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PREFACE 

The conservation of energy in an essential~ we can all rake towardscvercoming the mounting 

problems of the worldwide energy crisis and environmental degradalion. In particular, developing 

countries are inlereSICd to increase their awareness m the inefficient power generation and energy 

usage in their countries. However, usually only limired information sources on the rational use of 

energy are available. 

The know-bow on modem energy saving and conservation technologies should, therefore, be 

disseminated to governments and industrial managers, as well as to engineers and operators al the 

plant level in developing countries. It is particularly impor13Dt that they acquire practical knowledtc 

of the currently available energy conservation technologies and techniques. 

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 inrensive industries, 

savings up to 10% could be achieved through basic housekeeping improvements, such as auditing 

and energy management 

All lhese experiences brought UNIDO to prepare a regional programme on the promotion and 

application of energy saving technologies in selected subscctors, since the rational use of energy calls 

for a broad application of energy cons.!rVation ICChnologies in the various industrial sectors where 

energy is wa<>tcd. One of these energy intensive iP.dustrial sectors to be con.'lidered to improve 

efficiency through the introduction of modem energy conservation tcchnologie..'I is the glass industry, 

which ha" a high level of energy consumption and therefore C01 production. In recent years. C01 

generated in huge amounts is said to cause global warming, and the impact oo the earth environment 

is gelling serious. To cope with this situation, efforts have been made throughout the world to reduce 

the amount or col generated with the wgct placed on the year 2000. 

In the gla.'\.'I indu.'llry, significant improvemcnL'I in the level of energy efficiency could be 

achieved by combustion control, furnace wall insulation, exhaust heat recovery. heal balancing, use 

or electric booster and bubbling, electric heating of forehearlh, using a great number or cullet and by 

low melting icmpcraturc batch technique. 

Currently, UNI[)() is implementing this Programme with the financial support or the Japanese 

Government. in sclcclCd Asian developing countric!I. This programme aims at adopting these 

innovative energy conservation technologies. developed in Jap&n. ~'l the condition!! of developing 

countries. 



In lllis programme, we are considerin~ that the uansfer of these technologies could be achieved 

through: 

(i) Conducting surveys of energy usage and emciency at the plant level; 

(ii) lttparing handy rn!l-11nals on energy management and energy conservation/saving leeh

nologies, ~on the fmdingi cf the above survey; 

(iii) Presenting and discussing the handy n.:-nuals at seminars held for government officials, 

representatives of indUSlries, plant managers and engineers; 

(iv) Disseminating the handy manuals to other developing countries for their proper utili7.ation 

and application by the industrial sector. 

The experience obtained through this programme will be applied to other programmes/projects 

which involve other industrial scx:tors as well ac; other developing countries and regions. 

UNIOO has started this programme with the project USJRAS/90/075 - Rational Use of Energy 

Resources in Steel and Textile Indu.'>try in Malaysia and Indonesia. This wac; followed by project US/ 

RAS~35 - Rational Use of Energy Saving Technologies in Pulp/Paper and Glass Industry in 

Philippines and Thailand. 

The present Handy Manual on Glac;s Industry wa'> prepared by UNI DO. with the cooperation of 

expert.'1 from the Energy Conservation Center (ECC) of Japan, on energy saving technologies in the 

framework of the above mentioned UNIDO project. It is based on the results of the surveys carried 

out, the plant observations and the recommendations and suggestions emanatine from the Seminars 

on Energy Conscrvatio.1 in the Glass Industry, held under the same project in January and February 

1993 in Bangkok, Thailand and Manila, Philippines respectively. The handy manual will not only 

be intcrc.'lting for government and representatives from industry, but it is, in particular, designed for 

plant-level engineers and operators in developing countries a'I a help to improve energy efficiency 

in the prod1x:tion proces.'I. 

Appreciation is expressed for the valuable contribution made by the following institutions to the 

successful preparation and publication of the manual mentioned above: 

The Department or Energy, Philippines 

Ministry of Science, Technology and Environment, Thailand 

Ministry or InicmationaJ Trade and Industry (MITI), Japan 

The Energy Con.'ICrvation CenlCr (ECC), Japan 

July 1993 
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1. Production process of the glass !ndustry 

The glass industry consumes much energy. Fuels are burnt to create a high tcmperalUJ'C inside 

the furnace, where the bau:h is reacted, vitrified, degassed. homogenized, and taken out as products 

(e.g. glass bottles, tableware). The products are put illlo the lehr for annealing, and the surfaces arc 

printed~ required. Then they are placed into the baking furnace. Thus, each of these processes uses 

a furnace which consumes much energy. The typical manufacturing process of a bottle is shown in 

Figure 1. 

The fossil fuels (coal, petroleum, natural gas) as energy resources are limited resources which 

must be left for the poople of next generations as much as possible. SOx and NOx are discharged into 

the atmosphere by the combustion of fuels, lhereb~· affecting the human health. This has raised 

serious problems. In recent years, C02 genera1cd in huge amounts is said to cause global warming. 

and the impact on the earth environment is getting serious. To cope with this situation, effons have 

been made throughout the world to reduce the amount of C0
2 
generated with the target placed on the 

ycar2000. 

Energy saving or energy conservation effort'\ in industrial activilie.'i arc directly connected to ihe 

effect of controlling the cost increase due to the reduction of unit energy consumption in industry. 

leading to intensified competition. At the same lime, such effort.<; provide an essential means for :he 

improvement of the global environment so that the human being will maintain iL'i health for a long 

time to come. It is imperative for the industrialist to understand that the energy conversation is one 

of the most imponant policies for industry. the nauon and the world. 

Mehing 
Mixing ' oo¢EJ~l.____J 0[3' 

Inspection Prlnling Annealing Foming 

Marllfacluring proceu (Bonle) 

Figure 1 
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2. Characteristics of energy consumption in the glass production 

process 

Figure 2 illustrates the ratio of the cneq;y cost on lhe IUtal mar.ufacturing cost :11 glass bottle 

manufacturing planlS in 1973 immediately before the first oil shock, in 1981 .ifcerthe second oil shock 

and in 1989. DespilC the energy conservation efforts, the ratio rose from 9% in 1973 to 16. 7% in 1981 

mainly due to spiraling oil cost. The ratio reduces to 8.6CJ. in 1989 due to energy conservation efforts 

and lower oil price. 

