0 0 0 16 35 0 0

NH 0 a 45 45 44 0 (} 15 50 61 84 0 0 0 25 25 0 0 0 0 16 16 0 0

N 0 16 45 45 16 0 0 34 50 50 34 0 0 0 25 25 0 0 0 0 16 16 0 0

HE 0 49 45 45 8 U 0 84 61 50 15 0 0 0 25 25 0 0 0 0 16 If> 0 0

E 0 59 109 45 8 0 0 93 1l 0 50 15 0 0 0 70 25 0 0 0 0 ]5 16 0 0

SE 0 39 136 45 8 0 0 56 135 50 15 0 0 0 105 42 0 0 0 0 53 26 0 0

II 0 20 155155 20 0 0 42 UH lUI 42 0 0 0 75 75 0 (l 0 0 37 37 0 0

1 Ilou.rly Solar Radiation llates rOT VeTtical ~nd ltorizolltcll Surfaces on Average Days
in the·' united States and Calldda, ~18S~Tldillq Scl~nce Series No. 96,
T:-Ku~ud; and-Ie. lsli~-l'-----
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EXHIBIT 14
Solar Radiation Absorptivity/Transmission Factors

4"

1':XP05~ :>u.l:face Clla.l:acte.l:istics

Cl~a.l: single glazing

Cled.!: doUble glazing

U"'t:k colo.!: wdll

Liyht colo.l: wall

Ddt:k color roof

Light colo.1:" l.oof

Percent of Incident Inaolation Which
Is Absorbed and Transllli tted Tht"outJh

the Building Env~lope

0.90

O.BJ

O.lO

0.05

0.05

0.02



INl"ORMA1' [(IN REUU J rum

Hili Idiny type
Gross s.f.
f>laleriaIs quantity iflVf>1Lhny

PROCEDURE

Embodied
energy
investment

[Ene'rqy used in construction + Energy invested in materials]

Energy used
in construction [

Gross floor arca of
new building

x Invested
specific

construction energy per square foot]
to the buildinq type, Exhibit 5

Energy invested
in materials

1.4
"

[
Invested energy per material]

Quantity of materials x unil, Exhibit 11

i==1 - ROtl'lh lumbeI', softwood boat-ds
2 - Dressed lumber, softwood boards

n - Nuts, bolls, and other standard fasteners

The inventoried mat.erials aG<.;ollnt for <1bUUl 5U J..I"~,:"'"t of the total embodied energy of buildinq construction_
The inventoried materials do not iho.:!ll,i,' "ml.so.:cllilllCOU5 plastics; paving; nOll-ferrous winl, medlallical, plumlJ­
ill'} and electrical equipment aJld fixt.'ll-C!;; sheet mcta! work, metal doors and plate work; miscellaneous and
architectural m~til.lwod\.,"l iHIt! m..lIlY oU,c,r items which do not, individually, contribute giguificanlly to the
total embexU .... ,] cllcrgy. To account for tilcse mal- .... rials, which together compri!lc abulit 20 percent of the total
cmbodi ....d encryy of building constructi"n, the cmLmHcd encJ:gy of inventoried IlI<lterials is jl\[;:redlied so that,
alto'Jcthl~I', matto:l-jals aCcolUlt for 70 1",(<;f:,llt of the total embodied cilergy uf buihHng cunstruction.

l::.netgy Use for- Buildinq COIl5truo.:t:.iul~, De<:elllb.... r- 1976
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INi:~ORMA'rION REQUIRED

Enclosed volume
Exposed roof, wall, glazi ny ilreas, and ad entdtiohS
Exposed surface ared. trdllsmjttance values, U
Exposed surface area absod.ltivity/transmission, f
Vent.i.lation rates
Intern.;l heat gains dUl: to [J8ople, equipment, lights
lI<:lating sy::;tem tY(Je
Cooling system type

PROCEDURf=:

Anllual
op<:lrLltional
eneryy

Energy
requi red to
offset
hcating lOdds

I:;neryy
requir<:ld tu
of fset
coo] iny loads

[

E:nergy relluinJd to
offs<:lt heaLin~l loads

[Annual heat-iny load]

