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Preface

The conservation of energy is an essential step we can all take towards overcoming
the mounting problems of the worldwide energy crisis and environmental degradation.
In particular. developing countries are interested to increase their awareness on the
inefficient power generation and energy usage in their countries. However, usually only
limited information sources on the rational use of energy are available.

The know-how on modem energy saving and conservation technologies should,
therafore. be disseminated to governments and industrial managers, as well as to
engineers and operators at the plant level in developing countries. It is particularly
important that they acquire practical knowledge of the currently available energy
conservation technologies and technigues.

In December 1983, UNIDO organized a Regional Meeting on Energy Consumption
as well as an Expert Group Meeting on Energy Conservation in small- and medium-
scale industries for Asian countries. During these meetings, it was brought out that, for
some energy intensive industries, savings up to 10% could be achieved through basic
housekeeping improvements, such as auditing and energy management.

The rational use of energy calls for a broad application of energy conservation
technologies in the various industrial sectors where energy is wasted. One of these
energy intensive industrial sectors to be considered to improve efticiency through the
introduction of modem energy conservation technologies is the textile industry.

In the textile industry, appreciable amounts of encrgy could be saved or conserved by
regulating the temperature in the steam pipes, adjusting the air/fuel ratio in the boilers,
and installing heat exchangers using warm waste water.

Currently, UNIDO, with the financial support of the Japanese Government, is
carrying out a regional programme on the promotion and application of energy saving
technologies in sclected Asian developing countries. This programme aims at adopting
these innovative energy conservation technologics, developed in Japan, to the conditions
of developing countries.

In this programme, we are considering that the transter of these technologies could
he achieved through:

(1) Conducting surveys of encrgy usage and efficiency at the plant level;

(i) Preparing manuals on energy managemen: and encrgy conservation/saving
technologies, based on the findings of the above survey:




(iii) Presenting and discussing the manuals at seminars held for govemnment officials.
representatives of industries. plant managers and engineers;

(iv) Disseminating the manuals to other developing countries for their proper utilization
and application by the industrial sector.

The experience obtained through this programme will be applied to other
programmes/projects which involve oiher industrial sectors as well as other developing
countries and regions.

UNIDO has started this programme with the project US/RAS/O/075 — Ratonal
Use of Energy Resources in Steel and Textile Industrs 0 Malaysia and Indonesia.

The present Handy Manual on Teatile Industry was prepared by UNIDO. with the
cooperation of experts from the Energy Conservation Center tECC) of Japan. on energy
saving technologies in the framework of the above mentioned UNIDO project. It is
based on the results of the surveyvs carried out. the plant observations and the
recommendations and suggestions emanating from the Seminars on Encrgy
Conservation in the Steel and Textile Industries. held under the same project m January
1992 in Jakana, Indonesia. and Kualt Lumpur, Malavsia. The manuai will not only he
interesting for government and representatives from industry, but it is, in particular,
designed for plant-leve! engineers and operators in developing countries as a help to
improve energy efficicncy in the production process.

Appreciation is expressed for the valuable contribution made by the tollowing
institutions to the successful preparation and publication of the manual n.entioned above:

Ministny of Mines and Energy. Indonesia

Ministry of Encrgy. Telecommunications and Posts, Malaysia

Ministry of Intermational Trade and Industry (MITH. Japan

The Encrgy Conservation Center (ECC). Japan

June 1992
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1. Characteristics of the Manual

In order to promote energy conservation in the textile industry., this manual analyzes
in detail the actual conditions of energy consumption in each field. Thus, it has been
compiled to serve as reference material for the practical application of these techniques
which are always kept available for the engineers. A step-by-step description is included
as to how to implement the energy conservation measures, specitically in the area of the
dveing and finishing process, where many small- to medium-sized companies are
operating. We strongly hope that this manual will be used as a guide to promote energy

consenvation in the textile industry and to rationalize the management.

2. Characteristics of Energy Consumption

2.1 Types of energy used in the textile industry

In general, energy in the textile industry is mostly used in the forms of: electricity, as
a common power source for machinery. cooling and temperature control systems,
lighting. office equipment. etc.: oil as a fuel for boilers which generate steam; liquified
petroleum gas: coal: and city gas. Table | compares the cnergy consumption shares of
various specialized technical fields and it can be seen that energy consumption is
relatively high in the fields of dyeing and finishing, fiber production, spinning, weaving
and clothing manufacturing. Table 2 summarizes recent trends in the use of various
energy sources in the fiber production and dyeing and finishing divisions of the textile

industry. where the energy consumption ratio is relatively high.




Table 1 Energy Consumption Share of Each Specialized Technical
Field in the Japanaese Textile industry
_._ Unit: million Yen

'. Specialized Technical Field Fuel Electricity Total Share
! Fiber production 32351 21.498 54.049 21.0%
! Spinning 3.0 14.262 47480 i34
" Twisting 219 1.660 1.879 0.7
Textured-varn production 120 1.543 1.662 06
Weaving 1467 24848 29315 114
Knitting 1.059 11.709 15,858 6.1
Dyeing 37.661 RA12 66.073 250
Clothing manutactunng 8.240 15420 23.660 02
Others 5959 12.000 ) 17.959 70
. Total S geson 161442 257942 G000

Note: Calculated from the Tabulated industrial Statistics tIndustry Volume)

Table 2 Types of Energy Sources Used in the Textile Industry
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Note:  Calculated from the Annual Report on Textile Staustics. Dveing represents the dyeing process
including finshing, for hoth woven and knitted matenials,

2.2 Production process and energy use for each specialized technical
field

The major operations and sources of energy use involved in the production process
of cach specialized technical ficld. as a necessary component of the overall production of

apparel goods, as illustrated in Figure 31. are schematically summarized as follows:
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2.2.1 Fiber production

Acetste

Figure 1 Examples of Production Processes and Energy Use for Major Fiber
Types
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Figure 2 Example of Typical Spinning Processes and Energy Use
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Figure 4 Textured-yarn Production Process and Energy Use
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2.2.6 Knitting
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Figure 6 Knitting Processes and Energy Use

2.2.7 Dyeing and finishing
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Figure 7 Fiber and Yarn Dyeing Processes and Energy Use
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Figure 8 Typical Dyeing Processes and Energy Use for Woolen Fabric
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Figure 9 Typical Dyeing Processes and Energy Use for Cotton Fabric
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Figure 12 Dyeing Processes and Energy Use for Nylon Tricot

2.2.8 Clothing manufacturing

L
lighetinin]

g€ —»

ES —

Figure 13 Sewing Processes and Energy Use




3. Promotion of Energy Conservation Technologies

While the significance of energy conservation awareness is relatively easily

understood at home. when a program is introduced into a factory to promote it. its

thorough implementation tends to be delayed at an early stage. Therefore. for its actual

course of implementation. it is desired to devise company -wide coordinated measures

similar to QC activities at factories. Also, in order to promote energy saving measures

efficiently. it is found to be effective to scparately consider general management

techniques for “rational use of energy™ and process-specific techniques to be developed

in ¢ach specialized technical field.