1be energy cost in 1981 can be broken down as follows: 

Heavy oil 11 % 

Electric power 4 % 

LPG 2% 

Energy conservation for each energy source is a major laSk to be solved for cost reduction. 

Figure 3 shows the energy con.~umption for each process. 
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Figure 2 Energy cost distribution for total manufacturing cost In glass bottle 

Source: New Gla<.s Tech Vol. 3 (19R3), No. 4 
lnd1111trial Statistics ( 1989) 
Oil Consumption Statistics (1989) 
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MeRing75% Me!ting845% 

Others t========-7 
Eledriciy 7% 

1.5% 

Tank furnace factory Pot furnace factory 

Rgure 3 Share of total energy consumption 

The situation differs according to the product types and scales; Figure 3 gives examples of the 

glass bottle manufacturing plant equipped with the tank furnace and the small-scale plant provided 

with the pot furnace. 

The melting process is the greatest crcrgy consumer in both the plant provided with the tank 

furnace for continuous production and lhe plant provided with the pol furnace for small quantity 

production of multiple product types. 

The figure records 75% on the tank furnace; it even reaches close to 82% when 7% for forehcarth 

is added. More energy. nearly 85%, is consumed in the ca'>C of the pol furnace. 

Thus, when energy conservation cffons arc made. top priority must be placed on the f umacc, lhcn 

on the lchr. 

The unit energy consumption means the energy required to make the product of unit amount (1 

kg or 1 ton). It is expressed either by unit energy consumption if energy is used ao; the unit or by unit 

fuel con.o;umption if the amount of fuel is used as the unit. 

Buically, energy conservation in the glaois factory is to reduce the unit energy consumption. 

To reduce unit energy consumption, it is necessary to reduce the amount of fuels used, while it 

is important as well to increase production without incrcasing the amount of fuels, and to reduce the 

failure raie of production, thereby r.nsuring production incrcase in the final stage. 
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Specific energy consumption includes all lhe energy used to manufacture lhe product-oils such 

as hravy oil, LPG and kerosine oil, electric power used for transponatioo, etc. 

Table J shows an example of energy conswnplion for each proces.'! and fuel in the glass bottle 

making pJanL The management is required to get a total (licture of this situation. Each process c>f the 

plant must grasp the unit fuel consumption or unit electricity consumption at each section. 

Table 1 D•strtbutlon of energy consumption for glass bottle manufacture 

x IO" kca/IOn glass 

Heavy oil Kerosene LPG City gas Electricity Total % 

Batch 1.47 1.47 0.58 
Melter 161.80 16.96 178.76 71.03 
Forehearth 1.77 14.76 0.8 19.33 6.89 
Forming 0.08 26.85 26.93 10.70 
Lehr 9.59 2.86 12.45 4.95 
Printing, working 6.32 0.09 1.54 7.95 3.16 
Package 0.47 0.47 0.19 
Others 0.05 0.02 0.32 0.14 3.58 4.11 1.63 

Total 163.61 0.02 30.99 0.31 56.7~ 251.68 

(%) 65.01 0.01 12.31 0.12 22.54 100 

Regarding the furnace, it is ncccs.~ to get correct data on the unit energy consumption (or unit 

fuel consumption). It corresponds to the energy consumption for the amount of gla'>s taken out of 

the furnace. It may be expressed in calories or in the value convened into the amount of heavy oil. 

When the electric booster is used, the amount should indudc the electric energy used for that booster. 

This applies also to the annealing furnace. In th.s cac;c, the value is i:'\presscd in the amount of 

energy consumption for the amount of annealed glass. 

Unit energy consumption varies greatly depending on the production scale. fl also depends on 

the kinds of gla'!s because it is rrlated tc1 t:-.C quality level. Figure 4 illustrates the differences in the 

tableware plant and th'! glas.'i bottle plant. The smaller ~ale and the higher product quality level of 

the tableware manufacturing plant than those of the glass houle making plant explain the rea'i<ms for 

considerably higher unit energy consumption in the tahleware manufacturing plant 
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Figure 4 Unit energy consumption for factories 

For the pot fwnace faclOry of small quantity production of multiple product types, only the unit 

energy consumption in the furnace is clear; it is 4,000 IO 8,000 kcal/kg. The difference depends on 

the kind-; of gla-;s, such as bolosilicate gla,.s, soda lime gla'is and crystal gla'iS, and furnace size. 

Table 2 represents the situation of the unitcon.'lurnption for the lehr. Bigdifferencesareobscrved 

according to heating method, operation time, heat of the glass to be loaded, amount of the gla-;s loaded 

into the lehr processing capacity. 

When the unit energy consumption is compared with that of other companies, it is necessary to 

note how the reference or standard has been detennined a" well ao; to cla1if y whether lhe energy means 

the total energy in the plant or only the energy u.'ied in the furnace, whether the forchcarth is also 

included in the furnace or not, and whether elccuic power is included or not. 
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Table 2 Unit energy consumption of lehrs 

()pent- Rising time 
Unilenergy 

Style Fuel ing Holding Produelion 
Condition of 

Capmci1y 
consumption 

inpul (monlhly 
lime rime 

average) 

Muffle Gas 8h 4h Cup Afrer fonning 219tgni 448 kcal/kg 

Dirm Eleclrity 8 4 Cup Afler forming 219 '.!85 

Muffle G3S 8 4 Cup Afler grinding 156 1572 

Muffle Oil 8 '6 Head lens Afier fonning 250 1861 

Direct Gas 8 2 Head lens Ailer fonning 250 596 

Muffle Gas 24 Boule Afrer forming 360 462 

Dirm 
Radiation 

Gas 8 1 Grove lens Afrer forming 180 778 

Muffle Oil 24 I Boule Afrer fonning 168 827 

Radiaru rube Gas 8 1 Boule Afrer fonning 238 506 
---

Source : Guidance of Energy Const>n·ation I 1983). 
The Glass '.\lanufacturing Industry 

Figure 5 shows the flow sheet of energy conservation. The flow sheet should be modified 

according IO the particular requirements of each planL 
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Sys1emali7.alion or energy conservation commiuec 

Hold or unit energy consu.-:tption in manufacturing process 

Operation or heal balance 

I Hold or usual operation and energy consumption change 

Product yield, anaJysis or cause or rejected article J 
.____--~---

[ Study of energy consumption plan ! 
Operation or plan ] 

Study or effect 

Standardi1.ation of operation 

Figure 5 Flow sheet for energy conservation 
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------~--------------~-----~----

3. Promotion of energy conservation technology 

3.1 Metting furnace 

Melting furnaces used in the giass production are available in a great number of types. They can 

be broadly classified mro :he typeS shown in Figures 6 to 10. 

