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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 Historiec
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 Historic Places,
and Title I of the Public Buildings Cooperative Use Act,
which reguires 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
ot 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 amounts of
energy—about 5 percent of United States enerqgy
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
enerqgy.



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 argque 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.



ANALYSIS 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 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.

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 Sgquare 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.

- Rehabilitatiorl of the Lockefield Garden Apartments
would potentially regquire only one third as much
energy for materials and construction processes
as a new complex providing the same services. In
this case, the rehabhilitation "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 o0il 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. Alsc, ho attempt was made to assess the
potential effects of energy conservation measures
which might be 1incorporated 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 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 30-year period, the rehabilitated Austin
House will conserve enough energy to heat and
cool an equivalent new apartment building for
over 10 years.



1T 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 egquivalent 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 1s 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 TC 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 rehabllitation 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:

. Ciimate
Occupancy characteristics
Physical design of the building.



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

- Existing Energy Investment in Materials and
Congtruction—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 Demclition 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 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.

- Rehabiilitation Total Energy Investment versus
Total Energy Investment for a Comparable New
Building——Combine Embodied Enerqgy 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 reqguired 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

DECISTONMAKING 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 guestions

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.

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 enerqy 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 Enerqgy: Based upon building
type and gross size, a single calculation
is required to estimate the amount of
energy heeded 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.

- 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.

- Operaticnal 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 calculaticns 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 guantities, and the
weight of construction materials, many
calculations are regquired 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 technigues
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 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.

14



1. BUILDING CONCEPT MODEL
2- BUILDING SURVEY MODEL

3. 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
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

2.6

3.6

15







1. concept model






11 conceer MoDEL EMEODIED ENERGY INVHSTMENT IN EX1SPING BUTLDINGS

INFORMATION RECQUIRED
. Building type

Gross s.f.

IPROCEBRES

bmbodied - )

i GCross floar aiea of
Energy historic Luilding
Investwent

X

Invested encryy per square
foot specific to the building
type from Exhibit 1

|



1_:! CONCEPT MODEL DEMOLITION ENERGY FOR EXISTING BUILDINGS

INFORMATION REQUIRED
Construction materials type (light, medium, or heavy)

Gross s.f.

PROCERURE
Demolition energy of materials
Gross floor per square foot of construction
Demolition Energy = area of « for buildings of similar size
existing and construction type,
building Exhibit 2

IE:]
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EXINBIT 1

.1
Embodied Energy of Materials and Construction
Per Sgusre Foot of Construction

EXHIBIT 2

Demolition Energy of Construction Materials for Existing Buildings

MBTU/Sqg. Ft.

Residential - 1 Family 700
Residential - 2-4 Family 630
Residential - Garden Apt 650
Residential - High Rise 740
tiotel /Motel 1130
Dormitories 1430
Industrial Buildings 970
Office Buildings 1640
Warehouses 560
Garages/Service Stations 770
Stores/Restaurants 940
Religious Buildings 1260
Educational 1390
Hospital Buildings 1720
Other Nonfarm Buildings 1450

4. Amusement, Social & Rec 1380

b. Misc Nunresidential Bldg 1100

. Laboraturies 2070

d. Libraries, Museums, ctc. 1740

;y‘ lse far Elliii.il‘-lim_‘_ Cunstruckion, cuerqy

Rudearch Group, Center for Advanced Computatjon,

University of 111ianis and Richard G. Stein and

Associabes, Doecember 1976,

Building Size
Cunstruciion Type Small Medium Large
5000-15,000 s.f. 50,000-150,000 s F. 500,000~ ,500,000 s.f.

Light

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

{e.g., steel frame) 49300 Btu/s.f. 7200 Bru/s.f. 6300 RBEuss.E.
Haavy

{e.g., masuanry,

concratu) 15,500 Bru/s  fF. 12,000 Btu/s.f. LO, 500 Btu/s.f.

Ly




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

building that is being replaced or added in the renovation process,
The value of fy is largely a matter of judgment

PROCEDURE

Emhcodied - Invested cnergy per sguare
Energy = Ei:i;rflog:i?Z?ﬁ of X foot specific to the building
Tnvestment € d type from Exhibit 1

20
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4.4 CONCEPT MODEL ANNUAL, OPERATIONAL ENERGY IN RENOVATED BUILDINGS

INFORMATION REQUIRED
. Building type
. Gross s.f.
. £.,, multiplier representing the extent to which renovations may be expected

t& make the historic building energy consumption egquivalent to new buildings.
. The value of fz is largely a matter of judgment

PROCERDURE
Annual Gross floor area Energy consumption in build-
Operational = of hisLoric x ings of similar type in the x £
Energy puilding same climatic region, 1975

levels, Exhibit 3

21



EXHIBIT 3 1
Annual Opurational Energy (MBtu/sf)

]

a

pel

5

Building Type = Reglon
1 2 k] 4 5 6 7
OEfice 64 73] 76 65 6l 51 50 64
Elementary a5 14 70 68 70 { 53 48 | 57
Secondary 52 77 66 55 St 37 41 34
College/Univ. 65 67 10 46 59 -— —_ B3
Hospital 190 - 200 171 227 | 207 —_— | 197
Clinic 69 B4 72 71 65 61 59 59
Assembly 61 58 1 7% | 66 51 | 44 68 | 57
Restaurant 159 162 1718 186 144 § 123 137 137
‘Mercantile B84 99 98 86 Bl { &7 81 | 8O
Warehouse 65 75 82 65 50 6 37 19
Residential Hon-
Housekeeping a5 99 B4 94 125 | 90 93 | 106
High Rise Apt. 49 53 53 52 53 34 23 | —
CLIMATIC REGIONS

Multifamily
1L.ow Rise 43 58 55 41 31 27 22 3z
Single Family
Attached 47 65 54 45 7 a5 13 45
Single Family
lntached 63 104 13 61 52 43 ja 58
Mobile Homes 75 103 B4 a1 67 | 42 54 | 10

1 PIIASE ONE/BASE DATA for the development of ENERGY PERFORMANCE

STANDARDS FGR NEW BUILDINGS, HUD, DOE, January, 1974

22



1.55 CONCEPT MODEL EMBODIED ENERGY INVESTMENT IN NEW BUTLDINGS

INFORMATION REQUIHED
. Building type

. Gross s.£.

PROCEDURE

gmhodied _ Gross floor area lnvested e¢neryy per syuare foot
Energy = of new building X specific to the building type
Investment Erom Exhibit 1

23



1_(5 CONCEPT MOUEL ANNUAL OPERATIONAL ENERGY IN NEW BUILDINGS

INFORMATION REQUIRED
Building type

Gross s.f.

PROCEDURE

Energy consumption in

Annual Gross floor buildings of similar
Operational = area of new ® type in the same cli-
Energy building matic region, 1975

levels, Exhibit 3

24



2. survey model






D 1 survey MODEL EMBODIED ENERGY TNVESYHENT IN EXTSTING BUILDLINGS

INFGRMATION REQUIRED
. Building type
. Gross s.f.