[AnllUdJ ';(0,,1 i,l,:! lO.Jd]

+ Energy
offset

[
Heating
Exhibit

r.
COO Ling
ExhiLit

required to ]
cooling lauds

system 8fficicllCy
8

system ~fficicllcy

H
x

Fuel source enerlJY
efficiency, Exhibit

Puel source energy
efficiency, Exhibit

-;;- l'(qmlll",,; ~nd l'rucellure>i u>;,-,,1 iI' ,'"I""I"Lj"'1 "['''[<lti.",,,J "lWC',IY ill tld" :;ltldy ... ,,, "i",pl ifi"d m..-.Ll,u<!,;. 'l'lo{"
invl1llt.ury mUlk:J i:; cI :;;iml'li (i.,:dl iUIl ~d ':1 .... "11 n'''''"llll,ti''l' o;llllulillioll c;ulUlH'l"r t'~'d"dqu,,'_;" '["hll; 1""L1,(,d I;;

inl"lIu'--'u ullly tu l'lU<1I1'--"': cll'!>UJxiWdl jUliO> u! ",,,"'til' ~""":"Ulnl,Liuli ill jmildj"'J" ..:I'; II. v." i.:", Llu-ougllnllL the yeclr.

MoL'" ,j,'!...'ll",d, lj'.I0IU,,'--' or u';""l-,H,,,, Ill"U",,'j·" "'"'\' 1,,-, 'AII".tilllt<~d. ill tld:; dllilly,;j'-.. "I. tll" 'L",,,"'e; u(,liun.

';\



1.08 [ventilation rate x Temperature differential, Exhibit 12]

L.:: lIeat loss for all data points

L.:: [Ileat loads of equipment, people, lights]

L lIeat gain for all data points

rr

f,
!
[

1
I
r
f,
!r,
I
"r

t
I ':
I I

"r I
I ,

l I
I ,

r "
l

H
1':
c"

~
E'\

r ':'~

2:
;:'~

~
?~
,:'(

'::;
.,;'::

, ~.~, "I ,:1,
',:.:

t
~: :
:; ~

(" ;:.
~,- ::;

! ;::
3'
4'

~. 4

l
4,
4

r 4,
4'

r 4,

'.4,
,"

i ,:,..
r

,
~,

l .'
f

'),

;.- .'

~.

~
\
r
i:,
t,
~'

l

Internal gain]+

di fferential,]

Incident inSolation,]
I::xhibit 13

Solar gain

Tenlperature
Exhibit 12

+

al"ca

Area

Ventilation
gain/loss+

[
Absorptivity,
Exhibi t 14

L.:: [rransmittance

~ [Transmission
L..J gain/loss

Internal
heat gain

'l'r ansmi ssion
gain/loss

V~ntiL.1tion

gain/loss

Solar heat
gain

Annual
heating
load

Annual
cooling
load

neat gain/
loss
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r-;XIIIUIT 15 (Continuel1)
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EXUIBI'!' 16
Input Sequence for ACIlP Inventory Model

of Operational Ene~gy

Uescription of Input Units format
~--~.

Up to 40
charalters

he building (Integ~r) I3
---- - .

at 6 hOUl'S. winter of 6FIO.1
" spri ng of 6FIO.1
" SUlllner of 6flU.1
" fall of . 6HO.2

-s, H, N, NE, E, SE, S, SW, W, NW (9 cards) winter DTU/ft1 6F 10.1
spring "

" SUlllllt!r " "
" fa 11 " " .