Figure 6 shows the side port rype. This is a large furnace with a daily capacity of I 00 to 150 tons 

or more. Two or more ports are installed al a right angle to the direction of lhe glass flow, and 

temper.tture distribution within the furnace can be changed IO a desired value by conttolling the 

amount of combustion of each port; this permits to produce high-quality glass. This type of furnace 

is often used as a fumu:e for production of plate glass or a bottle making large furnace. 

Figure 1 shows the end port type furnace. It is a small and medium type furnace with a daily 

capacity of 100 tons or less. Compared with the side pon type furnace, the end port type furnace 

feablres a simple structure and less expensive installation cost, but has difficulties in increasing its 

si7.e. The flame returns along ihe longitudinal direction of the furnace and is sucked into the port on 

the side opposite to lhe rear wall. The temperature distributic.n inside the furnace varies according 

to lhe length of the flame and it is comparatively difficult to change the icmperature distri~ution. 

These two types of furnaces in many cases use regenerators. Some of the small •ype furnaces 

use the recuperaror. 

Figures 8 to 10 illustrate the pot furnaces for the small quantity production of multiple product 

types. Figure 8 illustrates the conventional multiple pol furnace used since early times, where six to 

ten pots are installed in the circular furnace, and glasses of different kinds are molten in these pots. 

The batch is loaded inro the pc,t and molten during the night, and forming is performed during the 

daytime. The efficiency is not so good, and high-quality glass cannot be obtained. Most of the small 

and medium companies use this type of furnaces. 

Figure 9 represents the pot furnace where only one pot is installed. It allows the me not only of 

the close pot but also the open pot. In spite of its small si7.e, it is designed for high efficiency. Some 

of this type of furnaces have a unit energy consumption of 4,000 ro 5,000 kcal/kg-gla~. 

Figure 10 shows a multiple pot furnace where the poL'I arc installed in parallel, not in a circular 

form. The small and m.:.dium companies also tend to use roboL'I and conveyers for transportation. 

Since the use of the circular form will make the layout within the plant rather difficult, this type of 

furnace ha'! been developed to solve this problem. 
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Refining chamber 
(zone) 

Melting chamber (zone) 

Rgure 6 Tank furnace (Side pon type) 
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Figure 7 Tank furnace (End pon type) 
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exhaust gas 

Burner 

Figure 8 Pot furnace 

Recuperator 
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Figure 9 Single pot furnace (New type) 
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I 
J 

In the pot fornacc the n.-cupcrator is usc:d c:u:lusi\'dy a'\ a ~al exchang'-"f. 

Since the melting furnace consurocs moch '"'llCrgy. this design pro,,-ides a great ell\.'fgy conser

vation effect, which is reprcsen1ed in l~ n.-doc'"'<i unit energy consumption. The unit coosumptioo 

varies according to the scale. Figure 11 st!ows ~ yl.'arly awrJge \·alue for l~ ronle making planl 

in Japan. 

For twelve years rrom 1975 to 1986, unil cocrgy con."iumplion ha"i reduced about 26% from 

3,470,000 kcal/U>n to 2,560,000 kcal/ton. According to the recent rcpon. some or the furnaces have 

reduced the unit energy consumption below 2.000.000 kcal/ton. This is not only largely due to the 

reduced amount or oil used. 

1bc first s~p toward the energy conservation in the melting f umacc is to improve the combustioo 

efficiency, to intensify heat insulation and to mak an l.'fkcti••e U.'\C of the cxhau.'\l ga."i. 

Recuperator 

Figure 10 Parallel muHl-pot furnace 
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Figure 11 Unit energy consumption for glass bottle manufacturing 

3.11 Combustion control 

The fuel used in the melting furnace is liquid fuel (heavy oil) or ga" fuel {LNG, LrG). 

Appropriate combustion can l c checked by measuring the C01, 0 2 and CO contained in the cxhamt 

gas. 
Gla~-i materials used in the tank furnace arc carhonaics such as soda ash (N3:COJ and limestone 

(CaCO,). They arc decomposed during lhc reaction for vitrification to discharge C01• Thus, a-i a 

result or L~ gas analysis, the sum of C0
1 

gcncraicd by combu.-.tion and C01 gcncralCd from the 

malCrial is produced in lhc tank furnace, so the amount of col is greater than that in the case or 

combll-il.ion alone. fl is to be nolCd lhat, when the combustion control is considcrrd, lhc value will 

be inappropriate. It is desirable to make combustion control with oxygen volume in the exhaust ga-. 

for the tank furnace. 
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(I) Jnnuence or cooled air other than pr~ated secondary air 

The St.--condary air used for combustion is prchealcd by lhc heat exchanger. The primary air 

for spraying and air inuuding from the clearance of the burner tiles enter the furnace as they 

are cold. Reduction in the volume of such cold air will lead to energy conservation. 

Figure 12 shows the result of calculating the amount of possible energy conservaiion by 

reducing the volume of this cool air and replacing it with the Jnhearcd air. It gives a graphic 

rcprcscntation based on m= 1.25 and the volume of cold air accounting for I 0% of the entire 

air. If the cold air is reduced by 1 'Ii and the prchcalcd air is increased by I 'Ii, it corresponds 

to reduction of air ratio by I%; the fuel is saved about 0.5%. 

m= 1.05 

6 f-

m= 1.25 

I 

-Jr/ 
[ ___ .. . _J ·- ____ J ___ _J 

80 84 88 92 96 100 

Preheated air/total air (%) 

Figure 12 Relationship between preheated air and saving In fuel 
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(2) Temperature distribution inside tht furnatt 

To ensure stable production of high-quality glass, temperature distribution must be 

maintained at the optimum level inside the furnace. 