3.1 Energy conservation management technologies

3.11

Organizational rationalization

Since energy management is relevant to a wide range of depantments within a

company. it is necessary 1o enhance the awareness. improve the knowledge and

obtain the participation and cooperation of everybody involved in the production

process. Therefore. while it is necessary for engineens and technicians with specialized

technical krowledge to »lay a central role in energy conservation efforts. the

implementation of an energy conservaticn program itself should not be left to a

handful of specialists or specialized sections. Rather, it is desirable to address the tash

company-wide, for example by setting up an “Encrgy Management Committee”.

3.1.2
(1

Improving efficiency of electricity use

Lighting

Duc 1o its nature of operations, the share of lighting in clectricity use is relatively
high. After the switch from wngsten bulbs to fluorescent lamps achieved
considerable electricity savings, clectncity-saving fluorescent lamps have been
developed and marketed for further improvements. including those capable of
reducing <lectricity use by several pencent for the same level of illumination.

In general, the effectiveness of illumination is influenced by various factors, such
as the intensity of light source, the reflection coefficient and shape of the
reflective fitting (lamp shade). the layout of the room to he illuminated, intenor

finish. color and the distance from the light source. Therefore, it 1s important to
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re-examine whether the light source is utilized in the most efficient way and take

clectrcity saving measures, if necessary, such as reducing the number of lamps
in use by switching from global lighting to local lighting as much as possible.
Electric motor

The textile indusiry uses a vast number of relatively small electric motors.
Notably. while a conventional machine was driven by a single motor with the
generated mechanical power transmitted to vanous parts of the machine in a
collective manner, many modem machines utilize multipie motors with a control
board controlling the movement of each motor. which is directly coupled to a
muchine pant to dnive it independently from others. This is also a rationalized
feature in terms of energy saving. However, regarding the selection of each
motor. emphasis has been placed on mechanical performance, resulting in a
motor with an excessive capacity. This leaves considerable room for re-
c¢xamination from a encrgy conservation point of view.

Flectric heating

In the textile industry, electric heating has largely been replaced by other methods
(steam, gas heating, or direct or indirect fired heating) for some time in order to
achieve cost reductions. However. since electric heating only requires a small
initial investment as a result of convenience and simplicity in equipment
construction. it is still used for small capacity local heating purposes. Therefore,
it 1v desirable 1o conduct a comparative investigation into altenative heating
methods. such as far-infrared radiation heating, high frequency dielectric heating

and microwave heating.

Improvements in efficient fuel use

Selection of fuel

Axs i described before, fuels utilized in the textile industry have already gone
through a switch-over from coal to oil. More recently, efficient encrgy use is
under investigation, including the revival of coal on the way 1o a further inove
from oil to liquefied and city gases, while reflecting various fuel prices. In
selecting fuels, those with good fluc gas characteristics in addition to high
calorific value and case of combustion are desired, so that air pollution can be

prevented as much as possible.

I}




(2) Selection of boiler

By and large, boilers used in the Japanese textile industry have experienced a
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th

@

change from Lancastrian- or Scotch-type tubular or smoke tube to water-tube
boilers (natural circulation and forced circulation water-tube boilers and once-
through boilers). As a reselt. boiler efficiency has improved from the
conventional 60's to TU's of ™ .contage points to as high as the 90's. Since high
performance boilers are prowe to a rapid growth of scales inside their water
tubes, feed water managemcnt becomes impontant. Furthermore, these boilers
have :mall amounts of retained water and high evaporation speeds so that many
aspects of their operation are awtomated, including feed water and combustion

management.

Improvement in efficient use of steam

Piping

The noted feature of steam use in the textile industry is that the amount of steam
involved is not so large bui the locations where steam is required are widespread
so that steam losses due to heat radiation from stcam transportation pipes and
pressure drops are considerable.

Thercfore, for steam transportation over fong distances, high pressure and smail-
diameter rather than low pressure and large-diameter piping is desired. with
pressure reducing valves placed as necessary to regulate the steam pressure at the
paint of use, thereby curbing heat losses. Also. as pressure losses around bends
are great, it is desirabie to make their radii large. In order to prevent steam Icaks
from joints due to the thermal expansion of the pipe. expansion joints should be
placed where required. Furthermore, in order to maintain the temperature inside
the vaive, tank and treatment tank as well as the piping, it is necessary to install
them heat-insulated. using appropriate heat insulating materials, so as to
efficiently use steam while preventing heat losses.

Steam accumulators

Since live steam is often used in dyeing factories, fluctuations in stcam use
during working hours are large. On the other hand, since high performance
water tube hoilers and once-through boilers are designed such that water retained
inside the hoiler is very little, the boiler cannot react to momentary and sudden
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load changes. while responding to automatically controlled slow load changes is

not a problem. In such a case. a steam accumulator can be installed midway
through the heat transporting pipe. between the boiler and the heat consuming
load. in order 1o store excess steam when the load is light by transforming it to
heated water. This then transforms the heated water back to steam when the load
is heavy in order to reinforce supply to the load. This allows the boiler to
continuously operate with the average load and is quite advantageous in view of
energy saving.
(3 Recycling of drain

So far. after its heat energy is consumed. steam has been drained off. However,
in view of energy saving. it is necessary to collect and recycle the heat energy

carried by the drain water.

1.5 Utilization of heat exchanger

In each production process of the textile industry, the heating and cooling of gases and
liquids as media of heat are frequently required. This is done through heat exchange
hetween ditferent fluids. and in order to avoid contamination or chemical reaction due
to their direct contact. heat exchangers are used to carry out indirect heating and

cooling. 1t is important 1o usc the right heat exchanger for the intended purpose.

3.1.6  Measuring instruments and automatic control

Encrgy saving is an operation to grasp the actual situation of energy use in a factory
precisely and quantitatively and to carry out improvement measures in order to
rationalize and cconomize on it. While measuring instruments are needed to obtain
quantitative data, it will become more and more important to investigate the use of
sophisticated measuring instruments based on recent developments in mechanical and

electronic engineering. combined with automatic control systems.

3.2 Energy use and rational use of energy in process-specific

technologies
Progress in production rationalization is achieved through the implementation of 4

comprehensive set of measures, including encrgy conservation technologies as the




centerpiece measure, along with time management. labor saving. natural resources

saving and space saving. It has been frequently pointed out that. aleng with management
4 pa 2 q ¥ po 2 4

techniques described earlier. the improvement and development of process-specific

techniques on energy conservation greatly contribute to the rationalization of production.

Here, process-specific techniques relating to energy saving ae summarized for each

specialized technical field.

321

Fiber production

Exhibiting relatively large-scale structural forms in the textile industry, this division

has already reached a high level of production rationalization. as seen from Figure 24:

as is well known. it is technologically aiming at diversification into such high value-

added goods as super extra-fine fiber and inorganic turctional fiber. commonly

referred to as shingosen. In particular. the following techniques relate 10 energy

saving:

() Raw material production precess

Implementation of energy saving through improvements in the process and

reaction conditions

(2) Polymerization process

Reduction in polymerization time by mears of high cfficiency catalysts,

polymenization methods, etc.

(3) Spinning process

4

Promotion of energy saving through combining the POY (Pre-oriented Yam:
Yarn with some stability with its molecules partially having gone through
oricntation) and DTY (Draw Textured Yamn: false twisted yarn produced
while drawing POY yarn) methods and an expanded use in multi-folded
spinning yarn.

