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ABSTRACT

/

Total (direct and indirect) energy requirements of the Construction
Industry for 1967 were dete;mined in order to examine the potential for
energy savings. The Energy Input/Output Model developed at the Center
for Advanced Computation, University of Illinois was expanded to include
.8 detailed breskdown of the‘industry and energy intensities of h9'building
construction (new and maintenance) sectors and of the overall building
cénétruction industry-were determined for 1967. The latter figure was
computed at abbut 70,000 Btu/$, i.e., the constrnction industry on the

' average required about 70,000 Btu of direct and indirect.energy pér-
dollar of output produced. .

In addition, total enefgy requirements to final demand were developed
.for the construction industry for 1967.- The overall industry required |
about 6000 trillion Btu, or about nine percent of the total U.S. energy
requirement. Energy requirements were further broken-down according to

-gobds,and sefvicés purchased by individual construction.sectors, and energy

‘ distribution patterns were determined.

Energy cost per unit for several input matérials to construction were .
“caiculated, as well a; energy cost per .square foot«for various building |
' sectors in'1967. Laboratories and hospitals reqnired the most energy per
square foot (2,073,755 Btu/SF and 1,722,172 Btu/SF, respectively), while'
warehouses required the ieast (558,403 Btu/SF).- |
| vFinally,'é prototypical study was conducted to detefﬁine industries
in which direct energy use led to a significant amount of energy embodied

in New Construction for 1967. The resulting Energy Flow Chart is

attgchedf
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~ I. INTRODUCTION

This report describes results of the'first sii months of contract
duration for "Energy Use for Building Construction;" ERDA Contract No;
E(ll—l)-279l ' Total (direct and indirect) energy requlrements‘of the con-
structlon 1ndustry in 1967 have been determlned and applled to same specific
studies of energy use by that industry.

" In the first stage of the project.(March 1, 1976 - May 15, 1976)
detailed i967 dollar flow data for the construction industry were obtained
from the Bureau of Economic Analysis (BEA), U.S. Department.of Commerce,vand
embedded in the Energy Input/Output Model [1] developed at the Center for
Advanced Computatlon (cac), Un1vers1ty of Illinois. In addition, data on
prices paid for direct energy by the construetion industry in 1967 were

collected by Richard G. Stein & Associates (RGSA), and these date plus BEA

dollar flow data allowed CAC to form an expanded I/0 Model with a high level

of detail for the construction industry.

Using this expanded model,.eﬁergy intensities, final demand
energy requirements, and tota; energy requirements for 19671were determined
for the 49 construction sectors. The results of this first stage of the
project are briefly dlscussed in Section II, and are covered fully in our
Prellmlnary Progress Report of June, 1976 [2].

| The energy figures developed by CAC then became the.basis of
ﬁore detailed analysis of the energy cost of construction, eonducted by
RGSA during the trojeet's second stage. Section III deseribes the organiza-
tion of energy cost data for the construction industry and the results of
various studies conducted so far_by RGSA. Material is organized in ways
that will lead to a clearer uﬁderstandingvof the patterns of energy use

M ’
in building, as a basis for decisions and recommendations leading to more



| b » eff1c1ent and reduced energy use by building type, by units of constructlon
materlals, end by square foot energy requlrements of the different ‘building

types. Sectlon ITI contains the following sub-studies:

A. A graphic tebulation of the patterns of distribution.of embodied
~energy by percentage as they vary from construction type to
construction type, demonstrating the critical materials and the
distinguishingAfeatures typical of each typg. A further
quantitative tabulation will sort outAthese points of msjor ﬁse
withiﬁ each type. From this, their impact dn the‘donstructiph'
industry as a whole can be determined.

B. Epergy cost per unit of selected materials, determined according -
to the most refined information available to us from a variety
of sources; this will be the Basis for further breaskdowns in-
different categories to units consistent with a'standard.cost-
estimating format. |

C. A tabulationlof Btu/éF of variéus new building construction
categories for 1967, using the CAC figures for total>energy
intensities (Btu/$) of construction in combinatién:with figures
from F. W. Dodge Co. [3]‘for $:cost/square'foot of consfruction‘
in these categories. |

D. A prototypical study, diagrammiﬂg energy flow in the construction
industry, in order to understand in greater defail how and\wherél
energy is consumed in the production of buildings gnd building
components. This study, at an aggregated 90-sector level of
detail starts by identifying the energy applied ét the construction

stage of the process, and then follows theAembodied energy back

1 _2_



into.the sequence of process stages, finally identifying the
energy used in the extractlon of raw materlals back to the point
‘at which each contrlbutor accounts for such a‘small quantlty of
energy that further analysis would~be of little value.

A,number of sources of information have been used in Section IlI

Two of the four key sources deal Speclflcally with the constructlon industry:

. F. W. Dodge Company 1967 Constructlon Statlstlcs (Dodge) [3], and 1967

Censuspof Manufactures (CM) [5] deals only with the manufacturing industries.

'The Fourth, the Bureau of Economic Analysis 1967 Input-Output Structure of

the U.S. Economy [6], which is the basis for the CAC Energy I/0 Model and
for thls study, deals with both, The CM was one of the maJor sources of
data for the manufacturlng sectors of the BEA tables,.and the data therein
can be used together with BEA data. The Dodge and CCI data,pnowever are

related to a different data base, and care must be taken in the application

’ of{their figures to either BEA or CM base. In this report, where Dodge

. or CCI date are used they are always used in relation. to their own bases

and the resultant average or proportlon is then applled to the BEA base.
- Tebles in thls report can be found directly following the sectlon

to which they apply. The energy flow diagram and description of sub-study

- D is located in Appendlx A,



II. THE EXPANDED ENERGY INPUT/OUTPUT MODEL |
In order to develop energ& figures for the entire building con-
struction industry, a highly disaggregated BEA breakdown (484 industries
in total) containing 49 building construction sectérs was used in cénjunc-
tion with CAC's Energy I/0 Model [1], which olrdinarily consists of 357
iﬁdustries. The 357 order system was altered by replaciﬂg its usual -
T construction sectors with‘BEAYs expanded 49 sectors. This results in a
model with 399 sectors. These are listed in Table 1, along with the I/O
cédeé used by BEA. (Tables referred'tO‘in this section can be found directly
after.the text.) The expanded construction sectors wind uplin positioﬁs
-23 through 71, inclusively. (For the remaigder of this.report, sector
indices used refer to tﬁose of the 399-order modei unless otherwise
stated.) |
| In addition to the computations for deriving energy cost figures
(which are fully described elsevhere [1]), it was necessary to develop
direct-energy transfers from the energy secto:s‘(Coal,'Crude Petroleun,
ﬁefined Petroleum, Electricity, and Natural Gas) to the 49 copstructibn
sectors. Tﬁese figures (see Table 2) were computed using datﬁ-cqllected
by RGSA oﬁ'energy prices paid by the construction industry in 1967.
(The data colleption is detailed in our Preliminary Progfess Report of
Jﬁne, 1976 [2]). Given the price per Btu for a given energy t&pe paidl
by a given construction sector and the corresponding dollar transaction
from BEA, computation of the implied energy (Btu)'flow is straightforward.
(Where‘prices supplied by RGSA were in pufchaser dollars, BEA margin figures
were used along with inter-ipdustry transactions.) As can be seen in‘

Table 2, the building construction industfy purchased a total of 148L.T

_k_



trillion Btu of direct energy in 1967, most of which was for refined
petroleﬁm products. |
Once the direct energy figures were embedded in CAC's.Energy
I/0 tables, energy intensities were computed. The intensity figures for
building construction sectors (Btu/$) are shown in Table 3. Total primary
iptensity is the sum of the Coal, Crude Petroleum, and the hydro .and .
nuclear portion of Electricity figures. The total primery intensities of
construction are shown ranked in Table 4. Most intensive are New Construc-
tion of Petroleum Pipelines‘(lh7197 Btu/$) and New Construction of Gas
Utilities (lh0038.Btu/$; this sector also involves pipelihe eonstruction)f
This is probably due to the use .of heavy constructien equipment and large
amounts of raw materials (steel, pipe, etc.). |
To obtain a broad picture of the building construction industry;
various average energy intensities were computed by weighting the figures
for the construction sectors by the‘corresponding gross domestic outpﬁts
for those secters. 'The gross domestic outputs of the construction sectors
iﬁ 1967 are shown in Table 5. Ayerage energy intensities are shown in
Teble 6. The total primary intensity of the overall building construction
industry was 70059 Btu/$, while the figure for New Construetion alone was
T4122 Btu/$. | |
| Using the energy intensities of construction sectors along withA.,
the total fihai demand dollar figures for these sectors (from BEA); the
. total enefg& of final demand required by the construction sectors was

determined. These total energy figures (see Table T) include direct and

# . ,
This figure was recently referred to in_hearings conducted by the
Federal Power Commission, Bureau of Natural Gas, on "Staff Proposed

Displacement Alternative to Arctic Gas Project Western Lateral to
California," July 1976. :



indirect energy use. Table 7 aiso shows the percentage of each construction
sector's total energy use which was direct, and the percentage of total
energy each sector.required with respect to the total conétrnction industry
and the total U.S. economy. The constrnction industry as a whole reQuired :
6301.94 trillion Btu of direct plus indirect energy for final demand in

1967, of which Just less than 20 percent vas for direct energy The 1ndustry
represented 9.42 percent of the total U. S energy requirement in 1967.

- Table 8 shows the ranked total final demand energy use fignres for
bulldlng constructlon. New nghway Constructlon required the largest faction:
1035 87 trillion Btu, with nearly L0 percent of it for dlrect-enehgy |
(The zeros which appear for certain maintenance and repair constructipn
sectors occur because these sectors have no dollar (or energy) trans--
aetiens to final demand.)

To set the groundwork for further analysis of the energy used in
the’ constructlon industry, the total primary energy (dlrect and 1nd1rect)
’ requlred in 1967 by each construct1on sector for productlon of 1ts total
. output was computed, along with corresponding 1nput_fract10ns. The
A feeulting tables are huge (nearly 20,000 figures each) and do not appear
in this report. They do, howeyer, allow for reiatively easy identification
of the major embodied energy contributors to the construction industry.

Table 9 is a summary table showing the total energy requlrements of,each

" sector.. Note that the total energy requlrements figure shown in Table 9

is larger than the total final demand energy requirements figure of .
Table 7. This is because certain Maintenance Construction sectors do not

sell to final demand, but do interact with other sectors.



Not surprisingly, New H_ishygx.ﬁsnﬁsf_créc}_ign had the ;L_ézssféfc.
inter-industry enérgy réquirément in 1967 - 1035.86 trillion ﬁtu. High-
weys represented.over 14% of the total energy requiréments for construc-
tion in 1967. Maintenance Construction for Local Tfansit héd the lowest
reqUirémént - only 2.09 trillion Btu.

Thé'nekt section presents various‘sub-studies conducted by RGSA,

based on the figures described here.
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399-ORDER SECTORS (continued)

TABLE 1.

" '399~ORDER 9O0-ORDER

" 399-ORDER 90-ORDER
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N -TABLE 2. DIRECT ENERGY TRANSFERS ‘TO CONSTRUCTION SECTORS ~- 1967
, - ~ . (TRILLION BTUS) _
399-0RDER . - . CRUDE . REF INED NATURAL