Materials quantity suivey in terms of seven primary material categories

PROCEDURE
gmbOGIEd [Energy used in construction + Eneryy invested in materials]
nergy i
Investment
Enerygy Gross floor arca Invested construction.
Used in = i historic X eneryy por sguare
Construction buiiding foot specific to the

building type from
Exhiibit §

Energy
Invested = 1.4 E Quantity of material x Invested energy per material
in Materials unit from Exhibit 4

- Wood

- Paint

- Asphalt

Glass

- Stoue and clay

- Primary iron and steel
- Primary non-ferrous

=N LA b B e
1

.—'l‘-lx:_-ﬁ'.st;;'uu;f-u.d- materials avvount ror aboat L0 poercent of the total enbadiced enLryy of building construction. The
surveyed moterialy Jdo uol iaclode "mosced baucons plastics; Vi tuni-ferrous wWire; mechanical, plumbing and
clactiical wpuipment. and Fixiure:; hoet ai-dal work; akelal duors and plate work; miscellancouws and architeclural
m(.-L:.lwn{'k,"} wid many otbuee Ptone shiteh do o not, individualiy, conttibute signitlcantly ko the tetal embodied CHeryy.
To account for these materials, whicl togettics capprise abont 20 purcent of Lhe Lotal embodied enargy of Luilding
consteuct buon, Lhe cmbodied encey ol surveyed materials s incereascd so that, alloyelice, materials account tur
Hy percent ol the tolal vabeniid cirvrgy of butdding construction.

1 Energy Use bor Huidding Conwboustion, veconboer 197u

25



EXUIBIT 4

Energy Embodiment of Primary Materials

Material Category

tmbodied Fneryy per
-Material unit

Wood Products
Paint Products
Asphalt Products

Glass Products

Stone & Clay Products

Primary Iron & Steel Products

Primary Non-Ferrous Products

9000 BLu/BDFT

1000 Btu/sE (450sf/gal.)
2000 Btu/sf

15000 Btu/sE-windows
40000 Brtu/sf-plate
96NN} Btu/cf concrete
400000 Btu/cf brick
25000 Btu/lb

9s0on0 Btu/lb

¥ Note that these values are approximations based on data
fer a variety of proeducls included in Energy Use Ffor

Buildings, December 1976,

26

FXHIBIT 5

Energy Fmbodiment of Construction

Building Construction Typx:

Encrgy Embodied in {birect
Fuel Purchases for)
Construction®*

Residential -~ 1 Family
Residential - 2-4 family
Residential - Garden Apt
Residential - Bighrise

Hotel/Motel
NRormitories
Indugtrial 8uildings
Of fice Buildings
HWarchouses

Garayes/Service Statlons

Storos/Restaurants

#uligicus Buildinpg

Fducational Bulldings

[fospital Buildings

fther non-Farm Buildings

da. Amusement, Social, Roecreation
L. Misc Hon-Residential Buaildings
¢. [ahoratories

d. Lilrrarles, Museums, ot

Faym Residences

1

Center for Advanced Compulation,
Richard 6. Stein and Ausociates,

MBtu/SF

90
100
120
150

250
310
100
360

150
220
260
21
150
EXdy
100
240
450
380

70

Energy Use [or Buildiny Construction, Energy kesearch croup,

University of I1linois and
Dacenber 1976



2_2 SURVEY MODEL, DEMOLTTION ENERGY FGE EXISTING BULILDINGS

INFORMATION REQUIRED

. Materials guantity survey in terms of Seven primary material categories
PROCEDURE
Demolition _ LA - - LE guantity of Weight per material
Enerqgy = 50 stu/lb of materials x 1.4 E : [Material X unit, Exhibit 6
i

TNOTLE:  Hanye in 35-05 Bru/ib Of materials

. The surveyed waturials account fur about 50 percent of the total vabodied energy of building construction. The
surveyed matel tals do not include “misvel bancous plastics; paviang; bon-ferrous Wire; wechanical, plumbing and
ehuctiical eguipment and Fixlares; shcel metal work; metdl dours and place work; miscellancous and arciritiectural
metalwork, "l and meny other itews which do oot, individually, contribute signifivantly to the tolal embodied cnergy.
To secount Aer Chese materials, which bogeibur comprise about 20 percent: of the total eabodied cnergy of Luilding
sonsbrwetion, the webodied cooryy of surveyed meterials is increased se Lhal, sltogelhor, materieals account for
70 percent ot the tutal embudicd cneryy of building copsteaction.

1 Encrgy Uue For Huildinit.'nnu!cucl‘y)k, Ducembey 1976
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EXtIBIY

6

Weight of Materials

Weight of Materials

Height per Unit Quantity

Wood Products

Paine Products

Asphalt Products

Glass pProducts

Stone & Clay Products

#rimary Iron and Steel Products

Primary Mon-Ferrous Products

4 1b/b. £, (board feet)
12 lb/galion

100 Mb/c.f. {cubic feel)
170 lb/c.f.

144 lb/c.f.

500 lbse.f.

256 1b/c.E.



2.3 survey MODEL EMBODIED ENERGY INVESYMENT IN RENOVATED BUILDINGS

ENFORMATION REGQUIRLD

PROCEDURES

. Building type

. Gross s.E.

. Malerials of reaovation guantity survey in terms of seven primary categories

- €., fraction of energy intensity of new buiiding construction for
t%e rotal buildinyg whiuh would be expended in renovation activities
Tinbexl i ed
Envrygy B #nergyy used in reno- + Energy invested in
Investment (BTU} vation construction renovation materials
Energy used B Gross floor area of Invested construction x f
in renovation N historie building o x ensryy per square foot 3
construction specific to the building

type, Exhibit 5

Eneryy invested A Ouantity of reno- Invested energy per
in materials 1.4 E vation materials x material unit, Exhibit 4

1 E-wood
2-paint
J-asphalt
4 -glussy
5-stone and clay
6-primary iwon and steel
7-primary non-ferrous

Tie owrveyed malerials aveounl €or abont 50 pereent of te total cubodicd coergy of building vonstruction, The
surveyed maleriuels do not luchude Mwiscellancuus plustics; paving; ton-Lerrous wire; mechanicat, pluabing and

57 sheeel awctal work; metal Jduours and prlubs wusk; miscul laneons aud archicectuyral
mulalwntk,"i aid many bl dtems whisth Jdoe nok, pnddividuakly, conbutbate siguiricantly to the total embodicd enuryy.
To avoowtl Ter These maleriaks, which Logollet comprise aboul 20 greicent of ihe Loldl cibodied cnergy of building
conob et bon, L cimbodBed chatgy ol s v meleviols ig increased su thal, ol toyethes, materialus account Eor

clucle ival wipudpinent and €ixtur

70 percent ot the tutal cmbodicd <o gy wb b Bling cunstroclion,
! Encrgy Uue fur Bulldimy Conetractio, Lecember 1870

29



IHFORMATION REQUIRED

Encloscd wvolume

Lxposed roof, wall, and glass arveas

Ixposed roof, wall, and yluss thermal transmission,

Heating system bLype

. Couling system type

12

values, Exhibit 10

PROCEDURE
Annual
Uperational = Energy reguired to + Energy reguired to
Eneryy, affset heating loads of fset cooling loads
Energy required Source T
to offset heat- = E Uxh X Climate heating Heating system effi- yx enexgy
iny loads I factor, Exhibit 7 ciency, Exhibit 8 efficiency
Exhibit 9
Energy required Source T
to offset cool- = Ux A x Climate cooling tooling system effi- 5 energy
ing loads - factor, Exhibit 7 ciency, Exhibit 8 efficiency
1 Exhibit 9 |
i=1 - rnot
2 - wall
3 - glazing
- TThe (ormalas used in calculating operet jonal cacrgy in this study are simplificd wmeothods. They are not intended to be
cansidered analytically rigorons mxl rhevetore oo pmadnce unly approximat ions of the entrgy which can be expected Lo
be consumed tn buildings. More detaile=d, rigoronu, or accural e methods moy be substibuted in this analysis at the

user's option.
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EXHIBIT 7
Deyree-trs. of Heating and Cooling Required for Various
Locations Within the United States

