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Urban Renewal and Resour ce Recycling:
For the Creation of a Resour ce Recycling Society

Summary

1. Construction stock in Japan has continued to
increase more or less consistently since the war.
Compared to FY 1960, the total floor space of
buildings multiplied nearly 4-fold to 7.4 billion
square metres in FY 2000 and the value of socia
infrastructure stock nearly 14-fold to 617 trillion
yen in FY 1993, at 1990 prices. There are fears
that the output of construction waste accom-
panying the renewal of this stock will increase in
future. The actua degree of stock demoalition is
influenced by trends in new construction invest-
ment. However, assuming a constant probability
of stock obsolescence with age, we may expect
marked increases in output over the next ten
years. These will mainly involve non-timber
buildings, which increased greatly in the 1970's,
and socia infrastructure in the public engineer-
ing sector.

2. Taking the example of buildings, if we as-
sume the average life of timber buildings to be
33 years, that of non-timber buildings to be 40
years, and that of civil engineering structures to
be their corresponding service life, we may cal-
culate that the total output of congtruction waste
(excluding waste construction soil) would in-
crease 2-fold to 313 million tons in FY 2010 and
2.7-fold to 415 million tons in FY 2030, com-
pared to the figures for FY 2000. In particular, in
the period from FY2000 to FY2010, when
buildings constructed in the 1970's reach the
renewa phase, a high average increase rate of
7.5% p.a. is forecast. Meanwhile, if we estimate
the volume of waste construction soil arising
from construction on a civil engineering works
basis, we obtain increases of about 1.6-fold in
FY 2010 and about 2-fold in FY 2030 compared
to FY 2000, as with other construction wastes.

3. The output of industrial waste in Japan has
been at the level of 400 million tons per year in
recent times. The weight of the construction in-

dustry within this is around 20%, exceeded only
by agriculture and the eectricity, gas, heating,
and water supply industries. Comparing the state
of processing to that of al industria waste, the
recovery rate (mainly involving waste concrete
and waste asphalt concrete) is higher, but the
weight of final disposal is also much higher than
the overal average (al industrial waste 18%,
construction waste 42%). Construction waste
also accounts for around 70% of cases and 40%
of the weight of illegal dumping. Based on this
present situation of construction waste and the
anticipated increase in future, the Construction
Materials Recycling Act was enacted in May
2000. This established a new framework that
includes an obligation to sort and recycle dis-
mantled materials in construction work exceed-
ing acertain scale.

4. In the course of improving recycling rates
for materias targeted by the Congtruction Mate-
rials Recycling Act (waste concrete, waste as-
phalt concrete, and waste construction timber),
the processing demand that is expected to occur
in future (i.e. the difference between the demand
if the previous processing level were maintained
and that sought by the Act) will reach around
120 million tons by the year 2010, and will con-
tinue to increase gradually thereafter. In terms of
weight composition, the majority will be taken
up by waste concrete, whose output is increasing
most markedly. This will be processed on site or
in dedicated plants, and recycled into basecourse
and other materials. Calculating the market scale
for these on the assumption that the recycling
cost basis (acceptance) will remain at present
levels, the value of newly recycled materials in
future would reach around 400-500 hillion yen,
and the acceptance volume of the construction
waste recycling market (excluding waste con-
struction soil), combined with the already exist-
ing volume, would be around 800-900 hillion
yen per year.
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5.  However, while output grows markedly and
the acceptance volume increases, the number of
receptors (outlets) for recycled resources is lim-
ited. In future, therefore, we will need to expand
the uses of recycled resources in order to estab-
lish this business as “recycling business’ in the
true sense. For the time being, the principa
problems appear to be (1) waste concrete (recy-
cled aggregate, etc.) that cannot be absorbed by
conventional uses such as basecourse materials,
and (2) waste construction timber, whose level of
processing and recycling needs to be dramati-
cally upgraded under the provisions of the Act.
Along with these, technical development aimed
at efficient recycling of construction sudge,
mixed waste, and othersis aso expected to prog-
ress.

In this sector, the development of new tech-
nology for recycling aggregate into mainframe
concrete, etc., the development and introduction
of on-site recycling machinery, and other busi-
ness activities aimed at expanding markets are
expected to become more lively, especially in the
non-ferrous metals and construction machinery
industries, and are expected to develop further in
future. Meanwhile, there are increasingly lively
moves, mainly among the leading general con-
struction companies that issue contracts for work,
to support recycling projects in terms of both
intake and output. These include the rigorous
implementation of sorted dismantling and an
expansion of green purchasing aimed at making
positive use of recycled resources. These lead to
expectations of reciprocal effects. Based on
moves such as these, support is surely also need-
ed from the policy side, such as creating a system
of quality standards for recycled resources and
aiming for positive use in public works. The
devel opment of a monitoring system

to guarantee this system of quality standards is
a so to be expected.

6. In preparation for the coming expansion of
construction waste accompanying the renewal of
buildings and socia infrastructure from the era
of rapid growth, Japan created a system of con-
struction recycling ahead of other countries. In
future, to achieve further progress in technical
development aimed at efficient recycling now
being postively pursued, backing from govern-
ment policy to promote the expanded use of re-
cycled materials will surely become even more
important. Meanwhile, promoting long service
life construction that facilitates sorted dis-
mantling is an important task for the coming
decades. In this sector, too, various technical
innovations are evident, such as maintenance
technology for existing buildings and the devel-
opment of new materids. These innovations
include some from which major effects may be
expected across the whole spectrum of the urban
environment, such as preventing heat islands and
improving scenery, in the case of rooftop garden
technology. The development of government
policies aimed at diffusing these is also to be
expected.

Studies are now underway for a debate on
urban renewal. The am of this is to re-examine
Japanese cities from a variety of angles, includ-
ing amenities and the efficiency of economic
activity, in an attempt to upgrade the levels of
these. With the renewal phase of large-scale
stock nearly upon us, one could hope that this
debate will develop in a way that will fully in-
corporate measures in environmental aspects
(such as resource recycling), especialy as it rep-
resents a timely attempt to define the new image
of Japanese cities.

[Keisuke Takegahara (e-mail: ketakeg@dbj.go.jp)]
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I ntroduction

A debate on urban renewal is now underway.
Broadly positioned as a measure for maintaining
and improving Japan's competitiveness, this is
an attempt to revise the conventional image of
cities in a variety of ways. For example,
strengthening international transport and dis-
tribution functions by improving airports, roads,
and other infrastructure, developing wide-area
disaster prevention systems, achieving symbiosis
with the environment, and so on. Upgrading the
exigting structure of cities through urban renewal
could also be seen as a process of reviewing the
stock that has been accumulated so industriously
until now, and reshaping it into an optimal state.
The impact of these efforts will be far-reaching.
Of the issues they will affect, this survey takes
up that of recycling, and examines the problems
of citiesfrom this perspective.

In doing so, the central focusis on concern
that the output of construction waste will in-
crease at an unprecedented pace, given that the
construction stock that was so rapidly accumu-
lated during the era of high economic growth is
now reaching the renewal phase. In Japan, legis-
lation in this sector (the Construction Materials
Recycling Act) was enacted earlier than in other
countries, and a policy framework to counter this
problem is now being created. However, many
problems are still thought to remain before the

recycling industry sector can efficiently process
the burgeoning volume of congtruction waste
within the new framework. In this point lies the
main concern of this survey. Besides this, the
renewal of construction stock and changes in the
use of land accompanying it have the potential to
exert a mgjor influence on trends in construction
recycling, hand-in-hand with the measures
against soil pollution now being debated. There-
fore, taking these soil pollution countermeasures
as part of the congtruction recycling sector in the
broad sense, this survey will additionally analyze
the present situation and study future develop-
ments.

In the first section, as a premise to the de-
bate, the future output of construction wastes,
expected to increase in line with the renewal of
stock, will be calculated with a view to identify-
ing its impact. On the premise of the calculated
output, the second section will examine the de-
velopments shown by the recycling market in
relevant sectors. It will also look at the prepara-
tion of other policy systems following the en-
actment of the Construction Materials Recycling
Act, including the technologica seeds being
presented in these various sectors. Findly, the
foregoing discussion will be summarized in con-
nection with the problem of prolonging service
life, an issue that affects the generation of by-
products.
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| Prospectsfor Recycling
Construction Wastes

1. Introduction

A debate on urban renewal is now underway.
Broadly positioned as a measure for maintaining
and improving Japan's competitiveness, this is
an attempt to revise the conventional image of
cities in a variety of ways. For example,
strengthening international transport and dis-
tribution functions by improving airports, roads,
and other infrastructure, developing wide-area
disaster prevention systems, achieving symbiosis
with the environment, and so on. Upgrading the
existing structure of cities through urban renewal
could aso be seen as a process of reviewing the
stock that has been accumulated so industriously
until now, and reshaping it into an optimal state.
The impact of these efforts will be far-reaching.
Of the issues they will affect, this survey takes
up that of recycling, and examines the problems

of cities from this perspective. In this section, we
shall examine trends in construction waste gen-
erated by the renewal of construction stock.

2. Trendsin Japan’s Construction Stock

Construction stock in Japan has continued to
increase more or less consistently since the war.
Figure 1-1 shows trends in construction stock
(total floor space), reveding that the total stock
area has multiplied nearly 4-fold to 7.4 billion
square metres in FY 2000 over the last 40 years.
As to the rate of increase, timber buildings have
been increasing fairly steadily, while non-timber
buildings suddenly accumulated in the era of
rapid economic growth, thereafter stahilizing at
steady growth of a few percent. Fig. 1-2 shows
the construction start floor space (flow) per fisca
year. Here, too, non-timber buildings increased
at a high leve until the first half of the 1970's,
with another temporary rise from the end of the
1980’ s to the beginning of the 1990's.
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Fig. 1-1 Trendsin Construction Stock Area

Source: Ministry of Public Management, Home Affairs, Posts and Telecommunications (Ministry of Home Affairs),
“Outline Record of Fixed Asset Prices, etc. (Land, Houses, and Depreciable Assets)”
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Fig. 1-2 Trendsin Construction Start Floor Space

Source: Construction Statistics Annua Report

Turning now to social infrastructure, Fig. 1-3
shows the total value of social infrastructure
stock in Japan as estimated by the Cabinet Office
(Economic Planning Agency) at 1990 prices. It
reveals that the stock multiplied nearly 14-fold
over the space of 40 years to 617 trillion yen in
FY 1993, showing that the development of infra-
structure advanced steadily over that period. As
with construction stock, the rate of increase ex-
panded significantly until the first half of the
1970's, but then gradually slowed down, except
in special cases related to the privatization of the
national railways. Fig. 1-4 shows these trends in
terms of the public works completion turnover

(flow) for each fiscal year.
Both construction and socia infrastructure

stock accumulated dramatically in the era of
rapid growth up to the first haf of the 1970's.
But now, some 30 years since then, this stock is
reaching its renewal phase. As a result, it is
feared that the output of construction waste will
increase at a pace not experienced before. Here,
construction waste refer to materials produced
secondarily in the process of construction works
(see Fig. 1-5). This is a broad concept that in-
cludes recyclable materials, as well as mere
waste.

In the first place, the actual degree to which
stock demolition occurs is affected by trends in
new construction investment. As such, the rene-
wal of buildings and structures tends to arise not
so much because they have reached the end of
their physicd life as structures but rather due to
other factors, such as obsolescence in terms of
functions. In view of this, there are limits to
judgements that focus only on years of service.
Nevertheless, with the dramatic upgrading and
spread of information technology recently, func-
tional obsolescence is progressing in buildings
(for example, insufficient floor height), while
urban renewal projects leading to stock renewal
are starting in earnest. Considering these factors,
it is highly probable that large volumes of con-
struction wastes will be generated intensively
over a short period in future. What, then, will be
the impact of construction wastes generated from
construction stock?