NUMBER INDEX . NAME - COAL PETROLEUM PETROLEUM -~ ELECTRICITY ' GAS TOTAL
. 1 23 NEW CONST RES=--1 FAM, 0,0 . 0.0 N 74,01 . 1.02 : 2.63 77.66 |
-2 24 . NEW CONST RES--2-4 FAM, 0.0 0.0 4445 0.05 o O.18 . 4.68
; 3 25 NEW CONSY RES—-—GRON APT, 0.0 0.0 - 20.89 o 0.16 . 0,35 -7 21,40 -
4 26 NEW CONST HIGH-RISE APT, . 0.0 0.0 . T 18.89 . 0.20 . 0«53 1961
) 27 NEW CONST RES--ALT«+ADD, 0.0 0+0 726 . 0.08 - O0.18 . 751
6 28 NEW CONST HOTEULS+MCTELS- 0.0 0.0 11.67 . . 0.13 . " 035 . . 126415
7 29 . NEW CONSY DORMITORIES 0.0 Q.0 1045 . T 0.10 . C.18 . 1072
8 30 . NEW CONSTY INDUST. BLDG. 0.0 0.0 37481 T 0.21 0.53 38.15
.9 31 NEW CONSY OFFICE BLOG, " 0.0 0.0 44 .55 0.44 Co 1.05 46404
.10 32 NEW CONST WAREHQUSES 0.0 0.0 6433 : 0.0S O0.18 6.56
11 33 NEW CONST GARL+SRV. STA 0.0 0.0 4,96 - 0.05 0.18 S.19
.12 34 NEW CONST STORSES,RSTRNTS 0.0 0.0 36 .09 . 0.34 0.88 3731 .
13 3S . NEW CONST RELIG. BLDG. 0.0 0.0 10.95 : Oe11 . O.18 - 11.24
14 36 NEW CIONST EOUC. BLDG. 0.0 . 0.0 65.41 - 0,70 : 1,58 67.69
: 1S 37 NEW CONST HOSPITAL BLDG. L 0.0 0.0 18.70 0.21 0653 : 19.44
i 16 38 NEW CONST OYH. NON-FARM 0.0 0.0 39.17 - 0439 - Q.88 40.44 |
i 17 36 NEW CONST TELEPH,.TELEG, 0.0 C.0 12.08 0.08 : 0.18 12.34 |
! 18 40 NEW CONST RAILROADS 0.0 0.0 2478 : 0.02 : : 0.0 24679 |
19. .41 NEW CONST ELECT. UTIL 0.0 0.0 37.36 C 0.34 ' 0.88 38.58 |
A8 20 42 ‘NEwW CONST GAS UTIL, 0.0 0.0 6153 0.16 0«35 62.08 |
- 21 . a3 NEW CONSTY PETROL. PIPE. © 0e0 0.0 15469 - 0.02 0.0 . 15.71
i 22 44 . NEW CONST WATER SUPPLY 0.C. 0.0 . 15.69 0.11 0.18 . 15.98 |
‘ ! 23 45 : NEW CONST SEWER 0.0 0.0 15.42 O0.13 0435 15.90
3 { .24 Y ) NEW CONST LOC. TRANSIT . 0.0 Ce0 2422 0.02 0.0 . 2424
: 25 47 NEW CONST HIGHWAYS 0.0 0.0 407,50 0,78 1.93 410,21 {
! 26 48 NEW CONST FARM RCSID. 0.0 0.0 132 0.02 - 040 1.34 |
! 27 49 NEW CONSY FARM SERVICE 0«0 0.0 2.64 0.02 0.0 . 2.€5 |
. 28 : S0 . NEw CONST OIL/GAS WELLS " 0e0 0.0 71,53 0«11 0«35 71.99
y 29 S1 " NEW CONST 0IL/GAS EXPLe. 0.0 Q0.0 15.83 0.03 0.0 15.87
¢ 30 . 52 NEW CONST MILITARY 0.0 . 0«0 10.14 0.07 o.18 10,38
31, 53 *NEW CONST CONS, +DEV, : 0.0 0.0 90.56 0.20 0.53 S1.28
32 - . 54 . . NEW CONST OTH. NIN-BLDG. 0.0 0.0 26 .94 Oell Q.35 27.41
33 : S5 HMAINT CONST RESID. C.0 0.0 " 21,64 0,31 " 0.88 . 22 .82
. 34 . 56 MAINT. CONST DTHe NCN-FRM : 0.0 0.0 3651 0.29 0«70 . 3751
35 57 . MAINT CONSY FARM RESID. . 0.0 0«0 1.85 0.03 0.0 : 1.88
36 58 MAINT CCNST FARM SERVICE 0.0 0.0 1.85 0.0 0.0 1.85
37 .. 59 - MAINT CONST TEL.,TEL, 0.0 0.0 2.92 L 0.03 . 0.0 2495
38 60 MAINY CONST RAILROADS : . 0.0 0.0 S.83 . ) 0.03 S 0.0 . S.87
. 39 . 61 . MAINT CONST ELECT. UTIL, 0.0 0.0 2436 0.03 . 0«0 2439
a0 62 MAINT CCNSY GAS UTIL. 0.0 0.0 5.83 ’ 0.0 . 0.0 . S¢83
P4l 63 © MAINT CONST PETR. PIPE, 0.0 0.0 2.78 L 0.0 T 0.0 . . 2,78
&2 64 MAINT CONSYT WAYER SUPPLY - 0e0 . 0.0 14,31 0.07 * "0e0 14,37
a3 €65 MAINY CONST SEWER 060 0.0 4.03 0.03 . 0«0 '4.06
44 66 . MAINT CONST LOC. TRANSIT 0.0 0.0 0,42 - 0,0 . 0,0 0.42
45 67 MAINTY 'CONSY MILITARY 0.0 0.0 14.58 . 0.10 : 018 14.86
46 68 . MAINT CONST CONSER,. +DEV. 0.0 .0e0 13.19 0.0 0.0 . 13.19
| 47 . - 69 MAINT CONST HIGHWAYS 0.0 0,0 98.75 - . 0.08 . 0.18 : G901
i 48 70, "MAINY CONST OIL/GS WELLS" .00 0.0 11.81 0.03 ’ 0e0 11.84
7 ! 49 - - 71 ‘MAINT CONST OTHe. N-BLDG. 0.0 Ce0 20.28 o 0ela - O.18 . 20.59
TOTAL . 0e0 - 0.0

T 1659.36 7468 . 17.71 1484.71
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- . TABLE 3.

399 ORDER .
INDEX . 1/0 CODE

23 110101 NEwW CONST
24 110102 NEW CONST
25 110103 NEW CONST
26 110104 NEW CONST
.27 110105 NEW CONST
28 110106 NEW CONST
29 110107 NEW CCNST
30 119201 . NEW CONST
31 . 110202 NEW .CONST
32 110203 NEW CONST
33 110204 . NFEW CONST
3a 110205 NEW CONSTY
'35 110206 "NEW CONST
36 110207 NEwW CONST
37 1120208 NEW CONST
38 110209 NEW CONST
39 - 110391 NEW CONST
40 110332 NFEW CONST
41 110303 NEW CONST
42 110304 NEW CONST
43 1103905 NEw CONST
44 110306 NEW CCNST
45 110307 NEW CONSTY
46 - 110308 NEW CONST
a7 1104C0 NEwW CONST
a8 110501 NEW CONST
49 110502 NEw CONST
S0 110503 NEW CONST
St 110504 NEW CONST
52 110S05 NEW CONST
S3 11506 NEW CONST
54 110507 NEw CONST
55 120100 MAINT

S6 120201 MA INT

57 120202 MAINT

58 120203 MAINT

59 120204 MAINT

60 120205 MAINT

61 1202C6 MAINT

62 120207 MA INT

€3 120208 MAINT

64 120209 MAINT

6S 120210 MAINT

66 120211 MAINT

67 120212 MAINT

68 120213 MAINT

69 120214 MAINT

70 120215 MAINT

71 120216 MAINT

ENERGY INTENSITIES FOR 399-ORDER CONSTRUCTION SECTORS -~ 1967

NAME
RES=-~-1 FAM-
RES=-~2-4 FAM, -

RE S-=GRON APTe

HIGH-RISE APT,
RES==ALTe 4 ADDe
HOTELSMOTELS
DORMITORIES
INDUSTe BLODG
OFFICE BLDG.
WAREHOUSES
GARes ¢« SRVe STA.
STORES.RSTRNTS
RELIG, BLOG,
EDUCe BLDGe
HOSP ITAL BLDGe.
OTHe NON-FARM
TELEPH. . TELEGo»
RAILROADS
ELECTe UTIL.
GAS UTIL. .
PETROL. PIPE,
WATER SUPPLY
SEVER

LOC, TRANSIT'
HIGHWAYS

FARM RESID,
FARM SERVICE
OIL/GAS WELLS
OIL/GAS EXPL,
MILITARY
CONS e +DEVe
OTH, NON-BLOG,

CONST RESID.

CONST OTHes NON-FRM
CCNST FARM RESID.
CONST FARM SERVICE
"CCNST TEL.oTELS
CCNSY RAILROADS
CONST ELECT, UTILe.
CCNST GAS UTIL.
CONST PETR. PIPE.
CONST WATER SUPPLY
CONST SEWER

CONST LOCe TRANSIT
CONST MILITARY
CONST CCONSERe +DEVe
CONST HIGHWAYS “
CONST OIL/GS WELLS
CONST OTHe N-BLDG.

(BTUS/$)

COAL

14003
13355,
13605
16495,
15047,
18493,
18828,
22820,
19360

24198,

22108,
19519,
17318,
18677,
16746,
196887
17424,
28458,
20993,
45636

42247,
23406 .

18434,
20327

202414

15560,
26409,
37407,
5356,
20415,
12722,

CRUDE

PETROLEUM

39413,
36375,
37351,

41452,

34245,
48311,
49390,
45543,
46984
50752,
S1517e
51308,
460500
46859,
563
47587
45895,
‘46451,
43175,
. 91094,
101722,
47726
S6272.
40174
101369,
3593S.
46623,
76881,
86708,
550006
70539,
69414,
36812,
35776
48673
66421,
25240,
26129,
17092
58705,

82023,

48781
33544,
35902,
49546,
87809,

67689, .
67146,

53819,

REF INED - .
PETROLEUM ELECTRICITY

19978,
19221 .

20061 .-

21938.
14833
26089,
26507,
21141,
25301 .
26327,
28071 .
29090,
24464,
24693,
21726,
25532
22999,

- 23909,

21598,
59589,
70842,
25645,
28998,
21904,
75998,

15948,.

21702,

A9357. -

74494,
31182
S407%.
48460
20899,
18784,
26137
38132,
14395,
13882,
8891
40899,
57954,
34501,
20229,
23320,
T 34243,
76723
55122,
39866,
42237,

3397,
309€.
3095,
3329.
3820
3862
3869,
4055,
3882,

S a227,

4203,
3821,
3598
3857
3670
3925,
5381
4339,
4008.
5366

5235 .

4227,
3442,
3157,
3464,
3681,
4744,
4229,
1422,
3884,
2476,
3120
287S.
2910,
4083,
4860
2385,
2270
1741,
2821,
3956,

2193,

1880,
2353,
2718,
1088,
1638
4177,

1819, -

NATURAL
GAS

25703, -

10464

- TOTAL

PRIMARY
S5S11le.
S2139%.
52364,
60000,
51646
651384,
70604,
70864,
68737,
77555
76217
73183,
65597
67923
606572,
66894,
66636,
77585,
66639,
140038,
147197
73738
76823,
62447,
123745.
53773,
75956
116895,
92941
77815
84738,
BG465,
50072
49720,
71292.
96288,
35530.
82796
25418,
83078,
117158
61927,
45044,
848542,
62352,
92963,
76044,
109103,
62045,
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' TABLE L.

“399-0RDER
- INDEX
4

RANKED TOTAL PRIMARY ENERGY INTENSITIES
FOR 399-ORDER CONSTRUCTION SECTORS -- 1967
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(BTUS/$)

NAME

‘NEW CONST PETROL. PIPE.

NEWw CONST GAS UTIL. :

NEW CONST HIGHWAYS

MAINT CONSY PETR. PIPE,

NEW CONST OIL/GAS WELLS

MAINY CONSY OIL/GS WELLS

MAINT CONST FARM SERVICE.

MAINT CONST CONSERe sDEVe
NEW CONSYT OIL/GAS EXPLe

NEW CONSY OTH. NON-BLOGe .-.

NEW CONST CONSe sDEVe
MAINT CONST GAS UTIL.
NEW CONST MILITARY
NEwW CONST RAILROADS
NEW CONST WAREHOUSES
NEW CONST SEWER

NEW CONST GAR.sSRVe STAe -

MAINT CONST HIGHWAYS

NEW CONST FARM SERVICE
NEW CONST WAYER SUPPLY
NEW CONST STORES.RSTRNTS
MAINT CONSY FARM RESID.
NEW CONST INDUST. BLOG.
NEW CONSY DDRMIYORIES
NEW CONST OTH., NON-FARM
NEW CONSY HOTELS+MOTELS
NEW CONST OFFICE BLDGe
NEW CONST EDUC. BLDG.
NEW CONST ELECT., UTIL.
NEW CONSY TELEPH..TELEG.
NEwW CONST RELIG. BLDG,
NEW CONSTY LOCe TRANSIT
MAINTY ‘CONSY MILITARY
MAINT, CONST OTH, N-BLDG.
MAINT CONST WATER SUPPLY
NEW CONSY HOSPIYTAL BLDGe
NEW CONST HIGH-RISE APT,
NEW CONST RES~--1 FAM,
NEW CONST FARM RESID.

NEW CONST RES--GRON APT,. .

NEW CONST RES=--2-4 FAMo
NEW CONST RES--ALT. sADDe
MAINT CONST RESID.

. MAINT CONST OTHe.NON-FRM .
MAINT CONST LOCe. TRANSIT .

MAINT CONST SEWER
MAINT CONST RAILROAOS
MAINT CONST ELECTe UTIL.

~TOTAL PRIMARY

INTENSITY
147197,

. '35530,
| 26418,




GROSS DOMESTIC OUTPUT FOR CONSTRUCTION SECTORS -—- 1967
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TABLE 6.

i -

coaL

CRUDE PETROLEUM
REFINED PETROLEUM
ELECTRICITY

. NATURAL GAS.

