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1. Intrcd~ction and Background 

1-1 Sig1if icance of Energy Conservation 

[' .> aV < 
(1) Strengthening the,~nergy ~upply and Demand Structure .' 

.. fo ~lowing the two oil shocks, the development and 

introduction of oil-substitute forms of energy devised by 

various countries around the world, including Japan, and 

their efforts at promoting energy conservation, have 

borne fruit, and in recent years international oil supply 

and demand has shown signs of moderating. Of late, 

however, oil demand has been increasing steadily against 

a background of world-wide expansion in business 

activity. It is believed that the degree of dependence on 

OPEC will rise during the 1990s owing to this steady 

increase in the demand for oil, cenfring on the {/ 

developing countries, and a decrease in the production 

capacity of the non-OPEC oil producing countries, leading 

to the destabilization of oil supply and the tightening 

of oil supply and demand. It has been forecast that this 

may result in a rise in the price of crude oil. 

The proportion of energy consumed in the world today is 

oil-38%, coal-30%, natural gas-20%, hydro power·-7%, and 

nuclear power-5% (BP statistics). Of these, the fossil 

fuels, which account for the highest perr.entage, are a 

finite resource. In particular, the proved reserves of 

oil, the most convenient of the fuels, are only expected 



to last another years. is an important 

responsibility of our generation to use these limited 

energy resources effectively and withou~ waste sc that 

they can be passed on to future generations. 

Since the developed countries, which only account for 

slightly more than 20% of the world's population, are 

currently more than 60% the total amount of energy 

j 
I consumed in the world, 
i 

the developed countries must seize 

I 

\ the initiative 

.. conservation. 

tackle the i ss..ie of energy and 

(2) Contributing to the Reduction of the Environmental 

Burden 

In recent years there has been increasing concern about 

global warming d~e to a rise in the concentration of co 2 

caused by the burning of fossil fuels, and international 

organization have begun examining ways to counter this 

environmental threat. 

We are awaiting the further accumulation of scientific 

knowledge regarding the problem of the 'greenhouse 

effect', however most discussion carrried out in the 

international 0rganizations focus on controlling the 

amount of CO.., released through energy consumption by 

promoting both energy conservation and sources of energy 

that release less co
2

. At the Summit of Arch held i~ July 

1989 it was 2greed that incre"ls1ng 1 riergy efficiency 

. ) 



could make substantial contributions to the 

emission of greenhouse gases. and the economic 

declaratio~ urged international organizations concerned 

to encourage measures, including economic measures, to 

improve efficiency in the use of energy. In this way, the 

promotion of energy conservation from the viewpoint of 

contributing to the reduction ot the environmental burden 

is becoming a common goal throughout the world. 

1-2 Progress in Energy Conse!:"vation and Medium and Long 

Term Issues 

(1) Japan's Achievement in Energy Conservation 

With the two oil crises as the turning-point, Japan has 

been tack 1 i ng the issue of energy conserve! ti on through 

the joint efforts of the government and the people. 

Coupled with industrial restructuring, these energy 

conservation measures have seen a 36% improvement in 

J?p~n's energy consumption against GNP basic unit between 

fiscal 1973 and fiscal 1987 (Fig. I. I.Table 1.1). If the 

energy consumption against GNP basic unit for 1987 were 

the same as the oasic unit for 1973, it is estimated that 

the amount of energy r::onsumed would have been the 

equivalent of 690 million kl of crude oil. When compared 

with the ·3ctual amount of energy consumed (443 million 

kl), it shows that energy conservation equivalent to 250 

million kl wa~ achi~ved. 



Furthermore, it we use the enerqy const.:.mption against 

GDP basic unit to comp~re the state of energy 

conservation in Japan with that of other countries, we 

can see that Japan's rate of improvement is t~e highest 

anong the developed countries (Fig.1.2) 

(2/ State of Energy Conservation in Indust:·ial Sector 

In Japan conservation has, date, been to energy 

actively pro:noted centring on the industrial sector, 

particularly the man~facturing ind~stry, which is a major 

energy consumer, and has been advanced to a considerable 

degree 

changes 

in 

in 

virtually all 

the energy 

industries. Looking at the 

consumpion basic unit ( 19 7 3 

standard) of the ma_ior industries, we can see that each 

ma nu f actur i ng industry r.ad recorded a 2 0-4 0% i mproveme!'l t 

by 1987 ( Fg. 1 . 3) . The amount of energy conservation 

durjng fiscal 1987 is estimated to be the equivalent of 

51 million kl of primary energy crude oil. 

The degree to which energy conservation is promoted in 

Japanese industry is thought to be the highest in the 

wo:-ld, and the energy consumption basic unit of other 

developed countries is 1.2-1.4 times that of Japan in the 

iron and steel industry, and 1.5-1.6 times in the cement 

manufacturing industry (Fig.1.4,1.5) 



2. Energy Conservation i~ Industrial Sector 

I n du s t r i es o f J a p a n . w h i c h c o n t i nu e d r a p i d g r ow t :: u :1 de r 

the supply of low-priced petroleum dur1~g the 

made effo"."ts in pursuit of energy saving measures after 

the oil crisis experienced in 1973, and s~ch ef fQrts 

together with administrative measures whir:h su~portec 

energy conservation have achieved a great success. 

This section will explore the trends in energy 

consumption in Japan's hiah-energy-consuming induscries 

ha v i n g an i mp or t ant i n f 1 u e n c e o n t he n at i o n ' s t o t a l f l'- e i 

consumption. The methods that these industries have beEn 

takinq to conserve energy are reported below. 

2-1 Iron and Steel 

Accounting for nearly 15% of the total energy 

consumption in Japcln, the iron and steel industry is 

currently one of the most active invescors in energy 

conservation measures. The ratio of energy conservation 

investments to the total for investments by this industry 

is consistently high at about 20%. The total amount of 

funds devo':ed to energy conservation is also on 

increasi:?. 