Newly built factories

The factories built during the high growth period have large margins and
allowances for production increase so that high losses would result if production

decreased. Thercfore, suitably sized factories should be construcied.




3.2.2 Spinning
Regarding technological trends in spinning, moves towards high speed and large

package size have been investigated in order to achieve labor saving through as much
automation as possible. As a result, energy consumption has been gradually
increasing, as shown in Figure 24. However, in view of price competition with
overseas companies, further labor saving as well as energy saving is desired.

Table 3 compares a modem and a traditional factory in terms of electricity
consumption for each plant/operation.

Table 3 Electricity Consumption per 1900 Spindiles for Each Plant/Process

—

... Factory  __ ModemFactory _ Traditional Factory |
| Elecuricity Consumption____KWh/1000 spindles | % __KWh/1000 spindles | %
Spin- _Mixing/Opening 167 | 75 22| 60
ning  Carding 17.7 T g0 49 10
plant Combing 109 T so 22 1 30
_Drawing/Roving 91 ' 40 28 40 |
Ring Spinning 661 ! 300 345 480
Finishing ' 147 | 65 17 60 |
Subtotal ) 1352 T 610 . 533 740 |
| Airconditioning plant | 859 | 390 181 | 20
__ Total | 21 "00 | 7119 |10 |

(Mikio Uno: Textile Engineering Vol.28 No.5 (1975))

Namely, it can be seen that a modem factory as a means of achieving production
rationalization requires approximately three time as much electricity as a traditional
one, with electricity consumption particularly increasing in the air-conditioning plant.
In terms of processing operations, fine spinning, as the main operation of the
spinning process, consumes a large amount of electricity. Thus, energy saving
measures are required in these fields.
(1) Ring spinning operation
For the fine spinning operation, electricity is consumed in driving the spindles,
packaging. spinning, drafting, and operacing the lifting and cleaning
mechanisms. It is desired to curb the increase of electricity consumption as
much as possible by setting an optimal condition for each of these
electricity usages.
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(2) Air-conditioning
Although as an ideal working environment a room temperature less than 30°C is
desirable, in cases where the working environment has been drastically
improved in most other aspects with work load also reduced, a slightly increased
room temperature may be permitted. As has been reported, there was a case
where raising the regulated temperature from 30°C to 32 °C resulted in a
reduction in the electric power demand of a carrier with a contract demand of
some 8,000 kW by 190 kW. Also, there are many instances of seasonal
switch-over from a damper to a puiley as a means of readjusting the blown air
volume: this is in order to recycle the air sucked from the processing machine
for each operation through a filter back to the same room, and it is therefore

necessary to recheck the locations of fans for suction and retumning.

323 Textured-yarn production
While synthetic-fiber textured-vam is mostly produced with false twisting machines,
its history of rationalization is characterized by challenges for high speed operation.
As their operating speeds increased. dnving and heat-curing motors and and other
peripheral equipment became larger, accompanied by an inevitable increase in
electnicity consumption. Although this may be acceptable as long as the production
improvement resulting from a high speed operation covers the increase in electricity
costs, reductions in energy cost would surface as an avoidable urgent task, should a
sharp increase in electricity charge occur. It can reasonably be said that the major form
of energy consumed in the production of synthetic tinished-yam is electricity (Kef
Figure 26}. Although the amount of electricity consumed in each piece of equipment
varies with factory scale and the type of false twist machine, and therefore cannot be
treated in a standardized manner, generally accepted average values may be taken as
3.5 kWh/kg for a single heater system and 5.0 kWh/kg for a double heater system—
as one report suggests. Of all the energy consumed in finished-yam production, 70%
is accounted for by false twist machines. Table 4 shows a breakdown of this energy

consumption:
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Table 4 Example of False Twisting Machine and Electricity Consumption (kWh)

e T e e ———— e ——

| Processing Machine __Single Heater (192 spindles) ___Double Heater (216 spindics)

| Equpmen _ Capacy _ _ Uilized Capacity | _Utilized
I Main motor 150 80 13.5 | 95 t
' Exhaust gas motor 15 1.0 22 { 1.5
" Yarn sucking motor 22 L5 — ! —
! No.1 heater 320 16.0 15.0 ! 15
! No.2 heater — — 11.0 J_ 60
i Total 507 25 %1 | 245

32

(Edited by JTCC: Energy Conservation Technigues in Textile Indusiry. p.68. 1981)

Ay is seen trom Table 4. 604 of all energy consumption by a false twist machine
occuns in the heater. Therefore, improvements in the heat insulation of the heater
and the lowering of heater temperature may be considered as cnergy saving
measures. Since the latter has implications in the charactenistics of the finished-vam,
whether or not it is adopted should be examined on such occasions as in the
development of a new product.

Since air-conditioning plants are designed based on the conditions applicable at the
time of installation, it is desirable that they be re-examined against the present

conditions.

.4 Weaving

As iy shown in Figure 24, rationalization in fabric production is such that while
various improvements in machinery aimed at high speed operation and labor saving
have been carried out. the amount of energy use per unit of the product has graduaily
increased. Regarding loom design, high productivity shuttieless looms such as water
jet, rapicr and gripper types have successfully been introduced, with air jet models put
in practice in the production area of industrial fabric material. The amount of encrgy
consumed by each loom during its weaving operation can be estimated from the
motor capacity and weaving speed.

Conventional shuttle looms are based on the weft-insertion method, incorporating a
shuttle zooming to and fro with a large inertia mass (approx. 400) and mounted with
extra weft, and they also use energy consuming pirns as an integral part of the
machine. For this reason, the shuttleless looms’ contribution 1o energy saving cunnot
be regarded as too high.
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On the other hand. as a large amount of energy is consumed in sizing. as one of the
preparatory operations for weaving. the introduction of foam and solvent sizing
operations are being investigated. Furthermore. long fiber fabrics using
nonsizing filaments have been developed. eliminaung the sizing process altogether.
In a reported example. the introduction of a new heat exchanger into a sizing
machine with a very poor sealing capability achieved more than 30% of energy

saving.

325 Kbnitting
As is shown in Table 13, the share of energy cost in the total cost of production is not
necessarily high for the knitting process. However, of the main production facilities
for this process. knitting machines have also been undergoing a shitt towards high
speed and large capacity and fine gauge features; the current industry trend is for high
added-value goods and multi-line. small-volume production based on advanced
systems such as computer-controlled pattern making mechanisms. Therefore, a
potential tendency for inc cased energy consumption shouid be taken into account. As
a result, it is desirable to conduct a comprehensive re-examination of the
production schedule along with the implementation of actual energy
conservation measures in order to reduce or restrain the share of energy cost in

the total production cost.

3.2.6 Dyeing and finishing

It is very important to advance energy conservation in the dyeing and finishing
field, which has a high energy consumption share in terms of both the amounts of
money and energy uscd. as shown in Tabie | and Figure 24.

