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A Study on the Life Cycle Cost and Environmental Burden of a Long-Life House

Ke SAKAMOTO?, Hisato OKAMOTO? and Toru MATSUMOTO?

Abstract - In Japan, the life span of dwelling houses is remarkably short compared
with Western countries. This short life span of houses has become a burden on the
environment, causing an increase in CO, and wastes for example. It also brings about an
increase in life cost and labor costs. Income and expenditure of a household in relation
to the economical background, are investigated in this paper. On the industrial side, it
focuses on the automobile industry and the cost structure is anmalyzed using an
inter-industry relations table (I nput-Output table, 1-O table). Furthermore, the reduction
effect of the environmental burden and life cost for the life-cycle is estimated assuming

that a model house has 180 years of life.

Key words: Stock-Type Social System, Long-Life House, LCC, LC-COs,,

LC-wastes, 1-O table.
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1. Introduction

In Japan, most infrastructures or buildings such as roads, residences or offices are

designed, constructed and maintained on the assumption that only the generation who

invests capital make use of the buildings, and those lives are approximately 10 to 100

years. Such a ‘Flow-Type’ (Short-Life Model) social system is efficient with respect to

the cost or environmental burden at the initial stage, and the fact that it has brought

about a material affluent society like today, should be appreciated.

However, the environmental burden and material wastes which have been

accumulated through the twentieth century, have turned out to largely restrain the

sustainable development of mankind.

Recently, the ‘Stock-Type® social system that is composed of long-life

infrastructures and buildings as the mgjor elements, attracts one’s attention as a new

concept and has taken the place of the ‘Flow - Type’ social system.

Although most environmental measures result in the dilemma of ecology and

economy, as for the ‘Stock-Type’ system, the self-supporting diffusion and continuous

effect are expected to be compatible with both ecology and economy.
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In this paper, with regard to a Long-Life House which is one of the important
elements of the new system, the following items are investigated and analyzed.

a. For background information, a general view of a housing situation in Japan is
investigated.

b. In the industrial side, it focuses on the automobile industry, and the cost
structure is analyzed using an inter-industry relation table (I-O table).

c. The reduction effect of the environmental burden and life cost for the life-cycle
is estimated with an assumption that a model house has 180 years life.

d. The subject for the spread of the Long-Life House is reviewed.

2. Present State of Housing in Japan
According to the results of investigations, the life span of dwelling houses in Japan
is said to be approximately 30 years, and it is remarkably short compared with Western
countries. For exanple, it is 140 years in the U.K. (Fig.2-1)". The background on the
gpan includes a climate of high temperature and high humidity. However, most houses
possess air-conditioners, and living in a reinforced concrete apartment is common

nowadays. At present, the shortness of the life-span of wooden dwelling houses cannot
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be explained solely by climate.

U, 103yrs. |

UK., 141yrs,

Germany, 87yrs. |

France, 86yrs. |

m Japan, 30yrs.

Fig.2-1
International Comparison of the Life span of Dwelling houses (1)’

In Japan, owning a residence, especially a detached house, is still many people's
aspiration and they are inclined to spend much of their lifetime income on this.
Although land prices have been falling since the collapse of the bubble economy, high
land prices still make acquisition of aresidence and an affluent life difficult.

Ananalysis of the present housing situation in Japan with respect to the life span of

dwelling houses is analyzed and the residential expenditure is examined.

2.1 Re-Analysis of Life span of Dwelling houses
There exists several reports regarding the life span of dwelling houses. I n this paper,
the latest data on the life span of dwelling houses for each country are collected over

again and analyzed together with the situation in K itak yushu city.

141



Fig.2-2 shows the arrangement of the number of dwelling stocks and the annual

number of the construction of new dwellings. In addition, the life span is estimated by

dividing the number of stocks by the number of construction. Although a longer-term

analysis is required in order to calculate the life span precisely, for the purpose of

relative comparison of the countries, this method is sufficient. The result turned out to

be smilar to Fig.2-1, and the life span of dwelling houses in Japan is extremely short

compared with Western countries.

Furthermore, the life span of dwelling houses in Kitakyushu is thoroughly analyzed

(Fig.2-3). According to the result, the life span of dwelling houses in Kitakyushu has

been increasing in recent years. However, despite this ostensible increased life figure,

the number of construction works decreased due to the recent economic slump. This

result of the seemingly increased life span is considered not to be due to the

improvement of structure of dwelling houses, but the decrease in the number of

construction works owing to the recent economic slump.

Nevertheless, the life span of dwelling houses in Japan, including K itakyushu city,

is especially short and they are being rebuilt every generation.
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(_unit : 1000, yrs.)

Dwelling Stock Construction of New Dwellings Life
Nomber AV. Span
year 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
@ (b) (alb)
Japan 1998 43,922 1,685 1,663 1,707 1,370 1,403 1,486 1,570 1,470 1,643 1,387 1,198 1,507 291
Kitakyushu| 1998 380.5] 12.1] 13.7 171 9.1] 73 74 10.9 9.5 10.8] 88 7.5 104 36.6
us. 1997 109,191 1,488 1,376 1,193 1,013 1,200 1,288 1,313 1,413 1,474 1,306 83.6
U.K. 1996 24,598 237 216 194 184 174 176 209 197 198 124.0
Germany 1997 37,050 209 215 224 269 322 603 97 277 133.7
France 1998 28,749 415 322 336 306 299 404 359 337 347 82.8
I I
: P &6
_ _ P 1240
0
| 137
82.8
36.6
60 80 100 120 140
yrs.

Fig.2-2
International Comparison of the Life span of Dwelling houses (2)
Notes: Base Datafrom ‘Housingand Building Saigics(UN)’ ec.

unit : 1, yrs.)
Construction of New Dwellinas Dwelling Life
Real Number Moving Av. for byrs. Stock Span
@) (b) (b/a)
1985 9,206
1986 8672
1987 10,733 10,880
1988 12,003 12,453 343220 276
1989 13694 12534
1990 17,071 11.855
1991 9,081 10,924 P (T e
1992 7.335 10,367 |
1993 7.437 8.853 362.800 410 ( a0
1994 10911 9198 199314 : : : '
1995 9,502 9490 & | | | | 1
19% 10,805 9.498 G : : : B o
1997 8,796 8783 19984 ; : : ; '
1998 1.476 8.526 380,500 446
1999 7.335 0 10 20 30 40 50
2000 8219 yrs.
Fig.2-3

The Life span of Dwelling houses of Kitakyushu
Notes Base Daafrom ‘Kitakyushu Building Saigics’.
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2.2 International Comparison of Quality and Residential Cost

In this section, the present condition of quality and residential cost in Japan is

compared with Western countries. Firstly, Fig.2-4 shows the comparison of the size of

dwellings with respect to the quality of residences.