TOTAL PRIMARY

AVERAGE ENERGY INTENSITIES FOR CONSTRUCTION -- 1967

(BTUS/$)

MA INTENANCE
AND REPAIR

: NEW ALL .
. CONSTRUCTIDN. _CONSTRUCTION CONSTRUCTION
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"TABLE'T. TOTAL ENERGY OF FINAL DEMAND

FOR CONSTRUCTION SECTORS -~ 1967
.‘(TRILLIONS OF BTUS)

TOTAL ENERGY

’ . (DIRECT. AND - PERCENT
NAME o INDIRECT) DIRECT
NEW CONST RES~-1 FAM, . . 780.98 . . 9.94
NEW CONST RES--2-4 FAM, 34,83 . 13.43
NEW CONST RES--GRDN APT, R 147.76 L 14,49
NEW CONST HIGH-RISE APT, : 117,26 . T 16.63
NEW CONST RES=-ALT, sADD. . 261485 . ¢ S 2.87 -
NEW CONST HOTELS.MOTELS -~ . 69.C5 ... L 1760
NEW CONST DCRMITORIES S 57.82 B 18.5%
NEW CONST INDUST. BLDGe. 463.38 T . Be23 -
NEW CONST OFFICE SLDG. R 258466 o 17,80
NEZW CONST WAREHOUSES L 57.78 . 11.35
NEW CCMNST GAR.+sSRV. STA. : 32.24 - . 16.09%
. NEW CCNST STORES.RSTRNTS . 197.01 - . 18.94
NEW CONST RELIG. BLDG. - 68461 - Lo 1639
NEW CONST ECUC. BLDG. - 437436 7 15.48
NEW CONST HOSPITAL BLDG. 117,21 ) . 16,58
NEW CONST QOTiHe NON-FARM S 231.07 . 17.50
NEW CCNST TELEPH. TELEG, 105+15 . 11.31
NEw CONST RAILROACS ) 25.37 . P 11.01
NEW CONST ELECT. UTIL. - = - " 303494 - 12.69
NEW CONST GAS UTIL., Lo 216.92 : 28,60
NEW CONST PETROL. PIPE. 45,93 . 34421
NFEW CONST WATER SUPPLY . 93.65 ’ . 17.07
NEW CCNST SEWER e1,.,28 : 19.56
'NEW CONST .LOCe TRANSIT = . . . 12.74 17.57
NEW CONST HIGHWAYS o 1035, 87 - . 39.60
NEW CONST FARM RESIC. 30.22 . 4442
NEW CONST FARM SERVICE ) . 57.88 T . 4459
NEW CONST OIL/GAS WELLS - . 25.54 .30.56
NEW CONST CIL/GAS EXPL, . : . 22.58 7025
NEW CONST MILITARY . . 543408 . . ‘19.19
NEZW CGNST CCNS.sDEV, - 180,09 SC. 68
NEW CONST OTHe NON-BLDGe - - 82.76 . 33.12
MAINT CONST RESID. . 8.51 - . . 7.23
MAINT CCWNST OTH, NON-FRM . 70.79 ’ ’ 10,53
MAINT CGNST FARM RESID. 0.0 ! 0.0
MAINT CUNST FARM SERVICE ’ 0.0 . 0.0
MAINT CONST TEL.sTEL. 0.0 0.0
MAINT CONST RAILROADS , 0.0 C.0
MAINT CONST FELECT. UTILe" 0.0 0.0
MAINT CONST GAS UTIL. 0.0 0.0
MAINT CONST PZTR. PIPE. 0.0 0.0
MATINT CONST WATER SUPPLY ' 0.0 0.0
MAINT CONST SEVWER 0.0 0.0
MAINT CONST LOC. TRANSIT 0.0 0.0
MAINT CONST MILITARY . S2.94 28,07
MAINT CONST CONSERe +DEV. 12,03 73.16"°
MAINT CONST HIGHWAYS 220.00 43,57
MAINT CONST OIL/GS WELLS 0.0 - 0,0
- MAINT CONST OTHe N-BLDG. 9,85 50.13
TATAL 6301,%4 19.52

PERCENT OF TOTAL

CONSTRUCT ION
(DIRECT AND
© INDIRECT)
12,39
0.55
2'36
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a.16
1.10
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3.13
1.09
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PERCENT OF TOTAL

UNITED STATES
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INDIRECT)
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TABLE §, RANKED TOTAL EﬂERGY OF FINAL DEMAND
FOR CONSTRUCTION SECTORS -+ 1967
(TRILLION BTUS)

NEW CONST
NEW CONST
NEW CONST
NEW CONST
"NEW CONST
NEW CONST
NEW CONST
NEW CONST
NEwW CONST

NAME

HIGHWAYS
RES=-1 FAM,
INDUST. BLDG.
EOUC. BLDG.
ELECTe UTILe.
RES=~ALTe +ADDe
OFFICE GLDG,.
CIL/GAS WELLS
OTHe NON-FARM

MAINT CONST HIGHWAYS

"NEW CONST
NEW .CONST
NEW CONST
NEW CONST
NEW CONST
NEW CONST
NEW CONST
NEW CONST
NEW CONST
NEW CCONST

GAS UTIL.
STCRES +RSTRNTS |
CONS.yDEV,
RES-=-GRDN APT.,
HIGH~RISE APT,
HOSPITAL BLDG.
TELEPH» TELEG,
WATCR SURPPLY
OTH, NON-BLDG.
SEWER

MAINT CONST OTH. NON=-FRM

NEW CONST
NEW CONST
NEW CONST
NEw CONST
NEW CONST
NEW CONST

HOTELS.MOTELS
RELIG. BLDG.
FARM SERVICE
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WAREHOQUSES
MILITARY

.MAINT CONST MILITARY

NEW CONST
NEW CONST
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NEW CONST
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PETRCL. PlPE.
RES~=-2~4 FAM,
GAfle sy SRV. STA.
FARM RESID.
RAILROADS
QOIL/GAS CXPLa
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NEW CONST

LOC. TRANSIT
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"MAINT CONST GAS UTIL.
MAINT CONST PETR. PIPE.
MAINT CONST WATER SUPPLY
MAINT CONST SEVER

MAINT CONST LOC. TRANSIT
MAINT CONST OIL/GS WELLS

- TOTAL ENERGY

(DIRECT AND
INDIRECT) -
1035.87 .
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| TOTAL ENERGY REQUIREMENT BY CONSTRUCTION SECTOR -~ 1967

TABLE 9.

(TRILLION BTU)
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b ‘" III. ENERGY USE SUB-STUDIES
| This section déséribes the following four sub—studiés;of‘enérgy '
use in the construction industry for 1967: | |

A - Energy Distribution Patterns.

B - Energy Embodiment Per Unit éf Material,

C - Energy Use Per Square Foot Per Building Type.

D - Energy-Flow Diagrém.

These sub-studies were conducted b& RGSA, using energy figﬁfes
déﬁelqped by CAC as described in Section II. Sector iﬁdices referred tobi
ih.the sub-studies are those of the 399-order model (see‘Téble 1, Section II)?
‘unléss otherwise stated. Tables feferred to in. this section are numbered
écéording to the sub-study to which they apply, and aré 1ocated directly

]

following the text.

A. ‘Enérgy Distribution Patterns.

Tables Al-3 show the division of direct and embodied energy require-
ments of each of the 49 construction sectofs in relation to the entire' |
1967 Construction Industry. If is important té note that in these tablés,
as well as in the‘rest of fhis section, direct energy uée refefsltb the
total energy embodied in direct fuels purchased. In other words, the

_ direqt energy requirements shown include the energy'content of the fuels
_purchased plus the energy cost of producing‘those fuels.
Tables Al-3 indicate the following:
1. 1In all, construction required 7,235.6 trillion,Btu‘in 1967, .
| representing 10.82 percent of overall U.S..enefgy usé in that

year.
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2.. Of'this, New Building construction (Sectors 23—38 h8 & h9)
used 3,421.6 trillion Btu (U47.3 percent of the Constructlon
use). )Nearly 1/3 of this (1,107.9 trillion) went to the various
suall residential sectors. (23, 2k, 27, 28.) |

3. New Non—bulldlng Construction Sectors, 38—&7 and .50-54 used

2,499.9 trllllon Btu (3%. 6 percent of the construction use).
Over 40 percent of this (1,035.9 trllllon) went to New Highway
Conétruction aléne.

L, Building Maintenance and Repair Construction (Sectors 55-58)

used 733.5 trillion Btu (10.1 percent of the Construction use.)

5. Non—bulldlng Maintenance and Repair Construction (Sectors 59-71)

used 580.6 ‘trillion Btu (8.0 percent of the Constructlon use,
about half of which (227.2 trillion) went to Highway Maintenance
and Reﬁair).

Referring to p01nt 1 above, it should be noted that the flgures
represent the total energy requlred by the Constructlon Industry to produce
its total output in 1967. Some of the output in the Maintenahge and Repair
Cpnstruction Sector;, howevéf, is not normally assigned to thé Construction
. Industry, but rather to the industries whiéh receiVe such output. For
" example, the energy cost of repairing a sfegl mill roof would_nbrmaiiy be’
‘assigned to the Steel Industry. Because this type of activity is‘in fact
“construction activity, we have added the enefgy.requirements it generates
to the total of the Construction Industry. | If total energy requlrements
were calculated in this manner for several 1ndustr1es and then summed and/or
compared to the U.S. 'energy use total, thé ‘potential overlep of activities

would produce duplication. In a study such as this one, however; in which
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a single industry.is considered, this overlapping segmentumust be included.
Thus, thé’total output of thé Construction Indpstry réprésénts 10;82  |
‘perCEnt'of thé‘total U.S; énergy requirémént.fér 1967; whilé that édrtion
of construction sold for final consumption represents only 9.42 pefcent of
total energy use. The remaining portiqn is sold to other industrieé. |
Tables Al-- .12 show the percehtage division within each construction
sector 6f the entire direct and majority of the embodied energy répresented
by each of the 399 sectors contributing to the subject,sector. ‘In thé
charts the 399 sectors have been aggregatéd to the 90-leﬁél, and only the
most .significant contributors have been identified at the 399 lg&el.(see Table 1,
Section II for correspondence between 90 and 399 ievel séctofs.) A
étudy 6f the percentage divisions within each construction sector allows
one to see the variafions in the patterns of eﬁergy embodiment inherent
in each construction sector or group of sectors. |
It is immediately apparent that the pétferns typical of building
construction differ significantly from those.qf non-building construction.
* Most new building construction sectors‘follow similar’patterné_
’lin their use of energy and mgterials. (It is important to note that
these ére the average‘usés of materials ﬁy fhe different building type
_categories and may differ sharply from any individual example withiﬁ-the
category. There are sharper variations within a category thén‘betﬁeen
categories:) The exceptions to this are.the-small residential sectdrs
23, 24, 27 end 48, which use a much larger percentagé of wood and wood
' products and a smaller percentage of direct fuel than the other categpfies,
and New Farm Ser&ice Facilities (sectbr 49,) in which energy embodied in

direct fuel use accounts for only about 5-1/2 percent of all energy use
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and which Showg a pattern of energy uée consistent with a specialiéed
. use of materials. 1In Sector L9, ovér 20 percent of tﬁé total energy ﬁse
.comes through 399-level Sector 2&5, Miscellaneous Metal Work, which includes
reinforcing.steel, plastering accessories, and metal curtain walls. The
A‘extensive use of the products of this sector for farm service buildings
is accounted for largely by the usé of corrugated metél roofs, and metal
siding commonly used in construction of barns, silos; storége buildingé,
ete. Inciuding this one major exception, in general, in new building:_
construction; the same 25 input sectors out of 399 account for épproximately
70 to 80 percent of the total direct and embodied energy allocateafto,
each new building cbnstruction'sector.

In the'new Building Category, the sectors, starting with the'greatest
energy“hser —>One-Family Residential - and following in diminishing

order of energy embodiment are:

PERCENT OF PERCENT OF

SECTOR TRILLION ?gu NEW BUILDING TOTAL U.S.
A (BTU x 107°) ENERGY ENERGY
23 1l-family Residential 780.96 - 22.8. 1.17h
. 30 Industrial Building L63.37 13.5 - L697

36 Education Buildings 437.35 12.8 .658

2T Residential Alt. & Add. 261.85 T.7 394

31 Office Buildings 258.66 7.6 .389

38 Other Non-farm Buildings 231.07 6.8 347

34 Stores & Restaurants 197.01 5.8 . .296

25 Residential-Garden Apts. 1L7.75 4.3 222

26 Residential High Rise 117.96 3.4 77

37 Hospitals 117.21 3.4 176

28 Hotels/Motels 69.05 2.0 .104

'35 Religious Buildings 68.61 2.0 .103

49 Farm Service Buildings 57.88 1.7 .087

29 Dormitories 57.82 1.7 .087

32 Warehouses 5T7.78 1.7 .087

24 2-L Family Residences 34.83 1.0 .052

33 Garage & Service Stations 34,24 0.9 .051

L8 Farm Residential 30.22 0.9 045

1967 TOTAL ENERGY ATTRIBUTED _ o
'TO NEW BUILDING CONSTRUCTION :3,L421.62 .1100.0 5.146
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The impﬁctnof any constru&tion sectOr.on the‘total'energy attribufable~

to all construction variés‘with both thé energyAinténSity inhérent'in the
construction type and also thé quantity of that typé of construction éom—
pléted in the year‘studied. Thus, in 1967, One-Family Residential Coné
struction, which incorporates 702,214 Btu/SF of Construction accounted
for nearly three times the total energy attributable to Office Buildings :
which are over twice as énergy-intensive (l; 641, LLO Btu/SF). (See’
Table C-1).