EEE IEEY EERNERE

Eg'&'éﬁv'@g R . EXIIBIT 8 o
Lcat bon 2y 88w g6 | 10cation £u g g gwdd Heating System and Cooling System Efficiencies
Albany, NY 161 9 Los Angeles, CA s G Heating Cooling
AlLuyuerguea, WM 174 16 Louisville, KY 105 35 Sysbem Pype wEficicney EEfficivncy
Allanta, GA 74 3% labboack, TX 78 42
Hismarck, N 188 18 Moimphis, TN 78 45
Buise, ID 140 19 Miami, FL 3 67 Fac) Figed 4~ . 0.5
Boston, MA 155 9 Minncapolis, MN 183 13 {Absorption Couling)
Hillings, MT 154 15 New Crleans, EA 28 54
Butfalo, NY 161 [ Gnalia, HE 146 23 Electrie 1.0 3.0
Chaclenton, S 46 42 fearl llarbor, I 0 70 {Rusistance) {hefrigeration)
Chicago, 1L 156 11 Phoenix, AZ 9 1n4
Corpus Chriscvi, Tx 18 65 Pitesburgh, PA 9 11 1.7 2.4
Dallas, ‘BX 57 63 Fortland, ME 174 El Uit Pumpis) (lleat Pump)
eaver , €0 127 20 Portland. OR 122 U
Letroik, ML 160 ] Roosevelt Rds, PR Q0 96
Ellsworth, un 156 17 Sacramentao, CA 64 &5
Fairahild, wWa 16% 3} Sale Lake CiLy, UuT 151 24
tGreenskeora, HC By 13 San Bieyo, CA 37 o}
Helena, M ldb H s5an Frabcisos, A 75 0
Kuntias City, MO 114 % Traverse City, Ml 182 1)
Kadiak, AR 240 0 Tul sa, OK 8h 45
las Veyai, NV 51 94 Washington, bC 14 ah
*_“.El:}&.-;n——d;léf—ﬂ—q_ﬂ_h-ﬁ-dtihg 5¢ason temperature and length and average ceoling

scgson temperolure and length from Encrygy Conscrvatlion Wikl Comfort,

Huneyweld, 1970,
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EXHIBIT 10
Thermal Transmission, U, Values for
Exposed Roofs, Walls, and Glazing

EXHIBIT 9 o .
Heating Eneryy and Cooling Energy Source Efficiencies ,
Description Transmission, U, Btu/ft %
Source Efficiency

I RooE Construction 0.05-0.20

roal 01l Gas Electricity
1.0 1.0 1.0 -3 Wall Construction 0.10~0.60
Glazing 0.60-1.13
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2.5 SURVEY MODEL EMBODIED ENERGY INVESTMENT IN NEW HBUILDINGS

INFORMATION REQUIRED

. Building type
. Gross ft.
. Materials guantity survey in terms of seven primary categories
PROCEDURE
BEmbodied energy Encrgy uvsed in Energy invested
investment {(BTU) = |new construction + in materials
Energy used in Gross tloor area Invested construction
new construction = of new building x energy per square foot
specific to the building
type, Exhibit 5
Energy invested Quantity of Invested energy per
in materials = 1.4§ material X material unit, Exhibitc 4
i=l-wood
2-paint
J-asphalt
4-glass
5-stone and clay
b-primary iron and steel
7-primary non-ferrous
o ‘il;.”;rv\;n.y:a materials accuwt for aboul 50 pervent of the total embodicd enorgy of building construction. ‘the

wvurveycd moterialys do not include "misccellancous plastics; paviny; osn-ferroas wive] mechanical, plumbing and
slectrical eguipment amd [ixtures; shoet molul work; mebtal duors and plate work; miscellaneous and architecturasl
motalwork, "t and many utlher items whicl do not, individually, vonkribute sigpificantly to the total embodied oacryy.
To account for these materials, which toyethuer vomprise about 20 perceac of the total embodied anergy wf building
conslyuction, the embodied encrgy 9f sorveyod maberials is  inoreased so that, albogether, waterials account bur

0 pereent of the total emodied wvnceogy of buailding construceion.

1 Brnoeryy Use for Buikding Construction, Decenber 1976
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2.6

SURVEY LIFE CYCLE OPERATIONAL ENERGY IN A NEW BUILDING

INFORMATION

PROCEDURE

REQUIRED

Enclosed volume
Exposed roof, wall, and glass areas

Exposed roof, wall, and glass Lhermal transmission,

lieating system type
Cooling system type

Annual
Operational
Energy

Energy req.
to offset
heating
loads

Energy req.
to offset
conling
loads

[Euergy required to

+

offset heating loads

.

= E Uxh x

| 1

i=1 - roof
2 - wall
3 - glazing

34

Climate
factor,

Climate
factor,

heating
Exhibit

cooling
Exhibit

u,

e

-

Heating
Lciency,

Cooling

fiency,

values,

Exhibit 10

Energy reguired to ]
affset cooling loads

system effi-
Exhibit 8

system effi-
Exhibit g

X

x

Source 7
energy

efficiency
bBxhibit 9 |

Source L
energy

efficiency
Exhibit 9 |




3. inventory model







31 wvENTORY MOUGL EMRODIED ENERGY LHVESTMENT IN EXISTING BUILDINGS

INFORMAT ION RLQUI1RED

Buitding Lype

. Gross s.E.
. Materials guantity inventory
PROCEDURE
A Embodied
; energy = Enerqgy i i s t ki + Energy invested in materials
4 invest- = nergy used in construction gy
ment
E?eggy Invested construction energy per
ebe tln _ = Gross floor area of historic X synare foot specific te the building
construc buitlding type from Exhibit 5
tion
E Energy n
3 %nVGStEd = 1.4* E Quantity of X Invested eneryy per waterial unit
Hh R materials Exhibit 11
materials i
i=l - Rough lumnber, softwood bds
2 - Dressod lumber, softwood bds
n ~ Nuts, bolts, and other standard fasteners
o .

The dnventonred malerials anssuant far aboul %9 peacent ob the total cubodied cnergy of buildiug construwe:tion.  The
favenlorted mates ials do st include "wiscellaneons plastics; pavinyg; mun-lerrous wire; sechanical, plumbing and
clevtrical wyuijpdaenl and Eixtines; clheel metad work; aetual Jdoors and plate woerk; miscellancous and architectural
tm.-tulw-nk,"l and many other items whoode do nol, bedividaal by, corlribute signiricantly to the total cwbodied enceyy.
To aceoanl for these materials, which wegether comprise alouk 200 percent ob Lbe tolal embodied energy of building
womsteasbion, thi cabodied veocrgy o Tuventoried mulerialy ju incieased so o that, altogether, materials account for
70 pervent of the totral cmbodicd coergy of Loilding constosciion.