As shown in Figure 13, temperature distribution inside the tank furnace is so designed that 

the hot spot is locared at the central position slightly displaced in the direction of the throaL 

The position of this hot spot moves a lil'.le depending on the load conditions. 

If the combustion is such that this spt:x is displaced gn:atly, the flow of the glas.'i ,. 1ill be 

disturbed inside the furnace, and striae. ~'"\Lcr. seed and similar defects will appear. 

dclcriorating the product quality. 

·c 
1600~ 

' 
1500'

! 

1400 ~ Hot spot Throat refiner 

,r~u·~DJ~ 
Figure 13 Relationship between temperature distribution and 

flow of molten glass 

If the icmpcrature distribution inside the furnace is maintained at the optimum value, the 

kading edge of the loaded balCh will move in such a way that it is pu.'ihcd backward. If the 

iempcrature distribution inside the furnace is not satisfactory, and the back current of the 

gla.u is poor, the batch will go forward. 
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In the side port furnace, tcmpcralurc distribution should be optimized with comparative 

ease by controlling the combustion at each pon, but it is actually accompanied by 

difficulties. That is, adjustment of the fuel for each port can be done by the burner, but the 

volume of the preheated secondary air cannot be controlled for each pon. Figure 14 shows 

the volume of air supplied to each port. As shown in the figure. more ga" flow occurs at the 

position closer to the flue through which the exhaust gas i'i di..chargcd, and the checker 

bricks are also heated to high temperature. On the other hand, more air nows al the position 

farther from the nuc. So great volume ofair flows allhc pon farthest f mm the flue with large 

m combustion, whereas combu.'ition with small "m" resulL'i at the port closest to the flue. 

The average "'due is recorded as a value fur "m" in the analysis of gas inside the furnace. 

This can be said to be satisfactory neither from the viewpoint of obtaining the optimum 

temperature distrihution nor from the "·icwpoint of energy conservation for combustion. 
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Figure 14 Distribution flow of exhaust gas and air In regenerator 

To improve this situation, the scparjtC regenerator chambcr hao; hccn developed, which 

enables the volume of air to he controlled for each port. However. this is not much u!iCd 

because of the clogging caused by carry-over and other prohlems. 
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Agure 15 Temperature dlst~butlon of combination flame for 
end port type furnace 

The optimum temperature diSbibution in lhe end port type furnace is more difficult tocreare 

than lhat of side port type. As shown in Figure I 5, the burner of the end pon type furnace 

is installed on one end of the glass now, and there is no way of creating lhe remperalure 

distribution except by conlmlling the name lenglh. 

If the shon name is selecred, the hot spot will be positioned closer to the burner; if the longer 

one is selected, il will move toward lhe throat side. 

The name length can be adjusted by: 

(i) changing lhe burner capacity (by replacing lhe nozzle), 

(ii) changing the burner type (hy changing the volume of primary airand the name rotary 

angle), 

(iii) changing lhe burner atomizing pressure (longer flame is obtained by lowering lhe 

primary pressure), and 

(iv) adjusting lhc secondary air. 

However, the.lie methods are also limited in effe.cL~. so lhe end port type is not often used 

for lhe large furnace with daily capacity of 10010 ISO tons or more. 
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(J) Combustion in forehearth 

The fotehearth has a function of controlling lhe glass temperature before il'i fonnation, and 

has a direct influence on lhe quality of lhe gla'iS product. IL'i outline i'i shown in Figure 16: 

. I 
Coohoo, zone ~ • ! Skimmer 

'-'-L'-----Bumer 

Cooling zone 

Channel brick 

Insulation brick 

Figure 16 Outline skeich of forehearth 

The basics for temperature conuol are: 

(i) optimi1.ation of lhe icmperature of lhe gob to be fed IO the forming machine, and 

(ii) temperature disuibution from the fore hearth inlet IO lhc fccdcr to be adjusted so lhat 

the temperature will be lowered gradually along the glass flow, without any high 

temperature occurring on lhc way. 
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For the purpose of lrmpcralurc control, a grca1 number of small burners arc inSlalled in the 

flow direction. For lhis control the cooling zone is divided inlo 3 or 4 7.00CS. 

LPG or similar gas is used as fuel because gas fearun:s fasr combustion, easiness ro creare 

short flames, and liule or no generation or carbon. When carbon falls on lhe glass, ii will 

cause foams robe produced, resulti!lg in coloration. 

When the colored glass i'i molten, lhc color may be changed by thc influence or the 

almOspherc. To ensure lhc sral:,le coloring, sufficien1 care should be taken or 1hc almos

phcrc for oxidation or reduction in lhc forcheanh. 

When gao; is robe buml, air is oflcn pre-mixed inlo 1he gas. This melhod is available in lhree 

types as shown in Figure 17. 

Figure 17 (a) represents a pre-mixing system using lhe venturi mixer for ga'\ and air. This 

pcrrniL'i the tooil air ratio to be optimized, and. if thc air r.uio is changed in any zone, air ratios 

in olhcr 7.0llCS arc also affec1ed. So this is not applicable lO lhe comhustion control sysrem 

where many burners arc used. 

Figure 17 (b) shows lhe me1hod where gas and air arc mixed by lhe burner tip. This mclhod 

is designed lO ensure safety by preventing back firing, bul it fails lO eliminate interference 

be1wccn gas and air zones. 

Figure 17 (c) illus1rates lhc mclhod where lhe ga'i-air pre-mixing va'"e is installed in fron1 

of lhc blower. According 10 this method, the ga'i-air ratio is constanl in from of the blower, 

so lhe air ratio is constant al all zones, even if lhe volume lO be combusted by the burner is 

changed for each zone. Therefore, it ensures reliaflle control of the air ratio, and pcrmiL'i 

subslantial energy conservation, according lO a rcpon. 