As is illustrated in Figures 7 to 12, the dyeing and finishing process consists of many
interwoven unit operations, and it is well known that the process gener»lly goes
through repeated wet and dry operations. The heat balance of a unit operation can
mainly be considered as the difference between the total supplied heat on the one hand
and the sum of the heat required by the system and various forms of heat losses on
the other. Figure 14 graphically summarizes the major factors in a thorough
implernentation of energy savings. Figure 15 shows an example of heat balance in a

continuous water cleansing machinc.
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Figure 14 Heat Balance in Unit Operation
(Kazuo Shiozawa: Textile Wet Processing Technology, p.118 Chijin Shokan, 1991)

! ! mptio

ol ' Consu " Convection heat racaton
! 015 Evapcraton

Heat energy | -
: Fabric
I
|
[
I 0.05 3.0
Elecinc energy Discharge

Figure 15 Example of Energy Balance in Typical Continued Washing Machine
(E P Dempsey & C.E Veliings, Heat Transfer Printing p.46. Interpnn 1975)




This clearly illustrates the importance of the development and utilization of process-
specific techniques, apart from the already-described management technologies.
Table 5 shows that the implementation of production rationalization eventually relates

to energy v.1servation. The following are bricf explanations of typical examples.

Tatle 5 Relationship between Production Rationalization Techniques
and Energy Savings

Production
Rationalization Mechanism Effect
Technique
Time saving (1) High speed processing of unit operations Reductions in energy use
{2) Reduction in waiting time between unit Per unit operation through
Qpefalions an improvement in
productivity

— . ._..\3) Elimination or merger of unit opera-tions T "7V
Labor saving (1) Implementation of automation Reducuions in the

(2) Strengthening colorimetric management frequency of reprocessing
through a reduction in the

___failure rate

Energy saving (1) Reduction in bath ratio Reductions in energy cost
{2) Reduction in treatment time
(3) Reduction in margin of temperature rise
(4) Re-examination of drying method
~_15) Switch to non-water-based operations

ey

Conservation (1) Utilization of continuous bath Utilization of system’s
. of natural » residual heat
Tesources ‘

J e e - . ; L]
(1) Construction of modemn factories Improvements in factory-
_wide energy saving effects

Space saviﬁg

(1) High speed processing of unit operations
As the processing machines become faster they also become larger. This means
the energy consumption per unit length of time will increase, but generally it will
accompany a reduction in energy consumption for the treatment of a unit amount
of fabric. Table 6 shows an example of this situation. Therefore, it follows that,
as long as the product tumout is maintained, continuous processing with a
large machine will be more effective in achieving energy conservation.
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Table 6 Length of Mercerizing Machine and Productivity and Energy

Consumption

Total machine length (m) K} 47 56
m;g,s—pc—;; 1m/mm)“ o 10 : 60 80
Tmmno time (sec/m") 1.5 I 0.75
[ Product - | hour (Operation rate 100%) 2,300 3,600 1,300
| turnout % hou.s (Operation rate 85%) | 19.200 (16.300) 28 800 (24.500) i 38,400 (32.600)
) 16 hours (Operation rate 90%) | 38.400 (34.500) 57.600 (S1.800) | 76.800 (69.000)
L 24 hours (Operation rate 95%) § 57.600 (54,7000 86,400 (82.000j 115.200 «110.000)
| Con- Waier (m) 10.5 14.0 ; 19.0
" sumption  Steam (kg) | 1075 (82.690) 1500 (115380 | 1850 (142310
| rate Electricity (AC motor) (kWh) 210 8.0 | 50.0
L _ NaOHGOBe | w43 J_ﬁ 516
CEnergyandraw  Water 0.0044 0.0039 | 0.0030
1, material required  Steam ! 0.3479 (0.034Dh  0.4167 (0.032]) | 0.3854 (0.0300)
 for treating md of  Electricity 0.0083 0.0106 | 00104
‘ tabric Amourt of energy 337.2 220 3028
: tkeaby
] NaOH L o 012 | o2

Notes 1. The bracketed entries under Production Turmout show approximate figures which would

ta

3

result from the respective operaiion rates.

. The bracketed entries under Steam show equivalent fuel consumption figures which would

be needed if a boiler with @ evaporction ratio (= evaporation/fuel consumption) of 13 was
used.
The energy values were obtained from Figure 24,

(Kazuo Shiozawa: Textile Wet Processing Technology. p.48. Chijin Shokan. [991)

{2) Efimination or merger of unit operations

The currently employed dyeing techniques are hased on unit operations which
have been developed and established for use with niatural fiber. For this reason,
the traditional standard treatment steps arc often applied to blended yam fabrics
as a matter of principle. However, through omitting or merging some of the
unit operations according to the usage of the product and considering the
characteristics of the coexisting synthetic fibers, it becomes possible to
achieve energy conservation. Tabie 7 shows an example.

23




Table 7 Unit Operations in Preparatory Process of PE/C Blended Fabric and

its Processing Characteristics

Combination and Ordering Number |

of Operations of Units Prucessing Characteristics

Singeing — Desizing — Drying
~»Heat semng — Scouring — Drying

] (1) Cumulative Method
10 (2) Strict Control
(31 Excessive Drying operations

— Bleaching — Dry:-¢ — Mercerizing

— Drying
1 R R
Singeing — Desizing — Scouring " l lil Ft_wcr dryl_ng operations )
- Bleaching — Drying — Mercerizing =) Il;)ll::l::::gm conrolling scouring and
-» Drying — Heat seing (3) Great number of wrinkles from processing

! Hear setting — Singeing — Desizing

— Bleaching — Dryving — Heat sethag

Difficulty in desizing

(h
3 5 uftic riv i ek
- Scouring — Bleaching — Drving 2) lnspf}mcm cffcn(nxcnsss in processing
) ) ’ t3) Wrinkles from processing prevented
| = Mercerizing — Drying
Singeing — Desizing — Scouring . th Satisfactory desizing

8 (2) Fewer dryving operations
(3) Caution against wrinkles from processing

— Mercenzing — Drying

Singeing — Mercerizing — Desizing t1) Fewest drying operations

~» Scouring — Bleaching —» Drying

— Hear setting

7 2y Difficulty in desizing
“(3) Small mercenzing effect

(Kazuo Shiozawa: Textile Wer Processing Techmiques. p.50. Chijin Shokan. 1991

(3) Reduction in processing bath ratio

It is casy to understand that a reduction in water use will contribute to energy
conservation in the dyeing process which consists of various wet treatment
and drying unit operations. It is especially desirable to curb the water
consumption because it is linked to the overall water supply cost including that
of drainage.

For the reduction of the processing bath ratio, it is necessary to investigate the
following measures:

(@) Treatment with low bath ratio

In general, dycing and finishing methods are classified into the batch and
continuous processing methods, and it is recommended to use the latter
method where a low bath ratio is desired. However, depending on the details of
processing requirements, there are often instances in which the batch method

has to be employed. In such cases, batch processing machines which allow
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lower bath ratios such as the jigger. wince, beam, pad roll and jet flow types
should be selected as far as the circumstances permit. Figure 16 graphicaily
shows the relationship between the bath ratio and the production cost for the
wince dyeing of a cotton fabric with a reactive dye (bnght red. medium shade).
It is easy to see that the bath ratio has a direct influence on the production cost.