1 Energy Use For Building Conslouct ion, bDecerbee 1976




EXHIBIT 11

EXH1BIT 11

Embodied Eneryy of Materialst {Continued)
Haterial Embodied Energy Malcrial Embodied Energy
Classificalion bescription Ui v Per Matcrial unit Clusuification Lescriplion Unj v Per Material Duit
WOOD PRODUCTS W PRODUCTS (Continned)
Sawmill + l’l&minq] Rough Lumber: Wimdow Units, Wood ImeEs, Wood, Interior
Mill Products Seftwd hoards Ld FL 7,600 {Cont ineed) + Exterior, lanel
Type
Dressed Lumber:
Softwd bhoardy bd ti1 7,900 Douglas Fir
Western Pine 1 ¢a 673, 000
Fough Lumber Other Speries I
Hardwoud bd ft 9,300 i
Flush 'Typc, Uollow i
Dressed Luwber: Core i
Nardwood b £t 9,700 iV
; suktwood Faces £
Suftwood Floorjng Sofewood Flooring bd £t 10,300 a rdwoad 1 eca 347,000 ﬂ
Oak strip flooring Other Faces
tardwond Flooriog vak Epeclall.’.y flooring bd ft 1r; 300 Flush Type, Solid
Maple flooring {lare
Other hardwoods F
Hardwood Faces -
Shingles, -‘.(xm[.-u".r.'tge Shingles Softwnod 4 Other it va 1,191,000 :
Stock 1 Excolsior: Remanufactured uq [k 7,300 A
Red Codoar Hands)plit Shakes Other Wood Doors .
Window Hoits, Waod Conventional Double, Combination Storm :
Hung 1 ea 1,127,000 + Screen 1 ea Bf]l,()UO
Awnings + Casement 1 ea 1,190, g00 Garaye Dours 1 ea 3,321,000
All other wood windows | 1 ea 1,830, 000 Serean Doors 1 ea 360, 000 :
Louvre Doors 1 ea 475, 000 ¥
wWoud Window Sash "
; Finished Wood Moldingy o
Knock down | Y 167,000 !
Open 1 ea 168,000 Sof Lwood bd £t 18,000 3
Glazed 1 ea 291, 0po Hardwood 1
Storm Sash 1 ea 427,000 venser + Plywond Hardwood Plywood sq £t sm 17,000 x
tr
Soft.wuuqli‘lyuuod s S" 5,000 k.
{Tnterior Typw:) /8 i
i Softwood Plywond sq [t 6,000
1 Lnergy Use for B\.xilqu Construction, B. M. Harmon, R, A. Stein, B, Z. Segal, {Exterior Type) /8% ‘ :
D. Buber, C. sStein, Energy Rescarch Group, Center for Advanced Computation, :
University of [llinois; Richard A. Stein and Associates, Architects,
Nuw York, NY, Decenber 1976, :
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EXHIBIT 11

EXHIBIT 1l

(Continued) {Continued)
Material Embudied Eneryy Malecial Lmbodied Eneryy
Classificvat ian Bermor ot ian Uni i Pur Material Unil Classi Fivation Description Unit Par Material Unit
HOOR DRODUCTS  {(Continued) WOKD PRODUCTS {Cont inuwed) I
Veneer + Plywood Prefinished Hardwood s5q ft 105,200 Constxuction Paper PRODUCT EXAMPLE - BLDG PAPER
{Continued) Plywood sm {Cont inued) .
Prefinished ldwd Bases | sy Fo 8.0 Size b/uq £t Total Bru/sy Et
i Ul
brofinished Sfiwd Bases  sm ! 1 ply .05 1b 524
HNardwuod Veneer sq ft 3,400 2 vly -10 1b 1,048
Special + Type Face s ' FALNT PHODUCTS
Commercial + Utility sg fr 2 200 Exlerior Oil-Type Semi-paste 0il + alkyd
Type San ' Fainl Products Paiuty gal 48%, 000
Container T sy fr
r';,:ta'l‘::-u e bqsm 1,500 Exterior water-Lype
trade sales paint .
soflwood Veueer products gal 489,000
Plywoed Veneetr sq fe Interior oil-type
b 4,300 trade sales paint
Conlainer Venuur sq ft products sl 508,004
i 9,600 Interion waler-type
Pubricated Structural Glued Laminated Luwber fbd ft 16,700 tl:ddu sates paint . 437,000
Weod Membicrs Sawn Lumbiey bd fr 6,400 products gal !
Cumbination Glued ASMIALT PRODUCTS
4+ Sawpk Lumbor Ld £ 16,500 . .
Asuphallt Felts Boul Asplialts + Patches
Ruady-cut + Prefab boatings
Wood Bui tdings Ruuf Asphalt 1h 6,900
Dyl Lings 1 ea Asphalt + Tar Roofimy
Farm Buildings 1 ea + Siding Products
Rouf Trusnes Madue of Agjhalt HouEing: Swooth | ny £t 7,800
Suwn Lasnboer - Light Surtaced Rooled voufing
Construction 1 ca & Cap Sheel, Including
Copstruct ton Faper Urmisteuct ion Paper b 10,500 Savded, Tale, Hi‘;uf
(bry busis Lefore & Mher Fine Malorial
Saturaling) Surfuclixg
Mineral surfaced Roll
Huofing & Cop Shewt sq £t 11,000




Material
Classification
—

EXHIBLT 11
{Continued)

Description

Unit

Enbodiesdt Enerny
bor Matcevial Unil

Material
Classilication

EXHIBIT 11
(Continued)

Deguriplioo

it

Embodied Energy
Pur Material Hoit

ASPIALT PRODUCTS {Coutinucd}

Asphalt Falts
& Coalings

GLASS PRODUCTS

Flat Gluss

Strip Shinglen-Self
sraling

Slandard or reqular
strip shingles

Indiv. Shingles-all
styles

Asphalt Bldg sidings:
roll form & shingle form
all patterus

Mineral-surfaced insu-
lating bLoard base siding
lall types and finishes)
Salurated felts: asphalt
saturated felts for root-
ing and sidings

Saturated felts: tar
saturated fFeles for roof-
ing and sidings

Sheet Glass {Windows)

Single strength

Bouble strength

Heavy shwet

Thin, including picture
glass + tinted {all
thicknesses)

Other Flat Glass

Tempered glass fFor archi-
tectural) construction
purposes

B

=q

B ]

51

Bl |
sq
sq

54

fi

fr

ft

ft

[t

1b

ft
fr
ft
ft

ft

29,7Un

25, 300

25,600

13,600

67,500

13,600

16, 90

13,700
15,400
14,600
20,000

72,600

GLASS PROBUCTS  (Continued)

I'latl Glass {Continued)

STOHE & CLAY PRODUCTS

Cement, Hydraukic

kL

Obthey flal glass {suach
as plate glass blanks,
bent or cnameled sgheel,
rlate floazt and rolled
glass, multiple glaned
and sealed iuwsulation
mnits

Plate 4 Flvat Glass

Plate + Float Glass less
than 1/8% thick

Ylate + Float Glass be-
tweel 1/8"-1/4" thick

Plate + Float Glass over
1/4" thick + ralled
wire ylass

Laminated Glass

Laminated glass
urder

Laminated glass
over

1/4% and
1/4" and
Lamipated sheet

glass
Other laminated glass

{windcw}

Portland cement

Prepared or mixed
Hydraulic & Masonrcy
cements other Lhan
special Portlands

sg Et

sq

s Et

sq ft

uq ft

sq Ft

1 bl
@ 376
Ibs

1 bbl

2 280
1bs

34,600

37,500

48, 000

54,700

212,500

113,500

1,582,000

1,587,000

ST
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EXHIBIT 11
{Continued)