The enthusiasm with which the iron and steel industry 

has tackled the problem of energy conservation has 

resulted in a clear reJuction in its substantial en~.rgv 

consumption rate (Fiq.2. 1. 1) 



Energy conservat ior, has therefore been !:laking headway 

1n the iron and steel industr·y. Since :ran and steel 

plants consume vast quantitl~s of high 

t em p e r a t u re i n t he p rod u c t i o n p r o c e s s , t b. e y a re exp e c ·( e d 

to be successful in their efforts ior :"u!·ther energy 

conservation <:hrongh many methods i~c:ucing :ne discovery 

of methods to improve t~eir production processes and 

recover waste he3.t. If energy conservation ceasures are 

taken in the industry from now on, the coefficient of 

effective energy utilization which now stands at dbout 

50%, will be increased to about 65~;. ThP follow:.ng is a 

brief summary of the chief energy conservat icn measures 

being taken at present. 

( 1 } Blast Furnace Top Pressure Recovery Electricity 

Generation Equipment 

When a blast furnace is used for melting iron ore to 

make pig iron, hot air is blown in by compressor to 

highten the pressure at the top of the furnace. This is 

performed in order to economize on fuel and enhance 

productivity. Except for a small part that was used to 

blow away fine particle$ of dust. the energy from the 

heightened pressure used to be released al~ost directly 

into the at mo sp her (Fig. 2 .. 1 . 2 ) In blast furnace top 

pressure recovery electricity generation. the pressure 

energy is not lost but recovered t:o r0tate a CJ.:1'.; turbine 

(, 



(top pressure rec o · .. /e !'" \'!" :u.rbines(T~Ts) gene:-ate 

electricity(Fig.2.l.3.~.l.4l 

(2) Continuous Casting Equipwent 

When molten steel is cast by conventional methods, a 

complicated series of steps 'nvo~ving melting the steel, 

making ingots, soaking and ~oos.ing is required. A new 

precess has been developed to e~iminate the need for many 

of these procedures. In this rrew process called 

continuous casting, molten steel is poured directly from 

a nozzle into a mold. The steel is then shapec by rollers 

into the desired form while it is slowly cooled. 

(3) Dry Quenching of Coke (Coke Dry Quenching(CDQ)) 

Conventionally, red-hot ccke produced by the 

carbonization of coal i:> quenched by sprinkling it with 

water, and the heat energy of the hot coke is released 

into the atmosphere. In dry quenching, red-hot coke is 

quenched with inert gas '.nstead of water, and the heat 

energy of the coke is recovered in the form of steam 

which is then utilized for variou~ purposes at i ror. 

mills(Fig.2.1.5) 

(4) Converter Gas Recovery Equipment 

A pure oxygen cor.verter discharges carbon monoxide and 

other high-temperature gases in the refinement process. A 

method is now in use in which the heat at the discharged 

gas is recovered and usPd a , . . , a ~~our c: f~ o f 

.. 
I 



(5) Dir~ct Rolling 

Bloomed and rolled steel used to be coaled for the 

inspection a~d rep3Ir of surface fla•*fS, and was then 

reheated i n. th..e furnace and conveyed to the rolling 

equipment. !~direct rolling, this cooli~g is omitted and 

the steel is inspected and repaired while still hot, thus 

cunserving energy that would have had to be used in 

reheating (Fig.7.1.6) 



2-2 Cement Industry 

The cement industry is one of Japan's typical high 

energy consumption industrie3. The ratio of energy costs 

to all production costs being more than 50%. Almost all 

of the improvements to the production technology in this 

industry up till now have aimed at the conservation ot 

energy and by the introduction of a series of energy 

conservation measures, the total energy consumption rate 

in the cement industry has dropped steadily year by year. 

Cement production involves the following main processes: 

a) the preparation of raw materials through the drying 

of limestone, clay, silica, slag anC. other raw 

materials 

b) finely pulverizing and blending them 

c;:l baking them to that the blended raw materials are 

heated to semi-molten state (about 1,450 C) 

d) quenching to make the intermed~ate product of clinker 

e) finishing whereby the clinker is mixeu with plaster 

and finely pulverized 

(1) Improving the Thermal Efficiency 

Heat consumption was 1, 700 kcal/kg in 1955 but it had 

decreased to less than half of that, or 710 kcal/kg by 

1988. Energy savings have been accomplished through 

various measures in the production process, such as 

improving heat recovery from the clinker cooler or 



improving heat-exchange efficiency in the preheat er 

cyclones. However. changing the type or kiln made a 

significant contribution to this reduct:on. Kil"'s were 

changed from dry or wet type with exhaust-gas-utilizing 

boiler, to wet long killns, on to seI:1.i-wet kilns, and 

finally to SP and NSP kilns. This tra:-tsition of !-:iln 

process is shown in Fig.2.2.1-

(2) Using NSP Kiln with DD Furnace 

Fig.2.2.2 shows the gas and material flow for an NSP 

kiln with DD furnace. The DD furnace is divided into fuur 

zones, according t0 specific function (Fig.2.2.3) 

a) Reducing zone (Zone 1) 

This is the inverse conically shaped part at the lower 

side of the DD furnace, whose main function is to reducr.e 

NO in the kiln exit gas. 
x 

b) Fuel cracking and burning zone (Zone 2) 

This is the cylindrical part of the central lower side 

of the DD turnace, whose main functions are to vaporize, 

crack and partially burn the fuel injected into this 

oxygen-rich zone. 

c) Main burning zone (Zone 3) 

This is the part up to the orifice at the central part 

of the DD furnace, whose main functions are to hurn fuel 

and to transfer generated heat to the raw materials. 

I o 



d} Complete burning zone (Zone ~) 

This is the top cylindrical part of the DD furnace, 

whose ma~n functions are to burn the remaining fuel gas 

and to accelerate calcination of the raw materials. 

The DD furnace throat which connects directly tc the 

upper kiln feed end housing passes the kiln's exit gas 

and create a first-stage raw material spouted bed with 

the upward-blowing kiln gas stream. 