The housing in Japan has been metaphorically named a "rabbit hutch" for a long

time. However, this result is not significantly different from European countries

concerning owned houses. On the other hand, the size of rented houses is still small and

is greatly surpassed by Western countries.

(unit : mz)
Useful Floor Space per Unit Useful Floor Space

year Total Owned Rented per Person
Japan 1998 92 123 44 33
| Kitakyushu | 1008 78 106 47 30
UsS. 1993 151 158 111 60
UK. 1991 92 102 88 38
Germany 1993 93 122 75 38
France 1992 95 112 77 37

Fig.2-4
International Comparison of the Useful Floor Space of Dwelling houses
Notes Daafrom ‘Annual bulletin of Housing and Building Saigics for Europe’,

‘American Housing Survey’ gc.

Subsequently, the cost for acquiring a residence is compared (Fig.2-5). The housing

acquisition cost in Japan is 40 million yen on average, while the household annual

income is around 7 million yen, and hence the residential cost is 5.6 times the annual
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income. On the other hand, the housing acquisition cost in the U.S. and the UK. is
approximately 20 million yen in purchasing power parity (PPP), and the residential cost
is a little over 3 times of the annual income, whereas Germany is similar to the case in
Japan.

A large portion of these differences result from the difference in the cost of holding
or land use. This arises from the size of residential areas and population. Furthermore,
there exists an ingrained difference in a sense of entitlement to possession of land.

Focusing on the right to land possession, although absolute and permanent
ownership exist in Japan and Germany, the concept of such absolute right exists neither
in the U.S. nor in the U.K., but non-perpetuate right to possession exists, which is
similar to the superficies in Japan.

The difference in such rights, and the difference in the sense of entitlement based

onthem, greatly influences the land prices.
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Price of a New-Building | Household Annual Income |Magnificatio
Residence (a) (b) n to Annual
Year [ Unit National | Purchasing | National | Purchasing | Income
Currency [Power Parity] Currency | Power Parity
(1000Yen) (1000Yen) (a/b)
Japan 1997 | 1000Yen 40,153 40,153 7,122 7,122 5.6
Fukuoka areal] 1997 | 1000Yen 33,810 33,810 6,514 6,514 5.2
U.S. 1997 uUsD 146,000 24,090 44,568 7,354 33
U.K. 1997 | GBP 75,600 19,161 21,398 5,423 35
Germany 1996 DM 533,695 43,642 95,169 7,782 5.6
Fig.2-5

International Comparison of the Cost for Acquiring a Residence
Notes Base Daafrom ‘The Government Housing L oan Corporaion (PN)’,
‘Minigry of Land, InfragrucureandTransport (PN)’ &c.

2.3 Lifetime Expenditure on the Residence

In this section, lifetime expenditure on housing and the lifetime income of

Kitakyushu citizens are estimated.

Lifetime income of a standard college-graduate in Kitakyushu is estimated to be

around 250 million yen. However, in the case of acquiring a detached house (on the

premise that the model in the section 4.1 is used) in the standard residential section of

the city, the lifetime expenditure on the residence is estimated to be 38 million yen for

the initial investment, the maintenance expenses of 8 million yen, the loan interest of

11.5 million yen, and hence the total goes up to 57.5 million. The total amount of

lifetime income spent on housing is approximately 23 per cent. (Fig.2-6).
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Total (Lifetime Wages), 250.0Myen, 100.0%
Other, 192.5Myen, 77.0%

Loan Interest, 11.5Myen,

Land, 20.0Myen, 8.0%
4.6%

Buildng, 18.0M yen, 7.2% M aintenance, 8.0M y en,

- J 3.2%
YT

Initia | nvestment, 38.0M yen, 15.2%

Lifetime Expenditure for the Residence, 57.5Myen, 23.0%

Fig.2-6

Lifetime Wages and Lifetime Expenditure for the Residence in Kitakyushu

3. Present Condition of Cost Structure of Industry in Japan
The Short-Life House brings about an increase in civic life cost, pulls up the
production cost of industry in Japan through income, and weakens competition in the
international industrial market.
In this chapter, the present condition of international comparison of income and
de-industrialization of Japan is studied. Further, the cost structure is analyzed using an
inter-industry relations table (I-O table), concentrating on the typical industry in Japan -

the automobile industry.
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3.1 International Comparison of Wages and De-industrialization of Japan

Fig.3-1 shows the ratio of compensation of employee to GDP in each country.
According to the figures, although the ratio in Japan was placed as one of the lowest
among other advanced countries until the early 1990s, from the middle of the 1990s it
gradually moved up the scale, and in recent years reached the top level in the world
together withthe U.S.

Fig.3-2 shows the income level of the laborers in the manufacturing industry in
each country. Since the data of Japan does not contain a bonus, it is at a slightly lower
level than the real situation. According to other statistics, the level of the bonus in Japan
is in the region of 100,000 yen converted into a monthly amount, and if this is added,
laborers income level will reach the same grade as Western countries.

Fig.3-3 shows the overseas production rate in Japanese companies. Although the
overseas production rate of manufacturing industries in Japan is falling, and peaked in

1998, the figure is till increasing in the long run.
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(%)

Republic
Japan u.s. U.K. Germany | France o
1989 53.1 57.4 55.7 54.7 519 445
1990 53.6 57.7 56.7 54.2 52.5 455
1991 4.2 57.7 57.1 56.2 52.7 47.0
1992 4.5 57.7 571 56.7 52.8 474
1993 %.3 57.4 55.7 56.5 52.9 46.9
1994 5.2 56.9 54.6 55.2 52.0 46.3
199 56.7 56.8 54.0 55.1 52.1 46.8
199 5%5.9 56.3 535 54.8 52.1 479
1997 56.0 559 53.7 53.8 519 477
1998 56.7 56.7 544 529 518
1999 57.0 55.1 52.7 52.1
(%)
60
55 -
50
40 L L L L L L L L L L
1989 1990 1991 1992 19983 1994 195 196 1997 1998 1999
—o—Jpan —#—U.S —4—U.K.
—*—Germany —*%—Fraxce —®— Republic
o Korea

Fig.3-1
The Ratio of Compensation of Employees to GDP

Notes: Base Datafrom ‘Comparaive Economic and Financial Satigics Jgpan and Cther Major
Countries (Bank of Japan)’, ‘Naional Acocounts(UN)’ éc.
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Wages and Salaries (manufacturing)

Notes: Base Daafrom ‘Yearbook of Labor Saigtics (ILO)’. The conversion rate adoptsthe purchasing power parity of
OECD. Theexchangerae is gopliedto People’s Regpublic of China. Bonusisnot included in wagesof Jgpan. Family
allowance and payment in kind are included in the wagesof People’s Republic of Chinaand Republic of Korea.