3. Calculation Conditions

When considering trends in congtruction wastes,
the first point to be decided is whether to focus
on the generated volume or the output volume.
By “generated volume’, we refer to the total
volume of material from demolished buildings

4  Development Bank of Japan Research Report/ No. 28
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Fig. 1-3 Trendsin Total Value of Social Infrastructure Stock (at 1990 prices)
Source:  Economic Planning Agency (now the Cabinet Office), “Social Infrastructure of Japan”
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Fig. 1-4 Trendsin Value of Civil Engineering Works (at 1990 prices)

Source:  Figuresfor FY 1970-2000 are based on Overall Construction Statistics Annual Reports. Those up to 1969 are
calculated from datain “ Summary of Statistics on Construction Work Orders’ (Ministry of Construction) and
others. The 61 construction sector deflator in “Social Infrastructure of Japan” (Economic Planning Agency)
has been used up to 1993. From 1994, the construction investment
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Construction by-products
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Recycled resour ces

(Recycling Act)

Waste
(Waste Disposal Law)

Waste that can be used
as raw materials

used as raw materials . .
o Asphalt concrete mass o Waste construction soil
o Waste construction timber o Matal scrap
o Toxic or hazardous material o Construction sludge
o Mixed construction waste

Waste that is already
araw material

\_

7

Fig. 1-5 Types of Construction Wastes

Note:
work.

Construction wastes are generated both by the demolition of buildings and structures and by new construction

Source: Council for PR and Promotion of Construction Waste Recycling, “ Comprehensive Measures for Construction

Wastes’

and structures, which equals the total volume of
construction materials used in them. By contrast,
“output volume” is the volume of construction
wastes that are not re-used on building sites but
are transported outwards. When the parameters
(floor space, value) for a given demolished
building or structure have been abtained, these
are multiplied by a base unit representing the
input volume of construction materials * (in the
case of generated volume), or by a base unit cal-
culated from the transported volume (in the case
of output volume). Fig. 1-6 shows the size of the
gap between generated volume and output volu-
me by comparing them for buildings (input
volume of aggregate and stone, output volume of
waste concrete). For input base units, the input
volume of aggregate and stone for timber and
non-timber structures, respectively, from the
Survey on Construction Materials and Labour
Demand by the Ministry of Land, Infrastructure
and Transport is used for the generated volume.
For the output volume, the base unit of waste
concrete (approximate to the output volume ba-
sis) isused. The latter is aso used in the calcula-
tions given below. Since the demolition parame-
ters are the same, both show the same tendency.
In terms of general levels, generated volume far

1 For pioneering research in relevant sectors using this

technique, see Fujii (1993) (References).

exceeds output volume.

The cause of the difference between the two
is thought to be that some of the waste generated
by demolition works are re-used or reduced on
site. In fact, the Construction Waste Processing
Manual recommends that outsourcing and con-
tracting firms make efforts to recycle and re-use
their construction waste, stating at the outset
“Waste should be converted to a form that may
be sold for value, and should be sold or used by
the generator”. Here “used by the generator”
means that a business that generates construction
waste should attempt to use that waste for its
own purposes, on condition of suitable quality.
This shows that re-use on-site has already been
recommended in previous usage.

When calculating the impact of construction
wastes recycling, both the generated and output
volume are of significance. However, the fol-
lowing discussion will be developed on the basis
of output volume, unless otherwise specified.
Thisisin view of the fact that the output basisis
used both for “construction material waste” sub-
ject to recycling under the Construction Materi-
as Recycling Act (as discussed below) and in the
Surveys on Construction Wastes (referred to
below as “Census Surveys’). The latter, conduct-
ed three times so far, is the only source of data
that can be compared with the calculation results.

6 Development Bank of Japan Research Report/ No. 28
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Fig. 1-6 Calculation Conditions (generated volume and output volume)

Source: Calculated by the DBJfrom Survey on Construction Wastes, Survey on Construction Materials and Labour

Demand, etc.

4. Outline of Calculations

The output volume of construction waste is cal-
culated by multiplying the volume of waste gen-
erated from both buildings and civil engineering
structures (floor space and value; referred to be-
low as “demolition parameters’) by the output
volume base unit. The demolition parameters are
calculated on the assumption that buildings or
civil engineering structures whose construction is
started (or completed) in a certain fiscal year will
reach the end of their useful life with a certain
probability after being used for a fixed period.
The probability that they will be demolished (the
demolition probability rate) may be projected in
a number of ways. Here, however, as a simple
technique, we will assume a discrete density
coefficient that approximates normal distribu-
tion.?

2 We assume a density coefficient that approximates the
normal distribution (N(y, (3.989)?) (U = average service
life), taking the demolition probability rate after the average
service life as 10%. This is the same as the hypothetical
demolition probability rate in the Building Demolition
Waste Generation Forecasts (Tokyo and 8 prefectures)
included in the Demolition and Recycling System Research

4.1 Buildings

For the construction work flow figures in each
fiscal year, forming the conditions for calculating
the demoalition parameters (floor space), we use
the construction start floor space for each type of
structure (timber, non-timber). The relevant fig-
ures are taken from the Construction Statistics
Annual Report mentioned in Fig. 1-2 above. This
is then extended from the years 2001 to 2035 in
line with the Medium to Long-Term Forecast for
the Construction Market issued by the Construc-
tion Economics Research Institute.

For the demolition probability rate, we as-
sume a service life of 33 years for timber build-
ings and 40 years for non-timber, assume the
above-mentioned density coefficient approxi-
mating normal distribution with the respective
number of years as the average value, and multi-
ply this by the flow for each year. The demoli-
tion parameters are calculated by accumulating
the results of this multiplication.

For the base unit, we divide the output of
construction wastes into (1) those arising from

Group Report in October 1998.
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the demolition of buildings (the demolition type)
and (2) processing waste discharged in conjunc-
tion with building work (the new construction
type). We multiply the former by the existing
output base unit for each type of structure, and
the latter by a base unit calculated from the
FY 1995 Census Survey, without differentiating
between different structures. The base unit
changes with the passage of time, due to changes
in construction methods, building materials, etc.
However, in these calculations it will be kept
constant due to constraints on data availability.

Figure 1-7 shows the output volume ob-
tained from buildings as calculated in this way. It
indicates that, since the non-timber buildings that
were greatly accumulated in the era of rapid
growth are reaching the renewa phase, the out-
put volume from construction works will in-
crease over the next 10 years or so. Thecirclesin
the diagram show the results of the three Census
Surveys held over this period.

According to this calculation, the output
volume of construction waste arising from de-
molished buildings will increase dramaticaly
after FY 2000, multiplying more than 4-fold in
FY2010 compared to FY1995. Fig. 1-8 shows
the breakdown for different materials, revealing
that, as the demolition of non-timber buildings
advances, waste concrete accounts for the ma-

250

jority of the materials involved, and, moreover,
accounts for the larger part of theincrease.

4.2 Civil Engineering

Next, the annua flow for civil engineering works
uses the figures for public and private engineer-
ing (completed work basis) for each fiscal year
from the Overall Construction Statistics Annua
Reports mentioned in Fig. 1-4. After converting
these to real figures (at 1990 prices) using the 61
construction sector deflator issued by the Cabinet
Office (Economic Planning Agency) and aug-
menting past data omissions as appropriate, a
base sequence is prepared for each length of
service life. For FY 1994 onwards, when the de-
flator is no longer usable, the construction works
deflator (1995 prices) is converted and linked to
an EPA basis for conversion to red figures.
From FY2001 on, meanwhile, both public and
private civil engineering works remain on a par
at FY 2000 amounts.

For the demolition probability rate, we as-
sume that the statutory service life for each con-
struction work is the average service life, and
assume a density coefficient in which 10% of all
structures are demolished after the average
servicelife, asin the case of buildings.

O New construction / Renovation
O Non-timber total

200 — M Timber total

O Census estimate

150

100

Million tons

0

SRR I O A T A SR S S N

Fig. 1-7 Output of Construction Wastes Arising from Buildings

Note:

For the construction start floor space from FY 2001, we adopt the No. 1 scenario given in the Long-Term

Forecast for the Construction Market by the Construction Economics Research Institute (real GDP
growth rate: 01-10 2.0%, 11-20 2.5%), staying on a par from 2020 (until 2035).

Source: Calculated by the DBJ from Construction Statistics Annual Reports, Outline Records of Fixed Asset
Prices, etc., Surveys on Construction Wastes, Medium to Long-Term Forecasts for the Construction

Market, etc.
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Fig. 1-8 Calculated Output of Construction Wastes from Demolition
(by the type of waste)

Source: See Fig. 1-7

There are severd previoudy calculated data
that could be used as the base unit to be multi-
plied by the demolition parameters (value) thus
calculated. But al of these are problematic in
that they are not consistent with the demolition
parameters calculated as above. Thus, in this
survey, we have prepared base units for waste
concrete, waste asphalt concrete, waste timber,
construction dudge, and waste construction soil
from the demolition parameters and the FY 1995
Census Survey for use in these calculations.®

Figure 1-9 shows the results thus obtained
(excluding waste construction soil). The circles
in the diagram show the results of Census Sur-
veys, as in the case of buildings. According to
this caculation, the output volume from civil
engineering works will aso grow to more than
double the FY 1995 level in FY2010. Moreover,
as in the case of construction works, it is expect-
ed to increase vastly over the next 10 years or so.

3 The base unit for output from civil engineering works
differs greatly depending on whether calculated as a “trans-
ported volume base unit” in the 1990 Census Survey, for
example, or whether calculated from simple aggregated data
for the second half of FY 1998 as a simplified census. There-
fore, as indicated above, we have prepared the base unit by
combining the demolition parameters created as a condition
for this calculation with the 1995 Census. It should be noted
that this figure has no independent significance outside the
scope of this survey.

Judging by the breakdown given in Fig. 1-10, the
majority of this will take the form of waste as-
phalt concrete, waste concrete, and construction
sludge.

4.3 Relationship with Census Surveys

The foregoing offers a scenario whereby the
stock accumulated throughout the era of rapid
growth is demolished over a short time, and con-
struction waste increases dramatically as a resullt.
In the following, various discussions will be pur-
sued on this basis. But before doing so, the rela-
tionship between this scenario and the Census
Surveys should be defined.

Three Census Surveys have been conducted
so far. As can be seen from the diagrams above,
the results of the FY1990 and FY 1995 surveys
do not look out of place when superimposed on
the rapid increase scenario. However, the result
of the third survey in FY 2000 shows a level that
is gignificantly at variance with the scenario.
Specifically, the output of construction wastes
(excluding waste construction soil) in FY 2000
was 85 million tons, showing a decline of around
15% compared to the 99 million tonsin FY 1995.
This runs counter to the trend of the increasing
scenario. How should we interpret this discrep-
ancy?
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The cause of the reduced output is thought,
among others, to be that re-use on site has pro-
gressed (or, in other words, that the output base
unit has decreased). In the Census Surveys, how-
ever, it is mainly attributed to a decline in con-
struction starts and public works. The Census
Surveys emphasize factors whereby the demoli-
tion of stock is affected by the level of new con-

struction investment (i.e. demolition is imple-
mented because of new construction works), and
estimate the whole output for single fiscal years
based on new construction investment. If we
adopt this approach, the volume of demolition
will also decrease, reflecting the fall in immedi-
ate congtruction investments. By contrast, the
rapid increase scenario mentioned above takes an

10
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approach that focusses on developments over a
period of time, namely how the total volume of
construction stock will be discharged in future as
wastes. Its rationale is that the demolition of
buildings and structures occurs at a fixed rate of
probability with the lapse of time, regardless of
whether or not is accompanied by new construc-
tion. Therefore, the impact of immediate in-
creases or decreases in construction investment is
small. The Census Surveys could be seen as fol-
lowing a technique suited to surveys of output in
single fiscal years, while the output rapid in-
crease scenario adopts an approach that is suited
to examining the long-term development of con-
struction wastes. It should therefore be borne in
mind that the two methods basically differ in
nature.

