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Abstract

In this paper, the total eners¡ consumption and envi¡onmental pollution caused by construction are

quantified using the Inter-Industry Relations Table in Japan'
The size of the six buildings wNch a¡e evaluated in thls study vary from 1502 m2 to 216 000 m2.

The major results are as¡ follows:
o tot¿l energ/ consumption caused by construction of office buildings is 8-12 G/m2 of floor area;
c COz production is 750-1140 kg, SO and SO2 72l]-I43O g, NO and NO2 700-1140 g, dust 70-130

g per m2 of floor area;
. the construction cost per squa¡e meter of floor space is proportional to the eners¡ consumption

and production of pollutants;
. structu¡al work is shown to be high in energr consumption and CO2 exhausted per unit cost of

construction; industrial waste exhausted in finishing work is higher than two other categories of the
work (structwe and equipment); equipment work is shown to be relatively low in energr consumption,
CO2, NO, NO2 and industrial waste produced.

l. Introduction 2. Anafytical calculations using the Inter-
Industry Relations Table
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The purpose of this study is to quantify the total
amot¡nt of enerry consumption and envi¡onment¿l
pollrttants caused by the constmction of office build-
tngs. ßecause the const¡uction of a¡r ofñce building
Ls a large-scale project utilizing many different kinds
of buiÌding materials, the construction of buildings
rmpacts many other industries. In order to qua¡rtify
the pollutants due to construction, it is necessarJ¡
to obtain the total amount of domestic goods and
senices that were used (referred to hereafter as
"final c.lomestic product"). For these quantitative
an;tl',s"s. Inter-Industry Relations Tables are used.
In tlrc current Inter-Industry Relations Table [ ],
the incìustries in Japan have been classified into
aÞProximately 400 groups.

The Leontief inverse matrix was used to estimate
the total amount of domestic products caused by
the construction of office buildings. The model for
calculating the total amount of domestic products
is the foltowing expression:

x: t(r - (r - M)A)l - I tG - M)r+Ðl (r)

where ¡:production vector:total domestic prod-
ucts (yen/year)
I: unit matrix
A:coefficient of input matrix
Y, E:total demand vector and export vector (yen/
year)
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Y¿, E¿:frnal demand and exports of i product (yen/
year)

value added). In Japan, to estimate the cost of the
construction, there is a ha¡rdbook which shows the
average material,4abor cost data in each category
of work (for example, ceiling work, ducting work,
etc.) [2]. Thus, average labor/material data cone-
sponding to each work category are used for cal-
culating the required labor cost for the construction
and material cost. The cost of materials, thus, is
the price to the buyer. To convert this amount into
the cost for the producer, the profit margin, trans-
portation cost and storage cost lvere subtracted
using the Inter-Industry Relations Table which in-
cludes the average transportation cost, average profit
margin and average storage cost for corresponding
categories of the industries.

The quantity a¡rd price for mqjor materials such
as steel, concrete and various energ/ resources
which axe consurned in each industrial sector a-re
writlen in the Inter-Industry Relations Table, there-
fore it is possible to obtain unit price of major
materials. In this paper, the amount of expenses
for major materials such as steel and concrete are
compensated by using the unit price in the Inter-
Industry Relations Table a¡rd used qua¡rtiff of ma-
terials, because, if the unit price differs in contract
forms in each building, the consumption of quantif
of materials may differ.

For other materials, the amount of expense was
directly classiûed into the value added and expense
to other industry sectors except the building con-
struction sector, using work classification sheets
(which includes average labor/materials data).

The costs for general management were calculated
by taking the difference betrveen the amount of the
contract and the net construction cost. In this paper,
the cost for general management was broken down
into many categories such as mail and telegraph
costs, advertising expenses, and office suppìies by
analyzing financial stâtements [3]. The labor cost
is ranked first and covers over 670/o of the tot¿l
general management cost. These costs were then
put into corresponding categories by industry.