In addition to the general features of its precalcining 

system, the DD process offers the following advantages. 

a) Reduced powe~ consumption 

Pressure drop in the DD furnace is remarkably lower than 

that of any other process, because the gas and raw 

material are mixed not by swirl motion of the gas, but by 

the cross gas flow from the kiln and the cooler As a 

result, power consumption of the waste gas fan ca:-i be 

reduced. 

b) Reduced coating trouble 

The DD furnace is installed above the kiln feed end 

housing and the kiln gas is fed directly into the furnace 

without passing through the rising duct. As a result, 

coating trouble which is mo~t likely to develop in the 

kiln gas 

operation. 

rising duct is eliminated, ensuring stable 

1 1 



c} Reduced clogging trouble 

The k i 1 n gas ! e e d i n t o t he DD fur r1 ace i s even 1 y mixed 

with combustion air from the cooler and raw mat~rial from 

the third-stage cyclone. Then the conglomerate mass forms 

a combustion zone of fuel blown in from the face of the 

furnace cylinder. As a result, local ov.:.rheating insid~ 

the furnace is prevented and there is no worry about a 

coating being formed (Fig.2.2.4). Even if coating should 

happen to develop in the furnace and peel off, it cannot 

cause clogging in the furnace because the bottom ot the 

furnace is connected to kiln feed end housing by a 

large-diameter opening. 

d) Reduced after-burni~g trouble 

After-burning space is provided in the DD furnace so 

that, when the fuel and gas are thoroughly mixed, 

complete combustion can take place. This prevents any 

unburned gas from entering the bottom cyclone and causing 

damage to the equipment, heat loss or clogging troubles 

due to after-burning (Fig.2.2.5) 

e) Reduced NO in exhaust gas 
x 

In the DD process, fuel is infected into the kiln gas 

fed in from the bottom opening the DD furnace, 

creating a deoxidizing atmosphere. With the raw material 

as a catalyzer, it functions 

deoxidize NOx in the kiln gas. 

I 2 

in such a way 

Thus the volume of 

as to 

NO in x 



the exhaust gas of the DD furnace can be :-educed even 

further. 



2-3 Synthetic Fiber 

Synthetic fibe~s can be classified into two kinds: One 

includes rayon, acetate, etc. that are prcduced by 

chemically treating natural cellulose, and the other is 

synthetic produced by synthetic reaction from chemical 

materials. Synthetic fibers range widely from nylon to 

polyester. polyacrylnitrile, and polyvin7l alchol. 

Polyester, which is one of the most important synthetic 

fibers in the world, is produced by the process shown in 

Fig.2.3.1. 

Terephtalic acid and ethylene glycol arP. heated and 

polycerized. Because this polymer contains water-soluble 

unreacted substances, it is extruded into a string in 

water to solidify, cut into chips, and then cleaned using 

hot water. The chips arE dried and sent to the spinning 

machine, where they are me 1 t ed and extruded through the 

small hole in the spinneret. The polymer out of the 

spinneret is cooled in the air to solidify in fiber form, 

and then is wound as yarn. The yarn is stretched 3 to 4 

times to rearrange the molecular orientation and increase 

the strength. 

The unreacted substances that were extracted into the 

hotwater are condensed and cleaned cf impurities in the 

evaporation tower and distillaticn tower to be used again 

a~ material. 

I ,I 



As described, the p!""ocess till the material enters :he 

spinning machine dre similar to those of the chemical 

inciustry, and employ fluid-handling equipment consisting 

of towers. tanks, pi.pes, and pumps. ans solid-handling 

equipment consisting of a dryer. centrifugal separator, 

etc. 

Because these sets of eqcipment handle organic compounds 

and must be kept free o: local overheating, a jacket 

steam heating s~_"stet' ;::; mainly tlsed. Heating medium oil 

and electric heaters are also used in part cf the 

processes. The utilities facilities include boiler and 

air conditioning chillers for the spinning process. 

The utilities used in each of the processes are shown in 

Fig.2.3.1. 

(1) Energy Consumption 

The kinds of energy used in the polyester production 

process are shown in the precess diagram of Fig.2.3.1. 

In producig synthetic fibers, monomers are polylderized 

into macro-molecules as material. The polymerization 

process consumes much energy for heating. s~ i rr i ng. and 

pressure reduction to polymerize the monomers; cooli'."lg, 

washing. and drying the macro-molecules produced, and 

heat recovering unreacted monomers. Steam, used as 

source, is generated by a back-pres su 1·e extraction 

turbine driven by an independent generator '.':.et, and is 

') 



used for many p~rpose: for heating l~ the production 

process; fo!" driving the boiler forced draft fans and 

feed water pumps; for quenching yarn d:-i;:ing the turbo 

refrigera?tor for air conditioning the spinning room; and 

as a heat source for absorption refrigerating machines. 

That is. steam is used for these cifterent purposes 

according to diff~rent levels of pressure. 

Synthetic f i her production versus energy consumption in 

Japan is shown in Table 2.3.1. 

Compared with the r,?ference year of 1973, the year 1988 

was up 4.4% in production, down 81.2% in electric power 

consumption, and down 26.5% in fuel consumption. Fuel oil 

consumption shows tendencies 0f declining further. 

(2) Energy Conservation Measures 

Import ant points for energy co:i serva ti on in pr roduc i ng 

chemical and synthetic fibers are shortening the 

proccesses. improving the :ieating and cooling patterns, 

rationalizing 

introducing 

the equipment operating 

energy-saving machines and 

methods, 

devices, 

recovering waste heat, and optimizing equipment capacity. 

Table 2.3.2 shows the main energy conservation measures 

that have been taken so far in ~apan. 

The basic procedures implementing energy 

conservation measures a~d 

for 

their effects are discussed 

below in a case study of generating equipment. 

1 () 



1) Boiler combustion control, etc. 

2) Minimizing heat loss 

The manufacturing process up to melting is simiar to 

that used in chemical plants. A large number of towers 

and tan ks are connected to one a not her with pipes, and 

the object is heated to 100 to 300 C by a heating medium. 

It is important, therefor, to prevent heat 10ss from the 

surfaces of these constituents of the process. Generally, 

the main equipment itself is well-insulated, but the 

flanges and end pipes small in diameter tend to be left 

uninsulated, or improperly insulated. 

3) Use of flashed steam 

High pressure steam is used in some part of the process 

to heat to high temperature. Its condensate should be 

returned to the flash tank to generate low-pressure steam 

and make effective u.;e of it. 

4) Condenate recovery 

5) Use of back-pressure steam 

In applications where steam of different pressure is 

used, steam of different pressures is generated using two 

or more boilers, or a high-pressure boiler is used to 

generate steam, c>.nd part of it is reduced using a valve. 

If high-pressure boilE!rS only are used and if a steam 

turbine is employed in place of the reducing valve to 

generate electricity with its motive power. electricity 

I ·,-



can be efficiently cbtained. 