Here, for reference, let usincorporate the gist
of the Census Surveysin the rapid increase sce-
nario. Fig. 1-11 compares the construction start
floor space and civil engineering turnover used in
the above calculation with the demolition
parameters for each, deduced from the demoli-

tion probability rate. In either case, while new
construction works gradually turned to a de-
crease from the middle of the 1990’s, the demo-
lition parameters continued to increase, showing
alack of uniformity in the behaviour of the two.
If we consider demolition as accompanying new
construction works, the demolition parameters
would a'so have to decrease from the mid-1990's
onwards. So, next, we will change the demolition
parameters by the rate of increase or decreasein
new works (without altering the other conditions).
Figs. 1-12 and 1-13 show what happens when
thisis applied to buildings and civil engineering
works, respectively. Since the demolition pa-
rameters will also be calculated using the rate of
change in new works from fiscal 2000 onwards,
the output of construction waste should remain
virtually unchanged, given that new works are
unlikely to increase greatly under present cir-
cumstances. While this “no change scenario”
would increase in conformity with the fisca
2000 Census Survey, factors of temporal varia-
tion in the accumulation of stock (such as in the

Construction start floor space against demolition parameters
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Fig. 1-11 Construction Start Floor Space/ Civil Engineering Works Turnover Against
Demolition Parameters
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era of rapid growth) are hardly reflected at all.
The no change scenario could be seen as de-
scribing developments in which, unless accom-
panied by new construction, buildings and struc-
tures are not demolished but are left as they are
even after reaching the end of their service life.

As stated above, this survey aims to exam-

50

ine the impact associated with the demolition of
buildings and structures that have been accumu-
lated to date, taking temporal variations into ac-
count, and to pursue debate on the long-term
development of this impact. The following dis-
cussion will thus be based on the rapid increase
scenario.
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Fig. 1-12 Output of Wastes from Buildings Based on A “No Change Scenario”

Source: Calculated by the DBJ from Construction Statistics Annual Reports, Outline Records of Fixed Asset
Prices, etc., Surveys on Construction Wastes, the Medium to Long-Term Forecast for the Construc-
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Fig. 1-13 Calculated Output of Construction Waste from
Civil Engineering Based on the “No Change Scenario”

Source: DBJcalculations
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5. Calculation of the Output of
Construction Wastes

5.1 TrendsintheOutput of
Construction Wastes

Figure 1-14 shows overall trends in the output of
construction waste (excluding waste construction
soil), after aggregating the output from buildings
and civil engineering obtained in the rapid in-
crease scenario calculations above. The output of
construction waste in Japan, mainly involving
public works and non-timber buildings, is ex-
pected to increase dramatically in the long term,
rising nearly 2-fold from the fiscal 2000 level to
just over 300 million tons in fisca 2010 and
nearly 3-fold to more than 400 million tons in
fiscal 2030. Fig. 1-15 shows the relative con-
tribution to the rate of change by different out-
sourcing sectors. A high increase rate of 7.5%
per annum is forecast overall between fiscal
2000 and 2010, and since buildings from the
1970’s will reach the renewal phase in that pe-
riod, the contribution of demolished non-timber
buildings will be very large. Fig. 1-16 breaks this
down into waste concrete, waste asphalt concrete,
timber, and other materials. If we extrapolate the
composition per material at the fiscal 2010 stage,
waste concrete will account for the majority, as
seen in Fig. 1-17. Together with waste asphalt
concrete and waste construction timber, moreo-
ver, it will account for 80% of the total. Fig. 1-18
shows the relative contribution of each material
to the rate of change in the output of construction
wastes. The contribution of waste concrete is
large over the next ten years, reflecting the in-
creased demolition of non-timber buildings.*

4 It should be borne in mind that this calculation takes no
account of vegetation uprooting in the course of construc-
tion or civil engineering works. When shrubs are cleared in
land reclamation and other works, large quantities of roots
need to be processed. In the timber industry, too, large
amounts of branches and leaves aso have to be removed
before the wood can be shipped as timber. One source esti-
mates this at more than 100 million tons every year. How-
ever, many of these materials have conventionally been
incinerated and are completely unknown quantities. In legal
interpretations, too, uprooted timber arising from construc-
tion works in forest and woodland areas is not regarded as
waste, and since no official quantification has been made it
has been excluded from these calculations.

5.2 Problemswith Waste Construction Sail

Another problem that we cannot ignore when
considering the issue of construction waste is
that of soil excavated during construction works
(waste soil). According to the Census Survey of
fiscal 2000, the output of this was around 280
million cubic metres (about 500 million tons).
Although this was far less than the 446 million
cubic metres (around 860 million tons) recorded
in the fiscal 1995 Survey, the volume till far
outstrips the total of all other construction wastes.
Until now, however, this has not received atten-
tion as a problem related to construction “waste”,
since it is distributed as a commodity, mainly for
inland use when elevating farmland or housing
land, filling valleys, and so on (Fig. 1-19).

Nevertheless, in view of future output trends
and the impact of the problem of soil pollution
(which, as mentioned above, is aso giving rise to
much social concern and is subject to ongoing
debate on the introduction of legidation), it is
anticipated that waste construction soil will aso
become a major point of debate in connection
with processing construction waste in the near
future.

Figure 1-20 shows cal culations of the output
of waste construction soil from civil engineer-
ing,® which accounts for the mgjority of itstrans-
portation volume, based on data used until now.
Waste construction soil brings up another prob-
lem in the relationship with the Census Surveys.
Along with the slowdown in the flow of new
construction works, we cannot ignore the impact
of increased recycling of waste construction soil
for other uses among construction sites, due to
advances in information technology, on the vast
reduction in output indicated by the Census Sur-
vey mentioned above. In other words, it is pos-
sible that the output base unit has changed
structurally with the increase in re-use on site,
rather than merely being due to temporary fac-
tors. Therefore, in this survey we use a new out-
put base unit for fiscal 2000 onwards.®

®  According to the fiscal 1995 Census Survey, 90% of the
total transported volume originated from civil engineering
works.

® We have calculated demolition parameters for civil
engineering works in fiscal 2000 and an output base unit
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For reference, the dotted line in the diagram
shows what would happen if the old base unit
were still used after fiscal 2000 without incorpo-
rating these changes. This takes account of the
possibility that on-site re-use could be hindered
due to the progress of soil pollution countermea-
sures (to be discussed later), in which case the
output base unit would once again increase.
According to this calculation, the output of
waste construction soil will grow to 1.6 timesthe

fiscal 2000 level in fiscal 2010, and around dou-
ble that level in fiscal 2030, increasing massively
in future in the same way as the other waste.

As we have seen so far, there is concern in
Japan, now approaching the renewa phase of
stock on a vast scale, that the output of construc-
tion waste in future could expand at a very
dramatic rate. Therefore, based on this situation
and future prospects, what policies are being
developed, and what are the business trends?
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Fig. 1-14 Calculated Output of Construction Wastes
(excluding waste construction soil)

Source: DBJcalculations
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I Recycling Industriesand the
| mpact of the Construction Materi-
als Recycling Act

Concern over the dramatic increase in the output
of construction waste is spurring a response in
terms of government policy. The development of
this policy, in turn, will have a big impact on
trends in industries that process construction
wastes. A similar development has been noted in
the past, when the sector known familiarly as the
“environmenta industry” expanded in scale by
working in paralel with the development of di-
rect regulation and other environmental policies.
In this section, we will examine the response
from the policy angle in connection with con-
struction wastes, as well as trends in construction
recycling industries based on this.

1. Present State of Construction Waste and
the Congtruction Materials Recycling Act

1.1 Present State of Construction Waste

As apremise for considering the policy response
on construction wastes, we should first sum up
the state of processing until now. The output of
industrial waste in Japan has been at the level of
400 million tons per year in recent times. The
weight of the construction industry within this, as
shown in Fig. 2-1, is around 20%, exceeded only
by agriculture and the eectricity, gas, heating,
and water supply industries. Fig. 2-2 shows the
state of processing of this waste according to the
results of the aforementioned Census Surveys.
Comparing construction waste to all industria
waste, the re-use rate is higher, but there is little
reduction in volume and the weight of fina dis-
posal is consequently much higher. The rela-
tively high re-use rate is due to the fact that
waste concrete and waste asphalt concrete (Fig.
2-3), which account for a high proportion of out-
put, have been re-used efficiently so far. The
high rate of final disposal, conversely, could be
seen as showing that the re-use of other waste,
such as dudge, has hardly advanced at al. In
Japan, the capacity of final disposal sites (landfill
sites) has always been tight. But the situation has
been aggravated by the tightening of regulations,

such as the amendment to the Waste Disposal
Law. Therefore, reducing the disposal volume
arising from construction, which accounts for a
large part of the capacity, has been targetted as a
major task’.

Meanwhile, construction waste has aso
become a huge problem in terms of illegal
dumping. As shown in Figs. 2-4 and 2-5, con-
struction waste accounts for 72% of cases and
44% of the weight of illegal dumping. This is
said to be due to so-called “mince demolition”,
now prevalent in the industry due to the lack of a
monitoring system on the demolition of buildings.
Cases of illegal dumping are actualy in an in-
creasing trend (Fig. 2-6). Construction waste has,
therefore, also become a major point of focus
from the point of view of reducing the environ-
mental burden accompanying inappropriate
processing.

1.2 Introduction of the Construction
Materials Recycling Act

To cope with this anticipated expansion in output
as well as improving this present state of con-
struction waste, the Construction Materials Re-
cycling Act introduced in May 2000. The Act
sets out to establish a new framework for proc-
essing construction waste by imposing obliga-
tions to sort and recycle “specific construction
materials” on construction works exceeding a
certain scale. An outline of the Act is shown in
Table 2-1 At the same time, a registration system
was introduced for demolition contractors, in-
cluding a requirement that technical supervisors
be assigned to demolition sites, in an attempt to

" The 1997 amendment to the Waste Disposal Law, along
with the consequent amendment of orders on technical
standards, has tightened the structura and maintenance
standards applicable to landfill sites. As aresult, the number
of newly created sites, registering more than 100 every year
up to fiscal 1998, fell sharply to only 26 in fisca 1999. The
conventional modus operandi, whereby the reduction in
capacity of existing sites is compensated by newly created
ones, is therefore becoming increasingly difficult to main-
tain. Asfor construction waste, meanwhile, the discovery of
arsenic elution from plaster boards, which had until then
been disposed in least controlled type landfill sites, was
changed to controlled type disposal from 1999. This pre-
sents another factor that places pressure on landfill site

capacity.
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Table 2-1 An outline of the Construction Materials Recycling Act

Name Law for the Recycling of Construction Materials (Law No. 104 of May 31st, 2000)
Enforcement Basic principles (roles of parties concerned, recycling targets, etc.): Took effect on Nov. 30th, 2000
Registration system for demolition contractors: Took effect on May 30th, 2001
Obligation to sort and recycle, etc.: To take effect from May 2002
Purpose To promote sorted dismantling and recycling of specific construction materials, and to secure resources and

ensure appropriate processing of waste by making full use of recycled resources, reducing waste, etc.