Thus, the total demand was calculated and put
into eqn. (1) to calculate the total domestic products.

Table 2 shows the domestic production which
was calculated using eqn. (1). Data from 406 dif-
ferent industry categories was htegrated into ts¡elve
categories shown in Table 2. (Exchange rate at
January 4, 1993 is about 124 yen/US$.)

The direct value added in Table 2 va¡ies from
42o/oto 53o/o of the total price. In Japan, mean direct
value added is 44Vo for non-wooden, non-residential
buildings and 620/o for wooden residentiaì houses
[41. Finat value added in all industrial sectors which
is influenced by the construction of the building is

rn1 0

o^¡
M¿:import of e product (yen/year)

Ir\:MoCr: Mi

)Anrxr+yo

C¿: (domestic product * import - export) of i prod-
uct (yen/year)

To calculate the total amount of total domestic
products, it is necessary to subtract transportation
costs, storage costs, and prottability from the total
price of the construction project because the lnter-
Industry Relations Table is based on the costs of
the producer. In this paper, the average transpor-
tation and storage costs, and average profitability
written in the Inter-Industry Relations Table were
used, and those were subtracted from the price of
the buyer, then vector Y was put into eqn. (1).

The data used i¡ these calcr¡lations are from the
1985 Inter-Industry Relations Table which includes
over 406 different industries excluding iron and
various metals. The estimates for construction are
from the period begiruring in 1986 and ending in
f 988. The construction estimates were then con-
verted to reflect costs in 1985 by using the Con-
struction Price deflator for 1985.

3. Calculating the a¡nount of final production

The datawhich were used for quantitative analysis
by using the Inter-Industry Relations Tabìe were
collected from six buildings listed in Tabìe 1, which
ranged in size from 1502 to 216 000 m2.

InJapan, large-scale building structures are mairùy
steel structures and small buildings have reinforced
concrete structures mostly. Therefore the smallest
building (no. I in Tabìe 1) has a reinforced concrete
structure a¡rd relatively large-scale buildings (no.
4-6 in Table 1) have steel structures.

The construction costs were separated into four
categories: structural work, finishing work, equip-
ment work, and general management work. The
cost of each category was itemized a¡rd cìassified
further into two categories: (l) material cost (which
includes the cost of materials and other items pur-
chased from other categories of industries), (Z)
ìabor cost (which includes labor cost and other



TABLE l. Building statistics

No. 1

Building use Olflce
Total floor space (m2) l5O2
Number of floors 4 A. G

18.

No. 2 No. 3

ofñce Office
2802 3500
8,{.G. 8A.G'
18. 18.
SRC+S SRC

Ai¡ source HP multi Ai¡ sou¡ce HP multi
ai¡-conditioning air-conditioning
system system

No. 4

Office
22 861
18 A.G.
lB.
s
Gas absorPtion
refrigeration and
heating (air-
conditioner * FC[I)
0.351
29.60
172.80
202.40

No. 5

Office
88 049
3r A. G.

58.
S

District heating and
cooling (air-
conditioner * convector)

0.504
45.66
I I 3.10
158.76

No. 6

Office
216 000
25 A.G.
1B.
S

District heating and
cooling (air-
conditioner* FCII)

0.449
41.30
1lo.l3
151.43

Building structure
Ai¡-conditioning system

Concrcte (m3/m2)

Rcinforcemcnt (kg/m'z)

Steel frame (kgm2)
Total steel (kdm')

RC
Air source HP
(package + duct
system)

0.830
137.80
0
r37.80

o.282
17.67
133.70
L6L.37

0.565
56.50
87.61
144.01

o
c¡
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TABLE 2. Domestic production required for building co¡rstruction per m2 (unit: 100O yen)