Cost (¥kg)
200}
~
4 /
I _~+7 Chemical agems
100 /A/
L b team
e Stea
p - -——
——-/
f x — R " Water
-y a a1 "~ " - A 1
10:1 20:1
Bath ratio

Figure 16 Relationship between Bath Ratio and Production Cost in Reactive

Dyeing

(Kazuo Shiozawa: Science of Textile Consumption, p.24. Otsuka Textile Design School)

(b) Utilization of low bath ratio processing equipment

In order to use a lower bath ratio with the existing machinery intact, a method
to insert a filling material inside the processing equipment, as shown in Figure
17. has been proposed. It has been reported that with this method. the bath
ratio of a wince could decrease from 25:1 to 17:1, and for a beam a
reduction was possible from 15:1 to 12.5:1, or even down to as low as less
than 10:1 where the axis of the beam was made off center with respect to
the container body, thus increasing the batch-up volume as shown in (B).
More recently. low bath ratio processing machines which are built in with the

above mechanisms have been developed and put on the market.
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Beam dyeing mach:.ne
Figure 17 Example of Low Bath Ratio Operation of Existing Processing
Equipment through insertion of Filling Material
(D H SQUIRE - J. Soc. Dyers Colounsts. 92 109 (1976) )

(¢c) Utilization of low add-on equipment
Several types of processing equipment with a mechanism to uniformly
apply the fabric with 2 minimum amount of liquid necessary in semi-
continuous and continuous processing systems are known to be typical
examples of energy conservation techniques. Those in Figure 18 are
typical of them.




Transter padding mangle

0

/e

1. Mixing tank 2. Fiker 3. Pump
4. Flowmeter 5. Spray
Spray system

Tristex MA system

Figure 18 Typical Low Add-on Machines
(Transter Padding Mangie: P.F.Greenwood, Dyer, 153 25 (1975))

(Tnatex MA System: P.7. Nordan: Am. Dyestuff Reporter, 69 35 (Aug. 1980j)

(Spray System: H.B.Goldstein.H.W. Smith, T C C, 12 49 (1980})
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(d) Extension of foam processing technique

Figure 19 is a typical example of foam processing liquid applying equipment.
The foam processing technique is used for the preparatory, dyeing, textile
printing and finishing processes, with confirmed effects of promoting
energy conservation. but it is desirable to examine details of usage and
other practical conditions prior to application.

a) Example of knife coat
applying equipment

Sealed blanket

b) Horizontal pad applying
equipment

¢) Vacu-foem equipment
{Monforts make)

Figure 19 Typical Foam Applying Equipment
(a&b) T.F. Cooke: T C, 15 13 (May 1983))
{¢) R.D.Leah: J. C=c. Dyers Colounsts, 98 422 (1982))
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(49} Reduction of processing time

As has been pointed out. being a time saving technique aimed at improving
productivity. continuous operation with an increase in the size of the processing
machine can also further energy conservation. Likewise. for batch processing,
the number of technical fields is increasing where the promotion of energy
conservation is desired through a reduction in processing time. This
tendency becomes more pronounced as the needs of the market become
sophisticated. Techriques to accelerate the processing effect with rapid dyeing
and plasma treatment are tvpical examples.

(a) Rapid Dyeing

Rapid dyeing which can drastically reduce the dyeing time and achieve
remarkable time savings can also achieve great energy conservation
effects when applied to polyester. In order to attain these effects. it is
necessary to select dyes with assistants and | rovide apprepriate dyeing
equipment. Combined with the foam processing technique, the rapid dveing
technique may also have a potential of leading up to the development of new
practical dyeing techniques. Figure 20 shows the position of the dyeing
technigue in the overall processing bath ratio reduction technique.

Reduction in Batch processing A;-pllca(loﬂ of low batn
treatment bath rati ratio processir. equipment
SemvContinuous processing Low a0d-0n equipment

Low leave-on equipment

Air ift dyeing
L J\ Integratian with

[ Textile printing ]-—-—— loam processing

techmnque
[ Finistung }/

[ Then-airflow dyeing ]__ Integrat:on with rapd

processing lechniGue!
—J
[Es»zmg/scounmybnacnmg}\
Integraton with

E:luorescem wmtenmﬂo— form processing

techrmque
Sancoward dysing j'/

Figure 20 Situation of Dyeing Technique in Processing Bath Ratio

Reduction Technique

(Kazuo Shiozawa: Textile Wet Processing Technologies, p.50, Chijin Shokan, 1991)
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{b) Accelerating techniques for processing effects

Aiming at a reduction of processing time, the combined use of a number of
new techniques are being studied and it has been reported that processing with
plasma, uitrasound. magnetism and radioactive rays accelerates processing
effects. Various methods are being investigated to reduce processing time
through accelerating processing effects using these techniques in preprocessing.
postprocessing. simultaneous processing. etc.

(5) Reduction in temperature rise margin

(a)

(b}

In many cases. unit operations of the dyveing process are carmed out at high
temperature. Therefore, to reduce the required margin of temperature rise
from heating is very important in view of achieving funda-mental energy
conservation along with reductions in processing time. These measures need
to be addressed trom the tfollow ing two viewpoints:
Raising temperature of intet water
If the temperature of the inlet water to be used in the dyeing process
becomes relatively higher, the amount of energy to be consumed in
raising it to the predetermined value will be re-duced. For tha. purpose,
cooperation within a company. ui that involving more than one company
(using low temperature inlet we'er at the dyeing factory for cooling purposes,
and the high temperature discharge from the cooling system for dyeing
purposes) should be investigated, as well as the utilization of natural resources
{for example, geothenmal and solar energy)
Development and introduction of low temperature processing techniques
It is important to continuc with technological development aimed specifically at
lowering the processing temperature along with raising the inlet water
temperature. It would naturally involve the integration of this method with the
processing speed acceleration techniques described in (4) th). Low temperature
scouring. bleaching, dyeing and curing techniques are soine of the practical

examples of this.




(6) Re-examination of drying method

(a)

(b)

An important consideration along with the reduction of the processing bath ratio
is a re-examination of drying operations. A drying operation is, in principle,
inserted after every other unit operation and is an important operation which not
only determines drying efficiency as such but also has a direct influence on the
morphological stability and texture of the final product. For this reason, various
types of drying equipment have been selected and put to practical use, depending
on the fiber material and form involved. In view of implementing energy saving
measures. it is particularly important to investigate the following three items:
Reduction of drying operations in number
As can be seen from Table 7. a detailed study of typical preparatory process
configurations reveals that drying operations are involved in relatively high
numbers, ranging from one to four units or 14% to 40% of all unit operations
in the entire process. Therefore, combinations of unit operations should be
sought after such that drying operations between standard unit operations can
be eliminated as much as possible. It is especially necessary to cut down on
drying operations in preparatory processes which will not directly affect the
product’s performance or appearance quality. However, an operation which
would have come after an ehriinated drying operation would have to treat wet
fabrics, thereby necessitating special measures that would enable wet on wet
treatment.
Improvements in drying efficiency
It is desirable to investigate possible improvements in the drying efficiency in
terms of efficiencies of both the dewatering and drying steps. While it is well
known that the most efficient methods of dewatering and drying are by means
of 2 mangle and a cylinder dryer, methods which have been practiced for a long
time, they are also known to have limitations in terms of applicable fiber
matenals and fonns. It is nccessary to investigate new drying methods (high
frequency drying, microwave heating. far infrared radiation heating, etc.)
together with other measures such as utilizing vacuum liquid removal, adding a
drying-facilitating organic solvent to the treatment liquid, and combisiing foam
treatment systems with non-foam ones.
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Recovery of heat energv

Along with active energy saving measures, it is imponant to carry out the
collection and recycling of the energy used in unit operations. The collection of
heat energy should start with thoroughly grasping the basic energy balance of
each unit operation (eg. Ref .Figure 15).