Similarly, the differences in energy intensity between séctors is

also attributable to variations between. quantity and energy intenSity ‘

‘of the materials inherent to the sector as well as variations in direct

fuel consumption.
In Sector 23, One-Family Residential, which uses relétively little

heavy equipment and virtually no temporary heat in the construction process,

- energy embodied in direct fuel use accounts for only 12-1/h percent of

its total energy, while wood products (in itself a low-energy-inteﬁsity
industry) accounts for gbout 16-1/2 percent;

"In Sector 31, Office Buildings, which uses a good deai of heavy'
equipment and temporary heat, epergy'embodied in direct fuel use accounté

for 21—1/2 percent of the total energy to the sector, and Fabricated

- Metals Products and Stone and Clay Products (which incorporate the

highest energy intensity industries in Building Construction) together

_account for an additional 55-1/2 percent. Wood Products account for

only 1-1/2 percent.

In Non-building Construction, not only are the patterns of materials
and energy use differént from those of Building Construction (in general:
a much greater percentage of energy use is direct) but aiso, for the most
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‘éért, there is a far greater degree of specialization in the non—buildi@g
categories and hence,:a gféater amount of variation from 6né_non—building :
category to another.

| The 25 input sectors which account for approximately'Tb to 80'pefceﬁt
of energy in the nev building construction sectors aécount'for énly Lo to
50 percent of fhe energy in most new non—buildiné sectors; Thé ﬁaiﬁ

-~exceptions to this statement, 47: Highway, 51: 0il Exploration and

' 23} Conservation Development show an gnusually high input of energy embodied
“'in direct fuels. -

Almost half the energy embodied in Highways (6.7 pe;cent) is app;ied
directly to the éonstruction process, reflecting not only the extensive
~§mount of diesel powered eqﬁipment and the use of:asphglt planfs and>t
' spreaders in thé'construction process, but also'the inclusion of-asphaifl
paving in the direct fuel Refined Petfoléum Sector. (See reference [2] for
details.) 0il Exploration (8L.5k peréent energy embodied in direct fuels) -
purchases and uses'igrge quanfities of fuel for the operation of deep drilljng 
rigé. vCoqservation Development”(60.97.percéﬁt energy embodied in direct .
1fhels) includés dams and other largé earthmoving progects which éiSO'use
' a'great'deal of mechanized equipmeﬁt but ipcorporate cdmpératively‘iittle'
6th§r material.in the finished.product. | . - |

Thé folléwing chart demonstrates in a gengral way.the émoﬁpt and -

type of variation between major groups of New Construction,Sectdrs.
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ENERGY EMBODIED IN
DIRECT FUEL (almost . .25 SELECTED¥

entirely refined - INPUT SECTORS  TOTAL PERCENT
petroleum) . (out of 399) ACCOUNTED FOR
' NEW BUILDING
1-family residences 3 - 6-1/2%  65-80% 70-82%

& farm buildings
& residential - alterations
& additions

Other New Building 10-20% . 55-70% : T70-80%

NEW NON-BUILDINGS

Highways W% 437 ‘ o 90%
0il & Gas Exploration 85% L7 | - 89%
Conservation development . 60% ' 5% . - ' 85%
Other Non-buildihgs | 13-55% 30-50% - L5-80%

The Maintenance and Repair Sectors show patterns of energy use which are
agaln dlfferent from the New Construction Sectors, and within the Malntenancel
and Repalr group, Bulldlng Sectors differ from Non—bulldlng Sectors :As
might be expected the building sectors show prlmarlly a very large use of
paint3 asphalt'and asphalt coatings, and next, heating, air-conditioning

~and plumbing equipment.' The Non-building Sectors each_shoﬁ a heavy
dependency on the materials specific to the sector.- (E.g. noﬁ-ferrous

wire accounts for nearly 13% of the energy attributable to Electric Utility

*These selected input sectors are: Refined Petroleum, Sawmills, Millwork,
Veneer Plywood, Prefabricated Wood Structures, Paint Products, Paving,
Asphalt (products & coatings), Cement, Bricks, Concrete Blocks, Concrete -
Products, Ready-mix Concrete, Gypsum Products, Mineral Wool, Fabricated
Structural Steel, Metal Doors, Sheet Metal Work, Miscellaneous. Metal Work,
Transportation Sectors, and Wholesale and Retall Trade.
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Maintenanéé~and.Repair Constructibn.) 'Those Sectors which aré.dependént
on a great deal of heavy equipment usé with relativély little addition
- of matéfial show & disproportionately high percentage of energy embodied
~in direct fuel use (e.g. over 87 percént for Conservation be&elopment
Maintenance and Repair.) .

An examination of the 399-order Sectors contrlbutlng to the‘
Meintenance and Repair Sectors indicates that each Malntenance and Repalr
Construct;on Sector adds an increment of energyAembodiment,>but no further
square footage or bulk fo the New Construction Category to which it

. pertains.

In the Building categories, with whlch we are deallng, Malntenance
Sectors have been S0 greatly aggregated (there are only 4 Building Main- |
tenance Sectors: Farm Residential; Farm Service; Other Residential; and
Other) that it is not possible to apportion their energy.embodimént to
‘the appropriate New Construction Sectors. Therefbre, although the materials
_which cpntribute to Maintenance & Repair Construction will be investigated
together with all construction materials, ahd thus,‘it woﬁld be possible
to assign an energy cost to, say, repainting an office.interior,.the
‘Maintenance Sectors as suéh will not be considered in greafef detail in

,thls study.

Because of their very specific nature, the New Non—bulldlng

AConstructlon Sectors cannot be comblned with the New Building Sectors

nor with each other, but should be studied individually.* In this study,

' ?Highway Construction, which has already been the subject of a number of
energy studies, is a particular case in point. Not only is it an energy
intensive category, but, in 1967 at least, it accounted for a large percentage
of the dollar volume of construction (9-1/2% of total dollar volume and nearly

20% of total construction energy for new construction and maintenance combined. )'
(Footnote continued on next page7
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however, our main concern is specific to the energy embodied in bﬁildings;
thus, in the further stages of the study, we shall be dealing with non-

building construction only tangentially, where it is particularly relevant.

B.' Energy Embodiment Per Unlt of Material

In thls sub—study we have subdivided certaln of the 399-level
seetors (which correspond with Standard Industrial Classification (SIC)
h—digit classifications) into the SIC 6-digit clasSifioetions, oorresbond-
ing to the 1967 Census of Manufacturers (CM); [5]‘ |

The 6-digit breakdown, shown by the CM for the output of all

manufacturing sectors beglns to approach the type of unit breakdown

" necessary for an energy estlmate of bulldlng materlals end components.

That is, industrial products are subdivided not only with respect to dollar
of product, but also by quantities of production: e.é., number of Boerd
feet of lumber, divided into rough-or milled lumber, hardwood versus
softwood, eto. In most cases, corresponding dollaf value is also given;

To the unit price obtained from these figures, we haveeapplied the CAC

L figﬁre for total energy intensity (Btu/$) of product, arriving at a figﬁre

for embodied Btu/unit.

Even at this preliminary stage, certain difficulties become apparent,

- and further investigation is necessary. The 399-level figures are average

figures, each of which covers. a large.aggregation of building products. e

Since most of the 399 sectors (although not all) deal with similar industries,

Between 1967 and now, there has continued to be a great deal of activity in
Highwey Construction and the 1972 benchmark data can be expected to show a
similar or even greater weighting of this sector. At this time, however, .

with most of the Interstate System complete and with an apparent shift occurr-
ing in national construction priorities, we expect New Highway Construction to
show a slackenlng off in importance. : ’
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and the gntireAaggreéation can be representéd-by dollars of produgt,
the 399 breakdoﬁn and thé‘avérage figurés for éach Séctor qré valid ih a
study of economics. In a study of building camponents, howevér, the
sectors must be broken down‘further, as_thé units within eaéh sector
are not similar and‘aré not comparable. .For exaiple, Sgc;ion'i38: Millwork
includes ﬁood-moldings per board foot; wood window and door ffameé,'
Per unit; wood doors, per unit, gtc. These'sﬁbdivisions are further
‘broken down by the CM; e.g., wood doors are divided into panel type,
flush type hollow core and flush type solid core, and eachrdbor type
is divided up according to the type of wood in its composition. |
The price variation between even similar units is not dependent‘oﬁ
the émount of‘energy in the manufecturing process, but.onAa variety ofz
: oﬁher factors: rarity of materiel, amount 6f material, lebor intensity,
etc. The average Btu/$ of manufacture figure applied.at the L-digit |
breakdown level at this scale of breakdown (SIC 7-digit) is the most
refined_figure now aveilable; however, for ah accurate representation of
energy input into building compbnents suitableffor use aé a‘companion | .
tb a cost estimating manual, more investigation is necessary;
There are two methpd; of appréach to this'investigationf
1l. The Census Bureau has detailed information regarding direct energyl
infut to all of the CM industries. The CM report, which documeﬁts
industry output at 7-digit detail, reports input to industry oﬁly
at L-digit detail. According to BEA ail further information is '
broken down into sépéréte esteblishments reporté, and is stbred on
confidential tapes within the Census Buresu. Access to this informa—

tion, which we believe to be highlyiaccurate, may be availablé only to
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Census Bureau personnel? and the Census Bureau may.be.the'bnly
organization capable of carrying out the neceSSary inresfigation.
2. Isolate direct energy data for specific_units'fromipublished sources..

A number of such studies exist. They do ndtleover all relevant.

“indusfries, nor do different studies of the same industry correspond
with each other. The lack of correspondence is based on differenCes
.in approach,'difference in parameters of stu&y, and difference_in
data base. There are also industry studies of direct eﬁergy use,

. which we would expect to be highly accurate. However, many (or most)

of these are confidential and not accessible.

The rost accurate of the approaches outlined abovevwould be fhe\use of
the Census Bureaﬁ data since it is not,only'comprehenéive; but it also
corresponds to a very high degree with the BEA data on which the CAC
Energy I/0 Model is based.

In. the further stages of this study we intend to 1nvest1gate all
oﬁ381de sources of information available to us to refine the(f;gure for
direct energy into units of buildihg material. A combination of_a preéise' e
Adirect energy figure.with the CAC average figure for'embodied energy te,
-eéeh unit should frovide an acceptabiy accurete total.

At this stage of the report all figures shown are based on the BEA
producers' dollar data. In the case of units of material used in
' construction, the producer is the manufacturer - or producer - of that
;eterial. The data do not include the transportatlon and trade costs
(marglns) between the producer and the purchaser - in thls case the

Contractor. ©Since these act1v1t1es are a part of the process-that

produces buildings and since all use some energy. (light, space heating,
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transportation,‘etc.), that energ& use must be. included. In the further
.stgges'thése figurés‘will bé adJusted so that the margins are included

and the data will correlate with the aollar data found in standérd cost
egtimating sources.

” ‘Tables Bl - 15 show preliminary Btﬁ/unit figures for 399-level
sectbrs 135: Sawmill Products; 136: Hafdwood F;ooringg .137: Special
Sawmill Products; 138: Millwork; 139: Veneer Plywoéd; 'lhO: Preféb;
ridated Wood Structures; 182: Paints; 18kL: Asphalt Felts & Coatings;
193: . Plate Glass; 195: Hydraulic Cement; 196:ABrick; 167: Cefaﬁic p
Tile; 204: Concrete Bldcks; _206: Ready-Mix Concrete; 207: Lime; |

208: Gypsum Products; and 214: Mineral Wool Insulation.

Tables B16 - 1T show a sample application of some of these preiiminary A

figures to tyﬁical‘wail assemblies. (In these tables, U.is thé overall
coefficient of heat transmission -- the Btu per héur flowiné'frém air £o
air through 1 square foot of wali or other building component_ip place :
in the structure under actual conditions for a temperature differencé of
1°F between inside and outside air; R is thermal resistance - the

- reciprocal of the coefficient of heat transmission,-expressed in hours per

Btu for the standard square foot of surface and 1°F temperature difference.)