Comparison of oxygen (02) in lhc exhaust ga'i according to three melhods ha'i revealed lhat 

8% of oxygen was contained in the exhaust ga'i according to method (a), 6% according to 

mclhod (b), and I% according to method (c). Subsiantial rcducuon of the air ratio has 

succeeded in reducing lhc volume of thl' foci ga'i. 
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3.1.2 Insulation 

Since the melting furnace has a large surface area. the minimi7.ation of loss of heal from the 

furnace wall is a major concern for energy conservation. 

However, the heal insulation of the melting furnace must be carefully studied. Otherwise, ii will 

cause the erosion or the used bricks, reduce the service life of the furnace and deleriorarc the glass 

qualily, lhereby bringing about many adverse effecL'>. 

(1) Insulation for melting chamber bottom 

Improved in!:ulalion al the bouom will raise the furnace botlOm ground temperature. This 

will improve the melting capacity of the furnace, resulting in beuer yieM. The subsidiary 

advantage of productivity improvement is secured in addilion IO the direct advantage of 

reduction of the heat l<>Ss from the bottom. Figure 18 (a) illustrates an e~ample of in.o;ulation. 

Compared with the conventional case without using the insulation brick, the amount of heal 

loss has reduced by about 43% from 3240 to 1382 kcal/m2h. 

The refining chamber is also heat-insulated like the melting chamber. The insulation may 

be inrcnsified in order to prevent the glass from being cooled. 

(2) Crown insulation 

As silica brick used for the crown, super-duly silica bricks have been developed; they are 

high-purity products containing the minimum alkali and alumina, providing improved 

insulation. 

Some furnaces use AZS type elcctrofused refractory (fused AZS) for the crown. Figure 18 

(c) shows the example of insulation. AZS means alumia-zirconia-silica. 

When the temperature inside the furnace is 1soo·c. the temperature on the outermost 

insulation wall is reduced to 95-C. and the amount of heal loss reaches 810 kcal/m2h. Whe· 1 

insulation is not provided, the crown external wall temperature reaches 300 IO 400·c. 
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(3) Side waU insulation 

It has been an eSlablishcd trend that the fused AZS is liscd for the lank block, and lhc 

insulation is provided, except for the mcial line. The brick joints arc also insulaled but 

sufficient care is required. Figure 18 (c) shews an examr.le of insulation, where lhc 

ouaermost wall uses lhc ceramic fiber board. When lhe average tcmperJture on lhe inner 

wall is 1350"C,lhcoutcrwall temperaturc is 141 "C,and lhcam .1tofhcat loss is 2017kcal/ 

rn2h. The tcmperalllre of the outer wall is 232"C, and lhc amount of hcat los.s is 6102 kcal/ 

m2h if insulation is not provided. 

The upper side wall not in conlaet with lh'! molten gla~ has \.'.omc to use the fused AZS in 

place of the silica brick. Al lhe same time. insulation is also improved. Figure 18 ( d) shows 

an example of insulation: 

When the average temperature on the inner wall is 1500"C, the outer y·all has the 

temperature of 171 "C. and the amount of heat los.s of ?U88 kcaVm2h. When in~.ulation is not 

prllvidcd, the temperature on lhe outer wall reaches 304"C and the amount of heat loss 

reaches 6152 lcal/m2h. 
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3.1.3 Exhaust heat recovery 

1be melting of glass requires a temperature of 14 50 to 1550-C, so the exhaust gas contains a great 

deal of heaL 1be temperature of the exhaust gas entering the regcncr.ttor from the melting chamber 

reaches as high as 1450"C. In this way, exhaust gas having a high tempcrat•JrC is recovered by thc 

regenerator or recupcrator, and is used to preheat the secondary air for combustion. 

(I) Exhaust gas rerovery by regenerator 

The regenerator is designed in a way that high icmpcmturc exhaust ga.'i is passed through 

the checker bricks, and the heat is absorbed by these bricks. After the combustion, gas is 

fed for some time (15 to 30 minutes), air is fed there by swiaching, and the brick heat is 

absorbed, raising the air icm.,cmture. The air is used for combustion. This procedure is 

repeated at intervals of 15 to 30 minutes. Thus, two regenerators are required for each 

furnace. 

The exhaust gas temperature is 1350 to 1450-C at the rcgen<'rator inlet, and drops 400 to 

500"C at the regenerator outlet. Air enters the regenerator at the room temperature, and is 

heated to reach 1200 to 1300-C at the outlet. Then, it is used a.; secondary air for combustion. 

(2) Exhaust ga'i recovery by recuperator 

Exhaustga'i and air now through the wall of the rccupcrator, and the heat ise~changed by 

the wall. This method is used for the small or medium furnace where the amount of exhaust 

gas is smaller, and is featured by its capacity of ensuring the stat-le pre-heating air 

acmperature. However, the maximum temperature of the pre-heated air docs not reach that 

in the case of a regenerator. 

The air leakage through the wall into the exhaust ga.'i side occurs in the brickwork type 

recuperator. To check if leakage has occurred IO the rccupcrator is to analp:e the exhaust 

ga'i to examine the change in oxygen. If air has entered the exhaust gac; due to leakage, the 

gac; temperature will drop and the increao;cd amount of exhaust ga'i will cause a grcalCr loss 

of the exhaust gac;. If air leaks into the exhaust gas through the secondary air passage, the 

amountof sccondaryairwill become insufficient in an extreme case. resulting in combustion 

failure. 

Table 3 shows the leakage of the rccuperator used in the JlO' furnace: 
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Table 3 Air ratio of exhaust gas for pot iumace and recuperator 

A i B c D 

Furnace outlet 0 2 'Ii 0.2 3.3 1.0 0.6 

Air ratio (m) 1.01 1.17 1.05 1.02 

Recupcrator outlet 0 2 'Ii 6.2 11.8 5.6 gc 
."J 

Air ratio (m) 1.4 22 L3 1.7 

Regarding 4 furnaces, the conlCnt of oxygen (0
2

) was analyzed in the cxl-.aust gas inside the 

furnace and at the rccupcraior outlet, and the air ratio (m) was compared. The value ··m" 

wao; 1.05 to 1.3 in the furnace C where the difference was the minimwn. and 1.17 to 2.2 in 

the furnace B where the difference wao; greatest, showing an incrca'!C ofabout 1.8 times.. As 

can be !>ttn, entry of air is unavoidable for the rccupcrator, and this trend becomes more 

conspicuous as the furnace becomes older. So daily care is cs.'!Cntial. 