(7) Shift to solvent processing

In the dyeing process, although water has been used as the only abundant and
cheap resource so far, it is becoming difficult to obtain high quality water in large
guantities at a low cost. The worsening of river pollution coinciding with an
increase in population density is inevitably creating a situation where the cost of
water will gradually increase, including the investment for improvements in
waste-water treatment facilities. In addition, although dry-system processing has
been contemplated for a long time due to the fact that most energy is consumed
in the heating and evaporating operations, it has to date only been applied to a
specific area on a limited scale. However, it is a technique which deserves
attention as a promising process in the mid- to long-term future. This technique

has the following two vanations:

(a) Organic solvent processing

While the solvents to be used for dyeing processing are categorized into four
main groups—-halogenated hydrocarbons, petroleum derivatives, aromatics and
oxygen-containing solvents—halogenated hydrocarbons are generally recom-
mended as they do not cause a fire or explosion (provided that thorough
countermeasures 10 groundwater poliution are taken). It is well known that
in terms of energy conservation, these solvents have an advantage over
water-based ones in all of these aspects: specific heat, latent heat for
evaporation, heat needed for evaporation and evaporation speed. There are a
numbcer of proposals for solvent scouring, solvent dyeing and solvent
finishing. including those already put to practical use as a differentiating

technique.
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{b) Inorganic solvent processing

Liquid ammonia is one of the agents being considered for dveing applications
as a inorganic solvent. Of its typical processing technigues. liquid ammonia

mercerizing and liquid ammonia dying are given particular attention.

Use of continuous bath

While textile manufacturing techniques which promote the conservation of
natural resources include grease refinement from raw wool. the collection and
recycling of warp sizing agents. and the re-use of alkaline waste liquid arising
from the mercerizing process in a scouring bath. in terms of energy
conservation the use of continuous baths which utilize the residual heat of
the system are particularly important in view of energy conservation.

If the continuous use of a processing bath is introduced with the necessary
conditions being met. thus allowing only those materials consumed in the dyeing
process to be replenished. in particular with the unit operations designed tor the
batch method, it will greatly contribute to the recycling of heat energy in addition
to achieving the conservation of natural resources and the rationalization of
countermeasurcs to water waste. In the dyeing process with a high heat
consumption, the use of the continuous bath deserves particular attention
as a technique whose practical application is an urgent task to help

implement the remaining rationalization measures.

Space saving

With an expansion in the practical use of knit mercerizing and ammonia
mercerizing, the characteristics of the hot mercenzing technique is also attracting
attention It has been pointed out that, since poor uniformity associated with the
tradirional mercerizing due to the hydrophobic nature of cotton grey fabric is
dissolved in hot mercerizing which uses heated sodium hydroxide. the
rationalization of the preparatory process can be greatly advanced. Figure 21
shows an example of comparing some space saving effects achicved by the
introduction of hot mercerizing. Table 8 compares operating conditions of the
same three factories. At the time a new space-cfficient factory is being built, it is
possible to incorporate a program to introduce such facilities as to be complete

with factory-wide encrgy conservation measurcs.
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Note Factory A: Although it has the same types of machines as Factory B, it has introduced a
drying operation tor each umit operation. emphasizing flexibilty.
Factory .: Considers the production rationalizauon resulting from continuous processing./
Factory C: It has the same production capability as Factory B, but has reduced the
preparatory process related 1o mercernzing

Figure 21 Space Saving Resulting from introduction of Hot Mercerizing
(C. Duckworth, L. M. Wreenall. Soc. Dyers Colour Colounsts. 93 407 (1977))

Table 8 Companson of Actual Operating Conditions of Three Factories
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32.7 Clothing manufacturing

The energy consumption share of the clothing manufacturing division which consists

of large numbers of small-sized companies and their employees in the overall textile
industry is not necessarily low. as seen from Table 1. but the ratio of energy cost tc
the total cost is relatively low, as can be deduced from Figure 25. However. the
energy cost forecast is inevitably a gradual increase under circumstances where the
production of high value-added goods is required. along with the implementation of
labor saving measures. as a result of the challenging market environment
characterized by personalized and diversified consumer needs. high demand for
quality goods. short product cycles. etc. Therefore. it is desirable that a comprehensive

rationalization program be investigated apart from reductions in energy consumption.

4. Actual Conditions of the Textile Industry in Japan

(1) Itis widely acknowledged that as a result of tireless rationalization efforts made
by all companics involved. the textile industry has increased its production valug
by 10 times since 1955 (when it recorded the largest share in total shipment
value as a bright star in the entire range of export industries), with a gradual
decline in its share over the same period (Ref. Figure 22), though maintaining a

stable growth as a mature industry.

(2) Structural changes in textile industry

It can be seen that large structural changes occurred in the industry as the
domestic companies carried out measures o overcone severe competition from
overseas, in addition to the already intense competition among themselves.
Figure 23 shows a typical example of this situation.

The shares in shipment value of major subdivisions in the textile industry have
undergone drastic changes, such as a rapid fall in the fiber production and
weaving divisions and a fast growth in the knitting and sewing divisions,
reflecting the conditions surrounding the intemational as well as domestic textile

markets.
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Notes 1. The graphs were drawn using data from the Tabulated Industrial Statistics.
2. Figures inside the bar graphs represent shares for the respective hiscal years.

Figure 22 Changes in Product Shipment Values for Various Industries
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Note Graphs were drawn using data from the Industnal Statistica! Table Sewing combines
various textile manufactuning including clothing manufactunng.

Figure 23 Structural Changes in Textile industry
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(3) Progress in production rationalization
Table 9 compares and summarizes the progress made in production rationaliza-
tion by some typical subdivisions of the textile indusiry.
Table 9 Progresses in Production Rationalization by Typical Textile industry
Subdivisions
— R
Subdivision: {ny Fiscal Year 1955 1960 | 1965 1970 | 1973 1975 1980 | 198S 1990
Eiber kg/person/month S07° 6721 1035 2097 2759 2,237 4.776{ 6021 R264
Production  ¥10.000/person/month 14,2 247, 42.4° 90.8| 1068 101.9; 231.9] 286.1 326.5
p— e —— e —— . - —— -
Spinning _kg/person/month 294 315|479 613| 734 T26) 1.066] 1.419 1,655
¥10.000/person/month 139 13.1' 23.0 36.21 601 64.9] 11024 1336  131.0
Fabic | mYpersonmontn 917 107311215 1603 1900 1703 2.464] 2943 3337
Production  ¥10.000/person/month 8.8 9.7I 128 253) s18 377 74.3 95.4 137.7.
Dycing and  m Jperson/month $907 SAS0 7.569 7.431[ 9379 9.963| 12.028{ 15424 16502
Finishing  ¥10,000/person/month 7.0 113 1S.1 271 426 573 824 103.0, 1193
Notes 1. Since quantities and sums were taken from the Annual Report on Textile Statstics and the
Tabulated Indusmial Stanistics, respectively. they do not necessarily correspond to each other.
2. Fabric only represents woven materials and does not include knitted ones.
3. 1973 is the year when the oil shock breke out and as a result textile consumption reached
itz maximum.
4. Sums for 1990 are the actual results for 1989,