C. Eﬁergy Use fer Square Foot Per Building Type

The base document for ;hiS‘sub—study is the Dodge Construction“
Statistics, United States Summary Bulletin for December, 1967, [3] which |
tabulates both square footage an§ dollar cost of construction iﬁ that year
according to various building types. The building types categoriesAuséd

by Dodge are closely comparsble to those used by BEA, which al;o uses the
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‘ b 'Dodge' data as one of its sources, énd the 23 building sectors isolated by
l , ~ . _Dodge are easily aggregated for comparison with 15 of the 18 Néw Building

sectors isolated by BEA. Three of the BEA New Buildiné sectors are n6t '

‘ _ _ included:  27: Residential Alterations & Additionms;: 48: Ferm Reéidenfial;
‘and 49: Farm Service Fecilities. | | |
| Sector 27 is not quantifiable on a square foot basis, in that éltef-
| ations aad dollar cost and energy use to the total for the construétion

industry but do not add square footage to the‘buildiﬁg, while additions add

‘ ‘  ' ali three. It can be assumed that the $ or Btu/SF'figure applied to
|. - Séctor'23:' 1-Family Résidéntial would apply to residential additioné
‘as well. | |
Sectors 48 and 49: Farm suildings Havg ﬁot been covered.because
bf a lack of informatién at this time. Sectof L8: FarmlResideﬁtial
| should be similar to Séctor 23: 1~Family Résidential. Sector hé: Farm |
'Service poses several problems, howevér. First of all, tﬁe buildiﬁgs
covered, ranging from corn cribs to milkiﬁg parlors, gré highly disparaté,
arid the same Btu/SF figufe would not apply to each. Secondly, & great
deal of the construction ectivity included in this sector is not building
~ construction but site work, and cannot be described in terms of square
feet at all. The Department df Agriculturebwill be used &s a sourde of
information for these two sectors in the further stages of the study.
Table Cl shows Btu/SF used in 1967 by various new Building Construc-
tion.Sectofs. As has been mentioned earlier in this report, the'data'
comfiled by‘F. W. Dodge Company, hoting dollars and»squarg feet Qf'con- |
struction for the various types Qf”building-constructi§n'must bgzused |
“with a certain degree of cere. The Dodge figures are based on information
received from contractors for constructibn projecté bid ig 1967. This'.
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data base is couparable'to that used by the Depaftment of Coﬁmerce for
its Qeneus of Construotion Industries (CCl) [4]. However, slnce Dodge
does not cover the smaller establishments or smaller construction contraots,
they report only about 75% of the dollar volume of construction reported
in CCI.

Nelther Dodge nor éCI reports that segmeut'of construction performed
by establishments.or individuals not classified as "contractors" i.e.,'
suppliers, uaterials manufacturers; and "do—it—yourself." Accordiug‘
to BEA which does’ 1nclude this act1v1ty in its’ data, this segment is
Asubstantlal and accounts for nearly 1/3 of the dollar volume of all
construction. _

However although the dollar flgures shown by Dodge, CCI and BEA
~cannot be used 1nterchangeably, the average -cost per square foot ($/SF)
of the various building types derived.from~the Dodge data alone is a
valid average figure wuich can be applied to BEA/CAC fiéures. This.
afplication results- in the derivation of not only a8 Btu/SF figure for

each building type, but also a rev1sed estlmate of the total square

|

|

footage of building in the year under study. It should be noted that the L' | f,.
'Dodge figures correspond to end use, i.e., they 1nclude value added ) |
',(fents,'profits, wages,‘etc.). Energy intensities produced‘by.CAC are_”

oompatiole with the Dodge figures, however, since the former aocount

~ for value added. (See reference [1].)

b. Energy-Flow Dlagram

' This diagram (see Appendix A) charts the energy flow at the CAC 90-
blevel into that level's Sector 14: New Construction. New Construction
is an aggregation.of the 39§;level'Sectors 23-54 and includes both building
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and nontuilding construction. Fach sector contributing to the construction

'industry can be viewed as a chain of industrial prOcess; with a direct

energy input at each stage of the chain. 1In order to ascertaih the most'
effective methods of conserving energy through the construction process,

it is.vital to know at which stages of the chain the significant amounts

- of direct energj are introduced.

If the major direct energy input for a glven product occurs in the
course of 1ndustr1al process, the use of smaller quantltles of that

material, whlle conserving some energy, may not be as direct or as

. effectlve as the application of conservation measures to the process

itself. If a 31gn1f1cant amount of embodied energy is 1ntroduced 1nto

the'product through the transportation sectors, the most effective~coné
servatioh;measure uight'be arri#ed at through investigation of local

iudustry and a substitution of local meterials'for those which wouid'havej

to be transported long distances.

One immediate observation to be made from an inspection of the

diagram is the very large part played by the primary ﬁetals industries -

even larger than one would assume simply from knowledge of the construction

' field. Thus, conservation measures applied to the iron smelting process

will have a far greater impact on total energy consumption through con-
struction than would be assumed by a simple investigation of, say a
structural steel bean.,

This chart, which has been derived from the CAC 90-Order‘Energy

' Input/Output Model [1] is intended to be a prototyte only The’ aggregatlon

at that level is such (e.g., this chart comblnes all new constructlon,

both building & non-bulldlng) that very little quantitative information
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can be drawn from it. Méthods»used to produce the §hart at this level
will be refined for handling the problem for some of the 399-order

construction sectors.

The chart plus a full description'c&n be found iﬁ Appendix A.-
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Abbreviations

HTG/HTG EQPT

 ARCH MTL Architectural Metal Work
ADD & ALTS Residential Additions-
- & Alterations
ASB Asbestos Products
ASPH Asphalt & Athalt
Coatings
BLDGS Buildings.
BLK Concrete Blocks
BRK Bricks
CEM Cement
CLAY PROD Clay Products
CONC Ready-Mix Concrete
CONC PROD Concrete Products
CONS DEV Conservation De-
' velopment
DRS Metal Doors
EDUC Educational
ELEC Electrical
FAB Fabricated
GYP Gypsum Products

Heating Equipment

INDUST Industrial
INS Mineral Wool
' ) Insulation
M+ R Maintenance & Repair
MILW . " Millwork '
- MISC Miscellaneous Metal
‘ Work
Key

I FAM

‘Construction Industry —ges

Sector (399 order)

Non-Clavaefractories

N-C REFR

PAVG Paving

PL/FAB PLL Fabricated Plate Work

PETR Petroleum _

PLB Plumbing Fittings

PNT Paint Products

PREFAB Prefabricated Wood
Structures

PWD Veneer, Plywood

REF PET ‘Refined Petroleum

REFR Refractories,

RELIG -Religious

RES Residential

REST Restaurants

RET Retail Trade

RR Railroad

SAWM Sawmills

SERV Service

SHT MTL Sheet Metal Work

STR STL Fabricated Structural
Steel -

SVC STA Service Stations

TRANSP Transport

TRK Truck Transport

UTIL Utilities

WD PRES ~Wood Preserving

WH Wholesale Trade

Notes

1. "Direct Energy"

in this instance in-

cludes both the energy content of

%? the fuels and the energy cost of
4 producing those fuels.
[CEM 399-order Sector:
. 3.2 Cement
» | R
90-order ____-\<::::
. Sector LO:—STONE & 4 % of energy embodiment of
Stone & Clay |CLAY 0 Construction Sector con-
CONC tributed by 399-order
8.7 (13.38 Sector:
A~ |
% of energy embodiment of +—1
Construction Sector con-
JLa%.-.
tributed by 90 order Sector
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REF
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- . EMBODIED. -
CAC SIC - ICENSUS OF MANUFACTURES -AVERAGE . CAC ENERGY
NO NO SIC TITLE - |UNIT NO OF UNITS | TOTAL § COST/UNIT BTU/S (BTU/UNIT)
135 242] SAWMILL & PLANING MILL " 65285
PRODUCTS
24211 61 ' . , _
24211 63 ROUGH LUMBER - SOFTWOOD BD FT  4,545,100,000 364,100,000 .08 65285 5222.8
24211 65 . B : : :
24212 21 . ,
24212 23 DRESSED LUMBER - BD FT 19,819,600,000 |,640,000,000 .08 65285 5222.8
24212 25 SOFTWOOD e :
24212 27 DRESSED LUMBER - BD FT 732,400,000 74,400,000 .10 65285 6528.51
. _ HARDWOOD _ ‘ ’
24218 11 SOFTWOOD FLOORING BD FT 120,500,000 . 13,000,000 R 65285 7181.35
PREL IMINARY .
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EMBODIED

CAC SIC - CENSUS OF MANUFACTURES | AVERAGE  CAC ENERGY
NO NO SIC TITLE UNIT _NO OF UNITS TOTAL § COST/UNIT - BTU/$ (BTU/UNIT)
136 24261 HARDWOOD DIMENSION & 55,516
FLOORING - | .
24261 11 OAK FLOORING BD FT 676,400,000 111,800,000 7
24261 19 g | | |
24261 31 MAPLE & OTHER FLOORING BD FT 67,400,000 15,100,000 .22
24261 98 B ' .
TOTAL 743,800,000 126,900,000 - 471 55,516 - 9,471.60
NOTE: THE PRODUCTION OF HARDWCOD FLOORING FOLLOWS THE SAME PROCESS REGARDLESS OF THE
TYPE OF WOOD USED. THE PRICE DIFFERENTIAL IS BASED ON SCARCITY OF MATERIAL AND
MARKET CONDITIONS, NOT ENERGY EXPENDED. THEREFORE, THE TWO CATEGORIES HAVE BEEN
COMBINED TO ARRIVE ‘AT AN AVERAGE BTU/BD FT FIGURE. ‘
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1967 ENERGY EMBODIMENT PER UNIT ‘OF MATERIAL BEFORE DELIVERY TO JOBSITE

EMBODIED

8

ey

- 9L6T By T,

alep.

CAC SIC ~ |cENsus oF MANUFACTURES = AVERAGE  CAC . ENERGY
NO  NO SIC TITLE : UNIT  NO OF UNITS | TOTAL § COST/UNIT BTU/$ (BTU/UNIT)
137 2429 SPECIAL PRODUCT SAWMILL " ' 39319
GOODS :

24290 03 . : o ’ , R

24290 05 RED CEDAR SHINGLES & 1 SQ'FT 325,860,000 38,800,000 2 39319 4718

24290 07 SHAKES - | ' | - A

- PRELIMINARY
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1967 ENERGY EMBODIMENT PER UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE

EMBODIED

CAC SIC ’ : CENSUS OF MANUFACTURES | AVERAGE  CAC ENERGY
NO NO ~SIC TITLE - UNIT . NO OF UNITS TOTAL $ "~ | COST/UNIT BTU/S ~(BTU/UNIT)
138 2431 M1LLWORK 47350.
24311 33 : 2 : , _ . A :
24311 36 WINDOW UNITS - WOOD I EA 7,387,000 142,300,000 19.26 47350. NOTE |
24311 39 ' :
24312 |1 WINDOW SASH - WOOD | EA 10,007,000 36,600,000 3.66 47350. NOTE |
24312 13 : '
24312 15
24312 65
24314 |1 C
24314 13 DOORS, PANEL TYPE - WOOD | EA 5,089,000 10,400,000 13.84 47350. NOTE 1
24314 19 .
24314 31 DOORS, FLUSH TYPE - | EA 22,936,000 126,000,000 5.50 47350. NOTE I
24314 33 HOLLOW CORE ‘
24314 43 DOORS, FLUSH TYPE - | EA 3,571,000 67,400,000 18.88 - 47350. NOTE |
24314 44 SOLID CORE
24315 51 COMB. STORM & SCREEN | EA - 804,000 10,200,000 12.69 47350. NOTE |
DOORS -
24315 61 GARAGE DOORS - WO0OD | EA I,087,000 ‘57,200,000 52.61 47350. ° NOTE |
24315 71 SCREEN DOORS - WOOD | EA 1,562,000 8,900,000. 5.70 47350. NOTE |
24315 81 LOUVRE DOORS | EA 2,044,000 15,400,000 7.53 47350. NOTE |
24316 11 FINISHED WOOD MOULDINGS BD FT 668,000,000 |89,|oo,ooo .28 47350. 13258 -
24316 51 ' o - . |
-NOTE: I. DUE TO THE GREAT VARIETY AMONG UNITS, ANY AVERAGE F!GURE DERIVED FROM DIVIDING
TOTAL TRANSACTIONS BY QUANTITY OF UNITS CANNOT BE ASSUMED TO BE ACCURATE. FURTHER
sruov IS NECESSARY.. 4 » . : ‘
2. ACCORDING TO BEA, ABOUT 90% OF PREFABRICATED WINDOW UNITS WERE GLAZED IN 1967 AND THE
' TRANSACTIONS FIGURE INCLUDES GLAZING. . NO AVERAGE FIGURES CAN BE ASSIGNED IN THIS
CATEGORY WITHOUT FURTHER STUDY. : : :
PREL | MINARY
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1967 ENERGY EMBODIMENT PER UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE

EMBODIED

CAC SIC S ~ |cENSUS OF MANUFACTURES 'AVERAGE  CAC ENERGY
‘NO___NO SIC TITLE UNIT __NO OF UNITS 1 TOTAL § COST/UNIT BTU/S (BTU/UNIT)
139 2432 VENEER & PLYWOOD 67686 |
24321 00 HARDWOOD PLYWOOD SQ FT. 1,741,300,000 333,000,000 19 67686 12860
| SM : o
24322 00 SOFTWOOD PLYWOOD sQ FT  6,919,100,000 387,400,000 .06 . 67686 4060
(INTERIOR TYPE) 3/8" 8
24323 00 SOFTWOOD PLYWOOD sQ FT 6,183,800,000 401,100,000 .07 67686 4738
' (EXTERIOR TYPE) 3/8" _ '
24324 00 PREFINISHED HARDWOOD SQ FT 922,800,000 105,100,000 . X 67686 7448
: PLYWOOD SM - o
24324 21 HARDWD & SOFTWD BASES  SQ FT 576,600,000 57,200,000 .10 67686 6760
2432k 23 SM
24325 |1 HARDWD VENEER-SPECIAL & SQ FT 2,387,500,000 91,700,000 .0h 67686 2707
TYPE FACE. . SM ' ,
24325 21 HARDWD VENEER-COMMERCIAL SQ FT 985,600,000 21,700,000 .03 67686 2031
| & UTILITY TYPES Y
24325 51 HARDWD VENEER-CONTAINER SQ FT 377,400,000 6,500,000 .02 67686 1354
24325 71 & FLAT. TYPE SM A o
24326 11 SOFTWD VENEER-PLYWOOD  SQ FT ' 1,419,100,000 131,700,000 .09 67686 6092
. v
24326 31 SOFTWD VENEER-CONTAINER SQ FT 33,500,000 3,600,000 ' 67686 7445
. . 'Il .
NOTE: THE PRICE DIFFERENTIAL EVIDENT AMONG THE VARIOUS PLYWOOD CATEGORIES 1S NOT
‘ NECESSARILY A RESULT OF ENERGY EXPENDITURE, BUT RATHER LABOR INTENSIVITY
§/0R RELATIVE RARITY OF MATERIAL. FURTHER STUDY IS NECESSARY IN THIS SECTOR

" PRELIMINARY .
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g .-&m 1967 ENERGY EMBODIMENT PER UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE :
» =3 o Lo ‘ , S N R B T EMBODIED
" 3 ®| cAC Sic : ~ |CENSUS OF MANUFACTURES, . AVERAGE ~ CAC .  ENERGY -
" “ 8| N0__NO SIC TITLE - UNIT __NO OF UNITS I TOTAL § - COST/UNIT _BTU/S (BTU/UNIT)
n. 2 ‘ : — :
g EB| ik 2433 PREFABRICATED W00D - | T 55182. |
z 2 0 STRUCTURES S ' ' o ‘
J =8 - ‘ : : : _
§ 29 24331 31 GLUED LAMINATED LUMBER BD FT 147,800,000 * 39,300,000 .27 55182. 14,899
3 - ' : : . ' .
2 § 24331 33 SAWN LUMBER ~ BD FT 57,900,000 - 5,900,000 .10 55182, 5,518
4 .
n > . . ) , . ] :
n 3 24331 35 COMB. GLUED LUMBER & BD FT 68,100,000 17,800,000 .26 -55182. 14,347
> z < SAWN LUMBER : ' ‘ ‘ : -
L 24332 31- READY CUT & PREFABRI- | EA- - 57,700 264,400,000 4582.32  55182.  NOTE |
N ' CATED WOOD BLDGS - : _
» _ DWELLINGS BRI
<lge| 3 g 24332 41 READY CUT & PREFABRI- | EA 13,300 - 26,800,000 ~  2015.04 - 55182.  NOTE |
%8| = B CATED WOOD BLDGS - | a
Setlog GARAGES, FARM. BLDGS, ETC.
i 3 < . : : - . |
~$§’; 82 24332 51 ROOF TRUSSES MADE OF . | EA 2,956,800 - 41,600,000 14.07° 55182,  NOTE |
S lze ~ SAWN LUMBER - LIGHT >
:’?5 mEl CONSTRUCTION -
Rl = Z| NOTE: DUE TO THE GREAT VARIETY AMONG UNITS, ANY AVERAGE FIGURE DERIVED FROM DIVIDING TOTAL
I el TRANSACTIONS BY QUANTITY OF UNITS CANNOT BE ASSUMED TO BE ACCURATE. ~FURTHER STUDY IS
ot N o .
g 38 NECESSARY
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' 1967 ENERGY EMBODIMENT PER UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE .

¢

‘ . — EMBODIED
CAC SIC ) CENSUS OF MANUFACTURES A AVERAGE. ~ CAC ENERGY
NO NO SIC TITLE UNIT __NO OF UNITS TOTAL S ‘COST/UNIT BTU/$ (BTU/UNIT)
182 2851 PAINTS & ALLIED PRODUCTS 122,390 '
28511 I1]
28511 21
28511 22
28511 24
28511 25
28511 27 . ,
28511 28—EXTERIOR OIL-TYPE TRADE GAL 88,800,000 297,200,000 3.35 122,390  409.620
28511 31| SALES PAINT PRODUCTS . :
28511 32
28511 33
28511 34
28511 35
28511 37
28511 39 | | |
28512 I'ITEXTERIOR WATER-TYPE GAL 36,700,000 124,000,000 3.38 122,390 413,530
28512 16| TRADE -SALES PRINT : :
28512 19] PRODUCTS |
28513 52| INTERIOR OIL-TYPE TRADE GAL 54,600,000 191,800,000 . 351 122,390 429,590
28513 53}—-SALES PAINT PRODUCTS- -
28513 54| 0ILS, ENAMELS, VARNISHES
28513 56| IN READY-MIX FORM
28513 59 - ' | 4
28513 65| INTERIOR OIL-TYPE TRADE GAL 9,800,000 34,100,000 3.48° 122,390 425,870
28513 67—SALES PAINT PRODUCTS- ' ' : :
28513 71] VARNISHES & STAINS
28514 1T] INTERIOR WATER-TYPE - GAL 93,900,000 283,200,000 - 3.02 122,390 369,130
28514 21—TRADE SALES PAINT S '
28514 31| PRODUCTS INCLUDING
28514 98] TINTING BASES -
NOTE:. ON AN AVERAGE, I GALLON .OF PAINT WILL SUPPLY | COAT OF PAINT FOR 300-350 SF OF EXTERIOR WOOD - OR
' 'MASONRY WALL; h75 SF OF INTERIOR WALL OR TRIM;. AND 525 SF OF EXTERIORTRIM. x o
~ PREL I MINARY
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3 Zm 1967 ENERGY. EMBODIMENT PER UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE . y

o =3 ' - _ ‘ EMBOD I ED

® 3 | cAC sicC - | CENSUS OF MANUFACTURES - AVERAGE  CAC ENERGY

= “ 8| NO__NO SIC TITLE UNIT__NO OF UNITS TOTAL -$ COST/UNIT _BTU/S (BTU/UNIT)

S £Z| 18 295 ASPHALT FELTS & COATINGS 478,610

2 2 O : A .

> £ 5 29522 12 ROOFING ASPHALT SH T ,535,500 43,100,000 28.07 478,610 13,434,580

¥ o 0O . '

Q 28 29523 11 ASPHALT ROOFING: SMOOTH SQ FT 1,690,000,000 26,500,000 .02 478,610 9,570

2 e SURFACED ROLLED ROOF ING :

-] ~ & CAP SHEET, INCLUDING

o 3 SANDED, TALC, MICA; &

> z OTHER FINE MATERIAL SUR-

Q FACING

E V) g

) .

a8’ 29523 13 MINERAL SURFACED ROLL ~ SQ FT 1,370,000,000 30,500,000 .02 478,610 9,570

- ROOFING & CAP SHEET ’ - : .

Spelgm 29523 14 STRIP SHINGLES-SELF - SQ FT 1,910,000,000 114,900,000 .06 478,610 28,720
o 4

heg|- g m SEALING :

949‘ 0 3 : ’
s 129523 16 STANDARD OR REGULAR SQ FT  2,330,000,000 119,500,000 .05 478,610 23,930 -
P |8 Z STRIP SHINGLES : ‘ ‘

e 3 z W . :
mr |2 E 29523 17 INDIV. SHINGLES-ALL SQ FT 400,000,000
e 4 mr - ° - A M
B< 1z g STYLES
=5 | L3 ‘ . , - -
ST I g 29523 31 ASPHALT. BLDG SIDINGS:  SQ FT 40,000,000 1,100,000 .03 478,610 14,360
o 3 o ROLL FORM & SHINGLE FORM ‘ R
e -2 'ALL PATTERNS
H 3 A | , :

z|. € 29523 35 MINERAL-SURFACED INSULA- SQ ‘FT 30,000,000 4,100,000 Nk 478,610 167,000
olol | 9 TING BOARD BASE SIDING - | | -
2B X3 (ALL. TYPES & FINISHES)

d 2 . .
® ) : : . . . .
> 29523 51 SATURATED FELTS: ASPHALT SH T 864,600 47,700,000 - 55.17 478,610 26,404,910

» ' SATURATED FELTS FOR : : ' B o
= ROOFING AND SIDINGS .
5| D8 : ‘ ' |

lEe 29523 55 SATURATED FELTS: TAR SH T 46,600 3,200,000 68.67 478,610 . 32,866,150
0s) & SATURATED FELTS FOR T ' . ,
0o = ROOFING ‘& SIDING R | A

2 ~*SHORT TON (2,000 LBS.) 'PREL IMINARY |
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1967 ENERGY EMBODIMENT PER UNIT OF MATERTAL BEFORE DELIVERY

&

TO JOBSITE A
. ' — - "EMBODIED
CAC SIC S ~ |CENSUS OF MANUFACTURES AVERAGE ~ CAC ENERGY <
NO  NO SIC TITLE ONTT __NO OF UNITS 1 TOTAL S COST/UNIT BTU/S (BTU/UNIT
193 3211 FLAT GLASS ' , ' 102,810 '
32111 22 UNCOLORED SINGLE SQ FT 490,000,000 56,700,000 12 102,810 11,900
‘ STRENGTH - o : - < '
32111 23 UNCOLORED DOUBLE SQ FT 205,000,000 26,800,000 .13 102,810 13,440
| ~ STRENGTH ~ - S
32111 24 HEAVY SHEET (UNCOLORED) SQ FT 300,000,000 - 37,000,000 .12 102,810, 12,680
32111 26 THIN, INCLUDING PICTURE $Q FT 65,000,000 I'+,000,000 217 102,810 17,400
GLASS & TINTED OR | : -
COLORED (ALL THICKNESSES)
32114 21- TEMPERED GLASS FOR SQ FT 166,900,000 102,600,000 .61 102,810 62,710
32114 23 ARCHITECTURAL & CON-
32114 29 STRUCTION PURPOSES IN-
CLUDING GLASS FOR SHOWER
DOORS & ENTRANCE DOORS
& OTHER USES, AUTOMOTIVE
32114 98. OTHER FLAT GLASS (SUCH SQ FT 19,100,000 - 5,600,000 .29 102,810 30,140
AS PLATE GLASS BLANKS,
'BENT OR ENAMELED SHEET,
PLATE, FLOAT, & ROLLED .
GLASS, GLASS DOORS & -TUB
ENCLOSURES (OTHER THAN
TEMPERED) MULTIPLE-GLAZED .
SEALED INSULATING UNITS |
32112 13 PLATE & FLOAT GLASS NOT SQ FT 282,500,000 - 89,800,000 .32 102,810 - 32,680
" OVER /8" IN THICKNESS » o : ' . o : '
32112 15 PLATE & FLOAT GLASS OVER SQ FT 210,400,000 - 85,600,000 Y 102,810 41,830
1/8" IN THICKNESS . : - A
PRELIMINAI
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1967 ENERGY- EMBODIMENT PER UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE.

EMBODIED

» 3
bio
>
ala
‘e
>
= B a
© =3
@ | z°®
(o} R
. o
N 9

CAC 'SIC - o CENSUS OF MANUFACTURES .. AVERAGE  CAC ENERGY -
NO__'NO SIC TITLE - UNIT___NO OF UNITS | TOTAL § | COST/UNIT _BTU/S (BTU/UNIT
193 3211 FLAT GLASS ' ’ 102,810 |
32112 17 PLATE GLASS & FLOAT SQ FT 54,200,000 25,100,000 46 102,810 47,610
32112 11 GLASS OVER I/4" IN - |
THICKNESS, & ROLLED &
WIRE GLASS |
32113 11
32313 11 | o
LAMINATED PLATE GLASS  SQ FT 190,000,000 342,000,000 1.80 102,810 185,060
32113 31 /
32313 31
32113 51 LAMINATED SHEET GLASS & SQ FT 20,500,000 19,700,000 .96 102,810 98,800
32313 51 OTHER LAMINATED GLASS :
32113 71
32313 98
; PREL IMINA
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g3 3 50O
55 - &£m 1967 ENERGY EMBODIMENT PER UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE
> g < > . . . .