Figures 19 (a). (b) and (c) show the relation between the percentage of conserving the fuel 

and the prehcalCd air ICmpcraturc when the cxhau.'il gao; is used 10 preheat the secondary air. 

Figure 19 (a) shows an example in the cao;c oC heavy oil. When the ICmpcratun: at the 

regenerator inlet is 1200"C, fuel of about 50% will be saved if the air 1empcraturc is pre

heated lO 900"C. If lhc air temperature is raised to 600"C when the Cll hau.o;t gas ICmpcraturc 

is 800"C, fuel of about 28% can be saved. In this way. the furnace with higher exhaust gas 

fc.atures the better effect of air pre-heating. according to this Figure. 

Figure 19 (b) illustrates the situation with LPG, while Figure 19 (c) rcprescnLo; lhe situation 

with LNG. 
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3.2 Lehr 

Annealing is a process specific to glass manufacturing. If lhc gla.o;s is lefl a" il is af lcr having been 

f onncd. suain will occur due to ihe temperature differences on the i.urfacc and interior, and will bmlk 

when it~ exceeded a certain amounL Annealing is perf ormcd to minimi7.c the possibility of strains 

occurring during the cooling process. To r.uionali1.c the cooling process, il is essential ro gel comxl 

information on why stain occurs to the gla.-;s. 

Lehr is available in two types; a dirccl fired lypc where the combustion gas conr.acts the product 

directly. and a mufllc type where gru; and product' arc separated f mm each other by the panilion. The 

muffle type permits the use of less expensive heavy oil but the heat efficiency i<> low. 

The dirc:::tly fired type uses gas and electricity a'i f ucls, and features high heat efficiency and easy 

temperature control. So the directly fired lype is coming to be u.'iCd in grcaler numbers. 

Figure 20 illustrates 30 example or the lchr based on the forced circulation convection sysrem. 

Gas i~idc the furnace is for~-circulated by lhc fan to ensure a uniform temperature di'ilribution, 

improving heat transfer efficiency. It permit-; annealing in a shoner time than the conventional Lehr. 

--~ Fan 
I 

0 0 0 

. --
~ ~;J~l srJ ~J; ·w-J ·: j r :: -· ......__, --

:: ;: -!T'----:-@:01 
>!-
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Figure 20 Outline sketch tor lehr 
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Energy conservation or the lehr should be c31'ricd out. wilh con.~ given 10 the following: 

(1) Heat insulation of the furnace wall 

The convenlional wall malCrials were mainly the refractory bricks and insulating llicts. 

Forthefurnacewall,itiseffectivc10dirccllyusetheheatiMulalingmatcrialsmadeoHibcrs 

having the minimum thermal capacity. when lhc temperature is as low as 600"C as in lhc 

lchr and lhc operatioo may have IO be stopped during the nighL Since the furnace, having 

the minimum thermal capacity, is susceptible IO temperature variatio.1, sufficient consid

eration must be giv~n to the conrrol sysicm. As the products wilh considerably high 

temperature arc charged into the lchr, the amount or fuels for heating can be reduced by 

providing sufficient insulation. 

(2) Preventing cold air rrom entering through tile inlet opening 

The lchr ha<; a short distance between the inlet and the heating 7.0RC, and soaking 7.00C is 

quilC close IO the inlet Therefore, entry or cold air from the inlet will give a serious 

influence; for example, it will disturb the temperature distribution in.'iidc the furnace. Since 

the opening serves as an inlet for the producL'i, it is designed to be wide open. It will be 

necessary IO install a damper or in.'iulating cunain'i, wilhout keeping it open. This opening 

also serves to di'iChargc the heat or high temperature from the soaking 1.0ne. 

(3) Preventing the outlet opening from being opened 

As the inner part or the lchr outlet ha'i a higher icmpcraturc, air flows toward the inner part. 

Air entering the outlet will disturb tile t~mpcraturc distribution in both I.he vertical and 

hori7.ontal directions inside the furnace. It is desirable to provide covers above the bell 

conveyor as well as below it to enclose the s~ whenever possible. 

(4) Alleviating the mesh btlt htaling 

The mesh belt is made or steel wire or stainless steel. When i1 cmers the furnace and is 

healed, the caloric will be considcrahly high. For example, as.wme the following: 

Weight of product'i 10 be processed: 630 kglh 

Tcmpcralurc of the product entering the lchr: 400T 

Soaking lcmpcraturc: sso·c 
Specific heat 0.252 
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Then. lhc caloric required IO heal lhc product is given by: 

Q,= 0252 x(550-440) x630= 23814 kcallb 

where: 

Bell widlh: l.SOOmm 

Bell weight 20 kg/nt 

Belt speed: 380 mm/min. 

Tempcrallll'C of product CDlCring lhc lchr: 15"C 

Soaking cempcranue: 550·c 

Specific he.at 0.132 

The calorie required for bell he.aling is given by: 

Q
1
= 0.132 x (550 - I 5) x 20 x 0.38 x 1.5 x 60 = 48304 kcallh 

The calorie required IO heal lhc bell is more than twice lhal required IO heal lhc producL To 

save lhis heal, lhc bell wire diameter is minimized. and lhc weighl is reduced by making 

lhc piach loose. However. mis method has a defect in reducing lhc suenglh. The rcuuning 

bell pa~s outside lhe furnace. To prevent lhc temperature from lowering lO lhe room 

cempcraturc, some plants provide improvements so lhat lhe bell will ~ through lhe 

bouom inside lhc furnace, and lhe healed bell will enter lhc heating 1.onc. 