----_._-------- -~ - ._------
IHl REMAINING SH~UENC£ DUCE- FOR fACIi ZONE IN TtIl BUILDiNG

Window code: Up to 40
0 - Fixed 5. f. • daysl charac tel'S

I JdYS of operation per year. 1 " Operdble year, code 3110.1
--------- -

.t 6 hours. winter of 6FlO.2
spri Og or "

" SUII.lIer nF "
" fall of "

-----_._---~.

b hour'5, winter Thousand CfM of 10,2
spring " "

" sunMller " "
" fa 11 " "

-- ------",- ----.-_._- -- ---- _.
-" -- --- -------- _._- ---- - --

"0

o

"'

Card

1-1 Building name

1-1 Number of zOlles in

1-3 a Outside telllperalur
b "
c "
d "

1-4 a (1-9 ) Insolation at " 1'0
b (1-9) "
c (1-9) "
d (1-9) "

-

RfYU\

11-1 lone name

11-1 floor area of lone
..

11-3 a Interior temperdlu
b "
c "
d "1---.

11-4 a Ventilation a1 r dl
b "
c "
d "

L--........-~_"___ .- -- ---~- ----
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EXlIIBI'f 16 (continued)

._---- --------- -----
Units Format

I p~ople 6FlO.2
"

" .,
" "

~---- ----
~W 6F IO. 2
" "
" "
" "

W/s~.ft. 6FIO.2
"

" "
" "

f) Hariz. ft2, U. % 3FlO.t
N " "
tlf " "
f " "
Sf " "
S " "
SW " "
W " "
NW " "

equipment t, (OP 2FlO.2
ri city) t 3F10.2
--------~

- ,--_._-- --- ------~-

Card Description of Input

11-5 a N~er of people at 6 hours. winter
b spring
c " " SURllIer
d " " ftlll

11-6 a [~uip'me"t operat ion at 6 hours. winter
b " spring
c " " sun'Tler
d " " fall

11-7 a lig~ting load at 6 hours. winter
b spring
c " " SUl11Tler
d " " fa 11

I- -
11-8 a Area. U-value. and absorpt ion/tl'clnsmi ssion coefficient (

b " "
c " "
d " "
e " "
f " "
9 " "
h " "
j " "

-
11-9 Efficiency of heating equipment. efficiency of cooling
11-10 Source efficiency of (heating fuel. cooling fuel. elect

----- .-
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III. appendices





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 honsing 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 techniques for estimating embodied energy of materials in
the existing structures, embodied energy of potential rehabili­
tation materials and construction, and the amount of energy 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-I lists the quanti-
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

r

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 materials 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.

Embodied Energy of materials/s.f. (typical)
36800 MMBtu
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)
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EXHIBIT A-I
Materials Inventory for Building #10

Material Energy/Unit Unit Quantity Energy (MMBtu)

Hardwood flooring 14,283 Btu/b. f. 12,523 b. f. 179

Doors 872,881 Btu/ea. 380 count 332

Paint 508,475 Btu/gal. 256 gal. 130

Roofing 7,753 Btu/s.f. 10,239 s. f. 79

Window glass 13,659 Btu/s.f. 4,250 s. f. 58

Masonry Cement 1,586,787 Btu/bbl. 1,670 bbl. 2,650

Face brick 14,283 Btu/ea. 438,984 count 6,270

Structural tile 33,416 Btu/ea. 219,492 count 7,334

Ceramic tile 68,660 Btu/s .f. 9,980 s. f. 685

Concrete block 31,821 Btu/ea. 2,688 count 86

Ready mixed concrete 2,594,338 Btu/c.y. 2,082 c.y. 5,188

Plaster, 1/2" 6,970 Btu/s.f. 235,264 s. f. 1,640

Batt insulation 6,860 Btu/s.f. 8,350 s. f. 57

Rebars 16,338 Btu/c. f. 10,282 l.f. 168

Wire mesh 3,870 Btu/s.f. 800 s. f. 3

Steel pipe 164,106 Btu/l.f. 4,710 773

TOTAL 36,650 MMBtu
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The Existing Building Represents More Than One- and One­
Half Times The Energy Investment Required 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 ~onstruction 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 ttis 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 Lock8field 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
by US1ng Survey Model Techn1ques

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 lID. 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

Total Embodied Energy of Rehabilitation Materials

4,542 MMBtu

= 6,542 MMBtu

Dividing by the gross area of Building lID 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/33400 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
Reauired 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 energy
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 Rehabilitation Materials

for Building no

Item Quantity MMBtu

Hardwood Floors 12523 b.f. 179

Interior Oil 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 Lockefield 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 (Rehabi1itation~ = 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 weights for Building 10.