EXHIBIT 11

{Continued)
Material tmbodied Enciygy Material Embodied Energy
Classification beseription Unit Ber Material lnit Classification Description Unit Fer Motoerial uUnit
. SO & CLAY PRODUCTS
STONE & CLAY PRODUCTS {Continued)
{Cunt inued}
. i Concrete Blocks Structural Bilock - Heavy
Cement, Hydrawlic Brick & Siructural Clay weight aggregate
{Continued) Tile = - B "xB"x1E"
: . . I blk 31,800
Brick, except Ceramic Structural Block -
Glazed + Hefraclory Decorative
Bldy or Common Brick 1 brk 14,300 Hrick 1 brk 5.000
& Face .
. {2-1/4%x3-5/8%x7-5/8" -
{2~-1/4"x1-5/8"x7-5/8"%) / /8%)
. Ready Mix Concrete cu yd 2,594,000
Other Brick {Pavinyg, 1 brk 25,600 Y ¥ ’
Fleor & Scwer) Lime - -
(2-1/a"%3-5/8%7-5/4%) Quicklime L 6,867,000
Glazed Brick + Strue— Hydrated Lime I 3,464,000
tural Melilow Tile
. Bead Burned Dolomjite 1T 9,748, 000
structural Clay Tile 1 tile 27,700 !
vxcept Facing includ- Gypusum Products -
iny load bearing Calcined gypsum hldg 17 6,970,000
& non-luad bearing materials, bldg plas-
tile ters & prefab bldg
Facliy tile {structural)| 1 brk 33,400 materials
& Ceramic 9lazed Lrick . .
: Othex calecined sunt T 4,362,000
(2-1/4"x1-5/8"x7-5/8") w calel ayp ' » OO
. FROCUCT EXAMFLE ~ GYP BOAKD
Unglazed & sali glacud botile 68, 200
facing tile Size 1b/sq fu Total Beu/sg Fi
o1t "
(x5 x11") 18 1.52 5,300
Cueramic Wall & Floor - - r/am 2,00 7,000
Tile Mincral Wool Hiperal Wool for Struc-
Quarry tile & Prowcpode s [t 51, 0uu tural Imsulation
Tile Laose Fiber {(Blowing sm 12,826, 000
Ceramic Masaic Tile sq Et ©4, 6010 i Pouring + Gramu-

& Recessorics - Un-
ylaved

39
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Material
Clagsification

EXHIBIT 11
{Continued)

Description

Unit

Embudied Energy
Par Material unit

Material
classification

EXHIBIT 11
{Continued}

Irescription

Unit

Embodied Eneryy
Per Material Unit

STONE & CLAY PRODICTS
{Cont iimed)

Mineral Woal {Contipued)

PHRIMARY IRON & STEEL

Steel Products

4.5 inches or more thick
{bldg hatls, blankets
+ rolls)

2.0 to 4.4 inches thick

Less than 2.0 inches
thick

Coke Ouven + Blast Fur-
nace Products

Pig Yron
Steel Products
Tin Mill Products

Carbon Steel Sheets:
Hot RAolled + Enameled

Steel Products
Tin Mill Products

Carbon Steel Sheets:
Galvanized

s bt

sy ft
sy ft

1b

1b

8,000

6,900
4, 800

7,400

16, 800

27,800

FRODMICT EXAMPLE - GALV SHEETS

Thickness 1L/sq ft
22 GA L.1% 1b
20 GA 2.14 1b
1B GA 2.83 1b
16 3 31.54 1b

Total Btu/sq fE

49,800
59,500
78,800
88, 500

PHIMARY TKOM & STEEL
{Continued)

Steel Producls
(Cantinued}

10

ot Rolled Bars + Shapes

Carbon Steel:
Structural Shapes
Shaect Pilings
Bearimg Piles

PRODUCT EXAMPLE -

Size
Wlz x 65
Wlée x 36
Cx 2 x 30
ILxB8x4=x])
WTG x 27

Steel Products
ot Rolled HBars + Shapes

Carbon Steel Conc
Reinf Bars Rolled
from Mew Billet

Rolied from 0ld Material

Ih/LF

6% 1b
36 I1b
30 1b
37.4 b
29 1b

18,700

Total Bru/iLFP

},218,000
656, 000
562, (R0
701,000
543,000

15,700

PRODUCT EXAMPLE - RETNF BARS

Bar Size lh/l,F'
B2 167 1Ib
LE] .376 1b
LE .668 Ib
5 1.0413 1b
L L) 1.502 ib
¥7 2.044 1h
1) 2.670 1b

#

Total Btu/LF

2,600
5,900
10, 500
16,400
21,700
32,000
41,800

Eema s

P

L
H

w
L

{
;



Material
Clussification

EXHIBIT 11
{(Continued)

Deser Lption

it

Emhodicd Eneruy
Por Hatorial uuit

HMaterial
Classification

EXHIBIT 11
{Continued)

bBeseriplion

VRIMARY TRON & S5TLLL
(Continued)

Steel Producls
(Conlinued)

Steel Products

Hol Rolled Bars
aid Shapes

Alluy Steel:

Plates + Structural

Shapes

1h

26,900

ERODUCT EXAMPLLE -~ STEEEL SHAPES

Size

Wl2 x 65
Wit x 36
Cx 2x 30
Lx 8 x4 x1
WP 1 27

Noninsulated Ferrous
Wire

Wire Sirapd for Lre-
stressed ('oncretu

Steuel Produels

Steel Hails f Spikes

Carbon Steel Wire
oducts:
Nails 4 Staples

PRGLDUCT B

Sjze

2 pehny .
3 penny -
4 peunny .
5 penny .
10 penny .

1L/LF

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

1§

[iF)

Fotal Bru/LE

1,749,000
Y464, 000
807,600

1,006,000
784, 00U

44,600

34,000

KAMULE - COMMUN HALLS

/Rl

Aol gy
JOl8 I
0033 b
GHIY ib
Hls b

Tolal Blu/Hail

40
60
110
110
510

PRIMARY IRON & STEEL
{Cunlinued)
Stecl Products
{Continaudl

11

steel Producty
Stoel Wire
lais Wire

Galvanized Wice

tmbodied Encrgy
Unit Por Malerial funit
1L 31,200
1b 34,400

PRODIICT EXAMULE - 7 WIRE STUHAND

Dia 1b/LF Total Btu/LVF
i/4 122 ik 5,400
1/72n 198 1k d,800
a/an .24 1b 12,200
/16 373 1L 16, 600

Other fabricated wire

proctucts
Cone Keinforcing Mesh 1b 24,200

{Helded Wire)