(5) Making the temPBature inside the lehr uniform 

The Lehr interior is de.signed so as lO have a certain temperature curve with respect IO lhe 

flow. but the icmpcrature di.stribution in venical and hori7.on1al directions with rc.spccl IO 

the flow cannot be controlled. If lhis tcmpcrature distribu1ion i.s nol uniform. the suain may 

be removed differently depending on lhc position on lhc bell conveyor. This will give an 

adverse effect on lhc production yield. To improve lhc temperature disuibulion, the forced 

circulation convection system 1s used, as illuslraltd in Figure 20. 
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(6) Tnapttat•n ol the product entnin& tM ldlr 

Aficr being formed. the prodt'l'1 is carried by the con"-cyor and is charged into lhc lchr. The 

product acmpcra1me differs depending oo lhc distance lO be carril.'d by lhc conveyor. When 

cncrgyconscrvationisconsidcred.thcpmductsbouldentcrlhclchraflttbcingcarriedovcr 

the minimum possible dislance. This i' rclalcd to lhe IOlal layoul of all the production 

processes. so modificalioo is Id very simple. However. if layout rrodificalion is pmiblc 

in future. the pcmibi!ily of lhis impro,,-cment should be studied. 

3.3 Heal balance (In melting furnace and lehr) 

~ng lhc furnace icmperaturc or obs-."T,,.ing Lite comhustion is L'lc mulinc procedure to 

ensure a sable furnace op..T.llion and high-quality product ... Heat balance is an effective means of 

promoling energy corucrvation. A heat balance table is ma& lO numerically grasp lhc present 

situalian oC heat loss an.1 efficiency in furnace operation. 

For the concrete heat balancing icchni~ and calcula1ion formula. sec lhc related publications. 

1bc follo,.;ng shows major points for mca'iUrcmcnL'i in heat h.tlancing procedure: 

(I) fftal input 

Combustion heat of lhc fuel: lower calorific value of the fuel 

Scn.-.iblc heat of lhc fuel: T.lis may he omitted when fuel is nol preheated. 

Scn.-.iblc heat of air for combu.'ition: Caloric of the air preheated by the regenerator. etc. 

The now rare is calcula1cd from lhc in kt area and lair 

flow rate. 

Batch ~siblc heat This is omincd except when it is nOl prchcalcd. 

(2) Heat output 

Heat carried our by glao;s: h is a common practice 10 rake heal balance including that or 

the refiner. The glass temperature in lhis ca~ is mca'iured at 

the forchcarth inlet. The amount or the gla~'i should be the 

amount ia-.cn out of lhc forming. machine or the amount or 

loaded ha1ch. Tattle 4 illustrates the caloric or 1hc gla<;.~: 
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Table 4 Heat required for production of various kinds of glass 
at various temperatures (Theoretical value) 

Heal required for melting glass kcal/kg glass 

Kinds of gla.-.s Temperature Cullet addition raac (%) ·c 
0 20 40 60 80 

Tableware gla'iS 1400 576 543 510 477 444 
1250 530 497 464 431 398 

Sheet gla...s 1400 666 615 563 512 460 
1150 571 520 468 417 365 

Borosilicate glas.'i 1400 508 482 455 429 402 
1300 477 451 424 398 371 

Lead crystal gla-..-; 

I 
1400 496 472 448 424 400 
1100 391 367 343 319 295 

100 

411 
365 

409 
314 

376 
345 

376 
271 

Sour<'t>: (;lass EnJ?int>t>rinJ? Handhook· 1966: 

Heat loss from furnace wall: The heat loss or the crown, side wall, boUom, etc. are 

mca'iurcd by the heat flow meter. One or more points for 5 

m2 must be mca'iurcd. When the heat flow meter is not 

available, use the surface thermometer to measure the sur

face temperature, and obtain the answer by calculation. It 

should be noted that calculation assumes the air flow close 

to the furr.ace wall a.s natural convection. 

Latent heat or vaporation for batch moisture: For measurement, sample the batch mois

ture from the hopper localed in front or the 

furnace. 

When the batch charger and throat arc cooled, add them to the amount or heat los.o;. 

Furthermore, ihhe electric booster is used for auxiliary heating, it is necessary to add iLs heat 

input and heat output. 

£.Jtample or hec.t balance chart for glass melting tank is shown in Figure 21 . 
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Figure 21 Heat Balance Chart for Glass Melting Tank 
Snurn· : (;uidan<"f' of Energy Cnnsf'nation ' 1983 I. 

Thi· (;lass '.\lanufacturin~ lndust r~· 

Tables S to 8 show lhc examples of lhc heal balance of~ furnace, forchcanh and lchr. 

Table S indicatc.o; lhe heal balance for three fumacc..o; produced al different times. II shows 

lhal good rcsullS arc obtained according to the progrcs.o; of lhc energy conservation cffons. 

Tables 6 and 7 show lhc heal balance of the forchcanh. The positions for measuring &he 

temperature arc illustrated in Figure 22. 

Table 8 presents an example of lhc lchr heat balance. The characicristic of this ca'iC is that 

the olhcr heat outpulS arc grcaicr. Amount of caloric to heat lhe chain bell appears to be 

included. 
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Table 5 Heat balance of three generation furnaces 

A B c 
After 1972 

Pull (I/day) 266 121 264 
(fx2/l) 4.'.!5 5.58 5.53 
(I 000 kcal/t) 1323.0 1215.0 1107.0 

Heat (kcal/m2h) 1666.1 1223.2 677.5 
lo.u x 1000 kcal/Ld 256.0 268.0 135.0 

Heat efficiency % 34.l 39.7 44.0 

Heat carried out by glass(%) 27.4 28.4 31.4 
Reactor heat by batch (%) 61 113 12.6 

(Culla 38%) (Cullet 23%) (Cur.et 16%) 

A B c 
Heat Fuel 100 100 100 
input Secondary air 50.7 54.0 56.6 

Melter wall 12.0 10.82 5.8 
Refiner wall 2.0 2.1 0.8 
Pon wall 1.7 1.7 1.4 
Throat wall 0.1 0.13 0.1 
Batch moisture 2.3 1.35 2.50 
Loss by waler cooling for 

Heat throat 0.2 0.57 0.33 
OUlpUt Loss by waler cooling for 
(%) batch charger 0.2 0.17 0 

Others 21.1 15.9 27.0 
Heat carried out by glas.-; 27.4 ]34.1 28.4 ]400 31.4 ]440 
Reactor heat of batch 6.7_ 11.3 . 12.6 . 