2o =3 5 T . . ~ , EMBODIED
® @ 3 2| cac sic o 0 CENSUS OF MANUFACTURES : AVERAGE CAC . ENERGY
§ m Z ’2’ NO  NO SIC TITLE CJUNIT _ NO OF UNITS | = TOTAL § | COST/UNIT BTU/S (BTU/UNIT)
< £ g B ' . . T T 2 - , . .

22 33| 195 324 CEMENT, HYDRAULIC . ' . ' - 479,590
Z O - m ) .
< ~— o . N |
s 5 2 32410 11 PORTLAND CEMENT | bbl 361,900,000 1,151,900,000 3.18 479,590 1,526,500
54 ES | @ 376 T
S8 28 : :
0 § ‘ Ibs -
> - : -
@ A 32410 31 PREPARED OR MIXED I bbl 20,800,000 66,400,000 3.19 479,590 1,530,950
» o HYDRAULIC & MASONRY @ 280 ' : : :
'3 CEMENTS OTHER THAN = . lbs
N SPECIAL PORTLANDS
e
m
mow , ‘ _ ,
b NOTE: AN AMERICAN GAS ASSOCIATION STUDY ‘USING 1964 FIGURES FOR DIRECT PROCESS ENERGY
ALONE SHOWED 1, 372 MILLION BBL OF CEMENT PRODUCED USING 423 MILL1ON BTU OR ABOUT
SFeimm I, 140,000 BTU/BBL. A STUDY OF ENERGY CONSERVATION POTENTIAL IN THE CEMENT
S o m INDUSTRY BY THE PORTLAND CEMENT ASSOCIATION FOR FEA (1975) INDICATED AN AVERAGE
o 2% o B OF 1,080,000 BTU/BBL OF CEMENT IN DIRECT PROCESS ENERGY AT THE KILN IN 1967
pe |3 < (AND SLIGHTLY LESS FOR 1964) .
Pw |8 Z .
o |z®
o M °c C
g9 12§
A B
=5 |go
. N0
5 3 0
S. —Az
= 3
0

H b4 ()g §
o|® °
(7 BKe]
<4 bid z
>
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: ® ]

- 0 5 PREL I MINAR

O |3
. . [e)Y :




1967 ENERGY EMBODIMENT PER UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE

EMBODIED
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"CAC sicC. ‘ : ~ |CENSUS OF MANUFACTURES A "AVERAGE  CAC ENERGY
NO NO SIC TITLE . ' UNIT _NO OF UNITS - | TOTAL § COST/UNIT BTU/S (BTU/UNIT
196 3251 'BRICK & STRUCTURAL. TILE ' 340,290
32511 Il BLDG OR COMMON BRICK & | BRK 7;39h,9oo,ooo. 294,900,000 .0b ‘340,290 13,570
FACE : :
(2 I/h” x 3 5/8" x 7 5/8")
32511 19 OQTHER BRICK (PAVING, | BRK 21,000,000 I ,500,000 .07 340,290 24,300
' FLOOR & SEWER)" : - :
(2 174" x 3 5/8" x 7 5/8")
32512 1! STRUCTURAL CLAY TILE | TILE 80,200,000 6,200,000 .08 340,290 26,300
EXCEPT FACING INCLUDING . L :
LOAD BEARING & NON-LOAD
BEARING TILE
32512 31 FACING TILE (STRUCTURAL) ‘I BRK 231,500,000 21,600,000 .09 340,290 31,750
& CERAMIC GLAZED BRICK : : o :
(2 174" x 3 5/8* x 7 5/8")
32412 51 UNGLAZED & SALT GLAZED | TILE 4,200,000 800,000 - .19 - 340,290 64,870
"FACING TILE , :
(8-1 % Sn X |2||)
NOTE: . CENSUS OF MANUFACTURES LISTED QUANTITIES BY WEIGHT ONLY FOR THIS CATEGORY.
© THE UNIT QUANTITY WAS DETERMINED BY ASSUMING AN AVERAGE STRUCTURAL CLAY .
TILE WEIGHS APPROXIMATELY 6 POUNDS.
© PRELIMINE
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1967 ENERGY EMBODIMENT PER UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE

EMBODIED
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CAC: SIC : CENSUS OF MANUFACTURES . AVERAGE CAC ENERGY
NO~ NO - SIC TITLE UNTT __ NO OF UNITS T TOTAL § COST/UNIT BTU/S (BTU/UNIT
197 3253‘ CERAMIC WALL & ?LQOR TILE | 110,610
32530 71 QUARRY TILE & PROMENADE SQ FT 34,900,000 14,700,000 42 110,610 46,590
_TILE _ . o :
32530 13 CERAMIC MOSAIC TILE &  SQ FT 6,000,000. 3, 400,000 .57 110,610 62,680 .
- ACCESSORIES - GLAZED . ; :
32530 53 CERAMIC MOSAIC TILE &  SQ FT 29,900,000 |5,7oo;ooo .53 110,610 58,080
ACCESSORIES - UNGLAZED : . - -
'PRELIMINA
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1967 ENERGY_EMBODIMENT PER UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE

EMBODIEL
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CAC Sic T CENSUS OF MANUFACTURES AVERAGE - CAC ~ ENERGY
NO__ N0 SIC TITLE . |UNIT _NO OF UNITS 1 __TOTAL § COST/UNIT BTU/$ .  (BTU/UNI
204 3271 CONCRETE BLOCKS | |
32710 16 STRUCTURAL BLOCK - HEAVY 3 BLK 567 000';000 114,600,000 .20 141,630 28,330
WE IGHT AGGREGATE R : T
8ll 8“ X4|6” ’ -
32710 18 STRUCTURAL BLOCK - - 1 BLK' ~ 63,600,000 I 4,600,000 .23 1hi,630 32,510
DECORAT I VE - :
32710 51 BRICK | BRK 479,700,000 15,400,000 .03 - 141,630 4,550
(2 1/b4 x 3 5/8 x 7 5/8'") : o ' ‘
PREL IMIN
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|967 ENERGY EMBODIMENT -PER UNIT OF MATERIAL BEFORE DELIVERY T0 JOBSITE

s

. EMBODIEL
CAC SIC . ' CENSUS OF MANUFACTURES AVERAGE CAC ENERGY
NO NO SIC TITLE IUNIT ~ NO OF UNITS | TOTAL § COST/UNIT BTU/$S (BTU/UNI
206 3273 READY MIX CONCRETE CU YD 162,400,00 2,330,500,000 14.35 180,130 2,588, 4¢
207 3274 LIME 507,010
32740 11 - QUICKLIME I'T 7,548,000 95,200,000 12.61 507,010 6,394,1:
32740 51 HYDRATED LIME LT 2,123,000 36,900,000 17.38 507,010 8,812,3;
32740 71 DEAD BURNED DOLOMITE | T 1,307,000 23,400,000 17.90 507,010 9,077,3(
208 3275 GYPSUM PRODUCTS 158,540
32751 11 CALCINED GYPSUM BLDG T 8,686,000 339,100,000 39.04 158,540 6,189,k
MATERIALS, BLDG .
PLASTERS & PREFAB BLDG
MATERIALS |
32752 11 OTHER CALCINED GYPSUM T 785,000 19,400,000 24 .71 158,540  3,918,0¢
PRODUCTS, INDUSTRIAL
- PLASTERS
NOTE: I. AN AMERICAN GAS ASSOCIATION STUDY, USING 1964 FIGURES FOR DIRECT PROCESS ENERGY
ALONE ESTIMATED AN AVERAGE ENERGY COST OF 6,000,000 BTU/T OF LIME. :
- PRELIMIN




9E00L AN YIOA MBN  3NUBAY Ulyid 88

‘S3LVIOOSSY ANV NIZLS "D QHVHIOIY

pue

10819 11l BUBGIN  Sloull|]| Jo Ausieaun

NOILVINdWOD GIONVAQY HOd4 HILINID

d

- 1967 ENERGY EMBODIMENT PER. UNIT OF MATERIAL BEFORE DELIVERY TO JOBSITE
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CAC. SIC |CENSUS OF MANUFACTURES : -  AVERAGE CAC ENERGY
NO - NO UNIT . NO OF UNITS | TOTAL § | COST/UNIT BTU/S (BTU/UNI®
214 3296 MINERAL WOOL . ' ' 155,870
- (FOR STRUCTURAL INSULATION) . » .
32961 |1 LOOSE FIBER (BLOWING & .1 SH'T 261,900,000 19,200,000 73.31 155,870 1i,426,8
POURING) & GRANULATED . R
' FIBER =
32961 23 4.5 INCHES OR MORE- THICK SQ FT - 274,900,000 13,100,000 .05 155,870 - 7,7
(BLDG BATTS, BLANKETS & ‘
ROLLS) .
32961 27 3.0 TO 4.4 INCHES THICK $Q FT 1,014,600,000 39,600,000 .04 155,870 6,2
32961 33 2.0 TO 2.9 INCHES THICK SQ FT 561,500,000 22,200,000 .04 155,870 6,2
132961 37 LESS THAN 2.0 INCHES SQ FT 417,200,000 i1,400,000 .03 155,870 4,2
THICK ' -
\ PRELIMIN/



WOOD FRAME WALLS

EMBODIED ENERGY
(BTU/SQ FT) IN

CONSTRUCTION R VALUE BLDG SECTION
I. OUTSIDE SURFACE (15 MPH WIND) 17 -
2. WOOD SHINGLES (1/2'" x 8" LAPPED) .87 4,718 3
3. BLDG PAPER (ASPHALT) .15 -
4., pLywooD (1/2") .62 4,738
5. 4 AJRSPACE .97 =
6. 2" x g re o, c. - 2,585
7. GYPSUM WALLBOARD (1/2'") .45 9,510
8. INSIDE SURFACE (STILL AIR) .68 &
3.91 21,551
U= I/R = .26
EMBODIED ENERGY
(BTU/SQ FT) IN
ADDITION OF INSULATION R VALUE BLDG SECTION
ADD 3 1/2" BATT INSULATION 11.00 ADD 6,230
DEDUCT R VALUE OF AIR SPACE .97
10.03
ADD TO ABOVE R VALUE 3.91
13.79 27,781
U= 1I/R = .07
CENTER FOR ADVANCED COMPUTATION ENERGY IN BUILDING CONSTRUCTION date
University of lllinois Urbana IL 61801 ERDA Contract No. E (11-1)-2791 1 Aug 1976
and ~Ba- Subject by file .
RICHARD G. STEIN AND ASSOCIATES, ARCHITECTs | fribodied Energy in ghe B16
588 Fifth Avenue New York NY 10036 Typ. Building Assemblies RGS &A




BRICK ON WOOD FRAME WALLS

AT A

1 2 3 45 6 7 8 9
EMBODIED ENERGY
(BTU/SQ FT) IN
CONSTRUCT | ON R VALUE BLDG SECTION
I. OUTSIDE SURFACE (15 MPH WIND) 7 -
2. BRICK & MASONRY (4') L4 143,060 :
3. 1" AIRSPACE .97 ¥
L. BUILDING PAPER (ASPHALT) .15 -
5. PLYWOOD (3/8") 47 4,738
6. L' AIRSPACE .97 -
7. 2" x 4 @ 16 o.c. - 2,585
8. GYPSUM WALLBOARD (3/8") 3 7,920
9. INSIDE SURFACE .68 -
3.98 159,893
U= I/R = .25
EMBODIED ENERGY,
((BTU/SQ FT) IN
ADDITION OF INSULATION R VALUE BLDG SECTION
ADD 3 1/2" BATT INSULATION 11.00 ADD 6,230
DEDUCT R VALUE OF AIRSPACE .97
10.03
ADD TO ABOVE R VALUE 3.98
15,0l 166,123
U=1/R = .07
CENTER FOR ADVANCED COMPUTATION ENERGY IN BUILDING CONSTRUCTION date '
University of lllinois Urbana IL 61801 ERDA Contract No. E (11-1)-2791 1 Aug 1976
and Sl Subject . by file '
RICHARD G. STEIN AND ASSOCIATES, ARCHITECTs | ' 00d1ed Energy in CAC B17
588 Fifth Avenue New York NY 10036 Typ. Building Assemblies RGS&A
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1967 1/0° 399 LEVEL

1967 ENERGY EMBOD | MENT PER SQ FT OF BUILDING. TYPE .

o
N
oo
o>
oo
o
’4
= Ha
. o =3
,gc
<> (5]
—d .
\O
: =2
(o)