(%)
35

30

25

20

15

10

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

| —— Oversess Production Rate-l —a— Oversess Production Rate-2

Fig.3-3

Trend of Overseas Production Rate of Japanese Companies (manufacturing industry)

Notes Daafrom ‘Financial Saements Saidicsof Corpordions by Industry (Minigry of Finance, Jgpan)’

Rate1 all companies base

Rate2 overseasexpansion company base

3.2 Outline of Analysis Method Using Inter-industry relations Table

(unit : ven per month)
1991 1992 1993 1994 1995 1996 1997 1998 1999
Japan 276,700 278,800 283,700 287,200 289,600 291,100
us. 381,580 383,802 388,571 398,689 380,103 383161 391,754 408,181 408,289
UK. 364,329 390,192 386,169 382,962 374,156 385,744 402,739 427,272 425,462
Germany 343,740 345,793 364,470
France 329,831 345,466
Republic of
Korea 221,680 237,543 246,465 265,527 261,372 281,397 287,079 274,663 316,597
Peaple’s Republic of
, 4,819 5,034 5,364 4,231 4,827 6,160 7,208 9,274
China
Fig.3-2

The inter-industry relations table (I-O table) expresses economic activities, such as

production and consumption, from both sides of production structure and demand
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structure, and is awidely known tool which analyzes an economic ripple effect etc.

In this paper, it focuses on the automobile industry to analyze the cost structure,

especially the labor intensive rate of a car using an inter-industry relations table

(Fig.3-4).

= Demand Ak

Input Derived  frgrarad = = = = = 3
" oens ) 5w s
| bt 4

w %
Val A : Value
Added ) Other Added

Value

Added

Automobile Industries
Industry whichProduce IntemedisteGoods
J% i Derive 7
L—n FrrS o

. Vg Derived 0’///’ _____ Infinitely Labor
Intemediae 4

/ Input

%

Fig.3-4
Concept of Labor Intensity

An outline of the analysis method using an inter-industry relations table (I-O table)

is as follows. Firgt, the easy inter-industry relations table with only two industry

sections is assumed.
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Total of

Final

Gross

For example, Industry-1 and Industry-2 are assumed as the Steel Industry and the

Automobile Industry respectively, and production of Industry-2 is seen vertically

Industry-1 Industry-2 Intermediate
i . Inputs Demand Output
| 1
Industry-1 Qu | Q12 i Q11 +Qr2 F1 X1
_____________________ R S A IO
Industry-2 Q21 Q22 Q21 +Q22 F2 X2
" Totalof | GO A N
Intermediate | Qu1+Q21 | Qu2+Q2 | Q F X
Inputs ! !
Labor 5 E
Compensation W ' W : W
Other ' !
Value Added R
| i
Gross Output X1 i X2 i X
l ;
Fig.3-5

(column) intheI-O table (Fig.3-5).

a

Industry-2 inputs Q> of steel sheets etc. as intermediate goods from

The Simplest 1-O Table

Industry-1, and inputs Qx of car parts etc. from I ndustry-2

Input W, of labor costs and adds V, of the other value added, such as

consumption of fixed capital and net operating surplus etc.

Consequently, I ndustry-2 produces X, of cars etc.

Next, the demand for Industry-2 is seen horizontally (row) inthel-O table.
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a. Qx of the goods produced by Industry-2 is consumed as intermediate goods
in Industry-1, and Qx of the goods is consumed in I ndustry-2.

b. F of the goods produced by Industry-2 is consumed as consumer goods by
the household sector etc.

C. Xpequals to gross output and is the total consumption.

Considering the production balance (vertical direction, column) over again,
Industry-2 inputs Qo from I ndustry-1, Qx from Industry-2 and W, of labor costs isput in,
in order to produces the output X,. However, I ndustry-1 needs to input a proper quartity
of intermediate goods such as steel sheets etc. and this requires labor costs, in order to
produce Qi>consumed by Industry-2.

Specifically, in order to produce Qi of steel sheets etc., Industry-1 entailsthe input

&XQQ ' %

X
X. X, Qu

of crude steel and other intermediate goods, and is further required to invest
W V,
X_ll xQy, X_ll xQy,
of labor costs and other value added.
In order to analyze the ripple effect from the derived demand of intermediate goods,

it is convenient to calculate the quantity of intermediate goods etc. for a unit production
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in each industry as follows.

Industry-1 Industry-2
|
Industry-1 an(=Qu/X1) 1 awn(=Qw/Xz)
|
Industry-2 an(=Qa/X1) az(=Qz/X)
" Totalof | o
Intermediate an +ag : ap +ay
Inputs !
Labor _ : —
Compensation Wa(ZWa/Xy) Wa(=WalXe)
Other _ ' _
Value Added EX) o va(EVel)
|
Gross Output 1.00(=X1/X1) : 1.00(=X/X5)
|

Fig.3-6
Intermediate Input Coefficient

In this case, ajj is called ‘Intermediate Input Coefficient’ and w; and v; are called

‘Value Added Coefficient’. Here, the output of each industry is set to

Intermediate | nput Coefficient Matrix and Value Added Coefficient Matrix are set to

A:(all a“J, W=(w, w,), V=(vy V,).
a21 a‘22

Subsequently, the Labor Intensity of Industry-2 is calculated with the following

procedures.
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First, when Industry-2 outputs 1 unit, the initial output vector Xg is set to

()

In this case, in order that Industry-2 outputs 1 unit of cars, it is necessary for each

industry to input the intermediate goods of
a‘21 a'22 1 a‘22
and the labor costs of
0
WX, = (w, Wz)-(1J=W1-0+W2-1=W2.

Next, Xi is produced in each industry by complying with the output of the
intermediate goods required by Industry-2. Furthermore, in order to output product Xi,
the labor costs of

W- X, =W-A-X,
isrequired in each industry, and by complying with the input of the intermediate goods,
the producing
X,=A-X, =A-A-X,
isrequired.

Such aripple effect continues infinitely, ultimately labor costs
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W X, +W-A-X,+W-A%- X, +W-A%. X, +A
isrequired to produce X .
Thusthe formulais arranged as

W-(I-A)"-X, (where I is Unit Matrix).

3.3 International Comparison of Cost Structure of Automobile Industry

In this section, the Labor I ntensity in Japan, the U.S., Europe, and Asia are analyzed
using the international inter-industry relations table in 1990". The result is shown in
Fig.3-7.