PROBUCT EXAMPLE - WIRE MESIt

Shea

% 4 14714
x 12 8/8
x 16 8/k2
x 16 6/10

LSRN SR R

Hecl PFrodoacis
Steuel Pipes amd Tubeg

Carbon steel Finishoed
Shapes 4 Forms:
Statdard Pipe

1h/S5F Tolal Btu/SE
.16 1 3,900
1.05 1b 45,400
A6 b 11,3100
.65 b 15,7400

1h 25,800



EXHIBIT 11 EXHIBIT 11

{Continued) {Continued)
Mulerial Embndicd Lneryy Halerial tmbodied Eneryy
Classificalbion Begeripeion Unit Pey Material (it Classifical don Descriplion Unit Per Material Unit
PRIMARY IROH & STELEL PRIMARY NONFERROUS N
{Cuntinued} (Continued) E‘\
Steel Peoducls PRONDLBCT EXAMULE - STANDARD FIPE Alaminum Rolling Aluminum Plate + Sheer E‘.
‘LNt v Continued -
(Contimud) Nom Dia Total Bru/L¥ {Continued) Sheet: Hon-Heat ib 96, 00y
T bl
172" .85 1b 21,900 reatable
a/am 1.13 1b 29,200 PRODICT EXAMPLE - ALUM SHERT
1= 1.68 1b 43,300 Thi 5 ;
2m 3 65 1b a4, 200 Thickness 1b/S Total Btu/sF
[Thd 18.97 1b 489,704 /8" 1.82 1h 175,000
M 2
Stainless Steel - 3/16 . 2.73 1b 262,000
Finished Shapes + Forms Alumipum Rolling - -
Sheets - Cold kolled “1b 138,000 rolled Aluminun Rod, Bar
+ .
Sheets - It Rolled 1o 81,000 Seructural Shape
. Rolled Bar + Rcd
ip - Hot + Cold Rolled b 1
Strip - Ho id Rolle ! 21,000 Continsous Cast 1 92,000
Plakes Lb 154,000 Rolled Structural Shape
Bars - Hot Rolled b 157,000 PROGUCT EXAMPLE - STANDARD SUARLS
Bars - Cold Finished 1 193, 000 Size 1b/LF Total Btu/1r
Wire 1b 240,000 Blg.81 B.81 1b 412,000
v
PRIMARY HONFERROUS 716,05 6.05 1b 557, 500
615.140 5.10 1b 470,000
Tumi I i i ate + Shew
Alumi i kol king Aluminum Plate heut FABRICATED METAL PRODUCTS
Plate: Hon-leat 116,000
a,_e_ n-liea b ' Fabricated Structural Fabricated Structural
Treatable PR
Stacl Mrtal for Buildings

PRODUCT EXAMPLE - ALUM PLATLE :
Industrial

Thickness 1b/sy ‘Total Btu/SF Commercial, Hesidential

22,700
t Institutional It N ’

174 3. Lk 421,000 : tiona
/2 7.27 1u H40, 00 Pubbdic ULililies
i/4" iU 1b 1,2R1 000

1~ 14.54 1b 1,6H0,000




Matcrial
Clagsificalion

EXUIRIT 11
(ConLinued)

Embodied Eneryy
Por Material dnit

Description l Unit

Halcerial
Classificaktion

EXUIBIT 11
{Continued)

Enbodied Eueryy

Duscription | Unit l Por Material linit

FABRICATLD METAT, PRONDICTS
{Lontisuead)

Fabricated Structural
Steel (Continued)

SCKEW HMAUCHINE FROLECTS

Surew Machine Products

PRODUCT EXAMPLE - STEEL LHAPES

S1ze /LY Tatal Blu/Ly
wlz x G5 65 lb 1,474%,000
Wle x 36 16 1b 817,000
Cox 2 x o3u Ja 1b 681, 00
Lx8x4x1 17.4 b 849,000
NuLs, Bults and OLher
Standard Fasteners
Standard lexs
Stiandard kound i 26,600

Lay dcrews + bulis
Studs + Threaded Rods

PRODUCT EXAMPLE - BOLTS

size 1b/Balt Tokal Hiuw/Holtb
1* x 1/9™ .02 1L 500
2% x A7 RS 4,800
3 ox 170" .21 1h 6,200
A" x 1 /0m .29 1b 7,700
5 x 178" 18 I 4, 8u0

44

SCHEW MACHINE PROBGUCTS

{Zont inund)}
Screw Machine bFroducts
{Cont inued)

Nuts, Bolts 4 Other
Standard Fasteners

Hivets 1/2% and over 1b 17,300
PRODUCT LEXAMPEE - RIVETS

Size 1b/Rivet Toltal Bre/wivet
1-1/4% x 172" Bl 1,900
1=-1/2" x 1/2% .h2 2,1G0

2" x 172" .15 2,600

4" x 34 .U 12,100

4" x i 1.16 20,100



3-2 INVENTORY MODEL DEMOLITION ENERGY FOR EXISTING BUILDINGS

INFORMATION REQUIRED

Materials quantity inventory

PROCEDURE
n
Demolition _ " it 0 Quantity of Weight per material ;
Energy = 50* Btu/1lb of materiats x 1.4 Material ® unit, Exhibit 6 ]
i=1 ¢
£
t
i
L
i
L
3
5
i
i
j
*NOTE: Range 1s 35-65 Btu/lb of matecials ‘
LL] The inventoried materials account for about 50 percent of the total embodied encrgy uf building construction. The :

inventoried materials do not include "misceltlaneous plaslics; paviig; non-ferrous wirze; mechanical, plumbing and
vlecktrical equipment and fixtures; sheet wetal work; metal doors and plate work; miscellaneous and architectural
mebalwork,*l and many other itewms which do rok, individually, contribute significantly to the total cmbodied enerygy.
To accounk for these materials, which toyether comprise about 20 percent of the rotal embodied energy of bullding
construction, the embodied vnergy of inventoricd muterials is increased so that, altogether, materials account For .
70 porcent of Lhe total ewbodied encrgy of building construction. 3

1 Encrgy Use for Bullding Construciisn, bwoember 1976
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3.3 1wvenTORY MODEL EMBODIED ENERGY INVESTMENT IN RENOVATED BULLDINGS

INFORMATION REQUIKED

. Building type
. Gross s.f.
. Materials of renovation qgquantity inventory
. f3, fraction of energy inteasity of new building construction for total building
which would be expended in rencovation activities
PROCEDURE
Embodied
energy = [Energy used in renovation construction + Energy invested in renovation
investment materials
Energy used Invested construction energy
in renovaktion = Gross floor area of x  per sguare foot specific to x f3
construction historic building the building type, Exhibit 5
. n
Eneryy invested _ x Quantity of renovation Invested energy per material
: - = 1.4 . x : c1 5
in materials materials unit, Exhibit 11
1
i=1 - Rough lumber, softwood boards
2 - Dressed lumnber, softwood hoards
:] -
n - Huts, bolts, and other standard fasteners
T The inventor’icd materials acoount Fo1 aboat 50 prscunt of the Lotal embodied energy of building construction,
The inventoricd materials do not include "miscellabeous plastios; paviny; non-fercous wire; mechonical, plumb-
ing and electrical equipment $od Fixbines; shoet melel work; mctal doors and plabe work; misvellancous and

architeclural mctalwork,®l  and wavy vilbee items which do not, individually, vaontribute signiticantly to the
tutal embodied encrgy.  Tu accownt for ihese maierials, which together comprise aLout 20 percent of the total
vubodied energy of building constrnctiog, he wmbodied energy of iuventor icd materials is increased so that,
altogether, wisterials accounl foc 70 percenc of the total embodied vhergy ot Lo lding consteuct ion.