Despite a strong tendency towards multi-line small-volume production in
response to requirements for high value-added products from the fashion
market, there is a marked growth in both per capita monthly production volume
and product valuc. Regarding future trends, while the latter is difficult to estimate
as il depends on the goods' prices, which are in tum to be determned by a
balance between demand and supply, the former may be more casily foreseen as
continuing with its increasing trend as a result of advances in the sophistication
of production equipment, if profitability is ignored. However, due to the high
level of rationalization already incorporated in such equipment, it will be
reasonable to expect that attempts to achieve further improvements in this respect
will incvitably meet with considerable difficulty.
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Table 10 shows changes in the average amount of energy required to make 2 unit
quantity of each textile product over time. It illustrates the course of events as oil
replaced coal as the dorninant energy source supporting the backbone of society,
with the textile industry actively introducing the fluid energy revolution amid

(4) Changes in energy consumption

high economic growth. This took place against the background of a low level

stabilization policy for oil prices made possible by ampie oil supplies, including

the discovery of large-scale oil fields, as well as oil's convenience in

transportation and utilization It can also be seen that a shift in emphasis from oil

with its sky-rocketing price to electricity occurred as a result of energy saving

measures introduced after 1973. More recently, energy saving has been

advanced. while a rationalized use of diversified energy sources is being pursued

with a global view taking the oil market price etc. into consideration.
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Table 10 Changes in Amount of Energy Required for Unit Production
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to the total energy cost respectively, but omutted tfrom this table as their comresponding

figures for absolute energy consumption are not known.
. Gas ¢ombines the liquefied petroleum and city gases represented separately in Table 2. and
shows their total in volume.



Converting each form of energy use required to produce a unit quantity of the
product, as shown in Table 9, to its corresponding calorific value, Figure 24
graphically illustrates changes over time of the total of these values. It can be
seen from the graph that while the oil shock which took place in 1973
encouraged a move away from oil and increased a relative dependence on
electricity. comprehensive energy saving measures were also successfully
impiemented.

Although the achievement of significamt energy saving can be observed in the
fiber production and dyeing divisions. where energy consumption ratios are
particularly high. 1t is also apparent that their energy consumption has actually
been on the increase since 1985.

0, Fiber producton
Synthetic fiber (1kg)
\.
\ Dyeing & finishing (10 m2)
[ ]
m -
]
b4
(]
b=
&
2 10} ""M
w
Waawng (10 n?)
Spinning (1kg) >a08-4
o J A 1 N 1 i i 1 4
1955 1965 1975 1985 ! 1980
Fiscal year

Notes 1. The graphs were drawn using data from the Annual Report on Textile Statistics
2. Energy was calculated with the following conversion ratios
Electricity: 2,000 Kcal/KWh
Coal: 7.400 Kcal/kg
Fuet Oil: 9,400 Kcal/
Gas: 9,900 Kcal/m? as the average of the lollowing:
Naturai ges: 9,800 Kcalim?; City gas: 10,000 Kealim?,
3. 10 m? of 160 g/m? Wewght shiring can be woven from 1kg of yarm.

Figure 24 Changes in Amount of Energy Required for Unit Production
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Figure 25 Changes in Cost Compogsition Ratios for Textile Products




Given this phenomenon along with the steadily increasing energy use in the
spinning and weaving fields, it can reasonably be assumed that rationalization
efforts are reaching their limits in view of the current production structure
designed to cater for the needs for multi-line, small-volume production from the
fashion clothing market. Figure 25 summarizes and graphically illustrates
changes in cost compositions for the production of major textile products. as
shown in Table 13, after the oil shock. It can easily be seen that the influence of
the energy compos..nt on the total production cost has been more pronounced
after 1973, while a1 the same time effects of energy saving efforts are also
noticeable. The gradual increase in encrgy consumption in spinning and fabric
produ.:tion and the upward trends after 1985 in fiber production and dyeing as
shown in Figure 24 are both translated into 2 decrease in terms of the ratio of
cnergy cost to the total, illustrating that comprehensive energy saving efforts
have been made by the companies concemed.

Assessment of production rationalization level

Although it is generally difficult to assess the level of production rationalization
in the textile manufacturing industry in absolute teoms. the dyeing and finishing
subdivision is often put under scrutiny as a typical specialized technical ficld with
a number of unknown factors. It consumes large quantitics of energy carrying
out multi-line processing tasks within short periods of time in order to directly
reflect the market's needs. Table 11 shows the results of calculations to find the
levels of productivity which could be obtained from dyeing operations assumed
1o have been conducted in a planned manner at some ideal factories, comparing
them with the comresponding average figures for actual Japanese companies
Since productivity drastically changes with the texture or structure of the original

fabric and the details of processing. polyester-cotton blend fabric (shirting of

approx 100 g/m-” assumed), which is more likely 10 be processed in a unitform

manncr, was uscd as the matenal for this scenario. The table shows that the latest
figure of average per capita productivity for Japancse companies is alrcady
comparable to thosc for hypothetical model plants, highlighting the fact that with
the current level of technological development Japan has also reached a

considerable level of production rationalization.




Table 11 Example of Productivity Companson for Hypothetml Model Plants
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(Kazuo Shiozawa: Textile Wet Processing Technology. p.30. Chijin Shokan. 1991)

5. Structures of Textile Markets

In general, it is well known that the developmental process of a textile market moves
from a product-oniented stage. where all goods produced are sold to a consumer-oriented
stage where the desired goods are only those which will satisfy the consumer's demand,
comprising his wants and purchasing power. This is via a mass-consumption stage
which iy supported by 2 mass-production system. The charactenstics of textile products
demanded in the markets in these different developmental stages may be classified into
price-sensitive mass-production type basic clothing. which applies to the earlier stages,
and multi-line. small-volume production type fashion clothing which pertains to the last

stage and needs to satisfy cach individual consumer's taste.

5.1 Basic clothing

Assuming the amount of fabnc necessary for people to live a physically comfortable

hife in a given environment can be derived from the weight of clothes which is enough to
keep a centain level of body teniperature, given such factors as air temperature, humidity
and wind velocity prevalent in the region, basic clothing can he regarded as a cumulative

total of such clothes. Figure 26 summarizes the relationship between some clo values




and examples of the corresponding clothes. Table 12 shows the results of calculations to

find the weight of clothes required under average climatic conditions in summer and

i

Figure 26 Typical Relationship between Clothing and Clo Value
(P.O.Fanger: "Human Requirements to Indoor Ciimate™ (1983))

winter in three Japanese cities.