According to this result, the rate of direct labor input and ultimately labor intensity
of the automobile industry in Japan and the U.S. are found to be at the same level
whereas Europe is at a slightly higher level. Specifically, in order to produce a car of
1,000,000yen, labor costs of around 250,000yen are input directly to the automobile
industry. Furthermore, putting the labor costs included in the intermediate goods
together, the result isthat the total labor costs are of about 500,000 yen.

In Asia, there are a high proportion of import goods, such as materials and parts
from advanced countries, and the ratio of labor costs is low. Specifically, in order to

produce a car of 1,000,000yen, labor costs of about 150,000yen are invested directly in
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the automobile industry. Furthermore, in the case that indirect labor costs of the

intermediate goods is included, ultimately the total labor costs of about 300,000 yen are

invested in the car.

Japan u.S. Europe Asia
Direct Input of i Direct Inputof b Direct Input of i Direct Input of i
Auto Industry e Auto Industry DLy Auto Industry Al Auto Industry ey
Domestic
0, 0,
Intermediate I nout 56.97% 57.20% 52.98% 39.46%
Domestic
: 2.35% 7.89% 13.53% 17.69% 11.6%% 18.54% 20.20% 28.67%
Intermediate Input
Value Added 40.68% 9211% 29.271% 82.31% 3533% 81.46% 40.34% 71.33%
ompensation
L 23.50% 50.55% 19.42% 50.41% 26.60% 52.73% 15.78% 29.30%
of Employees
Other 17.18% 4157% 9.85% 31.90% 873% 28.73% 2457% 41.94%
Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
Fig.3-7

International Comparison of the Labor Intensity of the Automobile Industry

3.4 Analysis of Cost Structure of Automobile Industry in Japan

In this section, based on the inter-industry relations table in 2000, the cost

structure of the automobile industry in Japan is analyzed first. The results are shown in

Fig.3-8 and Fig.3-9.

According to the results, labor costs equivalent to 13.9 per cent of gross output are

invested directly in the automobile industry, and the labor intensity is calculated as 55.2

per cent for Japan.
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year 2000
Direct Input of ,
Auto Industry ety
Intermediate Input 76.40%

Value Added 23.60% 100.00%

Compensation o
Tt 13.86% 55.20%

Consumption o
of Fixed Capital 478% 18.96%
Operating Surplus 3.03% 15.71%
Other 1.93% 10.14%
Total 100.00% 100.00%

Fig.3-8

The Labor Intensity of the Automobile Industry in Japan (1)

Automohile
Industry
Intemediae
Input 76.4
Labor 7 ________
Valle Input A 139
Added Other
Velue 97
Added
Output: 100
P m‘&.

In
which Produce
509
(66.7)
) 149
// (195)
!
10.5
(13.8)
76.4
(200)

Derivation Process of Labor Input (1)

dustries
Intermediate Goods
19.0
318 (59.8)
(62.3)
o, 6.7
/A
———————— N 61
) .
// 105 318 (193)
74 (208) (100)
8.7
(17.1)
51(())8 Consumption [
(100) of Fixed Capital
19.0
OpaatingSerIus<
15.7
Other
101

Fig.3-9

MMIMDBUDI2I

Labor
Intensity

55.2%

Capital
Intensty

44.8%

However, several problems arise from the analysis results, and are discussed as
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follows.

a. The problem of handling Imported Goods.

The inter-industry relations table used for international comparison in section

3.3 is a Non-Competitive Import type, and it is not problematic to calculate the

domestic labor intensity. However, since the Competition Import type

inter-industry relations table was applied in this section, for the analysis of Fig.

3-8 it cannot be distinguished whether the intermediate goods which each

industry invested are domestic or imported. For this reason, the labor intensity of

Fig.3-8 contains foreign labor costs invested to imported goods, and is thus

overestimated.

b. The problem of handling Consumption of Fixed Capital

‘Consumption of Fixed Capital’ implies the depreciation of capital, such as

building and equipment, invested in past years. In analysis of flow economy, the

labor costs invested at the stage of forming fixed capital, such as the time of

construction of a building, is not counted as labor costs of the analyzed year.

However, when analyzing the long-term influence, the labor costs contained in
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the fixed capital should also be taken into consideration.

c. The problem of handling Land
Land is a non-depreciable asset and the capital invested for the acquisition is
not added to the expense. However, in order to consider the influence of land
prices on the competition for the international market of industry, it is necessary

to make the effect of land holding reflect in the economic cycle.

The technical analytic problem and the problems which accompany the shortage of
statistical information are included in the problems indicated above. However, for the
purpose of draft estimation, modifications of the analysis result of Fig.3-8 are attempted

under the following simple assumptions.

a. The revision for handling Imported Goods.
In order to calculate the domestic labor intensity, it is necessary to
distinguish between the invested intermediate goods that are domestic and those
that are imported.  Inwhich case, it is assumed that the rate of the import goods

is fixed indemand section, and thus the analysis result is modified.
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b. The revision for handling Consumption of Fixed Capital

In order to consider the labor costs invested at the stage of forming the fixed
capital, it is assumed that the labor intensity of the fixed capital formed in the
past year is equal to that of the fixed capital newly formed in the analyzed year,
and the result of the analysis is modified.

The analysis using the inter-industry relations table of the 2000 editions is
shown in Fig.3-8. The labor intensity of Gross Private Fixed Capital Formation of
the year is calculated as 50.9 per cent. Therefore, according to the assumption,
the labor intensity of consumption of the fixed capital formed in the past year

also becomes 50.9 per cent.

c. The modification to handling Land
According to the annual report on national accounts for Japan, the gross asset
of land owned by corporation companies is 359,187,500 million yen at the end
2000 calendar year". If the expected rate of rent is recognized as 2.0 per cert, the
value added distributed to land is calculated as 7,183,800 million yen. This is

equivalent to approximately 7.6 per cent of the operating surplus of 95,136,700
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million yen. Subsequently, it is assumed that this rate of 7.6 per cent is fixed in

demand section, and accordingly the result of the analysis is modified.

The modified result of the above a to ¢ is shown in Fig.3-10 and Fig.3-11. The
modified labor intensity in 2000 is 55.3 per cent (including the labor costs of
‘Consumption of Fixed Capital’). The value added which reverts to the land in
‘Operating Surplus’ is 1.0 per cent of the gross output.