Factories using the above system have been increasing 

because small-sized efficient turbines have become 

available. 

IS 



2-4 Paper and Pulp 

The flow of the paper making process is shown in 

Fig.2.4.l. In order to make wooden fiber sheets, the 

fiber is carefully selected and beaten in preparation 

procedures, and is gradually dehydrated in uniform 

dispersed condition. In the f'i na 1 stage, moisture 

approximately twice as much is evaporated by steam. This 

paper ~akiny industry is a large-scale equipped industry. 

In addition to electric power for driving the equipment. 

this industry uses 500 to 1,000 tons of water per ton of 

paper. Also an enormous amount of electric power is 

re~uired for moving this water. 

reasons why the paper making 

intensive industry. 

(1) Energy Consumption 

This 

industry 

is one of tne 

is an energy 

The places at the paper mill where energy is consumed 

are as shown in Table 2.4.1. Almost all the majority of 

thermal energy is consumed in the dryer part excepting 

the pulp manufacturing section. As only an exception, 

some paper mi ills were using steam fc ~ the purpose of 

drying after coating in the continuous paper-making and 

coating unit, and for pulper to promote the defiberizing 

and to accelerate beating and fibrillation cacsed by 

swelling of the fiber. Electric energy is used as rotary 

power for the rotor or the impeller which directly acts 

I q 



on the fiber in defiberizing, beating, circuiation, 

stirring. anc cleaning of raw materials. It is also used 

as rotary power for the cylinder for washing ti~ter, 

dryer, etc. and transport at ion ~ower for water. and raw 

materials. The process is divided into two part: the 

preparation of raw materials and the paper machine. 

In the preparation parts 1t the paper mill without a 

pulp manufacturing section, direct thermal energy 

consumption is at a low level. Steam is only used for 

heating the pulper for used paper disintegration, dye 

G.issolution and 

printing paper 

the 

mill. 

glue 

This 

making 

steam 

from s-i:arch at the 

consumption is very 

little, compar~d with steam consumption by the dryer. The 

energy consumed in the sheet format ion process is almost 

entirely P.lectric power and it is used for raw material 

transportation, 

defiberization 

raw material circulation in the er.est, 

and beating. Most of this energy is 

converted to friction heat which 1n turn, i;icreases the 

system temperature or is released into the atmosphere. 

Although it is not easy to control the release of this 

heat into the atmosphere, white water shr1uld at .least be 

recycled and the aforementioned friction heat sh'Juld be 

recovered to the maximum possible exte.t. Also tbe 

temperature drop by the use of frPsh ~atcr ~;hould be 

prevented and the drying effect of thP. papr•r making 

:~ () 



process should be maximized. 

The standard unit energy consumption rate of the paper 

making in Japan.is shown in Table 2.4.2. 

(2) Energy Conservation Measures 

1) Covering the cylinder by the hood. 

Among the energy consevation measures in paper industry. 

the most effective one is management of supply and 

exhaust of air in the dryer part. If the best dried and 

high-temperature air is supplied i~to the surroundings of 

the dryer cylinder, and the high-humidity exhaust is 

rapidly ejected into the atmosphere, the drying 

efficiency will be improved. 

The air discharged from the dryer part is at high 

humidity and, at ti1e same time, is at high temperature 

(60 to 80 C). Therefore, if the heat is recovered in some 

way, the heat balance will be improved. 

In order to achieve the above mentioned purposes, the 

hood covering the dryer cylinder group plays an important 

role. 

In the ordinary paper machine, approx. 2 ton of mojsture 

are evaporated for drying one ton of paper. For ejecting 

this vapor, 50 to ~o tons of air are required. Therefore. 

from the structural point of view, the following design 

considerations are given to the construction of the dryer 

hood. 

, ) 



a. The width of th~ hood and the height of the side wall 

sh o u 1 d have s u f f i c i e n t d i;n en s i o n s f o r c a p t u r i n g 11-· et a i r . 

In the ca<>e of the open hood, it is necessary that the 

height of the side wall is at least 2 m and the locaticn 

is almost at 30 to 35 deg against the internal surface of 

the sole plate as the distance from the m.achine frame 

(refer to Fig 2 . 4 . 2 ) This must be done from ·che 

operational point of view to sufficiently blow off the 

vapor from the dryer pocket and let the ascending air 

current flow along the internal surface of the sole plate 

The upµer incli:iation is designed to prevent the 

dropping of condensed water in the interior. The upper 

space capacity should also be large enough 

b. The location, size and shape of the exhaust port 

should be provided so that they can fully eject wet air 

without fail. At the same time the exhaust port should 

not make deflected air current which would be the case 

for uneven drying in the paper wid~h direction. 

In case the exhaust port is directly mounted to the hood 

ceiling, it should be provided at the portion equivalent 

to 3/4 of the wet end of thf~ dryer part. This is because 

most of the vapor is generated in the so-called constant 

rate drying zone where the ~aper moisture is kept at 

about 15%. 

c. The dryer hood should have such a structure that it 

. ) . , 



does not disturb paper feed operation. 

d. The hood should also be so designed as it allows easy 

access to the operator for the maintenance, repair and 

cleaning of the dryer. 

e. Material for the hood should be water-proof, 

fire-resistant, and anti-corrosive. 

t. The hood ceiling should be strong enough for the 

passage of the operator. 

In the conventional paper machine, a roof-shaped hood 

was provided on the group of dryer cylinders and the hood 

was equipped with :; to 4 pieces of large exhaust ducts 

for exhaust by natural ventilation. 

For developing the high-speed paper machine of high 

productivity the drying performance was reevaluated. And 

the machine was improved by the proced\...res such as the 

adoption of forced exhaust, introduction of hot blast 

supply equipment, complete sealing of hood and 

building-in of waste heat recycling device. In case of 

the totally sealed hood, it is possible to make a 

theoretical design and to calculate the heat balance 

easily. On the other hand, in case of the open-type hood, 

it is possible to sequentially modify and improve it to 

meet the production requirements in the a~tu?l operation. 