No. 1 No. 2 No. 3 No. 4 No. 5 No' 6

Agriculture and forestry, marine, mining, food
Textile, paper, wood Products
Chemical, oil, coal products
Ceramic, clay products
Steel, nonferrous metals
Metal goods
Electricity, shipping, precision instru-rnent, etc
Other manufacturing
Electric power, gas, vr'ater, wastes
Trade, finance, insurance real estate
Transportation
Others, service, etc.

oo
7.8

41.0
20.r
74.6
48.6
49.2
9.4
6.3

r5.8
L5.4
r5.4

313.5
r96.8
510.3
r84.1
409.3

0.45
0.93

4.8
b,r

30.9
24.4
58.5
31.0
38.0
6.9
5.1

12.7
10.4
I 1.6

240.5
r54.6
395.0
r57.1
oa4 R

o.47
o.92

6.1
9.1

29.4
27.5
71.0
48.6
36.4

Én
12.6
1 r.9
13.0

278.9
L72.O
450.9
T47.7
347.3

o.42
0.92

ó,t
13.5
26.7
24.7
70.6
26.8
45.O

7.0
5.9

15.1
10.6
13.3

6.1
1 1.3
20.8
15.1
77.O
23.7
27.r
6.4
4.7

T2,I
I I.1
10.4

3.6
8.2

2r.8
13.5
55.8
10 0

18.8
4.5
3.9
8.2
6.5
8.4

r66.4
101.1
267.5
136.8
258.7

0.53
o.92

Domestic category total
Indirect value added (A)
Domestic production
Direct value added (B)
Constn:ction cost (C)
BlC
(A+B)/C

262.6
164.7
427.3
162.4
356.3

o.46
o.92

225.8
139.0
364.8
r55.9
3r9.7

0.49
0.93

behveen 92 -93Vo ofthe construction price, therefore
7-8o/o of the construction price is paid for imported
materials in Japan.

4. Calculating the total amount of resources
used

Table 3 shows the total amount of materials used

in constructing a building. The raw materials in
difrerent categories !\¡ere calculated by using the
Inter-Industries Relations Tabìe and Table of Ma-

terials.
Iron ore is mairùy used for structural work and

limestone is mainly used for structural and ûnishing
work. Iron ore a¡rd ìimestone consumption is about
proportional to that of cement.

Resources of power plants are clâssified into three
categories: nuclear which represents approximately
260/o of power in Japan, fuel which represents ap-
proximately 6190, and hydraulic which represents
approximatety 130/o in Japan. This paper deals with
only fuel, thus nuclear arìd hydrauìic power are

excluded for the calculation.
Primary energy of 8-12 GJ is necessary to con-

struct one square meter of floor area. Energ¡ con-
sumptions of building no. I with reinforced concrete
and no. 6, a large-scale buildingl ale small. Energy
consumption for finishing work is larger than struc-
tural work in cases nos. l-5.

5. The amount of pollutants exhausted: CO2,

so, so2, No, NO2' dust

5.1. CO2
The amount of COz was calculated by calculating

the consumption of oil, coal, and liqueûed natural
gas (Tabte 4).

For cement, the amount of CO2 produced was

estimated using data which showed that 0.3 t of
CO2 rvill be produced for every ton of cement
production due to the limestone dissolution. Table
4 shows total COz production from the construction
from all six buildings. The total amount of CO2 was

estimated to be 750-1140 kg per square meter.
The anatysis found that the production of CO2 was
proportional to the arnount of energ/ consumed.

5.2. SO, SO2, NO, NO2, an'd drtst
The production of SO, SO2, NO, NO2, a¡rd dust

was estimated based on the assumption that the
amount of these gases is proport'ional to the domestic
production of industries based on the category. The
production of these gases in each industry sector
(20 aggregated sectors in total) has been ananged
in Japan [5]. Thus, the amount of SO, SO2, NO,

NO2 was higher in the category of transportation.
The result is shown in Table 5'

The amount of pollutants was calculated from
the Inter-Industry Relations Table and the Table of
Released Gases. For the production of NO and NOr,
the industry category of transportation was higher
than the other industries. The pollutants - SO,

SO2, NO, NOz - were produced proportionally.