Specific construction

The following when exceeding a certain scale:

materials (2) Concrete (including secondary products derived from concrete and steel)
(2) Asphalt concrete
(3) Timber

Targeted works o Demolition of buildings and others that use specific construction materials

o New construction works using specific construction materials
- Demolition 80m? or more / New construction 500m? or more / Civil engineering works 5 million yen or
more (to be decided officially in government ordinances by June 2002)

Recycling targets

Recycling rate in FY 2010 = 95% (recycled weight / output weight)

Key points o Obligation to sort dismantled materials, etc.
o Obligation to recycle, etc. (for timber, reduction allowed under certain conditions)
o Obligation for prior notification (to prefectural governor) of works by works orderers, post-completion reports

from contractors to works orderers, etc.

e Clear indication of demolition costs in contractual documents

o Registration system for demolition contractors (from June 2001) and obligation to assign technical supervi-

sors to demolition sites, etc.

Source: Collated from various materials

Specific construction materias are those which,
(1) on conversion to waste, should be recycled to
ensure effective utilization of resources and re-
duction of waste, and (2) are not subject to sig-
nificant financial constraints when recycling, as
stipulated by government ordinances (Article 2
Paragraph 5 of the Act). So far, four materias
have been designated, namely (i) concrete, (ii)
construction materials made from concrete and
stedl, (iii) timber, and (iv) asphalt concrete.®
Contractors and others accepting orders for
work above a certain scale, when coming under
the provisions of the Act, are obliged to sort
specific construction materials on site via sorted
dismantling and other means (Article 9 Para
graph 1 of the Act), and to recycle said materias
(Article 16 Paragraph 1 of the Act). “Contractors
and others’ here is a broad concept including
everyone involved in the construction work as

8 Ordinance No. 495 of 2000. Generally, (ii) construction
materials made from concrete and steel are regarded as
secondary concrete products and, as such, are included
under concrete, bringing the number of designated materials
down to three. Therefore, in this survey, the targets of the
Act will be treated as the three materias of waste concrete,
waste asphalt concrete, and waste construction timber.

subcontractors, as well asthe principal contractor.
“Recycling”, meanwhile, is a concept that in-
cludes both materiad and thermal recycling.
However, “designated construction waste” as
stipulated in government ordinances may simply
be “reduced” (incinerated, etc.) as appropriate
when subject to certain conditions, such as the
existence of dignificant financial constraints
when recycling.®

The characteristics of the Construction Ma-
terias Recycling Act may be summarized into
the following three points.

The first is that it provides for role-sharing
between a wide range of related parties, reflect-
ing the wide range of parties involved in con-
struction works. Fig. 2-7 shows the flow when
sorting and recycling dismantled materials. For
the contractors who play central roles in con-
struction works, the Act imposes an obligation
for notification, etc., between principal contrac-
tors and subcontractors. Works orderers are also
obliged to submit plans for sorted dismantling,
etc., to the prefectural governor, and to specify
the method of sorted dismantling, and the costs

®  Thisappliesto timber.
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involved, in the construction work contract. In
ways such as this, the Act has devised a frame-
work whereby all parties involved are aware of
the method of sorted dismantling, etc., and the
costsinvolved in it.

Secondly, a point related to the foregoing is
that the role played by prefectural governors in
this whole process is very large. Prefectural gov-
ernors determine the directions for application of
the Act by formulating guidelines and supple-
mentary by-laws, but also monitor various notifi-
cations concerning sorted dismantling, recycling,
etc., and give guidance whenever necessary. In
such respects they are expected to play a more
prominent role than in other environment-related
legidation. Regional characteristics have a sig-
nificant influence on consruction waste (for
example, the volume generated, the existence of
processing infrastructure, the remaining capacity
of landfill sites, the ease or difficulty of procur-
ing natural materials that compete with recycled
materias, and so on). This factor could be seen
as contributing to this point.

The third point is that the Act represents a
system design that leaves room for future ampli-
fication based on redlity. In terms of making

effective use of resources, the option of adopting
a wider range of materials for recycling, etc.,
could also exist.® But taking the viewpoint of
developing arecycling system that can guarantee
economy and then amplifying it, the rationa
choice would appear to be to focus on waste
concrete and waste asphalt concrete, for which
recycling is aready relatively advanced. Even in
terms of correcting the present situation, positive
effects can be expected from the inclusion of
timber (for which recycling is slow to develop,
while incineration is becoming more difficult due
to tighter regulations on dioxin, etc.), as well as
from the built-in system of monitoring demoli-
tion businesses (the registration system), leading
to countermeasures against illegal dumping. In
future, when proper processing infrastructure is
in place and the flow of materias into it is guar-
anteed, it will be easy to expand into construc-
tion materials that are difficult to process prop-
erly at present, such as used plastic and plaster

1 In fact, the Tokyo Metropolitan Government is report-
edly considering independently adding plastic (PVC pipes
and joints), plaster boards, and others to the materials sub-
ject to recycling in fiscal 2002, in addition to the three mate-
rias designated by the Act.
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boards. This direction, indeed, has aready been
highlighted in the “Basic Principles of the Con-
struction Materials Recycling Act” drawn up by
six relevant ministries and agencies at the end of
2000.

2. Recycling Industries and the Impact of
the Congtruction Materials Recycling Act

2.1 TheConstruction Waste Recycling Mar -
ket (intaketheory)

Next, let us consider what impact the introduc-
tion of this Construction Materials Recycling Act
will have on the recycling industries that deal
with congtruction wastes. First, the impact of the
Act will be examined based on the scenario of a
dramatic increase in output, as discussed above.
Following the enforcement of the Act, the recy-

cling rates of the three materials designated as
“gpecific construction materials’ (waste concrete,
waste asphalt concrete, and waste construction
timber) will be increased to 95% by fiscal 2010.
The additional processing demand arising from
this in future may be regarded as the difference
between the levels sought by the Act and the
levels if processing were continued at present
rates, as shown in Table 2-2. The results of this
calculation are shown in Fig. 2-8. According to
these results, the future increase in output, added
to the improvement in recycling rates as sought
by the Act, would bring the additional volume
requiring processing to around 120 million tons
in 2010, continuing to increase gradually there-
after. Waste concrete, whose output is set to in-
crease dramatically, would account for the larger
part of the weight composition (Fig. 2-9).

Table 2-2 Calculation Conditions

. Current processing Recycling
Material basis progress line Remarks
(FY2010)
Weaste concrete 50 million tons/lyear  95% of output Mostly used as basecourse material. To be expand-
ed for re-use in construction materials
Waste asphalt concrete 85% of output 95% of output Usageto remain as at present
Waste construction timber ~ 40% of output 95% of output Present state - use of reduced materials, im-
provement through advance of material recycling
Others Construction 14% of output 14% of output No improvement foreseen in this calculation
sludge
Metal scrap 100% of output 100% of output ~ No improvement foreseen in this calculation
Others 11% of output 11% of output No improvement foreseen in this calculation

* Since recycling includes intermediate treatment, the remainder is the finally disposed volume.
* Assuming the progress lineis reached at an average rate from the base line (FY 2001).
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Fig. 2-9 Trendsin Additional Processing Volume per Material

Note:  The graph shows the difference between a scenario in which recycling rates for waste concrete, waste asphalt
concrete, and waste construction timber are improved in line with the Construction Materials Recycling Act,
and one in which present processing levels are maintained. Construction sludge, metal scrap, and others not tar-
getted by the Act do not appear on the graph as they will remain unchanged.

Source: DBJcalculations
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These materials would be processed in dedi-
cated plants before being returned to construction
sites and elsewhere as recycled resources. Fig. 2-
10 shows the market scale of the construction
recycling industry including this additional vol-
ume, assuming that recycling costs (acceptance
basis) remain unchanged from present levels. It
should be noted that “recycling costs (acceptance
basis)” here, as shown in Fig. 2-11, are only the
acceptance costs at the intermediate processing
stage and do not include transportation costs. The
latter have been omitted because they vary
greatly, depending on the location of the works
site. According to this estimate, the market scale
of the construction recycling industry would
reach around 800-900 billion yen per year over-
al, with around 400-500 billion yen of new re-
cycling requirements added to the existing scale
of around 300 billion yen per year.

It should be remembered, however, that this
kind of calculation invariably entails a number of
limitations. In this particular case, the first limi-
tation is the handling of waste construction tim-

ber. Even with the enforcement of the Construc-
tion Materials Recycling Act, there is a consider-
able volume of waste timber that cannot realisti-
cally be recycled dueto financia constraints, and
reduction is the most that can be expected. This
point has not been incorporated in our calcula-
tions, since future developments concerning in-
cinerators are unclear. Following a tightening of
regulations, such as amendments to the structural
and maintenance standards of industrial waste
incinerating facilities, many existing facilities
were expected to be decommissioned as they
could not meet the massive structural improve-
ment costs needed to clear the new standards.
But in fact, many operators are reportedly conti-
nuing in business because, among other reasons,
repeat licenses are very difficult to obtain once
an incinerator has been decommissioned. This
makes it difficult, at the present time, to judge
future developments of receptors for waste tim-
ber from demolition.
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Fig. 2-10 Calculated Market Scale of Construction Recycling

Source: DBJcalculations
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Fig. 2-11 Conditionsfor Monetary Conversion

The second limitation is that the discussion
so far has assumed that output base units will
remain constant. Of course, the base unitsin
themselves will tend to fluctuate with time.
Therefore, if sorting on site progressesin line
with the gist of the Act, the potential for use on
site would increase in future and the ratio of the
transported volume to the generated volume
would very likely fall. But since there are no
proper datafor this, it has not been incorporated
in our calculations. As an exercise, Fig. 2-12
shows what would happen if the output volume
decreased in stages due to re-use on site (the
output base unit decreasing by 10% every 5 years
from FY 2002 onwards, remaining level there-

after). But even then, the market scale would be
significantly effected on the intake side.

The third limitation is the problem of proc-
essing costs. Here, we are assuming a level close
to present costs for intermediate processing. The
possibility exists, however, that these could be
greatly affected by future price trends, such as
increased output or technical innovations.

Thus, it should be noted that, even if it is
mistaken to assume that the market scale of the
recycling market (the volumes that ought to be
handled) in terms of intake theory will expand in
future, the debate will vary greatly with even
small fluctuations in a large number of precondi-
tions.**

% In particular, it is possible that the scenario of a rapid

increase in output could be corrected if longer service life
could be achieved through future improvements in mainte-
nance or repair technology. This point will be handled in 3
below.
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2.2 Praoblemsof Receptorsfor Recycled
Resour ces (outlet theory)

When considering the impact on the recycling
industry, a bigger problem is that of the receptors
(outlets) for recycled resources. Recycling busi-
nesses take two forms, namely (1) accepting
generated waste for processing (service industry)
and (2) processing the accepted materials and
marketing them as raw materials, etc. (processing
industry). To put it simply, if the costs associated
with (1) and (2) could be absorbed by revenue
from processing (1) and manufacture and sale (2),
the business would be operable. In redlity, how-
ever, thisis not so easy to achieve. In many cases,
the reason for this can be found in the weight of
the cost burden and the fact that revenue in the
processing industry is small and unstable. There-
fore, when discussing recycling businesses, we
need to consider the aspects of marketability of
recycled resources and cot, as well as the mar-
ket scale discussed above (revenue for the proc-
ng industry).