CAC B I TOTAL 2 S
'NO NEW CONSTRUCTION TOTAL SQ FT TOTAL §. $/SQ FT BTU/$ BTU/SQ F1
23 RESIDENTIAL - | FAMILY 1,050,517,000.  13,285,874,000 12.65 55,511 702,211
24 RESIDENTIAL - 2-4 FAMILY 40,609,000 - 486,827,000 11.99 52,&39 625,14
25 RESIDENTIAL = GARDEN APT 52,864 736,201
26 RESIDENTIAL - HIGH RISE 352,452,000 4,323,280,000 12.27 60,000
27 RESIDENTIAL - ALTER & ADDN- - - : - - 51,646 '
28 "HOTEL/MOTEL : 35,633,000 ° 581,310,000 16,31 69,184 1,128,39
29 DORMITORIES 42,372,000 858,629,000 20.26 - 70,604 1,430,43
.30 INDUSTRIAL BUILDINGS 269,650,000 3,700,726,000 13.72 70,864 972,25
31 OFFICE BUILDINGS 158,318,000 3,781,344 000 23.88 68,737 1,641 L
32 WAREHOUSES 95,390,000 686,843,000 7.20 77,556 558,40
33 GARAGES/SERVICE STATIONS 37,720,000 381,812,000 10.12 76,217 771,311
34 STORES/RESTAURANTS 170,146,000 2,188,587,000 12.86 -73,183 941,13:
35 REL1GIOUS BUILDINGS 41,379,000 793,407,000 19.17 65,597 1,257,49
36 EDUCAT ! ONAL 204,258,000 k,168,058,000 20. 41 67,924 1,386, 32
37 HOSPITAL BUILDINGS 65,820,000 1,873,269,000 28.46 60,512 1,722,17.
OTHER NON-FARM BUILDINGS ' o
a. AMUSEMENT, SOCIAL & RECREATION 42,249,000 834,047,000 19.74 69,894 1,379, 70¢
38 b. MISC NON-RESIDENTIAL BUILDINGS 43,299,000 682,678,000 15.77 69,894 1,102,22!
c. LABORATORIES 20,387,000 604,970,000 29.67 69,894 2,073,75¢
d. LIBRARIES, MUSEUMS, ETC. 17,763,000 443,119,000 24.96 69,894 I, 744,551
48 FARM RESIDENCES - - - 53,773
L9 FARM SERVICE ' : - - , - 76,956
TOTAL BUILDING (EXCLUDING ALT & . ' :
ADD, FARM 2,687,951 ,000 39,674,780,000
NOTES: : . :
I. SOURCE: F. W. DODGE CO., DODGE CONSTRUCTION STATISTICS 1967 (BASED ON CONTRACTORS' BID PRICES)
2. FROM CAC : - -



Iv. FUTURE.WORKf4

For the' remaining six months of the proJect' our approach.to determin—
ing p0331b1e energy savings in building constructlon w1ll be two—fold First
we will consider the effects of substitution of materials ‘on the energy cost
of building construction, as described in "Energy Use for Building Construc—
tion: Project Plan," February 2k, 1976. This effort will include extension

and refinement of our determination of energy cost.per unit of material,

"~analysis of energy cost of selected building components which can be used

interchangeably with the same performance, and determination of the energy'
savings due to interchangeebility of basic materials which comprise such
’components. (We will also consider the energy cost of trade'and transpor—

tation necessary to deliver basic materials to the construction site )

' Future study will also deal with the broader energy trade—off of m1n1m1z1ng

the total (construction plus operation) energy cost of buildings by sub-

stitution of different assemblies

- The second line of approach 1nvolves determining whlch 1ndustr1es are

" major contributors to the total energy requirements of building construction

due to their own use of direct energy to produce goods and services for the
construction industry. ‘The Flow Chart in Appendix A is a first attempt at

identifying such industries for New Construction (an aggregate sector).

" Conservation in these contributlng industries would result in. energy sav1ngs

in building construction. In the next phase of the project ‘we w1ll refine

the method for conducting such»an analysis and direct it'towards pinpointing

) energy-contributing industries for some of the highly disaggregated 399-level

construction sectors.
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"APPENDIX‘A

The purpose of this sub—study is to develop the means for 1dent1fy1ngA
the po1nts of entry into the' economy of prlmary energy whlch eventually is
transferred into New Constructlon as embodled energy. The study uses data,
from the 90-level’ Input/Output Model [l] of energy flow through the United
- States economy developed by the Center for Advanced Computation'at the
UniverSity.of Illinoist The basic data have been reformulated to generate
a flow dlagram into a s1ngle 90—level sector, in this case, New Constructlon.

This new formulation differs from the Input—Output Model in that it
deals only wlth the portlons of 1ndustr1es whlch feed dlrectly or 1nd1rectly
1nto Sector lh - New Construction.* The flow dlagram has several s1gn1f1cant
: characteristlcs. |

Scale - The vertical dimensions of the elements conposing.the flow
diagram represent the'quantitles of energy.which'these sectors trensfer 1
directly(or'indirectly into New Conétruction. Tne seetors which made major
eontritutiOns are immediately apparent.

Indirect Primary Energy Input - The flow chart locates all of the
major inputs of prlmary energy to New Constructlon dlrectly, to 1ndustr1es
: Wthh sell their products to new constructlon, and to 1ndustr1es which
sell_their products to other industries whieh in turn sell to Nev'Construc-,‘
tion. The magnltudes of the primary energy inputs indicated on the flow
diagram represent only the primary energy inputs‘which are eyentually

transferred to New Construction as embodied energy.

*In this section, sector indices are those of the 90-level model, Refer to
Table 1, Section II for the relatlonshlp between 90 and 399 order sectors.

. =69~



Mejor Indirect Contributors - The flow chart permits the identifica-
tion of those'sectors which 'make substantial indirect contributions to New:

Construction thrqugh'their contributions to sectcrs which sell direcfiy to

_ New Construction.

Distribution Patterns - The flow chart indicates graphically the’

‘transfers of embodied energy from the indirect contributors to New Construc-

tion through the direct contributors to New Construction and finally to New

Constructibn itself.

_DcyelopmentmngFlow Date from Input/Output Dapa-

The Input/Output Model for 1967 contains two sets of data which are

A directly appllcable to the:'flow dlagram. The flzst is the total direct and

embodled energy in the new constructlon sector. Thls total is 5566.T
trllllon Btu, and is indicated by Column A of the flow diagram.

The second set of data which is d1rectly Lransferable from the Input/

-Output Model to the flow diagram is the list of dlrect'energy 1nputs to New

Cocstruction. These totcl 1286.2 trillion Btu and arc represented on the

flow diagrem by the red bar in Column B. This indicates ihc total qﬁantity

of primary energy which is consumed as a'result of purchases by_the Néw“
Construction sector directly from the energy sectors. The.remaiﬁing h280.5.‘
triliion Btu of tﬁe total direct and indirect energy uéed'by Neﬁ Construction A

is introduced as embodied energy in the products which New Ccnstruction

~ purchases from other sectors.

A third set of date, almost directly transferable frqm.thé Input/Output

‘Model to the energy flow diagram is the cuantity of embodied'energy trans-

ferred from the non-energy sectors to New Construction. At this point,
thé basic data from the Input/Outpuﬁ Model are modified as follows:

The sectors contributing to New Construction are divided into two
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categories —~those whlch contrlbute greater than one percent of the’ total
embodied: energy in New. Construction and those whlch contrlbute less than

'one percent The sectors whlch contrlbute less than one percent are

combined 1nto groupings which, accordlng to 1ndex1ng used by CAC fall

numerlcally between the larger contrlbutlng sectors. For example between
Large Sector 35, Asphalt Coverlngs, and Large Sector hO Stone and Clay
Products there is g grouplng of Sectors 36 through 39 Reformulation-

of the data 1S‘represented by the remainder of Column B.'l The éroupinés
thsmall contributing sectors are.shown.in blue and the 14 large contributf'

ing sectors are shown unshaded; It can be seen that the largest 1nd1rect

'energy contributor to New Constructlon at’ thls level is Sector hO Stone

and Clay Products (1015.4 trllllon ‘Btu).

| Columns C and D examine the smaller contributors in greater‘detail.
_In'Column C the small contributing sectors are broken down dnto‘those
which contribute more than 10 trillion'Btu and groupings which contain
.the'rest.b Thus, in the grouping of Sectors 13.through 22' uhich contains
a total of 2h T trillion Btu, it can be seen fror Column C that 18 9
trllllon Btu comes from Sector 20, Mlscellaneous Textile Goods, and the
remaining 5.8 trillion Btu comes from the other sectors contained in that

group1ng.'

In order to extend the analysis to transactlons further removed

'from New Constructlon, the basic acsumptlon has been made that the pattern

of energy input distribution, indicated by the Input/Output Model, will
be representative of the portion of each sector which is purchased by New
Construction. While this nay not be'accurate in a1l cases; it serves as
a starting point for a general anleysis.
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Column D on the energy flow dlagram indicates the dlrect energy
input into those sectors and groups of sectors which are less than one
percent of New‘Construction: As usual, the red bars representltotel energy
embodied in direct fuels. 1In order to derive this quantity; it is necessary ‘
to perrorm two operations on the Input/Output date. First; tne sum of the
input coefficients of the direct energy inputs is computed for each sector.
Forve particnlar.sector th;s sum indicatee the percent of the<totai energy ‘
" embodied by that sector which results from direct'energy COnsnmption.
Second, by multiplying the total embodled energy transfer from the partlcular.,
sector to New Construction by this percentage the prlmary energy consumed
by each sector which is in turn transferred as embodied energy to New
Construction is quantified. |

These results are displayed in Colunns D and E of the energy flow
diagram. Comumn D relates to those seetors which contribute less than one
percent of the total energy embodied in New Construction, while Column E
'relates to the 14 sectors which contribute greater than one percent of the
total. The energy embodied in direct energy 1nput is identlfled by the red ‘
ibars, and the energy embodied in the products purchased~from other sectors
is represented by the blue oars in Coiumns D and E. |

For the lh sectors which contribute greater than one percent of the
emnodled energy to New Construction, the sources of the energy which
they embody due to their purchases from other sectors are examined in greater
detail. It is at this point that the analysis differs between the major
contributing sectors and the minor onee. For the minor sectors, the flow
diagram‘simply indicates that there is»energy embodied in purchases which
j they make from other seotors. For the major sectors, the‘flow diagram iden—

tifies the sources of the major contributors (Column F) and the primary
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energy which these sectors have embodied directly (Column G). These

' results are developed using a series of detailed operations on the Input/
Output Model. 'The totel indirect contribution to New Construcfion of

- each sector through the 1L major sectors is then determined; ,Wﬁere :
this total contribution is greater_than one.percent of New Construction
(55.7 trillion'Btu), it is fepresented in Column I. All other contributions’
are treated 1nd1v1dually. Where the 1nd1v1dual contrlbutlon isg greater than
10 trllllon Btu, it is shown graphically separated. The remaining contribu-
tions which are each less than 10 trillion Btu are grouped. In the case
of contributions from sectors greater than 55.7 tfillion Btu, all consribu-
tions greater than 3 trillion Btu are shown by the yellow paths connecting'
AColumn E to Column I. The contributions which the sectors in Columr I
make to the sectors in Column E which are less than 3 trillion Btu are not
shown; however, they are included in the total values for the sectors
in Column I.

The four sectors'which contr;bute indifectly more than one percent

of'the total energy emoodied in New Construction are shown in Columns'I,
Jy K, and' L. The method for the breakdown of’these sectors is the same
as that for the 1k major sectors contributing directiy to New Construction

. Column I shows the total embodied energy in each sector.. Column J shows

the breakdown between the primary energy introduced directly into each
sector and the energy which is embodied in products which that sector
'urchases from other sectors. Column K further treaks down the embodled

' energy introduced 1nto each sector into the major contributing sectors,



that is,lthose sectbrs which contribute.more thar. 10 trillion Bﬁu.and group~
ings of all other sectors. Coiumn L shows the primary energy input into

the sectors which contribute the energy which ié thén'embodied by thé fourb
sectors shown. In this case no sector wﬁich contributes to any or all of
the four-sectors has a total input greater than £5.7 trillion Btu (one
percent of New Construct;;n), and therefore, thevanalysis is discontinued at

this point. The energy embodied in total direct energy input (which has

beeh identified by the red bars on the flow chaert) accounts for about

81 percent of gll of the energy embodied in New Construction at‘this stdge

of the analysis. The remaining 19 percent. is introduced in thé fori of
embodi;d enérgy in products which come from very small éontributors and.v
therefore are not specifically identified.

For the purposes of this.stﬁdy the flow diagram has Se9¢rél distinét
limitations. First, it is a diagram of the entire New Constructioﬁ sector
of which a substantial portion ié in Non;ﬁuilding Construction. Because

of this, it may not be possible to draw accurate conclusions regarding the

‘patterns of primary energy input into New Building Construction. Second,

the descriptions of the contributing categories is at 90-level specificity,
The diagram does, however, serye.in two significant ways. It is a pro-
totypical model of an approach to'determining the input'pattefné into
speéific Building types from specific supplying séctdfs'at a more disaggre-
gaﬁed level. The methods used here can be réfinei and implementéd on a

digital computer to display construction industry inﬁutlpatterns for

'selected sectors at the 399-level, for example. In addition, the diagram

provides an overall qualitative visw of the primary energy input points and
the flows of embodied energy which eventuaily create the total energy embodied

by all New Construction.
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