:l
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TABLE 3. Main resources requued for building construction per m2

No. 1 No. 2 No. 3 No. 4

49
3I4
515
622
135
46
86
20
99
q9

61
127
351
250

93
345
563

1313
r46

52

24
o<

55
137
398
311

185
130
30
o

61
409
453
812
r f .1

4T
93
20
20
25
43

166
412
t72

58
425
otrÐ

915
172

30
68

90
326
267

1 r02
140

28
55
13
T2
15
at

r28
243
L27

No. 5 No. 6

326

r16
t26

25
0

267

7T

104
65

.t

2r

Ckc)

Limestone

Utility
power
cklvh)

Energy
consumPtion
(MJ)

Tot¿l

Structure
Fi¡ishing, etc.
Equipment
Expenses

Tot¿l

Structure
Finishing, etc
Equipment
Expenses

Tot¿l

Structure
Finishing' etc.
EquiPment
Expenses

Total

359

209
206

18
0

433

100
240
a7

4

43r

4560
5680
t740

80

12060

314

87
415

13
0

346

r51
39r
2l
0

398

3380
6590
I 150

60

11180

224
118
67

0

409

106
313

34
0

453
no

2ro
r20

3

412

3750
5530
2540

50

r1870

20
20
26

167
32r
116

207
1r5
103

0

425

150
75
27
0

32r

3600
4340
2540

50

r0530

192
68
66
0

78
96
40
0

1

0Ro

69
153
96

3

563

73
262
60
.t

515

68
202
78
3

351

3030
5400
1600

60

ro090

243

3340
2880
I 750

60

8030

creased Proporiionally'

in each industrial sector has also been arranged'

and service sectors is not incìuded; however' because

6. Industriel waste

The amount of industrial waste released is shown

in Tabte 6. The table of amount of industrial waste
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TABLE 4. Amount of co2 generated by building construction per m2 (unit: kg)

No. I No. 2 No. 3 No. 4 No. 5 No. 6

Amottnt genera,ted by JueI
Coal
Crude oil'heavy oil
Gas oil
Volatile oil.kerosine
City gas .LNG
Coke
Cement

Total

Amøunt genarated bE construtti.on zaork
Stn¡ctu¡e 449
Finishing, etc. 596
Equipment I52
Expenses 7

Tot¿l tL44

331
392
230

6

959

347
219
176

7

140
259

82
8r
57

447
tt

TT44

r24
2L7
6l
52
46

397
75

97r

143
239

70
59
52

427
98

1 083

T12
263

58
50
54

519
62

I 109

82
r72
57
5l
42

520
35

959

139
otr

30
oq

398
oo

749

27õ
529
16r

6

97r

345
648

84
6

1 083

352
526
227

5

I 109 749

TABLE 5. Amount of so, sor, No, No2 and dust by building construction per mz (unit: g)

No. I No. 2 No. 3 No. 4 No. 5 No. 6

Amaunt gqtera,ted, Ag cønstructimt. uørk
SO, Structu¡e 24I
SO¿ Finishing, etc. 947

Equipment 232
Expenses L2

NO, Structure BBz
NOz Finishing, etc. 695

Equipment f 56
Expenses 9

Dust Structure 24
Finishing, etc. Z9
Equipment f 8
Expenses I

Amrrunt generated by ird,ustrinl class
SO, Transport¿tion 18?
SOz Others t245
NO, Transport¿tion 647
NO, Others 490

TotaL
SO, SO2

NO, NO2
Dust

166
76r
r86
t0

177
r0r 4
r68
10

190
626
238

I

164
378
17l
1l

168
681
r40

7

243
492
195

7

235
742
105

8

2t
91
r3
I

L77
741
318

8

20r
630
219

6

T7
ló

26
I

r65
rr27

207
DO 1

r59
I

1õ
7I
16

1

I9
46
22

1

18
38
I4
t

1432
rr37

122

1123
996
r03

1369
I r30
r26

1244
r 056
t17

963
937

88

160
963

535
46L

r84
r 185

6r7
513

545
511

r68
795

662
375

117
607

343

724
695
7l

the amount of pollutants is relatively low for these
sectors, this is not significant.