Firstly, in terms of the marketability of re-
cycled resources, the majority of materials in

material recycling undergo “cascade recycling”,*?
in which the usage goes down to a lower level.
Receptors for these are in a state of oversupply,
and they are low in marketability. In thermal
recycling, similarly, when undertaken purely as a
private sector business, sale power is treated as
surplus power generated in-house, and the sale
power priceisat an extremely low level.

What form does this take in construction
recycling? As shown in Fig. 2-13, waste concrete
and waste asphalt concrete, whaose recycling
rates have been relatively high until now, are
used as crushed stone, the main destination being
basecourse, subgrade, and other materials for use
in roads. However, this use aso has limited po-
tential for absorbing the future expansion of out-
put. As Fig. 2-14 shows, the demand for base-
course materials is around 200 million tons per
year. Fig. 2-15, meanwhile, reveals that the sup-
ply of aggregate mainly comes from the crushed
stone industry at present. If the input of waste

2 Likening the flow of materialsto awaterfall (*cascade’),
the uses of recycled materials gradually move down from
high- to low-grade levels through the recycling process.
This is a concept that complements those of “horizontal
recycling” and “upgrade recycling”.
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concrete from demolition works is increased,
however, there will be a conflict of roles with the
crushed stone industry. Aswell as this, basecour-
se and subgrade are seen as promising destina-
tions for other recycled resources (steelmaking
dlag, cullet, etc.) and waste processing residue
(molten dag, etc.), and competition among recy-
cled resources is expected to become aggravated
in future. Expanding recycled material markets
could be seen as an urgent task.

Next, from the angle of costs, the very ac-
tivity of recycling in itself givesrise to additiona
costs by adding a new flow (reverse flow) of
“sorted dismantling = recycling” to the conven-
tional flow of materials (construction - demoli-
tion > waste). In particular, when recycled ma-
terias have low added value, their ability to ab
sorb transportation costsis inevitably limited,

Wiste asphall conerete (A% ), Wasie concrete (OO0

and business feasibility is greatly affected by the
degree to which these costs can be minimized
(e.g. selection of plant location). Moreover, the
cost of final disposal of residues left after recy-
cling are bound to go up now that landfill space
is becoming harder to obtain, and thisis a factor
that pushes up the overall cost.

These problems of cost are thought to be
particularly manifest in the case of construction
wastes, which have a high output and weight.

Overall, then, the recycling industry is sub-
ject to a number of constraints, particularly as it
is such a highly ingalation-reliant industry.
Quite in contrast to its apparently semi-macro
market scale, it is characterized by an opaque-
ness of business feasibility. In order to clear the-
se hurdles and guarantee feasibility, efforts are
needed at both policy and business level.
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2.3 Efforts Aimed at Forming Recycling
Industries

What sort of measures, then, have been devised
by the industry to address these issues?

In terms of expanding markets for recycled
resources, various seeds of technology have been
presented for the three materials targetted by the
Construction Materids Recycling Act (mainly
waste concrete and timber) at the present stage.
For other materials, meanwhile, the devel opment
of recycling technology is now in progress. Of
the three main materials, it is thought possible to
maintain the present recycling route (via road
repairs, etc.) for waste asphalt concrete in future.
The focus, therefore, is now thought to be on the
other two materials. Dedicated plants will be
needed to carry out the sophisticated recycling
process required to broaden the uses of these
recycled resources, and thiswill cause the burden
of costs for transportation and other aspects to
expand. The seeds that have been presented so
far not only concern the issue of recycling tech-
nology but also consider means of keeping these
costs down. Table 2-3 lists a humber of repre-
sentative examples.

(1) Processing of waste concrete

In terms of expanding the marketability of waste
concrete processing, a point of note is that a sys-
tem of technology aimed at diversifying and
stratifying the uses of recycled concrete is now
being developed. The purpose in doing so is to
add more advanced material recycling such as
architectura structures and foundations, de-
pending on quality, to the conventional base of
usage as basecourse and subgrade materials.

The technology seeds for horizontal recy-
cling of aggregate recovered from waste concrete
into architectural structures include the heating,
rubbing and kneading method (Diagate technol-
ogy) developed by Mitsubishi Materias, includ-
ed in Table 2-3. Here, roughly crushed waste
concrete is heated to 300°C to weaken the ce-
ment paste. It is then ground inside a tube mill,
allowing fine aggregate and coarse aggregate to
be separated and recovered. Waste concrete con-
sisting of 20% concrete paste, 33% fine aggre-
gate, and 47% coarse aggregate yields 25% fine
powder, 31% fine aggregate, and 44% coarse

aggregate, thus giving an aggregate recovery rate
of 94%. This is an extremely high level com-
pared to other processing technology that does
not involve heat treatment. The quality of the
recovered aggregate is equal to that of natural
aggregate, and clears the standards required of
aggregate by JIS A5005 (namely an absolute dry
density of more than 2.50g/cm® and water ab-
sorption of less than 3.0%). The quality of con-
crete manufactured using recycled aggregate is
also equd in strength to that using ordinary ag-
gregate, and has, in fact, been proved superior in
durability (dry shrinkage) because it has the full
range of particle sizes. Because it is still at the
demonstration plant stage,™® the processing costs
are high compared to normal aggregate recovery
processing. Nevertheless, if recovered fine pow-
der can be launched on the market for ground
improvement materials, etc., taking advantage of
reduced manpower due to the adoption of a cen-
tralized control system and the fact the process-
ing costs could be vastly reduced by upgrading in
scale to an actual operating plant. If this technol-
ogy enters the practical stage, in spite of limita-
tions on volume owing to problems of qudlity, it
would become possible to secure a horizonta
materia recycling route for some waste concrete
to be used in architectural structures.

Assuming this use in architectural structures
to be the maximum level, if multi-stage uses
could be established below this in the form of
middle-level material recycling for foundation
works, retaining walls, and others not requiring
so much strength as architectural structures, and
cascade recycling of basecourse materials, re-
filling materids, and others, sufficient mar-
ketability could conceivably be secured for the
recycled materials obtained in this way, even if
the volume of generated waste concrete in-
creased. In this case, of course, it would be im-
portant to control the quality in keeping with
these multi-stage uses. This point will be dis-
cussed further below.

18 A mobile installation type with a capacity of 5t/h. De-
monstrations have been underway for two years since fisca
1998 as a NEDO demonstration plant.
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Table 2-3 Examples of Seeds of Technology and Systemsfor Construction Recycling

. Name or descrip- Main imple- .
Targetted material tion menting body Outline
Recycling for Mitsubishi Has established technology for recovering high-quality coarse
architectural Materials aggregate, fine aggregate, and fine powder by applying a heated
structures grinding process to waste concrete.
Has devel oped technology for recycling fine powder to cement
with alow environmental burden.
Concrete resource | Shimizu Corp. | Cyclical use of recycled resources obtained in Mitsubishi Materials
circulation system plants. Used in the construction of an acoustic test lab at the com-
pany’s Technology Research Centre, gathering data obtained from
Waste con- here and continuing technical improvements.
crete Or(]j-site recycling | Kashima Corp. | Uses aggregate processed on-site in actual buildings.
and use
Reverse concrete | Okumura Corp. | Has devel oped a system for manufacturing recycled concrete, fitted
on a 10-ton truck. Dismantled concrete is re-used on site. Mainly
B for uses requiring relatively low durability.
§, Self-propelled Komatsu Ltd. Has strengthened its involvement in self-propelled recycling ma-
£ recycling machin- chinery (Galapagos Series), increasing reserves for development
% ery investment.
& Is devel oping information agency sites to reduce mismatches be-
2 tween supply and demand for recycled resources.
T Recycling for Sumitomo For- | Has devel oping recycled timber with a high ligneous rate, used as
® construction estry Co., Ltd. | woodchips and other materialsin housing.
E materials Sekisui House | Has devel oped technology for recycling wood scrap generated by
2 housing demolition into joist material.
S Takenaka Corp. | Has constructed a system for sorting and recovering wood scrap
@ generated in the metropolitan region under a universal recovery
8 system, and recycling into particle boards under commission to
2 Tokyo Board Industries.
3 Has constructed a system for transporting wood scrap generated in
= Waste con- the Kinki region to Tokyo and recycling into boards, as above. In
% struction joint operation with Nippon Express Co., Ltd., transportation be-
[ timber tween Tokyo and Osaka is undertaken using that company’ s rail-
way containers.
Use for power NKK Has commercialized power generation boilers (circulating fluidized
generation bed type) that can use wood scrap as fuel (power generation effi-
ciency more than 30%).
Use as blast furna- Has started demonstrations on the use of wood scrap as a reducing
ce reductant agent in the Kethin Seisakusho plant (Oct. 2001). At the sametime,
is studying a system for recovering required volumes.
Conversion to Taiheiyo Ce- Following on from the Saitama plant, has started a study on large-
cement firing fuel | ment scale acceptance in the Tsukumi plant in Oita Prefecture (2001).
Waste asphalt | Heated asphalt Green Arm Is devel oping equipment that heats the road surface with a high-
concrete road repairer temperature heater, digs up the aggregate, and repaves on site to the
same standard as new materials. Using a patent with implementa-
tion rights bought from a Canadian company.
Others | Construction | Odessa Technos | Japan Resoil Construction sludge with high water content is granulated and
sludge recycling technol- | Association hardened to a quality suitable for civil engineering materialsin a
ogy short time, by adding the company’ s own cement-based hardener
and agitating. With an increase in member companies, the proc-
essing capability will expand to 1 million tons per year nationwide.
Mud concentration | Toda Corp. Construction sludge is concentrated to a specific gravity of 1.3 or
system more and transported for fluidization processing soil.
Plaster boards | Plaster board Severa A system for shredding plaster boards, separating paper from plas-
recycling system ter components, and re-using the plaster powder as raw material for

boards or ground improvement agents. Though mainly using waste
from new construction at present, a future issue is whether expan-
sion to demolition waste is possible.

Source: Various media, interviews
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In terms of reducing processing costs, tech-
nology for mobile equipment is now evolving.
Thiswould promote recycling on site at the same
time as reducing output by processing on site. In
the Diagate plant mentioned above, for example,
the demonstration equipment is transportable.
Attention is on the efforts of construction ma-
chinery manufacturers with respect to thisfield.

Whether waste concrete is processed on site
or transported to a plant depends on the volume
(scale) of demolition works, the duration of the
works, the distance to the processing plant, the
capability of the processing operator, and other
circumstances unigue to each individual case.
Another important factor is the state of the empty
land lot after demolition. When concrete build-
ings are demolished, the dismantling of founda-
tions creates large holes that cannot be re-filled
sufficiently with the available soil. As stated
above, this would represent the first receptor of
waste concrete, used for this purpose after being
crushed to a particle size that conforms to criteria
set by the Ministry of Land, Infrastructure and
Transport (RC30 or less). In other words, this
portion would not be included in the output vol-
ume. However, the generated waste concrete
cannot always be completely processed in this
way, particularly in the case of high-rise build-
ings, from which large quantities of waste con-
crete have to be removed from the site. As
methods of processing after output, three formats
are generally considered: (1) entrust intermediate
processing to a nearby plant, (2) transport the
waste concrete to another works site that needs it
(crushed either on site or at the destination), and
(3) process it on site and sell it as merchandise
(such as RC40 recycled basecourse materias).
While each of these has its pros and cons, if we
concentrate on the largest cost factor, i.e. the
transportation cost, and the issue of reducing the
accompanying social costs, on-site processing
could be seen as a persuasive option.**

The construction machinery industry is cur-
rently reinforcing new technical innovations and

14 Since in this case the demolition operators would them-
selves take care of intermediate processing, they would also
bear responsibility for noise pollution measures, vibration
control measures, and other considerations towards the
surrounding locality. It would therefore be important to
achieve abalance with this.

seeds in areas such as mobile crushers, with an
eye on a future expansion of recycling markets.*®
Their future moves are the subject of much at-
tention.