3.0clo

TJable 12 Example of Effect of Climatic Conditions on Clo Value and

Weight of Clothing
; Wind Required
. Region Season Temperature Humidity | Velocity Clo Value  Weight of
; C) (%) (m/sec) Clothing (g)
| Sapporo Jan 49 4 23 41 4005
k B Aug 213 ™| 27 12 189
* Tokyo Jan 4.7 530 KN | Al 3634
: Aug 2607 15 30 06 607
| Fukuoka | Jan 57 67 31 0 2937
| Aug 213 76 2 06 607
Notes 1. The clo values are shown assuming an average skin temperature of 33.5°C.
2. One unit of clo value is 0.155°C/W/m’.
3. The required weight values are calculated with Hanada's formula for female clothing:

Y = 0.00103W  0.025
Where Y: Clo Value

W Total Weight of Clothing
tJapan-Korea Commutice for the Invesuganion and Rescarch of Industnial Structures: Consulting
Engineer May 1991 Special Editon, p. 35)
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Although the ultimately required quantity s difficult to determine. the per capita

annual textile consumption (Kg/person) can be estimated through multiplying the above
weight by coefticient a (obtained from the service life of a textik product and its number
of units demanded per annum).

5.2 Fashion clothing

Although 1t is even more ditficult to define the amount of fabric consumed in fashion
clothing. a market which has satisfied the demand for minimum basic clothes has a
tendency to shift its emphasis towards textile products with stronger fashion overtones
and grow rapidly. This is illustrated by Figure 27, showing chronological changes in
textile consumption in Japan and the world's major countries, and Figure 28, a

graphically expressed correlation between per capita textile consumption and GNP.

kg
2 4 6 8 0 1 14 16 18 20 22 24
14 L] L 4 T LA LA 14 T L 4 14 L
' Textie Consumption of Warld's Major Countnies
1946 [8.6] nay /P70 kg personyeas)
West Germany [ 11975
1950 { 28.0 / v L4 78S
France
1955 { 26.0 | / v
Engiana Urited States
1965 | 47.6 (21.2) )] ya § 2
1973 | 49.6 (35.5) R
1975 [ 385 (32.5) T
. i
1985 | 5.8 (47.9) B
1990 [ 54.6 (49.1) ]
Notes 1. The hgures inside the bar graphs with and without brackets are the shares of chemical
and synthetic fibers in the total consumption. respectively.

2. The broken-hne portions of bar graphs represent the consumptian of textiie goods (0
be used as industnal maternals

3 The sources are the Annual Statistics on Textie Goods for Japan and FAO data for
other countries, respectively

Figure 27 Changes in Textite Consumption of Japan and World's Major Countries
(Kazuo Shiozawa Textile Wet Processing Technology, p.33. Chiin Shokan. 1991)
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Figure 28  Correlation between Per Capita Textile Consumption and GNP
(GDP)
(Apparel Handbook. p 193, 1988 Ed, Society for Structural Reform in Textile Industry)

5.3 World's total textile demand and production base distribution

Figure 29 shows the relationship between world population and the total textile
demand. Assuming a global environment in which world population will grow from the
present 5.4 billion to 10 billion in 2050, and funther to 11.6 billion in 2150 when it is
expected to reach a static state, the total textile consumption is forecast to double, even
using the current figure of per capita annual average textile consumption (8kg/person).
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Figure 29 Relationship between World Population and World Textile
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(Kazuo Shiozawa: Science of Textile Consumption. p.24, Otsuka Textile Design School)

The textile industry is traditionally regarded as a typical labor intensive industry
developed on the basis of abundant labor supply and has a tendency to expand to
overseas markets once the domestic demand is satisfied, as itlustrated by examples of the
established textile industries of many developed countries. For this reason, even when
the textile industry of a specific country is to he examined, it is widely recognized that a
business strategy taking into consideration the global textile industry setup is very
importamt. Figure 30 shows an example of the schematic representation of such a global
setup of textile industries.
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Figure 30 Example of Schematic Representation of World Textile industry
(ADR Staff: Am. Dyestutf Reporter. 71.36 (Aug 1982))

5.4 Characteristics of textile market

Most textile consumption takes place in apparel products, and the general tendency is
that where further expansion is intended, it will be carried out through the development
of industrial applications in which textile products are used as production materials
(ranging from fishing nets, tire cords and canvas cloth to geotextile). Therefore, in order
to study the textile manufacturing industry, it is generally sufficient to consider the

production of apparel goods.

(1) Specialized techniques necessary for apparel goods production
There are a number of intertwined technical factors involved in various sub-
processes or specialized technical fields which make up the overall production
process that fabricates and reshapes the raw fiber material into the final textile

product to be used by the consumer. Figure 31 summarizes typical examples.
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Figure 31 Specialized Techniques Necessary for Apparel Production
(Kazuo Shiozawa: Textile Wet Processing Technology, Chijin Shokan, 1991)

(2) Comparison of characteristics of speciaized technical fields
In Fiscal Year 1989. the textile industry had a share of 4.4% in shipment value
(19.2% in Fiscal 1955), 14.8% in the number of businesses (20%), and 10.4%
in the number of employees (23.3%) in the overall Japanese manufacturing
industries, characterized by a gradual decline in relative share, although in terms
of absolute shipment vaiue it has actually expanded to 1,053% of the Fiscal 1955
level.
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As has been frequently pointed out throughout its development, the Japznese
textile industry has a unique organizational structure consisting of groups of
independent companies where all companies in a group belong to one of the
above-mentioned specialized technical fields and operate in a horizontal
specialization configuration. Table 13 shows a comparison and summary of the
major indices of these company groups, classifving them in accordance with
their specialized technical fields.

From these indices, common company characteristics for each group may
emeree.

Namely. in terms of business size. the fiber production and spinning
subdivisions are in contrast with the rest of the textile industry where relatively
large numbers of smali businesses coexist. In addition, these groups of small
companies can only stay in business by relying on the supply of abundant cheap
labor. exhibiting a legacy of the textile industry’s past as a labor intensive
industry. even on its path towards modemization. Table | compares the energy
consumption shares of various specialized technical fields and it can be seen that
cnergy consumption is relatively high in the fields of dyeing and finishing, fiber
production, spinning, weaving and clothing manufacturing.

As for water consumption, the share of the textile industry in the entire
manufacturing industries is 5.2% for fresh water and 1.1% for sea water.
Considering the fact that most of this water is used for easy-to-recycle
temperature control and cooling purposes, the industry's total water consumption
cannot necessarily be regarded as high. However, as is widely accepted, the
dycing and finishing division is placed in a special position in that its water
consumption is mainly for processing and washing purposes.
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Table 13 Summary of Mzjor Indices for Japanese Textlle Industry (1989)
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6. Conclusions

(H

(2

t3)

h

There is no panacea for achieving energy conservation in the textile manufactur-
ing industry.

With the actual implementation of an energy conservation program, it is
important to grasp the current level of energy consumption and its actual
conditions in detail. set goals (energy consumption and corresponding cost). and
achieve the goals through a company -wide etfort as far as possible.

In the textile manufacturing industry., it is important to thoroughly understand
that, depending on the trend ot the market. the company is targeting, consumer
requirements for the textile products to be supplied differ. thereby urging the
implementation of encrgy conservation measures which are relevant to the
production of the goods that suit the market.

Therefore, it is necessary to expect that, when multi-line, small-volume
production type high value-added goods are produced. energy consumption may
increase rather than decrease with production rationalization, tn contrast with
mass-production type goods.

When differentiated goods are produced, the share of energy costs in the overall
production cost should be given importance rather than energy consumption.

It is reasonable to consider that ultimately desired energy conservation
promoting techniques will depend on the development and practical application
of innovative technologies in each specialized technical field.
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