To estimate the industrial Ìyaste, 74o/o of the final
domestic products is used. 26Vo of ûnal domestic
products cannot be taken into consideration to
estimate the amount of industrial waste, because
these final domestic products are commercial, in-

surance and taxes, which lack industrial waste data
in the t¿ble.

7. Energy and pollutants intensity

Figure I shows the relationship between the con-
struction cost and the amount of energ/ constuned,



TABLE 6. Amount of industrial wa-ste by building construction per m2 (unit: kg,/m2)

No. I No. 2 No. 3 No. 4 No. 5
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No. 6

Sludge

'Waste acid
Waste alkali
'Waste oil
Waste plastic

Scrap, etc.

Residue
Slag
Dust, etc.
Others

Structure
Finishing, etc
Equipment
Expenses

Structure
Finishing, etc.
Equipment
Expenses

Structu¡e
Finishing, etc.
Equipment
Expenses

Structure
Fi-Ìì.ishing, etc.
Equipment
Expenses

4r.4
r23.2

26.4
2.1

20.2
r36.8
23.8

r.6

29.2
157.3

19.6
1.8

7.3
69.5
1 1.4

0.1

384.0

23.8
L3T.7
38.5

r.3

7.8
45.3
23.8

0.1

2.2
9.4

0.2

oÃ o

83.0
32.4

1.6

24.0
69.6
27.6

r.3

10.3
65.1
L5.4
o.2

3.6
8.5
1.9
0.2

365.0

t.t
47.L
13.0
0.r

1.8
7.2
t.4
o.2

r6.6
38.8

8.2
0.1

324.6 362.4

6.6
32.7
r4.7

0.1

273.O

6.7
24.O
13.8
o.2

2.8
6.1
L.7
o.2

18.3
20.7
ro.2
0.1

227.2

10.2
1.3
o.2

2.4
6.5
3.0
o.2

30.r
27.7

8.8
0.1

19.8
46.4
6.5
0.1

19.9
40.7
l.4.2

0.1

r3.3
34.3
r 6.9

0.1

Total

G! tm2

0

kùrrr¿

1.0

/r

X 1000 kglur 2

0

(b)

X 100 kg/ur 2

1.0
510 ^4),

2 4

Construction Cost (1,000 Yenimz)

J
)

d

o
(.)

o

Ë o.s
o

)zo

o-
OJ
hô

gl

0

024
Construction Cost (1,000 yerVrr2)

(a)

/l
3'

-¡'4
)

,/S

4
/
4

7

=tr
o

o

z
oz --ç 05o
c

I

0
0

024024
(c) Construction Cost (1,000 yen/mz) (d) construction cost (1'000 yervmz)

Fig.l.RelationsNpbetweentheconstructioncostandtheamountofenergyconsumption,.co2,.No,No2,orindustrialwaste
per unit floor area (numbers in the graphs correspond to buildings l-6). (a) Et".g, consum¡ition. (b) Amount of Co2' (c) Amount

of NO, NOr. (d) Amount of industrial waste
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and the amount of pollutants and industrial waste
produced. The energr consumption, amount of NO,
NO2, CO2 and industrial waste production ¿rxe pro-
portional to the construction cost per square meter.

Figures 2, 3, and 4 show the relationship between
the amount of CO2, NO, NO2 and industrial wastes
in each categories of the work versus energy con-
sumption. The amount of pollutants produced is
shown to be proportional to eners/ consumption
in each category of construction work (structure,
ûnishing, and equipment). The amount of CO2 pro-
duction per energ¡ consumption in each category
is almost the same. But the arnormt of NO, NOr,
industrial waste per energy consumption varies in
each category.