Moreover, compared with 1990, the percentage of ‘Compensation of Employee’ fell
by 3.4 points. Other than this, ‘Imported Intermediate Input’ rose 7.3 points,
‘Consumption of Fixed Capital’ rose by 1.3 points, ‘Operating Surplus’ fell by 8.6

points, and ‘Others’ which consists of the indirect tax etc. rose by 3.5 points.
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55.29%

Labor
Intensity

55.3%

of witch

L abor

cods
82

1990 2000 (Un-modified) 2000 (Modified
Direct Input of : Direct Input of : Direct Input of 5
Auto Industry tuteioy Auto Industry AL Auto Industry tuteioy
1 nmr:?::‘iisr':clnm fid 56.97% 7221%
Domestic 76.40%

Nt s 2.35% 7.8% -% 54%% 15.22%
Value Added 40.68% 9211% 2360% 100.00% 2230% 84.78%
Lo 2350% 5055% 1386% 5520% 1310% 47.12%

af anlnvn_:a:
- fcglil:im‘f;'::?nl 6.40% 14.85% 478% 1896% 452% 1607%
dwith| abor Cost 817%
Operating Surplus 8.64% 21.6% 303% 15.71% 2.86% 1312%
ofwitch | and Distribution 0.99%%
Other 2.15% 502% 193% 10.14% 1.82% 847%
Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
Fig.3-10
The Labor Intensity of the Automobile Industry in Japan (2)
Automohile Industries
Industry which Produce Intermedia e Goods
IS | Import
26.8 (56.5) 15.2%
(889) 154555 53
455 (55) V77 (198) 7
(e 25 L 1 - 26 8\\ 49 Compensation
Domegic |72 (59 7///8.8 S (182) of Employee
Intemediae 771(19.4) (100 L 47.1%
Input 74
40 F—t------ (16.2)
(55) 7 455
/ 133 (100)
Imported / (184) ) /
Intemediae gf Consumption 4
rput 24 of Fixed Gapital [
______ (13.0) 16.1 .
55 722 Capital
Labor 7 a1 (100) Intensity
. —_ 0,
Value Input é 337%
Added Other Other
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Adled bH—--------o- T e
Output: 100

f e
'i L _E —

Fig.3-11

Derivation Process of Labor Input (2)
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4. The Life Cycle Costs and Environmental Burden of a Long-Life House

A Short-Life House greatly influences the environmental burden, such as the

increase in CO2, wastes, etc. On the other hand, it also brings about an increase in life

costs. In addition, despite the increase in labor costs, it weakens competition in the

international market of industry. In order to solve these problems, the Long-Life House

has been studied from various angles for several years.

In this chapter, with a model house of 180 years life, the reduced effect on the

environmental burden and cost are estimated by the LCA (Life Cycle Assessment)

method.

4.1 The Outline of the Assumption Model of a Long-Life House

As described in Chapter 2, the life span of dwelling houses is over 100 years in

some Western countries. In Japan, due to remarkable progress in earthquake-proof

technology etc., it is already practicable to construct a building which can be used for

100 years or more. Furthermore, development of S-1 (Skeletorn+Infill) housing is also

advanced and a dwelling house with a longer life span can be expected in the near

future.

Subsequently, in this estimation, the S-1 housing of a 180 years life span (for 6
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generations) is assumed as a Long-Life House. The outline of the models of the Usual

House and the Long-Life House is as follows.

the Outline of Models

Occupation White-Collar Worker, Standard College-Graduate
Lifetime W illi
owner i ehlme . ages 250 million yen -
Financing Own:30%, L oan: 70% with the rate of 2.5%
Place Kitakyushu, Japan
Usual Type Long-L ife Type Notes
Life Span Skeli(on 30 yrs. 180 yrs
Infill 30 yrs
New Acquistion New Acquisition
250 '’ 50
Land 0 > m 0
. 80,000 vyen/m 80,000 yen/m
The 1st
’ 20,000 K-yen 20,000 K-yen
Generation New A uisitionye New Ac isitizn
(30yrs.) ] > it >
G 120 m 120 m
Building > >
150,000 ven/m 225,000 yen/m™ * Increaseof +50%
18,000 K-yen 27,000 K-yen
Land Non-acquisition Non-acquisition
GThe 2;‘_" Ful Rebuild Infill Rerewal
eneration . 120 120
and more Building > > — —
(30yrs. each) 150,000 yen/m 67,500 yen/m™* 30% of the Initia
18,000 K-yen 8,100 K-yen
Fig.4-1

The Outline of Models

4.2 Analysis of the Life Cycle Cost
Analyzing the Life Cycle Cost for 180 years from the 1st generation to the 6th
gereration, lifetime expenditure on the Long-Life House for each generation is
compared with Usual Type House (Fig.4-2).
First, although the initial cost of the 1st generation is 57,500,000 yen in the Usual

Type, in the case of the Long-Life Type, the expenditure increases by 11,000,000 yen
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due to the rise of the building price, and turns out as 68,500,000 yen. However, in the

total of six gererations, it decreases from 215,000,000 yen in the Usual Type to

175,500,000 yen in the Long-Life Type. This is equivalent to the saving of around

6,600,000 yen per generation.
(unit: 1000yen)
Generation 1st 2nd 3rd 4th 5th 6th Total

Initial 38000 18000 18000 18000 18,000 18000 128,000
Maintenance 8,000 8,000 8,000 8,000 8,000 8,000 48,000
lfy‘;i' Interest 11500 5500 5500 5500 550 5500 39,000
Total 57500 31,500 31,500]  31,500]  31,500| 31,500 215000

Ratio o 15t 1.00 055 0.55 055 055 0.55
Initial 47,000 8100 8,100 8,100 8,100 8,100 87,500
Maintenance 7,200 8,400 9600 10800 12,000 13200 61,200
Long Interest 14,300 2,500 2,500 2,500 2,500 2500 26,800
TL;Lee Total 68500 19000 20200 21400 2,600 23800 175500

Ratioto Ist 1.00 0.28 0.29 031 033 0.35
Rate to Usual 119 0.60 0.64 068 072 0.76 0.82

(unit: million yen)

| [ [ [ | | [ [ |
Usual Type | & ﬁ
A

1st 2nd | 3rd 4th sth |~ 6th

Lona-Life R & N &J N

0 20 40 60 80 100 120 140 160 180 200 220

Fig.4-2
The Analysis Result of Life Cycle Cost

4.3 Analysis of the Life Cycle CO;

Analyzing the Life Cycle CO,, the amounts of emission in both types are compared

(Fig.4-3).
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In the total of six generations, it decreases from 424.3 tons-C in the Usual Type to

336.5 tons-C in the Long-Life Type - that is equivalent to the reduction of about 21 per

cent. It indicates the reduction of 14.6 tons-C per generation, and is equivalent to about

20 years of the gasoline for a private car consumed at each home (calculated by setting

the annual mileage to 10,000 km and the fuel efficiency to 10 knvliter).