(2) Processing of waste construction timber

From the perspective of quality, waste construc-
tion timber is often inherently difficult to recycle
because it has been treated with preservatives,
insecticides, and so on. Therefore, as noted
above, much of it is incinerated, and future
trends are unclear. Nevertheless, various tech-
nological seeds have been presented with a view
to expanding its marketability. In addition to re-
use in laminated boards and paper-making mate-
rials, already underway for some higher-quality
timber, recently there have been new develop-
ments for use as a reducing agent, in power gen-
eration, or as cement-firing fuel, which are suited
to bulk processing. The background to this could
be said to be that, since timber is a carbon neutral
materia, it is easier to positively evauate its
thermal recycle than that of other materials.

For example, NKK, featured in Table 2-3, is
turning its attention to bulk recycling of low-
grade timber from the two perspectives of bio-
mass power generation using CFB boilers,*® and
its use as a reducing agent for blast furnaces.

CFB boilers have the advantage of being

® There has been some debate as to whether self-
propelling crusher facilities come under the definition of
industrial waste processing facilities. The conclusion is that
this is not so when they are used by general construction
and other operators. Therefore, when intermediate proces-
sors operate self-propelling crushers as their business they
need to have installation permission under the Waste Dis-
posal Law. The market for this sector is thought to mainly
involve rental and lease to general construction companies,
etc.

16 Circulating fluidized bed (CFB) boilers are a type of
fluidized bed combustion in which combustion particles are
fluidized by combustible air. In terms of the different forms
of fluidity of the combustion particles, they can be broadly
divided into stoker combustion, fluidized bed combustion,
and pulverized coa combustion. Of these, stoker combus-
tion hasits emphasis in the incineration process, as exempli-
fied by the stoker furnace used for incinerating waste. Pul-
verized coal combustion, conversely, is based in power
generation, as used in industrial therma power generation.
Fluidized bed combustion lies in between the two, and is
said to be suited to waste power generation (incineration +
power generation). In 1991, NKK entered a technical tie-up
with the German company Steinmiiller, and is now manu-
facturing and selling these boilers.
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compatible with alarge range of fuels. Aswell as
soft cod and lignite (brown coal), they can han-
dle low-grade smokeless coal, semi-smokeless
coal, biomass of various kinds (peat, bark, wood
scrap), oils, and even sludge. With assistance
from the Forestry Agency, NKK has been pur-
suing the development of an optimal recovery
and processing system for CCA timber '’ via
recycling and combustion in the Hirabayashi
district of Osaka since fiscal 2000. The company
claims to have confirmed the commercial feasi-
bility of the operation, at least in large urban
areas.

For blasting into blast furnaces, waste con-
struction timber is first roughly shredded, then
more finely shredded (to less than 10mm) and
used as a reducing agent. The company already
has a hedlthy track record with used plastic for
this purpose, following the legidation on con-
tainers, packaging, etc. For that very reason, it is
planning to introduce hybridization, with used
construction-type plastics shredded and the PVC
removed, in addition to waste construction tim-
ber. Demonstrations currently in progress take up
the issues of (1) establishing wood shredding
technology, (2) establishing hybrid granulation
technology, (3) establishing airflow transporta-
tion technology, (4) elucidating the tuyere-end
behaviour of wood, and (5) confirming the ef-
fects on blast furnace operation and the stability
of blagting. At the same time, the company is
planning to confirm problems on the quality side,
including converting CCA timber to dag and
detoxifying it, the complete decomposition of
insecticides and other substances at a high-
temperature reduced atmosphere of 2,400°C, and
So on.

Whatever the case, this is expected to open
up the way to bulk processing of low-grade tim-
ber, whose marketability has been poor until now.
However, for this technology to be utilized, the
ultimate task will be to guarantee a stable supply.
Also, in terms of marketability, we cannot ignore
the fact that waste construction timber differs
from waste concrete, in that the users of recycled
timber are not limited to the construction indus-
try but cross a broad spectrum. Mismatches in

17 CCA stands for “chrome, copper, and arsenic”, referring
to timber materias that contain preservatives, insecticides,
and other substances.

supply and demand could, therefore, easily arise
from an uneven distribution of information. If
information mediation functions can be strength-
ened with a view to solving such mismatches, as
in the case of Komatsu, effects may be expected
in terms of both expanding markets and cutting
costs.

Closely related to this guarantee of volume
is the trend towards cost shrinkage. As with
waste concrete, waste construction timber offers
only limited absorption of transportation costs,
and cost cutting is mainly a question of how far
these costs can be kept down. One approach to
this, asin the initiative by Takenaka Corp. shown
in Table 2-3, would be a scheme designed to cut
distribution costs in collaboration with alogistics
concern (mainly upper grade timber). Another,
presented by construction machinery manufac-
turers, is to avoid transportation costs by in-
creasing on-site processing (all grades), asin the
case of waste concrete. Much attention is now
focussed on what sort of schemes will be pre-
sented in future for large-scale recycling such as
biomass power generation and the use of timber
as a reductant, with a view to securing a stable
volume of waste construction timber.

(3) Initiatives by the construction industry

Efforts such as the above are backed by initia-
tives from the construction industry itself. At
present, moves in support of the recycling indus-
try are becoming more lively in terms of both
intake and outlets, centering on the leading gen-
eral construction companies (i.e. the principal
contractors). These include rigorous implemen-
tation of sorted dismantling (typified by “zero
emission” work sites) and an expansion of green
purchasing aimed at positive use of recycled
resources (Table 2-4). Since much depends on
efforts made on-site in curbing the generation
and output of construction wastes, there is con-
siderable regional disparity in the level of devel-
opment of arterial infrastructure, particularly
when it comes to medium and small sites. Con-
sequently, auniform response is difficult and the
problem cannot be solved simply by introducing
acatch-all scheme. Many companies, in fact, are
attempting initiatives on atotal corporate scale,
such as increasing the use of pre-cut timber, ar-
ranging construction materials in units, using
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blue sheets on all floors, simplifying packaging
in agreement with construction material trans-
porters, and other efforts designed to reduce
waste generation. Their concentration of efforts
in accumulating knowhow and horizontal devel-
opment aimed at efficient sorting and recycling
will surely have significant effects. Shimizu
Corp., for example, has created a system where-
by data gathered and materials prepared on con-
struction waste in individual manual work at its
2,000 sites throughout Japan to date are elec-
tronically networked and formed into databases,
which can then be uniformly managed by the
Head Office (the “Kantas’ system). As of Sep-
tember 2001 the utilization rate was 100%, and
this is also contributing to a reduction in the
waste generation base unit. Obayashi Corp.,
meanwhile, has long been promoting efforts to
reduce waste. It hasintroduced a system of “zero
emission work sites’, mainly for large-scale pro-

jects. Here, the waste generated from construc-
tion sites are completely recycled, and the com-
pany is gradually expanding the range of projects
targetted by the system. The knowhow obtained
in the process has been compiled in the form of a

“Zero Emissions Manua”, and as well as dis-
tributing this to al work sites and aiming for
horizontal development, the company says this
will also be reflected in “green procurement” in
future. Takenaka Corp., which has created the
waste timber recycling system mentioned above,
introduced a travelling recovery system for its
work sites in the Tokyo area from 2001, and is
promoting a strengthening of waste sorting in
small-scale sites where sorting had previoudy
been dow to develop due to cost factors. This
could therefore be called a good example of sys-
tem improvement through the horizontal devel-
opment of knowhow.

Table 2-4 Outline of Construction Waste Counter measures by L eading Gener ation
Construction Companies

Processing of construction waste (%) Environmental
Interme- protection costs
Re- diate Final (million yen) Main related initiatives (FY 2000)
cycling | process- | disposal | (of which, waste
ing countermeasures)
Waste concrete 82 14 o Development of a Life Cycle Cost (LCC) Simulation System
g— Waste asphalt concrete 86 1 3 17301 ® Positi\(e gcceptance of service life extension work for exist-
o ' ing buildings
b Wood scrap 20 73 7 (9.959) | o Zero emissions at construction sites
8 | Sludge 13 74 13 Component ratio | e Expansion of green procurement
Mixed waste 5 76 19 57.3%
Waste concrete 59 34 7 o Development of a concrete resource circulation system
o Development of mud (sludge) volume reduction technology
g g Weste asphalt concrete 62 35 27,409 in the mud pressurized shield construction method
= {J Wood scrap 34 43 23 (15,776) | « Development and introduction of the “Kantas” system for
Sludge 4 82 14 Component ratio | networking between all work sites nationwide
Mixed waste (controlled type) 16 77 7 57.6% | * Expansion of green procurement
. Waste concrete 93 7 o Effective use of waste construction soil viathe “Under-
§- Waste asphalt concrete % 2 23,052 gtrr?:é?i((j) r?ggitll’PUOUS Wall Method for Re-use of Waste con-
g Wood scrap 89 n (10.663) | o Recycling of glass wool (heat insulation material)
'-§ Sludge 72 28 . | Creation of a“Small Lot Sorting and Recovery System”
N Mixed waste (controlled type) % 54 Component ratio | med at sorting and recovery of mixed waste in the metro-
46.3% | politan and Kansai regions
Waste concrete 9 1 5 e Zero emissions at construction sites (4 sitesin Tokyo and
= Kansai)
ﬁ g Waste asphalt concrete % L 3 24,7651, Preparation and distribution of Zero Emissions Manual
§ IS] Wood scrap 59 28 13 (14504 |, Expansion of green procurement
s} Sludge 47 32 21 Component ratio | e« Development of a chemical ingredient database for con-
Mixed waste (controlled type) 42 10 48 58.6% | struction materials
Note:  Thelevel of processing does not permit simple comparison as each company uses different definitions, etc. Envi-

ronmental protection costs are taken from each company’ s environmental account for fiscal 2000.

Source: Prepared from each company’ s environment report
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Source: Building Contractors Society, “ Survey Report on Base Units for Construction-Type Mixed Waste”

Behind these initiatives lies the weight of
waste countermeasure costs within each com-
pany’s environmental protection costs. These
efforts are becoming more and more advanced
each year, as they are linked to the incentive of
reducing costs (for example, see the mixed con-
struction waste generation base unit survey in
Fig. 2-16). This, through reciproca effects with
the various technology seeds seen above, is ex-
pected to encourage an upgrading of construction
waste recycling projects.