Th~ air volumP normally required per 1 ton of paper is 

as follows: 
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Hoodless paper machine 

Paper machine with open-type hood 

Paper machine with closed-type hood 

75-80 tons 

50-60 tons 

25-30 tons 

If the hood device is improved, less air consumption is 

required, and subsequently, the unit steam consumption 

rate is reduced. Fig.2.4.3 shows the difference between 

the open-type hood and the closed-type hood. When the 

dryer is at a marginal capacity, an approx. 2 0% increase 

of the capacity is expected, if the closed-type hood is 

adoped. 

b) Improving the dryer ventilation 

In the case of the closed hood, it is recommended that 

the ventilation system be built into the paper machine 

with the dryer. Otherwise, the drying effect would be 

reduced. The wel 1-ba lanced air supply and exhaust. and 

appropriaate temperature are contributing factors toward 

the effective consumption of thermal and electric 

energies and the stabilization of paper quality. 

Water vaporized from the dryer part is released as an 

exhaust of high dew point. It is suggested that air or 

water at high temperature be obtained by heat exchange in 

the process of this release, and t:hat hot air be used as 

an air supply to the dryer and hot water as blanket 

washing and pulp washing process. 

The dryer ventilation system 

111 

is a system where 



high-efficiency vaporization and waste heat recycling are 

carried out by means of ventilation control. One exa;nple 

of this system is shown in Fig.2-4.4. The waste heat 

recycling flow and the ventilation control system are 

shown Fig.2.4.S 

The pocket ventilation system is effective for 

equalizing moisture distribution across the entire width 

of wet paper and thus eco!lomizing steaJ:11. consumption. In 

addition, this system prevents overdrying at beth ends of 

the paper annd al so prevents paper break. There fore. its 

effects are remarkable. In case of open hood, the 

stagnation of vapor is a problem remaining to be solved. 

The devices such as roll and Grev in nozzle 

incorporated in the canvas roll are also available. In 

some cases, air is injected into a part where vapor is 

stagnant. 
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3. Energy Conservation through Waste Heat Recovery 

There are many energy conservation measures in major 

energy consuming industries. Among them, "recovery and 

utilization of waste heat" is the most fundamental and 

important measures in energy conser~aion technologies. 

Therefore, the subject of this "technology will be mainly 

discussed below. 

There are various sources of waste heat in a plant. 

Before the first oil crisis in 1973, fuel prices were so 

low that waste heat recovery equipment ar.d operations 

costs exceeded savings achieved from recovered heat. 

Therefore, waste heat recovery devices were not 

installed. However, with the sharp rise in fuel prices 

during the first oil crisis, waste heat recovery devices 

now are being introduced more widely. 

The following type of waste heat recovery are explained 

below: 

a) Heat recovery from combustion exhaust gas 

b) Recovery of steam condensate 

c) Heat recovery from hot waste water 

3-1 Heat Recovery from Combustion Exhaust Gas 

Even if low air raio combustion and internal furnace 

pressure management are implemented we 11, thermal 



efficiency is very low for high temperature equipment 

such as heating furnace. The relation between air ratio 

and exhaust gas loss is illustrated in Fig.3. 1 which 

indicates that when the exhaust gas temperature at the 

outlet port of a furnace is 1000 G, about 50% of the heat 

produced from fuel becomes exhaust gas heat loss even if 

the air ratio is lowered to 1.2. For that reason, it is 

necessary to recover the sensible heat of exhaust gas and 

effectively utilize the heat to increase the heating 

furnace's thermal efficiency. Fig.3.2 shows typical 

example of recovery and utilization of exhaust gas. 

a) In exa!llp le A and 8, recovered heat is used by the 

furnace to preheat combustion air and raw materials. 

b) In example Band E, recovered heat is used by other 

equipment to generate steam in a waste heat boiler and 

reutilized in a low temperature furnace. 

c) In example G, several kinds of heat recovery are 

combined so that heat reco~·ered by a turbine is converted 

into electric power, etc. 

Waste heat recovery should be considered after al 1 

energy conservation measures have been taken. Minimizing 

the generation of waste heat is the most important 

objective. 

(1) Preheating of Raw Materials 

When raw materials are preheated by exhaust gases before 
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being placed in a heating furnace. the amount of fuel 

necessary to heat them in the furnace is reduced. Si nee 

raw materials are usually at room te:nperature. they can 

be heated sufficiently without 

gas. 

using high-temperature 

(2) Preheating of Combustion Air 

For a long time, preheating of combustion a.:.r using the 

sensible heat of exhaust gas has not been used except for 

large boilers, metal heating furnaces and 

high-temperature kilns. This method is ~ow being employed 

in com.pact boilers and compact industrial furnaces a~ 

well. 

Table 3.1 shows the outlines of air preheaters. In 

addition, heat pipe type heat exchangers and high 

temperature gas/gas plate heat exchangers can serve as 

air preheaters. 

When combustion air is preheated, a quantity of fuel 

equal to the sensible heat brought in by the preheated 

combustion air is conserved. The fuel conservation rate S 

due to the preheating of the combustion air is determined 

according to the formula below (refer to Fig.3.3) 

p 

S= 
Hl - Q + p 

P Quantity of heat brought in by preheated air 



kcal/kg-fuel 

Q Quantitv cf heat taken away by combustion gas 

kcal/kg-fuel 

Hl Heating value of fuel kcal/kg 

The results of calculations of consevation of fuels 

according to the formula above are shown in Fig.3.4. 

For example, when combustion air for heavy oil is 

preheated to 400 C by a heat exchanger with an inlet 

temperature of 800 c. Fig.3.4 suggests a fuel 

conservation rate of about 20%. 

Since the volume of air is increased due to its 

preheating, it is necessary to be careful about the 

modification of air duct diameters and blower~. As for 

the use of comb~stion gases resulting frc:n high-density 

oils with high sulfur contents, care must be paid to 

avoid pr-::-blem such as clogging with dust or sulfides, 

corrosion or increases in nitrogen oxides. 

(3} Utilizing Waste Heat as a Heat Source for Other 

Processes 

The temperature of heating furnace exhaust gas can be as 

high dS 400 to 600C, even after heat is recovered from 

it . 

When a large amount of steam or hot water is needed in a 

plant. installing a waste heat boiler to produce the 

steam or hot water using the exhaust gas sensible heat is 



preferred. 

If the exhaust gas sensible heat is suitable for 

equipment in terms of heat quantity. temperature range. 

operating tiu:.e, etc., fuel use can be m.uch curtailed. In 

one case, exhaust gas from a quenching furnace was 

utilized as a heat source for a tempering furnace so as 

to make it completely unnecessary to use fuel for the 

tempering furnace itself. 