Figure 5 shows the energr consumption of struc-
tural, ûnishing, and equipment work versus con-
struction cost. The energy consumption for struc-
tural work is higher than the other two categories
of the work.

kg/m2

800

S[uctu¡e Finishing, etc.

Q:Finishing, etc.

Equipment

0246
Energy Consumption (GJim)

Fig. 2. RelationsNp between the energ' consumption and the
amount of CO2 discharged by the construction work (numbers
in the graph correspond to buildings I-6).

Fbishirg, etc.

0.6

Structu¡e

0246
Encrgy Consumption (GJ/ml

Fig. 3. Relationship between the energr consumption and the
amount of NO and NO, discharged by the construction work
(numbers in the graph correspond to buildings l-6).

ktmt

Finishing, etc.

St¡uctu¡e

0246
Energy Consumprion (GJ/m2)

Fig. 4. RelationsNp between the energr consumption and the
amount of industrial waste by the constmction work (numbers
in the graph correspond to buildings 1-6).

G!/m2

Finishing, etc.

Structure

Equipment

0 100 200

Constn¡ction Cclst (1,000 yenlm)

Fig. 5. Relationship between the constn¡ction cost per floor
area and the energr consumption of the construction work
(numbers in the graph correspond to buildings l-6).

TABLE 7. Amount of energy consumption, COz, NO, NO2, and
industrial waste

ì

o

300

200

100

o

o
Q
{
t¡l

N
o
! ¿oo

Ë
o

0

Energr COz

consumption (kE/
(MJ/IOOO yen) IOOO yen)

NO, NO2

(g
IOOO yen)

Industrial
waste

ßsl
1000 yen)

N

z
dz
ts 0.3

o

Structure 53
Finishing, etc. 35
Equipment 27

Expenses 2

Total 32

3.8
4.O

1.8

o.2
3.1

0.9
7.4

0.6
o.l
r-0

5.1

r.9
o.2
3.0

0

Table 7 shows the average vaìues of energ/ con-
sumption and poìlutants released due to the con-
struction of the six buildings. The total amount of
energ/ consumption per unit price is 32 M/f 000
yen, 3.0 kg/1000 yen for CO2 production, 8.1 g/

1

a_,

5

4
3



10OO yen for NO and NO2 production, and 1.0 kg
1000 yen for industrial waste production.

Structural work is shown to be high in energy
consumption and CO2 exhausted per unit cost.

Industrial waste exhausted in fnishing work is higher
than the other two categories of work. Equipment
work is shown to be relatively low in energl con-

sumption, CO2, NO, NO2 and industrial waste pro-
duced.

8. Conclusions

The total consumption of energy and mqjor re-

sources was linked to the production of pollutants
and industrial waste due to the construction of office
buildings, and calculated using the Inter-Industry
Relations Table.

(1) Total energy consumption caused by the con-
struction of office buildings is 8-12 GJ per square

meter of floor area.
(2) C}zproduction is 75G-1140 kg, SO and SO2

72O-I430 g, NO and NO2 700-1 14O g, dust 70-130
g per squaxe meter of floor area.

(3) The amount of industrial waste per square

meter of floor area is 230-380 kg.
( ) The construction cost per square meter of

floor space is proportional to the energy con-

sumption and production of pollutants.
(5) The arnount of energy consumption per unit

price is 32 MJ/1000 yen, 3'0 kg/1000 yen for CO2

production, 3.1 g/1000 yen for NO and NO2 pro-
duction, and 1.0 kg/IOOO yen for industrial waste
production

(6) Structural work is shown to be high in energy
consumption and CO2 exhausted per unit cost of
construction. Industrial waste exhausted in finishing
work is higher than the other trvo categories of
work (structure and equipment). Equipment work
is shown to be relatively low in energy consumption,
CO2, NO, NO2 and industrial waste produced.
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