24 Policy Tasks

From the angle of government policy, a response
that laterally reinforces these moves is to be de-
sired. The Green Purchasing Law and other leg-
islation enacted around the time of the Construc-
tion Materials Recycling Act has fuelled expec-
tations of a market expansion for recycled re-
sources via public works. In fact, the basic prin-
ciples of the Construction Materials Recycling
Act set out a policy whereby projects under di-
rect public control would take the initiative in
using resources recycled from specific construc-
tion materials. In these basic principles, while
economy is regarded as secondary when using

these resources in works directly in the public
domain, it is of course a basic condition that the
guality and other requirements demanded for
each usage must be taken into consideration. So
now quality control comes into question. As
mentioned briefly in the foregoing, current qual-
ity standards do not in themselves assume recy-
cled resources, and corrective measures are
needed in this respect. Under the amendment to
the Building Standards Law (Article 37-1 and 2
of that Law), the materias used in the founda-
tions, main structure, and other parts of buildings
(“designated building materials’) are to be stipu-
lated by the Minister for Land, Infrastructure and
Transport. Of these, concrete may not be used
unless it complies with J'S A5308 (Ready Mixed
Concrete). These JIS standards assume gravel
and sand to be natural resources and crushed
stone and crushed sand to be taken from natural
rock. Recycled resources are not included. When
using concrete that does not comply with JIS, the
Building Standards Law requires individua au-
thorization by the Minister. In demonstration
tests conducted so far on structural concrete us-
ing recycled resources, this individual authoriza-
tion has been obtained even though the perform-

ance satisfies the JIS standards. While these pro-
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cedures can be expected to improve with appli-
cation, if we are to positively promote the use of
recycled resources, we surely need to develop
quality standards that assume the use of recycled
materials. A maor overhaul of the JIS system is
now in progress, and, as one aspect of this, the
Ministry of Economy, Trade and Industry has
reportedly started studies on environmental JIS
that would cover the environmental sector later-
ally.’® Developments of this sort could be ex-
pected to bring improvements to such points as
well. Taking the example of waste concrete, it is
beyond doubt that marketability will be hugely
improved once quality standards have finaly
been arranged to suit the various stages (high-
level recycled aggregate for use in architectural
structures, medium-level recycled aggregate for
use in foundations and other works, and cascade
recycled aggregate for basecourse and re-fill, and
other materials) and public works procurement is
conducted positively in line with this.

More problems arise because it is not
known, until the demolition phase, to which level
the use of recycled aggregate is suited. While
technology seeds for recycling concrete and re-
using it as a structural material are how being
established, as mentioned above, not al demol-
ished structures are covered.” Since these are
buildings for use in human activity, every atten-
tion has to be paid to guaranteeing reliability.
Only aggregate that clears careful scrutiny of
saline concentration, particle size distribution of
coarse and fine aggregate, and so on, can be used
for horizontal material recycling. Test pieces
have to be sampled from the core of a building
prior to demolition, and these have to be tested in
advance for akali aggregate reaction and saine
content ratio. This determines whether or not the
aggregate can be re-used. While the quality of
this aggregate can basically be inferred, to a cer-
tain extent, from the year in which the building
was built, when actually examining a building it
is said that the quality is not necessarily better if

8 In January 2002, a Working Group was set up in the
Select Committee on Environment and Resource Recycling
in the Japanese Industrial Standards Committee.

1 At present, the aggregate recovered from buildings that
have reached demolition age is said to be superior in many
cases, mainly consisting of river gravel, but the proportion
of aggregate that can be used in architectura structures is
said to decrease as the age progresses.

the building is older. Considerable effects could
be yielded by developing databases, for example
by taking samples of aggregate whenever an
existing building undergoes renovation or similar
work and specifying the recycling level in ad-
vance. Policy initiatives are also to be expected
in this respect. For the time being, a variety of
systems (for example, concrete diagnosticians)
have been developed to meet the arrival of the
maintenance era. It would probably be effective
if the functions of gathering these kinds of qual-
ity data could be included as one aspect of this.

3. Problems Concerning Waste
Construction Soil

3.1 Problemswith Waste Construction Soil

So far, we have outlined the impact on the con-
struction recycling industry with principa focus
on materials targetted by the Construction Mate-
rials Recycling Act. Another issue to consider is
waste construction soil, which is forecast to
change dramaticaly in future. As also seen
above, waste construction soil accounts for the
greatest weight in the output of construction
wastes. As such, an increase in output is antici-
pated, with the oncoming renewal of socid infra-
structure in future (Fig. 1-16). Waste construc-
tion soil has until now been distributed as a
commodity, mainly for inland use when elevat-
ing farmland or housing land, filling valleys, and
so on. With the recent advance of information
technology, trading between construction sites
has also become more efficient, and for this and
other reasons waste construction soil is not treat-
ed as directly contentious by the Construction
Materials Recycling Act. However, with a sepa-
rately ongoing debate for legislation to cover soil
pollution countermeasures, thisis highly likely to
have a major impact on construction recycling
trends.

Specifically, there are fears that, by creating
an obligation to take measures against soil pollu-
tion, the proportion of waste construction soil
disposed of as polluted soil will increase with
advances in pollution surveysand identifica-
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tion.? Unpolluted soil will probably continue to
be processed through inland acceptance and
trading between construction sites as a nego-
tiable commodity. However, as the identification
of polluted soil advances, the fina disposal
volume from the construction industry will in-
crease, and, in the worst case, there is an undeni-
able possibility that it could cancel out the ef-
fects of reduction of final disposal volumes due
to recycling of waste concrete and other con-
struction wastes. Moreover, pollution fears could
stir up concern over the quality of al waste con-
struction soil, and this could hinder the efficien-
cy of digtribution. Waste construction soil has
the potential to indirectly exert a huge impact on
trends in the Construction Materials Recycling
Act, triggered by these problems of soil pollution.
To avoid this kind of situation, instead of trans-
porting contaminated soil to landfill sites, it
should be purified and then re-buried, or used in
other sites, and thus lead to the recycling of soil.

3.2 Characteristicsof the Environmental
Remediation I ndustry

Normally, the following points are made in con-
nection with the problem of soil pollution. (1)
The transportation, dispersion and dilution of
substances are incomparably slower than those in
the atmosphere or surface water, and, in addition
to “end-of-pipe” measures against pollution
sources, purification and stabilization processes
are required (stock-type pollution). (2) Further-
more, it takes a long time before input pollutants
become manifest as problems, and the relation-
ships of responsibility are often ambiguous in the
meantime. Also, since the soil beneath land
owned by individuals or corporations is affected,
rules to adjust complex relationships of rights
and liabilities would be needed before counter-
measures could actually be attempted. In many
western countries, in fact, attempts have been
made to address this problem with legislation for

2 |t is aready rapidly becoming the norm for owners to
carry out pollution surveys before starting new construction
works, in response to the ongoing development of frame-
works for soil pollution countermeasures by local authoriti-
es in a form that pre-empts national regulation (as seen in
the environmental guarantee ordinances issued by the To-
kyo metropolitan government). Therefore, we may see this
kind of tendency as already gaining strength.

soil protection since the 1980's. In Japan’s case,
however, countermeasures have been limited to
specific exposed channels such as groundwater
or farmland, and no legal provisions exist to cov-
er the geological environment as a whole. Con-
sequently, progress in real measures against this
problemis said to be ow. In the meantime, with
progressive changes in the industria structure
and an increasing pressure towards securitization
of real estate (mainly land that was once used by
manufacturing industries), there is now a com-
mon perception that the risk of soil pollution
forms a major obstacle to the conversion of land
use. Behind this lies the common knowledge that
legal provisions are about to be introduced for
comprehensive measures against soil pollution, a
move which has been pending for many years.

As to the industry responsible for soil pol-
lution countermeasures (which we will call “the
environmental remediation industry”), severa
calculations have already been made on the scale
of the latent market that is predicted to surface as
legidlation for soil pollution countermeasures
takes shape. In every case, they indicate a colos-
sal market scale®* Corporate activity in this sec-
tor started in earnest in the second half of the
1980’s. The main protagonists were large corpo-
rations with main business interests in areas such
as construction, engineering manufacturing, and
non-ferrous meta refining. These were mainly
companies with financial and technical strength.
They started by introducing technology from
pioneering companies in western countries, but
their technical level is sad to have aready
reached that of the west in just over 10 years
since then.

On the other hand, the environmental reme-
diation market that provides a stage for corporate
activities is of a specia type that does not easily
permit comparison. Since there are no legal pro-

2L For a hypothesis on the profile and market scale of the
environmental remediation industry, see Takegahara (1999).
It should be borne in mind that this type of calculation has
its limitations. For example, (1) caculations are based on
the present form of land use, therefore land owned by in-
dustries without risk of soil pollution (e.g. the service in-
dustry) is not considered and the calculation errs on the
conservative side. Or (2) the estimates are too high as they
assume processing costs under the current circumstances of
incomplete competition. Nevertheless, we feel that they are
significant in estimating magnitude.
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visions, the mgjority of soil pollution counter-
measures to date have been implemented inde-
pendently by large corporations pressed by ne-
cessity. Despite their “independent” nature, once
pollution comes to light there is a great risk that
a company will be exposed to harsh social criti-
cism and its corporate image impaired, as many
past examples show. Therefore, information on
soil pollution countermeasures is rigorousy
controlled, and renewal contracts have become
centred on cross trading. These market charac-
teristics have aso affected the format of envi-
ronmental remediation companies. In order to
win the reliance of orderers concerned about
information management, the full-line format
(one-stop shop) has become the norm, creating a
system of technology whereby one company can
handle all kinds of pollution. Since the technolo-
gy involved in environmental remediation
crosses a broad spectrum, covering al of it im-
poses a huge burden on companies. So far, the
environmental remediation market in Japan has
had low potential for advance comparison from
the user's point of view. From the provider's
point of view, meanwhile, it entails a high bur-
den of research and development, etc., compared
to the relatively small absolute number of cases.
This can therefore be described as a special do-
main.

3.3 ChangesduetotheIntroduction of
Legidation

The introduction of legal provisions for measures
against soil pollution will bring major changes to
these characteristics. In reality, we still await
detailed system design and operational trends.?
Nevertheless, as a generd trend, it is thought that
demand will increase due to the obligation for
soil pollution surveys and purification and the
introduction of inventory management for pol-
luted land by local authorities and others. Due to
the reduced anonymity of information, mean-
while, competitive principles will become more
mobile and downward pressure on prices will

2 For the state of studies at present, see “Directions for a
System of Soil Environment Protection Measures (Interim
Report)” (September 2001) by the Study Group on Direc-
tions for a System of Soil Environment Protection Measures,
Ministry of the Environment.

start to mount.

Increased demand involves the dual aspects
of expansion of the client base and increased
processing volume via substitution for final dis-
posal. Since surveys and purification measures
have been made obligatory under certain condi-
tions, the client base is expected to expand vastly,
for a number of reasons. For example, (1) im-
plementing bodies will expand from the inde-
pendent action taken by large corporations to a
broader range including core companies and
small and medium enterprises, while at the same
time (2) the range of interested parties (other
than those under legal obligation to purify)
pressed by the need to evaluate the risk of soil
pollution will also increase greatly. In one sense,
the survey and evaluation process is expected to
greatly enlarge the broad base, mainly concern-
ing the needs of companies that have not paid
great attention to this problem in the past, the
real estate valuation industry and financial insti-
tutions that have conventionally evaluated real
estate values without attention to the risk of soil
pollution, and others.?

Substitution for final disposal means that the
relative precedence of remediation processes
over final disposal will increase because, even if
attempting to transport contaminated soil off site
for landfill, acceptance destinations will become
even more difficult to secure and disposal costs
will rise even higher. These, in turn, are because
the absolute volume of polluted earth will in-
crease while no improvement can be foreseen in
the tight situation of landfill sites.