3-2 Recovery of Steam Condensate 

Although steam is used most as an energy sources, the 

rate of actual effective utilization of steam's total 

heat energy is about 80%. Therefore, fuel savings of 

about 20% can be achieved by recovering 100% of the heat 

of the condensate and effectively utilizing the recovered 

heat. 

The recovered condensate generally is utilized for 

boiler feed water. The effects cf the recovery of tl-ie 

condensate are mentioned below. 

a) The consumption of boiler fuel is dimished, thereby 

reducing air pollution. When the reco·Jered condensate is 

used as boiler feed water, its temperature is raised. Jf 

the teed water temperature is raised by lOC, fuel 

consumption can be reduced by about 1. 5% (as understood 

from the relation between the teed water temperature and 

fuel conservation shown in Fig.3.5) 
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b) Recovered condensate can be reused as boiler feed 

water to reduce the total acount of boiler feed water. 

Since the recovered condensate :s pure water, the cost of 

water purification is reduced. 

(I) Planning of Condensate Recovery 

In planning the recovery of condensate. the two factors 

noted below are generally examined: 

a) Effects of condensate recovery processes on cost 

reductions a~d management of operations. 

b) Cost of installing condensate recovery equipment. 

These two factors are compared to estimate whether or 

not condensate recovery is cost effective and to 

determine the optimal recovery method if it is utilized. 

For these purposes. and to clarify which condensate 

should be rP.covered, it is necessary to find out how much 

steam in plant is now used in each of its processes and 

how much condensate is abandoned. 

Therefore. heat balancce sheets should be drawn up to 

help in grasping the overall heat use situation. Ey trial 

calculation of equipment costs. 

method needs to be selected .. 

a condensate 

(2) Methods for Recovering Condensate 

·ecovery 

There are three methods of recovering a high-temperature 

condensate drained through a steam trap, as follows: 
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a) Recovering condensate only by using steam tra~ 

b) Recovering condensate using steam trap and volute 

pump. 

c) Re~overing condensate using steam trap and condensate 

recovery pump. 

In method a and b, a condensate recovery line is open to 

the atmosphere, and the temperature of the recovered 

condensate cannot be made higher than IOOC. In method c, 

the condensate recovery line is closed to the atmosphere, 

and all the heat of the drained condensate can be 

recovered. Method c has been widely used in recent years. 

Fig.3.6-3.8 show the condensate recovery methods. 

(3) Utilization of Flashed Steam 

When a pressurized condensate with a temperature of IOOC 

or more is released into the atmosphert:, a part of the 

condensate is flashed into steam. Though the pressure of 

the flashed steam is low, there is a process by which it 

can be utilized effectively. 

Table 3.2 shows the quantity of flashed steam. It is 

understood from this table that 

i~ generated in a quantity of 

condensate of 
2 

10 kg/cm . 

Fig.3.9 shows an example of 

flashed steam of 
2 2 kg/cm 

1 t/h from 10 t/h of 

utilization of flashed 

steam. The places where condensate is generated and 

flashed steam is used should be near each other so that 
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the already low pressure of the flashed steam is not 

reduced further through unnecessarily long piping 

t rans port . For t r1 at reason , l a r g e d i an et er p i p i n g must be 

used and equipment costs are high. Therefore. thorough 

study of the cost effectiveness of using flashed steam 

should be carried out before deciding on its use. 

(4) Items to Keep in Mind Concerning Condensate Recovery 

Items which should be kept in mind about condensate 

recovery are noted below. Together with the maker of 

steam condensate recovery equipment, 

st1.dy of these items is necessary. 

on-site technical 

a) Though the recovered condensate tends to be 

considered pure distiled water, the condensate contains 

minute quantities of various substances dissolved in it. 

It should be studied to see if the condensate can be used 

as boiler feed water as is. 

b) If the condensate cannot be used a5 is, studies 

should be carried out to determine how to treat the 

condensate and whether or not to recover only heat if the 

condensate is very contaminated. 

c) Since the steam trap receives back pressure fro1:1 a 

condensate recovery pipe or equipment, the trap should be 

changed for a mechanical trap. Careful appraisal is 

necessary in selecting the appropriate mechanical trap. 

d) If there are piping lines with different steam 



pressures, study will be neces:3dry to determine if 

condensate recovery pipes should be provided for the 

different levels of steam pressure. 

3-3 Heat Recovery from Hot Waste Water 

Hot waste water is a form of waste heat apt to be 

overlooked. Though it is not readily utilized, a method 

of utilizing the heat should be developed if a large 

amount of heat is being lost. 

Methods of utilizing the heat of hot waste water are 

mentioned below: 

a) Recycling the hot waste water 

b) Heat recovery using heat exchanger 

c) Heating of feed water using heat pump 

... . 1 .. yp1ca_ method of recycling hot waste water involves 

utilizing again the water which performs indirect cooling 

in a condenser. The hot water is relatively clean so that 

it can be usec for room heating or for bathing. 

Though a heat exchanger was not used previously to 

recover heat because the heat exchanger soon became 

clogged due to unclean hot waste water, a plate-type heat 

exchanger which is cheap and from which scale can be 

completely removed has been developed and used in dyeing 

plant and in a boiler to exchange heat between hot waste 

water and clean water in order to h('at the clean water 
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which then is used. This method has yielded good results. 

Though a heat pump was developed tor use in 

air-conditioning. it also has beer. used recently to 

recover the heat of hot waste water. Hot waste water of 

30 to 40 C is used as a heat sourc~ in a heat pump to 

heat feed water to 70 to 80 C and energy savings about 

50% greater than those realized with heat recovery usinq 

only conventional heat exchanger achieved. were a 

Fig.3.10 shows oasic flows in Lhe use of a heat pump. 



4. Conclusion 

As stated t:hus far, energy conservation in Japan. which 

had been progressing remarkably in each field, has. for 

the past several. years. been in c. state of stagnation 

owing to low and stable energy prices, including oil, and 

the spread of energy conservation technology. Energy 

consumption has been showing substantial increases since 

1987 due to the recovery of business based on economic 

policies to expand domestic demand, together with the 

sluggishness of 

industry, 

efficiency 

the 

of 

investments in enPrgy conservation 

levelling 0 ff of improvement to 

energy consull!ing appliances, and 

in 

the 

the 

lowering awareness of the need for energy conservation. 