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

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

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
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Material Weight
(tons)

25

19

2

16

6

491

1,369

1,369

45

54

4,047

205

1

5

1

2



Demolition of Lockefield Garden Apartments will Potentially
Consume One Eighth as Much Energy as Rehabilitating the
Complex

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 (Dernolition)/122600 MMBtu (Rehab.) = 0.12

68



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 Energy for the Entire Complex Was
Obtained by Multiplying the Typical Consumption Per
Square Foot by the Total Building Area

Complex Annual Operational Energy
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516980 s.f. (Area) x 0.0638 MMBtu/s.f.
(Typical)

33000 MMBtu



EXHIBIT A-4
Annual Operational Energy,

Building 10

THIS IS THE ACHP INVENTORY MODEL OF OPFRATIONAL ENERGY

BUILDING 10 TYPICAL

HEATING
ENERGY
(MI1BTU)

CODLING
ENERGY
<J111BTU)

EQUIPI1Etn
ENERGY
(Mt'lBTU)

TOTAL
OPERAT I miAL

EI-iERGY
(MMBTU)

1945" 1:37 " O. 21:32.
Ar-iNUAL EI-IERG'y' U:,:E IN TH I S,:PACE IS 6::818. BTU PER SQUARE FOOT PER YEAR •

...............................................
BU I LD IIi';; TOTAL
LOCI<:FIELD GARDEN APTS:. - BUILDING 10

HEATING
EtlERGY
01MBTU)

COOLH1G
ENERGY
(MMBTU)

EQUIPtlENT
ENERGY
(MMBTU)

TOTAL
OPERAT I mlAL

ENERGY
01MBTU)

1945. 187. O.
ANNUAL ENERGY USE IN THE BUILDING IS
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Lockefield Garden Apartments will Annually Use Approxi­
mately One-Sixth More Energy 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 square foot of
new consturction were obtained from Exhibit 3.

New Construction Annual Operational Energy

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
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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
rehabilitation. 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
equivalent.

Rehab. Embodied Energy Savings
Rehab. Operational Energy Deficit
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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
100% of Rehabilitation Materials Embodied Energy
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EXIlIBITB-l
Rehabilitation Materials Inventory for

the Grand Central Arcade

Material Energy/Unit Quantity Energy (MMBtu)

Wood studs 7, 611/b. f. 14,300 b. f. 108.8

Wood doors 346,502/ea. 90 count 31.2

Plywood 5,779/s.f. 59,584 s. f. 344.3

Sheet glass 15,430/s.f. 9,090 s. f. 140.3

Float glass 54, 672/s. f. 81 s.f. 4 .4

Ceramic tile 68, 660/s. f. 200 s. f. 13.7

Concrete block 31,821/ea. 615 count 19.6

Brick 4,985/ea. 2,663 count 13.3

Concrete 2,594,338/c.y. 43 c.y. 111. 6

5/8" gypsum board 5,297/s.f. 72,482 s. f. 383.9

6" batt insulation 8,345/s.f. 16,662 s. f. 139.0

Nails 34,016/1b. 1,376 lb. 46.8

Rebars 15,664/1b. 1,923 lb. 30.1

Angle iron 26,910/1b. 15,334 lb. 412.6

Steel strip 120,825/1b. 7,818 lb. 944.6

Steel beam 22,707/1b. 17,792 lb. 404.0

Steel bolts 26,625/1b. 120 lb. 3.2

Interior ap. paint 437,025/gal. 340 gal. 148.6

3,300 MMBtu
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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 require 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
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+48000 s. f. x 0.36 MMBtu/s. f.
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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 Cons'truction

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

78

r
I



1
1

ANNUAL OPERATIONAL ENERGY FOR THE GRAND CENTRAL ARCADE IS
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 office 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