The expanding demand for remediation is
expected, in one sense, to increase the need for
purification (re-filling, transportation and re-use
after purification) on-site not accompanied by
transportation costs. However, on-site processing
involves many elements of uncertainty, such as
the congtraints on land use if the construction
period becomes protracted, problems of purified
soil for outward transportation (i.e. whether or
not an acceptance destination can be found,
transportation costs), and so on. Therefore, com-

3 Efforts to promote the upgrading of due diligence serv-
ices (such as quantified evaluation of soil pollution risks) in
response to this demand include the Land Solution company
established with capital from Kurita Water Industries Ltd.,
DowaMining Co., Ltd., and others.
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petition to develop technology for reducing costs
and shortening construction periods  will
probably progress in future. Various new
methods have been proposed by renewal compa-
nies in this respect. In particular, the mobile
mixers introduced by construction machinery
manufacturers for soil improvement are receiv-
ing attention as tools that go beyond their ini-
tially assumed purpose and can be used effi-
ciently against contaminated soil on ste (i.e.
mixing of chemical agents). Instances of tech-
nology exchange and fusion with the construc-
tion recycling sector have been seen (for exam-
ple, improved mixing levels in response to re-
quests from remediation companies), and further
advances are expected. In the offsite processing
sector (i.e. processing after transportation to
dedicated plants), meanwhile, companies that
can use existing equipment and knowhow,
mainly in non-ferrous metal refining, and can
absorb purified soil on their own premises have
aways had a competitive advantage. Depending
on the region, these are expected to absorb a
considerable part of the substitution for final
disposal. The prablem with offsite processing is
its trangportation costs. It is hoped that a more
efficient system will be presented in future, for
example through tie-ups with logistics concerns,
as seen in construction recycling.

Whatever the case, the environmenta reme-
diation industry following the introduction of
legal provisions will face a harsh business envi-
ronment in which, while the demand volume
expands, greater cost effectiveness will be de-
manded than in the past. Given this business en-

vironment, the full-line business model, in which
even processing technology bearing little relation
to the company’s own competence must be fully
internalized, would be difficult to maintain in
terms of cost competitiveness. In future, one
would expect to see more tie-ups between reme-
diation companies that are capable of comple-
menting each other.

Many of the protagonists in this remediation
business, most notably general construction
companies, are the same as those involved in
construction recycling. In this sense, the envi-
ronmental remediation business could be seen as
an important element of construction recyclingin
the broad sense, and positive efforts to this end
are expected from all companies.

In terms of policy, aswas also mentioned in
the report by the Ministry of the Environment’s
Study Group, support measures will need to be
developed and enhanced in line with changes
accompanying the introduction of regulations.
This could include granting financial incentives
to companies newly burdened with legal obliga-
tions. If, for example, a tax alowance system
could be introduced not only for small and medi-
um enterprises that are barely able to accept new
financial burdens but also for large corporations,
it could have the effect of guaranteeing the effi-
cacy of construction recycling through the
stimulation of the environmental remediation
business. Meanwhile, action on quality control is
also to be desired, enabling soil that has been
purified — whether on or off site —to be distribut-
ed in the same way as unpolluted excavated
earth.
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11 Developments Aimed at
Prolonging Service Life

Japan is now approaching a period of renewal of
buildings and socia infrastructure that were de-
veloped in the era of rapid growth, and there are
fears of an unprecedented expansion of construc-
tion waste accompanying this. As aresult, Japan
has created a system of construction recycling
ahead of other countries. In future, to achieve
further progress in technical development aimed
at efficient recycling as we have seen until now,
backing from government policy will surely be-
come even more important to efficiently pro-
moting urban renewal projects. At the same time,
slowing the pace at which existing buildings and
structures reach their demolition phase is an
equally important task. In this sense, efforts
aimed at prolonging service life, an issue of in-
creasing concern today, could be seen as having
a magjor influence on our prediction of future
devel opments involving construction waste.

1. MovestoProlong ServicelLife

Now that the perspective of life cycle assessment
(LCA) has become commonplace, there is a
widening perception that conventional construc-
tion works, featuring repeated cycles of scrap-
and-build over short periods, are not good for the
environment. This, together with other back-
ground factors such as the current deterioration
of fiscal finances, has brought the issue of pro-
longing the service life of buildings and structur-
es to the fore as a major social requirement re-
cently.

Prolonging the service life of buildings and
structures means shortening the gap between the
service life naturaly expected of these in terms
of their dtructure (the expected value) and the
actual service life. For new construction works it
is thought to be achieved by introducing new
technology to guarantee service life over the long
term, and for existing buildings by applying ap-
propriate maintenance and thus extending the
usable time span as far as possible. Although the
importance of prolonging service life had previ-
ously been pointed out, it has been slow to mate-
rialize in Japan compared to western countries,
and has now been highlighted as a problem.

Factors governing this prolongation are said
to be broadly divisible into two types, namely
those of installation and maintenance, i.e. tech-
nology, and those not faling under this descrip-
tion.?* In other words, to consider the reasons for
the tardiness in this area, we may first divide
them into inadequacy of technica capabilities
and the impact of other factors. A variety of
factors have been pointed out as not falling under
the description of technology. For example, the
fact that the emphasis is on land and that the
value of buildings has been underestimated, a
mentality derived from climate and customary
usage, the sovereignty of personal ownership
rights, or the fact that scenery and urban land-
scapes are not regarded as socia assets, and so
on. However, the biggest of al is probably the
fact that obsolescence in terms of functions has
advanced more quickly than anticipated. The
environment surrounding buildings and struc-
tures is gradually changing, as witnessed by the
advance of population aging, the strengthening
of disaster prevention or energy saving policies,
and so on. Often, the requirements accompany-
ing this are dso changing greatly. In particular,
there must be some requirements associated with
environmental changes that were not even
imagined when these buildings were first con-
structed. Recently, it has been said that the ad-
vance of the IT revolution (for example, ade-
guate floor height for LAN wiring) has caused a
rapid obsolescence of the functions of existing
buildings and structures.

As for technology aimed at prolonging
service life, various seeds are aready at the
commercia stage. These include some that may
be expected to have a major effect on the entire
problem of cities and the environment, such as
preventing heat idands and improving scenery
through rooftop garden technology. The way in
which these are diffused in future holds the po-
tentia to greatly further the service life extension
of buildings and structures in Japan. Meanwhile,
sure progress is being made in developing servi-
ce systems to link these technologies to actua
needs, as in the establishment of special units in
response to the renewal market in general con-
struction companies and many other firms.

2 See Hayashi (2001) and others (References).
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Viewed in these terms, the problems of pro-
longed service life in Japan may be sought ex-
clusively in elements other than technology.

2. Changesin the Economic Climate and the
Development of Policies

As mentioned above, elements other than tech-
nology are many and various. While no measures
could possibly embrace them all, policies des-
igned to remove obstacles are now being devel-
oped. One isolated example could be trends in
the housing market. The Action Plan for Im-
proving the Housing Market, drawn up by the
Ministry of Land, Infrastructure and Transport in
August 2001, cites the development of a trading

market for second-hand housing as a priority task.

This reveals that the focus of housing policy is
shifting from the stimulation of demand for new
construction to expansion of the second-hand
market. The scale of the second-hand housing
market in Japan is tiny compared to those in the
west. It is said that a lot of second-hand housing
is demolished, regardiess of its structura life
cycle, when no buyer can be found. The Action
Plan indicates a trend towards promoting the
creation of schemes that aim to solve asymmetry
of information, which hinders trading in second-
hand housing, by introducing systems of perfor-
mance indicators and price appraisal for second-
hand housing. On the private-sector side, mean-
while, the supply of low-cost home improvement
services is increasing in response to these trends.
In the housing market, in which housing is often
thought to lose its value after around 15 years, it
has been pointed out that many issues, such as
taxation, remain to be addressed before the sec-
ond-hand market can be activated. Nevertheless,
with the focus of policy shifting from flow to
stock, this is also expected to have an effect on
prolonging average life cycles in the housing
sector in future, hand in hand with demands for
suitable burdens of demolition costs under the
Construction Materials Recycling Act.

Similarly, the development of a basis for
identifying the characteristics of existing stock
and maintaining it appropriately is being pro-
moted (for example, the issue of Standard Speci-
fications for Concrete Structure Maintenance
Work by the Japan Society of Civil Engineers, or

the creation of “concrete diagnogticians’, a sys-
tem of qualifications for diagnosis and mainte-
nance of concrete structures by the Japan Con-
crete Institute). This is also expected to contrib-
ute to the removal of obstacles other than techni-
cal dements with a view to prolonging service
life in future. On the obsolescence of functions,
thought to be the biggest problem of all, mean-
while, many companies that supply technology
for prolonging service life not only offer life
extension works for building frames, but are aso
turning to the provision of comprehensive engi-
neering services as well. Thus, with the increas-
ing sophistication of these services, suitable sec-
tions that can be corrected through appropriate
renovation work are expected to be covered. In
terms of the relationship with construction recy-
cling, if the process of reinforcing maintenance
of exigting stock could lead to a system for man-
aging their characteristics in the form of a data-
base, it would also contribute to an understand-
ing of the long-term output volume of recycled
materials a al levels, from re-use in architec-
tural structures to use in basecourse materials. It
should also provide an opportunity for further
increasing the efficiency of recycling systems.

3. Conclusion

As moves become more lively in search of a new
urban image for the next generation in Japan, as
exemplified by urban renewd projects, this sur-
vey has attempted to approach the problem of
urban reconstruction from the perspective of
resource recycling. Both buildings and social
infrastructure stock are approaching the renewal
phase for stock that was accumulated rapidly up
to thefirst half of the 1970's. If renewal prceeds

to the optimal state of inventory-taking with a
view to building a new urban image, there is an
undeniable possibility that the output of con-
struction waste will increaseata pace not ex-

perienced before. Therefore, a response from
both the policy side and industry is important in
order to prevent this problem from becoming a
bottleneck for urban renewal. As aready seen,
Japan has congtructed a new framework for con-
struction recycling in advance of other countries,
while a succession of various technological seeds
and business models are being created by indus-
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try in line with this. Among others, system im-
provements are expected to develop at various
levels in future to ensure that these efforts by
public and private sectors yield reciprocal ef-
fects.

An example of this is the achievement of
consistency between the problem of quality con-
trol, whereon hangs the expansion of mar-
ketability for recycled materials, and that of soil
pollution, now subject to ongoing debate.

While measures for recycling are promoted,
various public and private sector initiatives
aimed at prolonging service life lead to expecta-
tions that the scenario of rapid increase of con-
struction waste can be eased somewhat, and fu-
ture progressis to be expected in this respect. As
an exercise, Fig. 3-1 shows what would happen
if the demolition probability rate were changed
from building starts in fiscal 2000 (i.e. the peak

years for generation of waste were extended),
based on the assumption that the conditions for
calculation in 1 above are changed and progress
is seen in prolonging the service life of buildings
and structures. It is to be hoped that this prolon-
gation of service life, together with the develop-
ment of recycling infrastructure, will serve to
prevent the problem of resources recycling from
creating bottlenecks in urban renewal.

Now, a policy framework to regulate future
trends is being developed. The Construction
Materials Recycling Act has become law, and
studies on legal provisions for soil protection are
in progress. It could be seen as desirable that a
consistent policy framework should be created
and developed, partly with aview to utilizing the
various technological innovations of the private
sector that are being developed on the above
basis.
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Fig. 3-1 Reduced Generation of by-Products (excluding waste construction soil)
through Extension of ServicelLife
Note:  Calculations assume that the “no change in demolition probability rate’ assumed in 1 aboveis changed, steps are

taken to prolong the service life of buildings and structures, the demolition probability rate is amended from
building startsin fiscal 2000, and the peak waste years are extended for timber buildings (from 33 to 40 years),
non-timber buildings (from 40 to 50 years), and public and private sector civil engineering works (10 years added

to the estimated service life in each case).
Source: DBJ calculations
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