However, in the midst of increasing disc~ssions regarding 

the glob.::il environment, especially the greenhouse effect 

caused by the emission of accompar.y i ng energy 

consumption, and forecasts of a tightening in medium- and 

long-term energy supply and demand, there ?re strong 

demands throughout the wor 1 d to adopt new ..neasures to 

take energy conservation one step further. It is 

important to push ahead with strong measures from a new 

standpoint in the fields, where adequate measures have, 

to dai:e, not necessarily been adopted, as well as to 

continue the steady promotion of existing measures. 

For example, Japanese industry has beei1 collecting and 
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using to great extent the waste energy that can be used 

within the factories economically (including gas produced 

as a by-product of the manufacturing process) However, 

apart from joint use by sections of an industri::.l 

complex, the use of waste energy outside the factory that 

actually 

problems 

viability. 

produces it is rarely seen owing 

and 

to such 

as t i1e system, technology economic 

In the West, waste heat generated by power 

stations is used in heat supply projects, whereas in 

Japan this does not occur because of the di f fer"ences in 

generating systems, and because there is not a stable 

demand for domestic-use heat. Furthermore, in urban areas 

a variety of heat sources, such as heat generated by 

rubbish incineration plants, subways, and the 

treatment process, were, in the past, wasted, 

sewage 

however 

: hese heat sources are now starting to be used, and the 

future use of waste energy within the social structure 

has become a major topic. 
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Table 1.1 Change in Energy Consumption 

Flcal yaar 1973 1974 1975 1976 1977 1976 1979 1980 1981 1982 1983 1984 1985 1986 1987 

Index 100 99.6 92.9 93.2 89.7 85.9 87.0 81.0 75.5 69.8 70.9 70.9 68.2 66.0 66.0 

•indices (FY 1973 = 100) 
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Year 

1971 

1973 

1975 

1977 

1979 

1981 

1983 

1985 

1986 

1987 

1988 

Table 2.3. l Production vs. Energy Consumption 
in Synthetic Textile Industry 

Production Fuel oil consumption 

(thousands of tons/year) (liters/kg) 

1662.3 1.42 

1847 .8 1.36 

1452.3 1.49 

1734.9 1.22 

1850.7 1.00 

1815.8 0.78 

1786.l I 0.67 

1861. l 0.45 

1760.l 

I 
04.l 

1727 .6 0.38 

1735.3 0.36 

Source: MITI statistics "T(.xtile Statistics Annual Report" 

Electric power 
consumption 

-

2.82 
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3.17 I 
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2.43 
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2.1 I I 

2.18 
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Table 2.3.2 Main Energy Conservation Measures 
in Synthetic Fiber Factories 

Energy sa\ing measure Equipment 

Recovery and reuse of waste heat I 
• Use of waste heat Waste heat boiier 

• Multi-effect use of evaporator Adding/improving evaporator 

• Use of low-temperature waste heat Heat pump 

• Power ger.eration using low/ Low-voltage generator, etc. 
medium-temperature wast~ he;;t 

Effective use of energy 

• Heat storage using nighttime Accumuiater 
electricity 

• Raising efficiency of electrical High-efficiency electrical eqipment 
equipment 

Rationalizing operation 

• Integrated operation of equipment Automatic controller 

• Intermittent operation of pumps 
and ejectors 

Optimizing equipment capacity 

• Equipment speed (rpm) control Speed controller 

Combustion control Automatic controller 

Process improvement Continuous polymerization spinning 
equipment 

Drawing, false twisting machine, etc. 

High-speed multi yam reeling machine, 
etc. 
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Fig.2.4.1 Paper Production Process 



Table 2.4.1 

Nune of equipment 

Pulper 

screen 
s:parator 

Filter 
Thiclcner 

Beater 
Refiner 

Chest 

Cyclone separator 

Paper rtl2chine 

Suction box 
Suction couch 

Suction press 
Suction box 

Dryer 

Coater 

Equipment an~ ~nergy of ?aper Mill 

En:::gy source 

Pulp disintegration 

Re:":lov2! o!" undissolvd ;;:n:! :a:::ign r:;Jtt:: 

Pulp \lo-ashing and co:'lc::ntrate Electricity 

Fiber beating and d::fib::ri:::ing Electricity 

Circulztion of stor:c pulp Elec:r~city 

Separation of united fih:: anc r.:icroplrti:!:s Ei:c:r::i:y 

Driving of wire part, p:e:s pl'- and dryer pa:t Electricity 

Deh~·dration of wire pa:t Electricity 

Dehydration of pres~ part Electricity 

Drying of wet pa?er and canvas Steam 

Painti.'lg and drying Eiect:icity and ste:ir:i 

c__._Ca_l_e_n_d-er~~~~-'-~S-m_o_o_t_hrn· __ g_a_n_d_g-lo_s_s-in-g~~~~~~~~~~-L--E-1-ec-t-ri-c-it-y~~~-J _ Cutter Cutting Electricity 

I j 



Tab le 2- c 2 Standard Unit Energy C0nsu~ption Rate 
of the Sheet Making Sectio~ in Japan 

S:oe1~ {:'<} Eiectri.::ity (icWh_lt} I 
1979 O;;:. - i9SO Se;-. 1979 Oct. - 1980 Sep. i 
Rar:ge Typ:cal '-a'.::e Range Typical •alue i 

Prir:tir:g p1per A (h!gh c;_i;1li:y} 1.6 - 5.0 (3.2) 320 - USO (775) i 
I 

Printing paper B t 

(intermediate quality) 
l.9 - 3.6 (2.75) 450 - 9~0 (710) 

I Printing paper C 
1.9 - 3.1 (2.-~5) .:..;o - 950 (665) I (high grcundv;ood paper) 

Other printing and w:i:ing pape: 1.9 - 3.6 (2.S) 370 - 790 (56~ 
• 

Kra!t pape: (multiple saclc -i;se) I s - 3.S (::!.60) .;90 - l ,080 (770) I 

Kraft paper 2.l - 4.2 (3.00) .;20 - l ,450 (855) I 
Other w::app:ng paper l.S - 3 .8 (2 .9 5) 200 - l ,210 (750) I 