THIS IS THE ACHP INVENTORY MODEL OF OPERATIONAL ENERGY
DEVELOPED AT BOOZ. ALLEN & HAMILTON

OFFICE SPACE

HEATING
ENERGY
(MMBTU)

COOLHIG
ENERGY
(l1MBTU)

EOUIPMEt-n
ENERGY
(~lMBTU)

TOTAL
OPERfH I ONAL

ENERG'r'
(MMBTU)

38. 1194. 1658. 2890.
ANNUAL ENERGY USE IN THIS SPACE IS 60213. BTU PER SOUARE FOOT PER YEAR.

Q 1084. 2232. 3325.
ANNUAL ENERGY USE IN THIS SPACE IS 103906. BTU PER SOUARE FOOT PER YEAR. I

r

TOTAL
OPERAT I otiAL

ENERGY
(MMBTU)

EQUIPMENT
ENERGY
(MMBTU)

EOUIPMENT
ENERGY
o:t1MBTU;'

CODLING
ENERG','
d1MBTU)

CODLING
H1ERGY
(Mt'lBTU)

HEATItiG
ENERGY
d1t1BTU)

HEATING
ENERGY
(MMBTU)

RETA I L SPACE

................................................
BUILDING TOTAL
GRAND CENTRAL HOTEL. SEATTLE. I.•.IASHHIGTON

TOTAL
OPERAT I otiAL

ENERGY
O:MMBTU)

48.. 2278. ·~::3'3 (I ..
At·mUAL ENERI:;Y USE' HI THE BUILDING IS:

6215.
776'30. BTU PER ~:;:OUARE FOOT PER YEAR.
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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 oil 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 equivalent
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)

91900 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
Rehab. Operational Energy Deficit
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CASE STUDY:

"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 MATERIALS 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-l 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
100% of Embodied Energy of Rehabilitated Materials
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EXHIBIT C-l
Survey of Embodied Energy of Materials

and Construction

EMBODIED ENERGY OF REHABILITATION MATERIALS

Wood 3078 b.f. X 9,000 Btu/b. f. = 28 MMBtu

Brick 304 c. f. x 400,000 Btu/c. f. = 121 MMBtu

Concrete
(Plaster) 720 c. f. x 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 required
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
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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 MMBtujs.f. (New)
= 1701 MMBtu

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)
1701 MMBtu(New Materials and Construction)

87

0.38



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 elselinteriors, 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 Embodied Energy 1817 c.f. (brick skin) x 0.40 MMBtu/c.f.
+ 6108 b.f. (roof structure & sheathing) x 0.01 MMBtu/b.f.
+ 128 c.f. (clay tile) x 0.40 ~illtu/c.f.

+ 1773 c.f. (concrete) x 0.10 MMBtu/c.f.
1016 MMBtu

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 ~WWtu (new building) 0.60
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THE REHABILITATED "AUSTIN HOUSE" WILL ANNUALLY CONSUME LESS ENERGY FOR
HEATING AND COOLING 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 ener~_~~~sumptionwas 10 percent less
in the rehabilitated "Austin House" than in an average
comparable new three-famify residence.

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

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

4300 Btu/s.L (Austin House)/4500 Btu/s.L (new building) 0.95
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EXHIBIT C-2
Annual Operational Energy

for the Austin House
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OVER ITS 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 life
of the rehabilitated Austin House.

Rehabilitation Embodied Energy Savings = 1701 MMBtu (New building)
- 641 MMBtu (Rehabilitation)

= 1060 MMBtu

30-Year Expected Life Operational
Energy Savings = 504 MMBtu/yr

x 30 yrs
162 MMBtu

1060 MMBtu
162 MMBtu

Total energy savings = 1222 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 yearso

Total Rehabilitation Energy = 1222 MMBtu

Annual heating and cooling
equivalent new apartment
1222 MMBtu/122/MMBtu/yro

requirement
2700 sot.

= 10 yro

for
x 45000 Btu/sot. 122 MMBtu/yr 0
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