unit: ton-C)
Generation 1st 2nd 3rd 4th 5th 6th Total
Gty 16.5 16.5 165 165 165 165 8.7
of Skeletnn
Construction/Renewal
¥ 6.8 6.8 6.8 6.8 6.8 6.8 41.0]
of Infill
Usual Maintenance 2.3 2.3 23 23 23 23 13.7]
Type Operation 3.8 38.8 388 388 388 388 22.8
Demolition 6.3 6.3 6.3 6.3 6.3 6.3 3.1
Total 7.7 70.7] 70.7 70.7 70.7 70.7 24.3
Construction
of Slfelpton 27 27
Contruction/Rencwal 6.8 6.8 68 68 68 68 4.9
of Infill
Maintenance 2.0 2.4 27 31 34 38
Long
Life Operation 3.8 38.8 388 388 388 388
Type
Demolition 2.2 2.3 24 25 25 88| 20.6
Total 74.6 50.3 50.7 512 516 581 336.5]
Rate to Usual 1.05 0.71 0.72 0.72 0.73 0.82 0.79
(unit: ton-C)
1st 2nd 3rd 4th 5th AL
Long-Life | RO N
0 50 100 150 200 250 300 350 400 450
Fig.4-3

The Analysis Result of Life Cycle CO,
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4.4 Analysis of the Life Cycle Wastes

Analyzing the Life Cycle Wastes, the amounts in both types are compared

(Fig.4-4).

In the total of six generations, it decreases from 365.8 tons in the Usual Type to

198.1 tons in the Long-Life Type - that is equivalent to the reduction of about 46 per

cent. It indicates the reduction of 27.9 tons per generation, and is equivalent to

approximately 30 years of the wastes discarded from each home.
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(wnit: ton)

Generation 1st 2nd 3rd 4th 5th 6th Total
Haroition 2.2 39.2 302 302 302 302 =55
of Skeleton
Dertiofttion 16.3 16.3 16.3 16.3 16.3 16.3 97.7]

Usual of Infill : : : : - : :
Type Maintenance 5.4 5.4 54 54 54 5.4 2.6
Total 61.0 61.0 61.0 61.0 61.0 610 365.8]
Demolition 589 5.9
of Skpl_p'_mn .
Demollt.|0n 16.3] 16.3 16.3 16.3 16.3 16.3 97.7]
Long of Infill
Life Maintenance 4.9 5.7 6.5 73 81 9.0
Type
Total 21.2 22.0 228 236 244 84.1 198.1
Rate to Usual 0.35 0.36 0.37 0.39 0.40 1.38 0.54
(unit: ton)
‘ 2nd 3rd ‘ 4th | 5th | 6th ‘
sl Type NN NN NN
I 1st /??//
sl & N
0 50 100 150 200 250 300 350 400
Fig.4-4

The Analysis Result of Life Cycle Waste

4.5 Influence of Competition in the International industrial Market

As estimated in section 4.2, the reduced effect on the lifetime expenditure by the

Long-Life House is 6,600,000 yen per generation. It is divided by 30 years which gives

220,000 yen per year. According to the investigation by the Government Housing Loan

Corporation, the average annual income of households that acquired a new residence is

about 6,500,000 yen. Therefore, the reduced effect on the expenditure is equivalent to

approximately 3.4 per cent of the annual income.
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In fact, this reduction effect is better displayed when applied to a richer life.

However, in this section, in order to estimate the influence on competition in the

international industrial market by the Long-Life House, it is assumed to be used for

saving labor costs.

Theresult is shown in Fig.4-5. According to this, the reduction effect on production

cost by the Long-Life House is about 2 per cent. Although it is the automobile industry

in which the cost competition is intensifying, if it only gives houses a longer life, the

effect of recovering competitive power is not large. It will be necessary to verify more

synthetically including other buildings or infrastructures.
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Usual Case of Long-Life House
Case Rate of Amount of Result of
Reduiction Reduction Reduction
Domestic
0, -+ 0,
Intermediate Input 15.22% 0.00% 1522%
Value Added 84.78% 1.88% 82.90%
Compensation 0 0 o
o Eiibvees 47.12% 3.4% 1.60% 45.52%
Consumption o
of Fixed Capital 16.07% 0.28% 15.79%
Labor Cost 8.17% 3.4% 0.28% 7.89%
Other 7.90% +0.00% 7.90%
Operating Surplus 13.12% +0.00% 13.12%
Land Distribution 0.99% +0.00% 0.99%
Other 12.13% +0.00% 12.13%
Other 8.47% +0.00% 8.47%
Total 100.00% 1.88% 98.12%
Fig.4-5

The Analysis Result of Influence in the Production Cost

5. Future Subjects for diffusion of Long-Life House

Numerous measures to preserve the environment are accompanied by increase in

costs. Therefore, the governments, industry or consumers are pressed to choose an

alternative ecology or economy in many situations. However, as analyzed in Chapter 4,

the Long-Life House is one of the few measures compatible in ecology and economy.

Many technical problems of the Long-Life House are already cleared up.

The final issue is to solve social-system problems, such as reduction of the cost

differentials between generations and revitalization of the used house market. In this
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chapter, these remaining subjects are reviewed.

5.1 Review of Activation of the Used House Market

In Western countries, the market liquidity of a used house is abundant, and is the

important factor for the spread of residences which have a long life exceeding a

gererational life span. However, many used houses are dealt with at a price that is

potentially much lower than the functional level in Japan. We, appraisers, evaluate this

depreciation as ‘external obsolescence’ (so-called “economical obsolescence” in Japan).

The concept of such valuation is shown in Fig.5-1.
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TE?\S};TSSE 2:1nt Cost Benefit Marketability
[ Physical
Deterioration
Intemal
Obsolescence
Functional
Obsolescence

Extemal
Obsolescence

Reproduction
Value
Cost

Fig.5-1
The concept of the Valuation by Cost Approach

Furthermore, the time transition of the values for a Usual House is expressed as

shown inFig.5-2.
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Physical Life (Ussful Life)

Physical Deterioraion
/ y

Linel
Potetial Economic Value

Functional
Obsolescence

Reproduction Cost

/ Extemal
Line 2 Obsolescence
Market Value

Economic Life

Fig.5-2
The Time Transition of Value of a Usual House

As shown in Fig.5-2, there is a gap between the potential economic value (Line 1)
and the market value (Line 2). Here, ‘the potential economic value’ is defined as the
remaining value for which the physical deterioration and the functional obsolescence
are deducted from the reproduction cost.

The larger the gap between the potential economic value and the market value, the
shorter the economic life compared with the physical life. Especially in Japan, the
external obsolescence which originates in the marketability of a used house is large, and
the economic life is very short.