1 Poeryy Usi tur Building Constrnction, Dogewbuer 1976
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34 INVENTORY MODEL ANNUAL OPERATIONAL ENERGY IN RENOVATED BUILDINGS

INFORMATION REQUIRED

. Enclosed volume

Exposed roof, wall, glazing areas and orientations
Exposed surface area transmission values, U
Exposed surface area absorbtivity/transmission, £ 3

. Ventilation rates -
. Internal heat gains due to people, equipment, lights 3
. Cooling system type .
. Heating system type 9
3
PROCEDURE 3
Anny . ; -
o e;;tio al - Energy reqguired to Energy required to -
P n offset heating loads offset cooling loads .
energy -
Energy X
Required to - : : IHeating system efficiency Fuel source energy
offset = [A“““a‘ heating 1°ad] : lExhibit 8 X afficiency, Exhibit 9
heating loads
Energy
Required to _ . . . |Cooling system efFiciency Fuel source encrgy
offset - [Annual cooling 1°ad] N [Exhibit ] X  efficiency, Bxhibit 9 ‘
cooling loads
- Formulas aud pruEEﬂurus used in caloulating oporational epergy in this study are simplified methnds. The i
inventory mwadel is a simpdifical jon f eneryy consumption simulation computer technigues. This method is E:
intended ouly te prodece approximations of eneigy conswvption in buildings as it varies throughout the year. [t
Mote detoil ol, rigorous or accorabe w thods may be substituted in this analysis at the user's option.
46 .
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Annual

heating = E Heat loss for all data points

Load

Annual

cooling = E ffeat gain for all data points

load

Heat gain/ _ E : Transmission Ventilation _ R .

loss - gain/luss ¢ gain/loss t  Solar gain + Internal gain
T“’.msmlsmon = ['rransmittance X Area x Temperature differential, Exhibit 12
yain/loss
Ventilaticn = Ventilation te x  Tomperatu difE tial, Exhibit 12
gain/loss rate per re erential, Exhibi
internal = -u‘at loads of equipment eople, 1i hts]
heat gain o qulp + PROPle, 9
So}dr Leat - absorptivity, x Area x Incident insolatian,
Ggain z : Exhibitc 14 Exhibit 13
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i_lg_thev United States and Cawuada, MBS Building Sciernce Series No. 96,
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.Snlar Radiation Rates ror Vertical and Horizontal Surfaces on Average Days
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Diurnal Temperatiures
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AH [l AM M M M AM M
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EXIFY B T 13 3
b Insalation Btu/sf
5
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EXHIBIT 14
Solar Radiation Absorptivlty/Transmission ractors

parcent of Incident Insolation Which
Is Absorbed and Fransmitted Throuyh
Exposed Surface Charactaristics the Building Bnvuelope

Clear single glazing 6.30
Cleaxr double glazing 0.823
Dack color wall 0.20
Light color wall ¢.05
park color roof 0.05
Liglt coleox roof a.02




INFORMATLON REQUTRED

. Building kEype
. Gross s.f.
. Materials guantity inventory
PROCEDURE
Embodied
enerqy = [Ennrqy used in constructioen + FEnergy invested in materials]

investment

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

Energy invested _ * : . Invested energy per material]
in materials = 1.4 Quantily of materials x unit, Exhibit 11
i
i=1 - Rouyh lumber, softwood boards

1
2 - Dbressed lumber, softwood boards

n — Nuts, bolrs, and other standard Easteners

The inventoried materials account for about 50 purvent of the total embodicd encrgy of building construction.
The inventoried materials do not invlud: “"miscellaneous plastics; paving:; non-ferrous wire; mechanical, plumb-
ing and electrical equipment and fixtures; sheet metal work; metal doors and plate work; miscellaneous and
architectural metalwork,"l and many othur items which do not, individually, contribute significantly to the
total embodied energy. 'To account for these matertals, which together comprise about 20 percent of the total
cmbodivd encryy of building constructics, the ombodied encrgy of inventoried materials is increased so that,
altoyether, materials aveount for 70 pureent of the total embodied eneryy of building construction.

1 inergy Use for Building Constructivn, December 1976
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INFORMATTON REQUIRED

. Enclosed voluine
. Exposed roof, wall, glazing areas, and oerientations
. Exposed surface area transmittance values, U
. Exposed surface area absorbrivity/transmission, f
. Ventlilation rates
. internal heat gains due to people, equipment, lights
. lieating system type
. Cooling system Lype
PROCEDURE
Ai??jiional - Energy requised to . dneragy required to
ope oEfset healing loads offset cooling loads
enerygy
Energy
recquired to . . [Heating system efficiency Fuel source epnerygy
Anie e load | = P X . X
offzet nuaal heating Exhibit 8 efficiency, Exhibit %
heating loads -
bEnergy
rogquired to ) . [Cooling system efficicney Fuel source energy
- = Fiy : dl} = A k3 P S22t
offset [ anual covling 1os ] [Exhlbxt i efficiency, Exhibit 9
cooling loads ’
“ _]“Tn]n—;ll;:; ;E:f;r_u—ce—d_urcs used in o valoylaling cpefational eneeygy i this study sre simplificed modlsds.  The

snventory woded is oo sinplilicat 1on wl ciesg consumption simalation computer fechmigues.  This wethod iy

intended oaly tu produce appreXipalioss o iy consanag-bion b buildiogs as 1l vay oo Lhroughout the year.

More delalivd, Ligorous or gccurate metiueds may be cubntituted iu this analysiz b tiw ustee's optioa.




Annual

heating = E Ileat loss for all data points

load

Annual

cooling = E Heat gain for all data points

load

Heat gain/ _ Transmission Ventilation .

loss = E [gain/loss + gain/loss + Solar gain + Tnternal galn]
Fransmission _ e . Temperature differential,
gain/loss = :E: [Plansmlttance X Area x Exhibit 12

Ventilation

yain/loss 1.08 [Vuntilation rate x Teuwperature differential, Exhibit 12]

Internal . . . .

heat gain = :E: [Hgat loads of equipment, people, lxghts]

Solar heat ~ Absorptivity, % area % Incidéent insolatlon,
gain N Exhibit 14 Exhibit 13
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- RCHP THvENTORY HMODEL

Inventory Model Annual Ggrer

UF DPERATLIONAL EMEFRGY

i f DEVELOFED AT EOOZ» ALLEH ¥ HARILTON HPPIL, 1978
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EXUIBIT 15 (Continued}
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EXHIBIT 16

Input Sequence tor ACUP Inventory Model
of Operaticnal Energy

I

Card Uescription of Input Units Format
-1 Building name Up to 40
characters
[-2 Number of zones in the building {Integer) I3
-3 a Outside temperature at 6 hours, winter o 6F10.2
b " » spring oF 6F10.2
C “ " summer Of 6Fi0.2
d " " fall oF 6l10.2
-4 a (1-9) Insolation at € hours, H, N, NE, £, SE. S, SW, W, NW (Y cards) winter ll.TLl/ft‘.2 &6F10.2
b {i-9} " " spring " "
¢ ( 1_9) “ " Sumer " "
d (1-9) " b fall " "
REPEAT THL REMAINING SEQUENCE ONCE FOR £ACH ZONE IN THE BUILDING
k-1 Zone name Hindow cade: Up to 49
0 = Fixed s.f., days/ characters
i[-2 Floor area of zune, # days of operation per year, 1 = Gperable year, code F10.2
11-3 a Interior temperalure at £ hours, winter of 6r10.2
b ” " spring OoF "
[4 " " sunmer nE "
d . " fall oF .
-4 a Ventilation air 41 b liours, winter Thousand CFM &F10.2
! :: " i :: ;
c sunuer
d N “ fall " M
I S