Total 73.7 72.4 81.9 

Regenerator heat loss wall 3.6 7.2 3.7 
other 5.4 0.63 0.5 

Total 9.0 7.9 4.2 

Heat loss by exhaust gas 17.3 19.7 13.9 

Sourrr: Nf'w (;lass Trrh Vol. 3'1983), No. 4 
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Table 6 Heat loss value of foreheanh 

A B AxB Total heal Part loss/ Heat loss/ 
Area Average loss total loss area 

heal loss 
m2 kcaVm2h kcaVh kcal/d % kcal/m2h 

Crown 1 0.56 10000 5600 

}~ 2 7.30 519 3788 
3 1.80 885 1593 37.3 1526 
4 

I 
0.11 QOOO 990 

5 0.39 9050 3530 

Side 6 7.48 1206 9017 J 4110110 
wall 7 7.84 751 5886 41.2 959 

8 1.0 1290 1290 
9 1.90 490 931 

Bottom IO 8.43 695 5860 l 
II 2.05 387 793 J 214000 21.4 768 
12 1.11 2030 2253 

Tola! 39.97 41531 

Soun·t': Xew (;lass Trch \'ol.3119831.Xo.4 

Table 7 Heat balance of forehearth 

as 100% 
x 10" kcal/d ~ heat bring of gla'>s 

Input Heat bring of gla'is 2184.5 83.0 100 
Heat of combustion 448.8 17.0 20.5 

2633.3 100 1205 

Output Heat carried out by glass 2104.6 79.9 96.3 
Heat loss from wall 99.7 3.8 4.6 

_ _Ihaul gas and olhcr 42.9 16.J 19.6 
---

2633.3 IOO 120.5 
-
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Table 8 Heat balance of lehr 

Heat input HcatoulpUt 

kcal/kg % kcal/kg % 

Fuel 450 79.5 Side wall heal loss 27.4 4.8 
Heal carried in by g~ 116.3 20.5 Open space heat loss 139.1 24.5 

Exhaust gass heat loss 134.0 23.7 
Heat carried out by glass 14.0 2.5 
Other 251.8 44.5 

Tolal 566.3 100 566.3 100 

Sourc•t> : GuidanC'e of EnerJty Consen·ation t 1983'. 
The Glass '.\lanufacturing lndustr,_ 

3.4 Other measures 

(I) Use of electric booster 

To increase the pull wilhout changing the furnace size, alternating current (AC) is supplied 

to the melting chamber or heating. This method is oflen used for the boll.I~ making f umace. 

Since this electricity is used for gla.~ melting at the efficiency or close to 100%, this method 

is very effttti\ c. 

Since the electricity required to increase th.: pull by I wn is said IO be 22 to 28 kW. Assuming 

it to be 28 It W, input of 24080 kcal is sufficient since I It W corresponds to 860 kcal. The 

use of the booster to incrca'iC the pull will reduce the specific energy consumption. 

(2) Bubbling 

Air is put through the bottom of the melting chamber, and glass is agitated by the bubble, 

thereby speeding up the homogeni1.ation and improving the product quality. Bubbling 

increases the temperature at the botlOm of the melting chamber, resulting in increa'iCd 

furnace temperature. Thus, this method directly contributes to energy conservation. 

Moreover, improved product quality reduces the failure rate, and decrea'iCs th<' specific 

energy consumption. 

The bubbling method 

Several no1.zlc.~ or ten or more nr,zzle:> arc installed, perpendicular to the now of the gla~~. 

at the bottom close to the hot spot of the melting chamber. and I to 10 liters of air per hour 

are fed into molten gla~11. 

--15 . 



(3) Electric heating or rorehearth 

It is extcnsivcly known that direct heating of the forchcanh by electric power will greatly 

save energy. In the ca'iC of borosilicate glass, the entire forchcarth is ent:losed without 

contact surface between air and glass; this method ensures high-quality glass. Since this 

method. however. is not often used. its advantages or disadvantages arc not so clear at 

prcsenL 

(4) Use of cullet 
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Figure 23 illustrates that use of agrcatnumbcrof cullet saves energy. When nocullet is used 

al all in the furnace with a daily production capacity of 150 tons, fuels of 200 kg/kg-glass 

arc used. On the other hand, when 50% of cullet arc used. spent fuels will be reduced to 

about 180 kg/kg-glass. 
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Figure 23 Relatlonshlp between pull and fuel amount for various cullet content 
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The use of only the cullel produced in the planl may be salisfacrory. However, the 

generation of such a grcal deal of cullcl means a high failure rale in production; this is not 

desirable. Cullet placed on the market arc inevitably mixed with foreign substances, and 

it is expensive to maintain the qualily. If high-qualily cullel can be ensured in ground 

amount, the use of many cullet will contribute IO energy conservation. 

(5) Development of low melting temperature batch 

Various slUdics have been made on the batch for reducing melting ICmpcraturc without 

dcterioraling the qualily of gla'iS. The method considered to be mosl effective is IO add 

lithium. Lithium carbona1corspodumenc (Lip. AI
2
01 4SiU

2
) arc used as lithium materials. 

The spodumene is composed of 5% of Lip, 18.7% of Alp1, 74.7% of Si0
1

and0.1% of 

Fe
1
0

1
. They must be checked for confirmation before use. 

The addition of a small amount of lithium reduces the high 1empcrature vi'iCOSily of the 

glass, and reduces the foam breaking lempcra1ure. Take an example of the gla'iS (composed 

ofNap-CaO-Si0
1
). As illustrated in Figure 24, the acmpcratw·c showing log TI= 2.0 was 

1400"C when 0% of Lip was used. When 0.21l of Lip is used, thal 1empcra1urc i.-; reduced 

by 3o·c. When 1.9% of Lip is used, that temperature is reduced by 60"C to 1340" C. Thus, 

the addition of a small amount of lithium reduces the viscosily. Thi~ ha-; been dcmonstraled 

by the reduced bubble breaking time in the commercial rumace. However, the lithium 

material is expensive. Therefore, a sludy will be made according lO 1hc trade-off between 

the energy conservation and material cos1. 
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Figure 24 Viscosity vs U 20 content 

(6) Furthermore, for the small furnace with a daily production capacity of 10 tons or less, the 

conversion to the fully electric furnace, addition of oxygen in the burner combustion and 

introduction of ga." inro the primaty air atomi7.cr must be studied, but they will not be 

described in this paper. 
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