In order to make the economic life long, in the first place, it is required to make the
physical deterioration and the functional obsolescence small. It can be improved with

technical means, such as new materials and the S-1 housing. Next, it is also required to

174



make the external obsolescence small. However, this obsolescence depends on a sense

of values on demand-side or the marketability of a used house. It is necessary to take

measures within the social system in order to improve this.

In Japan, the performance evaluation system for used houses was founded as one of

such measures in 2002. Although it is not yet widespread OR widely used, it is greatly

expected that this system will contribute to the revitalization of the used house market

in the near future. In addition, our research team is also developing a method for

classifying the Long-Life House.

5.2 Review of Reduction of differentials in the Cost between Generations

Regarding the Long-Life House, although average cost is reduced compared with

the existing housing situation, the initial cost is large, and it produces a big gap between

generations, as analyzed in Section 4.2.

In order to close the cost gap between generations, super-long term loans and tax

incentives, etc. can be considered as measures to be taken within the social system. The

following new potential measures are examined by our research team.

¢ The implementation of legislation whereby the ownership of the skeleton and

infill of abuilding is separate.
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e A public sector owns the skeleton of a Long-Life House. Each generation who

uses this house pays only the initial cost of the infill and the rent of the

skeleton.

o Degpite the high initial cost of the infill and the rent of the skeleton, utilizing

the decrease in the long-term average costs for commercializing the

Long-Life House by lease and securitization can be effective.

Our research team has industry-academia-government cooperation, and may be one

of the most well-suited organizations for investigation and research of such subjects. As

regards these problems, investigation and research are due to be advanced continuously

in the future.

' KATO, H. (1991), Report on research study of the expected life span of distribution of dwelling
houses, Annual Report of Housing Research Foundation, 1992.

" Ministry of International Trade and I ndustry, Japan (1999), The 1990 Japan-US-EU-Asia
Input-Output Table

"' Ministry of Economy, Trade and Industry, Japan (2002), The Updated Input-Output Table 2000
(Quick Estimation)

"' Cabinet office, Government of Japan, Report on National Accounts

Y Marsumoro, T. et d. (2001), Evaluation methodologyfor life cycle modeling in analysis of
time-dependent scenarios application of long-lived housing to diffusion simulation, Environmental
Systems Research, Vol.29, 2001

V' ENomoTo, H. et a. (2002), Study on the reduction of LCW and LCCO2 by spreading WPRH part 2,
Calculation of the amount of LCW and LCCO2, Architecturd I nstitute of Japan, 2002
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30 50 60
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(a)

2003 2003
2004
No.1
No.9
10.4m
6.4m
2.4m
=
o
- Nel Neo2 Ne3
Y 0) 0
U V ),
= H
n
= e
n
o Ne4 Ne5 Ne6
...... a) a) ja)
A\ A\ A\
No.1 No.2 No.3
Na7 Ne8 Ne9
e 0) e
L \V \/
No.1 No.2 No.3
cm
( 5 10 25 30 55 60
N_92 o) ) o
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(b)

H EC C N N
— mS cm| Av Av (

H.15.01.07] 5 10]10.4(22)] 17 6.02 036 1655
H.15.08.04] 5 10] 8.2(23)] 0.17 6.20 038] 16.32
H.16.0L.19] 5 10| 7.9(21)| 0.23 5.90 0341 1735
H.15.01.07] 5 10J105(21)] 1.8 6.40 0401 16.20
5 10| 8.3(24)] 0.16 5.00 0.30 | 16.67
H.1584 |25 30| 8.1(24)] 0.21 5.60 0.35] 16.00
55 60] 8.0(24)] 0.48 6.90 048] 14.38
5 10| 7.9(20)| 0.21 5.90 0.39] 1513
H16.1.19 | 25 30] 8.0(21)] 0.29 6.10 041] 1488
55 60] 7.6(20)] 20 6.80 045] 1511
H.15.01.07] 5 10}10.7(21)] 18 6.73 0.45] 1482
H.15.84 5 10| 8.2(24)] 0.18 5.40 0.37] 1459
H16.1.19] 5 10] 7.9(20)] 0.16 5.20 0.34] 1529
H.15.01.07] 5 10]J11.2(21)] 13 3.53 020] 1752
H.15.08.04] 5 10] 8.3(23)] 0.15 3.30 0171 1941
H.16.01.19] 5 10| 8.4(20)] 0.18 3.60 017 21.18
H.15.01.07] 5 10J11.4(21)] 14 3.74 0251 15.00
5 10] 8.3(23)| 0.15 4.60 0271 17.04
H.1584 |25 30| 8.2(23)] 0.16 5.50 0.35] 1571
55 60] 8.5(23)] 0.18 4.00 0221 1818
5 10] 8.1(20)] 0.17 3.60 0.20] 18.00
2 H16.1.19 | 25 30] 8.2(20)] 0.26 3.60 0.19] 1895
55 60] 8.2(20)] 0.19 3.40 0.171 20.00
H.15.01.07] 5 10J11.5(20)] 15 3.53 0221 15.90
H.15.84 5 10] 9.5(23)| 0.22 3.50 023 15.22
H16.1.19] 5 10} 8.1(20)] 0.32 3.40 0.15]| 22.67
H.15.01.07] 5 10] 7.8(20)] 0.99 2.73 0.14] 1913
H.15.0804] 5 10| 7.8(23)] 0.49 2.90 0.15] 1933
H.16.01.19] 5 10| 7.8(20)] 0.29 2.30 011] 2091
H.15.01.07] 5 10f 7.721)] 11 3.18 020 1594
5 10] 7.8(23)] 0.81 3.00 0.21] 1429
H.15.84 |25 30 7.7(23)] 11 3.10 0.19] 16.32
55 60 7.7(23)] 11 2.80 0.17] 1647
5 10] 7.9(20)] 0.28 3.10 0.16| 19.38
3 H16.1.19 | 25 30/ 7.9(20)] 0.51 3.00 0171 1765
55 60] 7.9(20)] 0.57 3.60 016 2250
H.15.01.07] 5 10f 7.8(21)] 11 2.94 0.18] 16.12
H.1584 | 5 10f 7.7(23)] 0.29 1.50 0.08 ] 18.75
H16.1.19] 5 10] 7.9(20)] 0.35 2.20 0.11] 20.00

H.15.01.07
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0.17 0.32mS cm
0.35mS cm
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5 10cm) pH
pH7.7 7.9
5 10cm,25 30cm,55 60cm
EC
10 0.16 0.23mS cm
( 5 10cm) N
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12