I 

Kuft liner for external fitting 1.4-4.l (2.60) 350 - i50 ( s.;o) 

' Jute liner for extemal fitting l.6 - 2.9 (2 .15) 300 - 700 (490) 

Pulp core l.7 - 2.9 (2.20) 30 - 600 (295) 

Coated Manila cudbo:ird !.9 - 3.9 (2.90) 250 - l ,l 50 (700) 

Coated white cardboard l.8 - 3.4 (2.55) 220 - 650 (895) 

Non-coated white cardboard 2.4 - 2.7 (2.55) 390 - 440 (420) 

Core paper or Tube board 1.9 - 2.5 (2.20) i80 - 700 (430) 

Color paper board 2." - 2.2 (2.05) 520 - 530 (525) 

By courtesy of hpan Technical Association of Pulp and Paper 

Industry maguine No. 37-1 d1ted January, 1983 



Fig.2.4.2 Structure of Open Hood 
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Unit Steam Consumption Rate 
for Open Hood and Closed Hood 

E,;haust 

Water shower 

A) Draft for c:anns drying 

B) Draft for pit 

C) Draft to •uxiliary dryer (PV 
rcll ~r Grcwin nov.le for pod.et 
ventilation) 

D) Draft for paper chaml>er ceiling 
(for prevention of dewing and 
for chamber ventilation) 

E) Draft for press part 
(for prevention of dewing) 

® f) For hot water of p:ilp section 
and blanket wash 
(for washing pulp) 

Fig.2.4.4 Example of Closed Hood Ventilati~n System 
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Fig.3.1 
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A 

B 

Recuperator 
Heating--~ ........ ~.,,..,..,...~E~x~h_a_ust ~as 
furnace 

Heating 
furnace 

Recuperator 

>laste 
heat 
boiler 

::xhaust 
tr.as 

Stea:::i 
Rec.uperator Gas turbine 

itaS 

c Fuel ri~at1ng,1~ __ __..,,,_ __ ~___, 
furnace 

Electric po;;er 

Air 

Heating furnace 
Exhaust gas h +r---•t--__ ___,or eat treatment 

I • • a \ hrnaco 

D. 

----1 non r---1L---,1~, ~---
Preheating 
of material 

Fuei~-----.Heat1ng furnace 
or heat treatcent 

E. furnace 

Lo" temperature 
furnace 

Fig.3.2 System for Utilizing Waste Heat 
of Combustion Furnace 
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Table 3.1 Outlines of Air Prehcaters 

Exhaust gas Preheated air 
Type temperature temperature 

Object furnace 
limitation 

----- ~ . 

Re- Metallic ~lue Convective: l,000°C or 300 to 600'C l lleating furnace I 
cu per a- I recupera tor I installation Multi tubular below heat treatment urnace 

tive i Other and other industrial 

i r Chimney -

furnaces 

Radiative (radiative 1,000 to 
! I installation and convective) l,300°C 

r--I Ceramic (tile) recuperator Armco 1,200 to 400 to Soaking pit & 

I Stein l,400°C 700"C Glr SS kiln 
--

' 
Rege- j General 1,000 to 600 to Coke ovun, 

nera- I l,600°C l,300°C hot blast stove & 
I 

tive i 
glass kiln 

' 600°C or : Rotary regenerative (Ljungstroem; Rotemuihle) 100 to Boiler, 
I below JC0°c hot blast stove & 

I I anti-pollution equipment 
i 

,....__ 

---~ 



Fig.3.3 

Fig.3.4 

Example of Preheating of Combustion Air 
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Fig.3.6 0 1v bv Stean Trap Condensate Recovery n__ _ 

1 

Fig.3.7 Condensate 
and Volute 

Recovery by 
Pump 

Steam Trap 

Steam-using 
equipment 

Fig.3.8 

Foeed wete: tank 
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"'J 
() 

Higher -
pressure 

(kg/cm2 g) 

l 

2 

3 

4 

5 

6 

8 

10 

12 

14 

16 

18 

20 

Table 3.2 Quantity of Flashed Steam (%by weight) 

2 Lower pressure (kg /cm g) 
~-· 

I 0 I 0.3 0.5 l 1.5 2 J 1+ 5 6 8 

I .. ·-.---

I 3.7 2.5 1.7 - - - - - - -

6.2 5.0 4.2 2.6 1.2 - - - - -
8.1 6.9 6.1 4.5 3.2 2.0 - - - -

9.7 8.5 7.7 6.1 4.8 3.6 1.6 - - -

11.0 9.8 9.1 7.5 6.2 5.0 3.1 1.4 - -

12.2 11.0 10.3 8.7 7.4 6.2 I+, 3 3.0 1.3 -

. 14.2 13 .1 I 12. 3 10.8 9.5 8.3 6.4 I+, 8 3, I+ 2.2 

I 15.9 14.8 14.2 12.5 11.2 10.l 8.2 6.6 5.3 4.0 1. 9 

17 ,I+ 16.3 15.5 14.0 12.7 11.6 9.8 8.2 6.9 5.7 3. 5 

18. 7 17.6 16.9 15.4 14.1 13.0 11.2 9.6 8.3 7.1 5. 0 

19 .o 18.8 18.1 16.6 15. 3 14 .3 12.4 10.9 9.6 6.4 6. 3 

I 21.0 19.9 19.2 17.7 16.5 15.4 13 ,6 12.1 10.8 9.6 7. 5 

122 .o 20.9 20.2 18.8 17.5 16.5 ll+. 7 13 .2 11.9 10.7 8. 7 

--1--·--Tt. +----. 10 I 12 I 14 16 I 18 

--··---1- - ---. -. ~I -

1. 7 

3.2 1.5 

11. 5 2. 9 ' 1.1+ 

5.7 I+. I. 2.7 1.J 

6.9 8.3 3.8 2. s I l.2 
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Fig.3.9 Example of Use of Flashed Steam 

? f 



Fig.3.10 

~lc••t<~ v•t~: t•~~ 

!!.,•t uc!:-~"!'"" r+1 
~s-~s·cfVl10-zs·~ I 

{ 9'.ot v•s:e va.tcr 
~----;-.. 

10-"o·c 

Cu abeorpt1011 
but p:ap 

so-6o·c 

Hot vaatc v•tcr 

so-6o·c 

Waste Heat Recovery Using Heat Pump 

JL 