EXHIBIT 16 {Continued)

RS T P e

ERTty

Card Description of Input Units

Ii-% a Number of people at 6 hours, winter # people 6F10.2
b . " spring a "
c " . " sunser " "

4 u " fall “ u
Il-6 a Equipment operation at 6 hours, winter KW 6F10.2
b " " Spriﬂg W n
[ " " sumner " "

d 11 " fa]] " L]

11-7 a Lighting load at 6 hours, winter H/sq.ft. 6fFi0.2
b L] " Spring " L
c " " sunmer " *

d " M fall u »
11-8 a Area, U-value, and absorption/transmission coefficient {f) Horiz. ft2, u, % IFi0.7
b n o at "

c n - NE " "

4 M n E “ "

e n L] SE n "

f » " 5 " M

g " " SW u "

h L] L H 1" LU}

i " u o u "
11-9 Efficiency of heatiny equipment, efficiency of cooling equipment L, Cop 2F10.2
11-10 Source efficiency of {heating Fuel, cooling fuel, electricity) L 3F10.2
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LOCKEFIELD GARDEN APARTMENTS

appendix A






APPENDIX A
CASE 5TUDY: 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 represent$ 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 techniques for estimating embodied enerqgy of materials in
the existing structures, embodied energy of potential rehabili-

tation materials and construction, and the amount of energy re-
guired for demolition of the structures.
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THE EMEODIED 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 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

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.

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

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.
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Materials Inventory for Building #10

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 Enerqy 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: ‘

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

SR
L]

Reglaze all windows

Replace all mechanical, electrical and plumbing
systems. .
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Embodied Energy of Rehabilitation Materials Was Estimated :
by 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

i

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

Total Embodied Energy of Rehabilitation Materials

IH

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/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
Reaquired 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 reguired 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 #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 Lockefiéld 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 (Rehabili tation)‘

351500 MMBtu (New) = 0.35
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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.

I

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 Weight

E Material (tons)
i Hardwood flooring 25
3 Doors 19
; Paint 2
: Roofing 16
f: Window glass 6
? Masonry cement 491
Face brick 1,369
Structural tile 1,369
1 Ceramic tile 45
% Concrete block 54
% Ready mixed concrete 4,047
: Plaster, 1/2" 205
Batt insulation 1
Rebars 5
Wire mesh 1
Steel pipe 2
1
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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.

Tockefield 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 (Demcolition) /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

I

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

THI= 1% THE ACHP IHYENTORY MODEL OF OFERATIOMAL ENERGY

BUILDING 10 TYPICAL

TOTAL
HERT INE COOL ING EQUIFPMENT OFERPARTIONAL
EHERGY EMEFGY ENERGY EHERGY
CMMBTLL TMMBTL CMMEBTLD CMMBTLL
1345, 137, 0. clze

o

AMMUAL EMERGY UZE IM THIE ZFARCE IX ERE1A, éTl PER ZWURRE FOOT PER

S L S S e e 2 T P T S T 2 2
PUILDINE TAOTAL
LOCKFIELD GARDEN APTZ. — BUILDIMG 10

TERR.

TaTAL
HERTING COOLING EQUIFMENT OPERATIOMAL
EMHERGY ENEFRGY ERERGY "EMEREY
CHMBTL TMMETLR CMMBTLY CMMETL
1945, 1ar. n. 2122,
HNMUAL ENERGY UZE IN THE BUILDIMG I L3215, BTH PER Z0UARRE FOOT PER YERP.
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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 MMBftu (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
egquivalent 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 4

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

50 Years

i
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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

Inventoried Materials,

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.

70% of Rehabilitation Materials, Embodied Enerqgy 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.£.
346,502/ea.
5,7719/s.f.
15,430/s.f.
54,672/s.f.
68,660/s.f.
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
16.6
13.3
111.6
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. Profesgssional 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 = .5[32000s.f. x 0.22 MMBtu/s.f.
(Commercial)
+48000 s.f. x 0.36 MMBtu/s.f.
(Office)]
=12200 MMBtu
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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

I

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

+ 48000 s.f. x 1.64 MMBtu/s.f. (0Office)

=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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ANNUAL OPERATIONAI ENERGY FOR THE GRAND CENTRAL 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 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

THIE 1& THE ACHF INYENTDRY MODEL OF OPERATIONRL ENERGY
DEVELOPED AT BOOZs ALLEM & HAMILTOM

OFFICE SPACE

TOTAL
HERT ING COOLING EQUIPMENT OPERRTIOMAL
EHERGY ENHERGY ENERGY ENERGY
CMMETILE CHMMETLR CMMETL CMMBTUR
aa. 1154, 1e54a. 2830,

RNNUAL EMERGY USE IN THIE EZFPRCE 1% &60213. BTU PER EGUARE FOOT PER YERR.

RETRIL =PRCE

TOTAL
HERTING cOOL IMG EQUIPHENT DOPERRTIOHAL
EMERGY EMERGY EMEREGY EMERBGY
CMMETLD “MMBTILD CMMRBRTU CMMEBTIL
2, 1094, 2D, 2325,
AMNLAL ENERGY UZE IN THIS ZPRCE IE 103206, BTU PER SQUARE FOOT PER YERR.

e s s S T T X A

BUILDRING TOTAL
GRAND CENMTRAL HOTELs SERTTLE. WAZHIMNGTOH

TOTARL
HERTINHG CO0OL ITHG EGUIIPMEMT OPERATIONAL
EMHERBY EMERBY EMERGY EMERGY
{MMRTLE cFMBTL cHMMBTLI CMMETLE
4. Z2eva. IR0, a215,
AMMUAL ENERGY 1JZE IH THE BUILDING I Yre3n, ETW PER ZOWARRE FOOT FER
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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
BExhibit 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 approxXimately six percent more
energy each year. It should be pointed out, however,

that the Grand Central Arcade was completed prior to
the 1973 0il 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)

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 _ 91300 MMBtu _
- r = = 268 years
Rehab. Operational Enexgy Deficit 343 MMBtu/year
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APPENDIX C
CASE STUDY: "AUSTIN HQUSE", 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 MATERIALS AND CONSTRUCTION FOR AN
EQUIVALENT NEW STRUCTURE

Embodied Energy of Rehabilitation Materials and
Construction Was Calculated Using Survey Madel
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 tc 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 Enerqy 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 ¢.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 = 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

il

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 QF 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 enerqgy investment in buildings of this size and
use because everything else {interiors, etc.) amounts
to only 45 percent. To verify this, survey model
technliques 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 MMBtu/c.f.

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

1016 MMBtu

+ + 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 MMBtu (new building) = 0.60
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THE REHABILTTATED "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 infiltratijion.

Heating and cooling energy consumption was 10 percent less
in the rehabilitated "Austin House" 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 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 consume approximately 5 percent less
energy each year.

4300 Btu/s.f. (Austin Housé) /450C Btu/s.f. (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 ENQUGH 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 louse.

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

I

Rehabilitation Embodied Energy Savings

il

30-Year Expected Life Operaticnal
Energy Savings

Il

5.4 MMBtu/vyr
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 vyears.

Total Rehabilitation Energy = 1222 MMBtu

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

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

* U8.G,P,0. 625-050/1302.1233 91
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