15 2003 3

@)
55
45 70 30
€H) 2003 12 cm3
55 70 70
1515.7 1310.4 1186.9
(2)
) )
55 70 70
2.5 4.8 3.4
0.5 0.5 0.4
2.5 1.7 1.6
1.2 0.9 1.3
1.7 1.2 1.4
0.8 0.8 0.7
0.8 1.1 1.0
0.7 0.5 0.5
2.1 2.4 1.9
7.4 5.1 3.6
6.5 4.9 7.9
11.3 10.3 10.1
3.9 4.4 6.2
7.0 6.4 8.2
1.7 1.6 2.0
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(b)

55
70 70
D 2003 12 m2

55 70 70

361.7 290.3 280.5
)
@ ¢ )

55 70 70
4.6 5.5 7.4
0.5 0.2 0.1
1.9 0.8 0.9
1.5 0.9 1.7
1.6 1.0 1.2
0.7 0.5 0.2
2.4 1.2 1.8
0.8 0.6 0.8
1.2 1.3 1.7
12.6 10.1 8.2
3.8 2.5 6.2
11.0 6.5 9.4
5.5 4.9 3.6
12.8 10.9 12.8
2.4 1.8 2.5

217




©

218



@

15

45°

70mm)

64mm

219



(b)

003

220



)

221



&)

222



2003

20

( ( (
55) 70) 70)
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2)
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152,384

232

266,974

33,403

39,000

36,200

53,000
90,000
670,961
€Y)
x 240 1.2000 7 000] ¢ 86.400, 000
2,700 7 900] ¢ 2.430. 000
x 240 1,200 7/ 7.680] t 9,216, 000
x 240 1.2000 7/ 5.760] t 6.912. 000
x 240 2.000 400l m* | 136,800,000
241,758,000]
254,722 10 1 32,750,000
232,119 15 1 15,474,000
x12 500,000 12 6.000. 000
(254,722 ) 70 7 1 25,470,000
160mx 110m 1.500 600 26,400,000
480 6 1 40.800. 000
23,800 240 5.712.000
38,850 240 9.324.000
670,961 3 / 1 20,128,000
232,110 x4 1 9,300, 000
2.000 / 60,000 240 14,400,000
205,758,000]
480 6 1 5



0 16
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
86,400| 86,400 86,400 86,400 86,400 86,400| 86,400 86,400 86,400| 86,400, 86,400 86,400 86,400/ 86,400| 86,400 86,400
2,430 2,430 2,430 2,430 2,430 2,430 2,430 2,430 2,430 2,430 2,430 2,430 2,430 2,430 2,430 2,430
9,216 9,216 9,216 9,216 9,216 9,216 9,216 9,216 9,216 9,216 9,216 9,216 9,216 9,216 9,216 9,216
6,912 6,912 6,912 6,912 6,912 6,912 6,912 6,912 6,912 6,912 6,912 6,912 6,912 6,912 6,912 6,912
136,800 136,800( 136,800[ 136,800| 136,800| 136,800| 136,800] 136,800| 136,800| 136,800 136,800 136,800| 136,800| 136,800| 136,800| 136,800
241,758| 241,758| 241,758| 241,758| 241,758 241,758| 241,758| 241,758| 241,758| 241,758| 241,758| 241,758| 241,758| 241,758| 241,758| 241,758
26,400| 26,400 26,400 26,400 26,400 26,400| 26,400 26,400 26,400| 26,400 26,400 26,400 26,400 26,400| 26,400 26,400
40,800/ 40,800| 40,800| 40,800 40,800 40,800| 40,800 40,800 40,800/ 40,800| 40,800| 40,800 40,800 40,800/ 40,800 40,800
5,712 5,712 5,712 5,712 5,712 5,712 5,712 5,712 5,712 5,712 5,712 5,712 5712 5,712 5,712 5,712
9,324 9,324 9,324 9,324 9,324 9,324 9,324 9,324 9,324 9,324 9,324 9,324 9,324 9,324 9,324 9,324
6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000
25,470| 25,470 25,470| 25,470 25,470] 25,470 25,470| 25,470| 25,470| 25470 25,470 25,470 25,470| 25,470| 25470 25,470
14,400| 14,400 14,400 14,400] 14,400] 14,400| 14,400 14,400 14,400| 14,400 14,400 14,400| 14,400| 14,400| 14,400 14,400
9,300 9,300 9,300 9,300 9,300 9,300 9,300 9,300 9,300 9,300 9,300 9,300 9,300 9,300 9,300 9,300
137,406 137,406 137,406 137,406| 137,406| 137,406| 137,406| 137,406 137,406| 137,406 137,406 137,406| 137,406| 137,406| 137,406 137,406
32,750| 32,750 32,750 32,750 32,750| 32,750| 32,750 0 0 0 0 0 0 0 0 0
15,474 15,474| 15,474| 15,474 15474 15,474 15,474| 15/474| 15,474 15474| 15,474| 15,474| 15474 15,474 15474 0
48,224 48,224| 48,224| 48,224| 48,224| 48,224 48,224\ 15474 15,474| 15474 15,474 15,474| 15,474| 15,474| 15474 0|
185,630| 185,630 185,630| 185,630| 185,630| 185,630| 185,630 152,880| 152,880| 152,880 152,880 152,880| 152,880| 152,880| 152,880| 137,406
56,128| 56,128 56,128 56,128| 56,128| 56,128| 56,128 88,878 88,878| 88,878 88,878 88,878| 88,878| 88,878| 88,878| 104,352
-20,128| -18,372| -16,564| -14,701| -12,782| -10,806| -8,771] -6,674] -4,515| -2,290 0 0 0 0 0 0
36,000| 37,756 39,564| 41,427| 43,346| 45,322| 47,357| 82,204| 84,363| 86,588 88,878 88,878| 88,878| 88,878| 88,878| 104,352
58,528| 60,284| 62,092 63,955 65,873| 67,850| 69,885| 71,982| 74,141| 76,366 0 0 0 0 0 0
84,224 85,980| 87,788| 89,651 91,570 93,546] 95,581| 97,678| 99,837| 102,062 104,352| 104,352 104,352| 104,352| 104,352 | 104,352
612,432| 552,148| 490,056| 426,101 360,228 292,378| 222,493} 150,511| 76,370 4 4 4 4 4 0 0
25,696 | 25,696 | 25,696 | 25,696 | 25,697 | 25,696 | 25,696 | 25,696 | 25,696 | 25,696 |104,352 (104,352 |104,352 |104,352 |104,352 (104,352
25,696 | 51,392 | 77,088 |102,784 |128,481 |154,177 {179,873 J205,569 |231,265 | 256,961 361,313 |465,665 |570,017 |674,369 | 778,721 (883,073
1) p.686 2 8
2) p.224 1 9 p.8s80 3 2
3) 13
4) 13
5) 1999 - -
74 76
6) 2002
55 54 57
7 15

8)
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