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Energy saving In the glass Industry

Vladimir Khol
i

SKLO UNION Tepllce

Sava It - «a can hear avary day* Sava also anargy. Save 
anargy in glass. Why? Tan or aore years ago the motivation •:-> 
industry to alnlalsa the use of energy# uas primarily or? o* 
cost. Process improvements uara making rapid strides .md 'ir/-; 
since gathered considerable momentum# but the underlying 
incentive uas the reduction in unit cost. From this point of
a

view energy cost in glass industry 1s not negligible, re
production of the glass uses energy In a number of ways 
and therefore 1s necessity of energy conservation activity- 
on all areas# 1t Is concerning light# heat# process and p©*-."..

For example the average total direct In-plant energy 
usage per tonne of glass containers shipped 1s apprcx *- 
18 GJ/t and this can be nou over 30 X of total cost.

Melting and forming use on average over 80 * of 
plant energy requirement# therefore they are the first f -s b-: 
considered# but the rest is not negligible even wi-th 
results in saving not so dramatic# and cannot be fir-;;:— .

The weight of energy cost is therefore so iaportir;. 
because the price of primary sources is climbing ev« , - y  

For exaaple the price index 1970 - 1980 is a c c o r d i n g  Til
lable /Monthly Bulletin of Statistics/

1970 a 100 1975 1979 1980

fuels 609 1036

oil 646 1214 2' <• '.

others 271 291 358

raw materials 540 851 1707

industry products 177 245

I

!.
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Fron this table 1s cltsr that

1/ The dynaalsaus of «1^ pries Is higher than th« dyna- 
nlsaus of other fuels and aalnly of the dynaalsaus 
of products prices

2/ Slallar high dynaalsaus can be seen 1n prices of rau 
aaterlals, partly Influenced sure froa cllablng of 
oil price, aalnly In those aaterlals, In which the 
energy content Is high.

Me speak about energy content In glass. Starting 
spegch about this we aust give the answer on the question - 
1n coaparlson with another products and Industry branches 
Is glass froa energy cpnsuaptlon point of view better or 
worse and the total energy consuaptlon 1n glass Industry 
sensible high? Zs glass aanufacturlng so energy Intensive 
how we can read and hear every day?

Again the exaaple Iron container production:
In next table Is energy content 1n soae packaging products 
of the saae size /5/

In this context.1t 1s of Interest that for exaaple 
the packaging glass Industry of F6R uses about 500 000 tons 
of oil per year. As the total eensuaptlon of oil in F6ft 
Is over 100 alllion tons per year, only 0,5 X of total go.?r 
Into the production of glass containers.

alualnlua can 
PVC container 
steel can
one way glass bottle 
steel can cold rolled 
returnable glass bottle

115
103
78
73
52

with 8 returns 
with 15 returns

47
38
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It fs tkirafor* Important to ehangt Inage of glass 
Industry froo that of a h1gh onorgy consuatr to that of 
an Industry which uses only an Insignificant aoount of 
total energy. By this 1| not neaned that glass Industry 
should forget about or neglect energy saving progranees.
They are Inportant even fron glass cost and therefore 
conpetltlon point of v1e«. But the public should certainly 
be nade aware of the fact that an energy saving of 1 20 X 
by the glass Industry Is for exanple only equivalent to 
the energy used by notor vehicles In 1 1/2 day* Such a 
conparlson will Illustrate how little energy the glass 
Industry actually uses In eonparlBon with other Industry 
branches*

The Inage of onorgy Intensive Industry Is also there* 
fore because the glass Industry 1s Integrated aanufacturlng 
process fron raw oaterlals to glass product. For exanple 
the aanufacturer of plastic packages purchases product - 
resin fron the petrocboalcsl Industry with high content 
of energy, producer of cans buys rolled steel or aluolnlun 
with the high energy content fron the aetal working Industry.

But this doesn't nean that energy saving 1n glw* 
Industry Is not necessary* And this 1s necessary not only 
fron product cost point of view but also fron energy availa
bility point of view.

The thought that the aoount of energy available 1s 
United, and which therefore laplled a finite resource, was 
virtually sons years ago unknown and not recognised by 
Industry.

We accept now, that nost of tha energy that we use 1s 

derived fron fuels that were laid down 1n the earth a1ll1cns 
of years ago and which, when used, can never be replaced 
and their supply Is finite.
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Past production philosophies havs usually ltd to th« 
use of eore energy to save t1ae 1n the quest for higher 
productivity, whereas In fact the present situation would 
deeand quite the reve>se, now we oust use less energy to 
buy tlee needed to develpp new supply sources but without 
detriment to output perfotaance.

Since that tine, and aore recently, Industry has been 
aade aware that the rate of tnergy usage Is a controlling 
factor 1n the tlee span of energy availability. Thus goverrv- 
aental pressure and Industry's gcceptance of Its obligations 
has led to a reappraisal of tl̂ e fundaaental requlreaants of 
energy conservation. This has led, 1n turn, to an exaelna- 
tlon of those aanufacturlng units which not only consuae 
energy within the factory but also on the aaounts of Inpor- 
ted energy associated with the production and delivery ealnly 
of all raw aaterlals and fuels, but also with refractories 
for exanple, and on energy eonsueptlon associated with pro
duct uaage /for exapple for glass containers transport to 
the bottlero and packer, filling, cap aanufacture, transport 
to the retailer and finely waste disposal and recycling/.

In this context we should perhaps begin to Include In 
our costings the estlaated cost of energy consuned by a 
product or process over Its useful life to arrive at Its 
Total Energy Weighted cost. Froo this point of view we can 
look 1n another light also on glass products, that are used 
1n thereat. Insulation function as glass 1n the building 
Industry as windows, panels for outside cladding, fiberglass 
Insulation etc. The thernal transnlsslon of these products 
1s a part of the Total Energy Weighted cost.

No reliable figures appear to be available for all this 
parts of total energy concept, but It 1s estlaated that 1t 
will be at least double the In - plant figure.
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It wat estiaated that without naw energy sourcas up to 
40 X Is tha obvious naad to conserva all sourcas of anargy 
both prlaary and sacondary to close tha gap batwaan supply 
and daaand so and so ansura a aaasura of aeonoalc prograss 
ovar tha naxt 40 yaars or so.

So In this lectura answering on tha question ho* to 
save tha anargy I want to consider not only tha direct energy 
requlreaent of tha glass plant, but also tha Indirect anargy, 
especially there, «hora 1t Is connected with production cost, 
■ainly 1n raw aaterlals and fuels area, considering that It 
Is not only cost problaa but also tha probleo of preserving 
of anargy finite not renewable resources coaaonly.

for analysis of possible energy saving I want to survey 
anargy consuaptlon In diverse glass production, to refer to 
soaa possibilities of energy savings 1n glass aelting area, 
to consider briefly other parts of tha chain of production 
and at last to occupy ayself with aethods of anargy aanageaent.

In all parts I shall try to daaqnstrata correspondíng 
quantitative relations and values for 1aag1nat1on about posslole 
saving and potential value of this saving.

first of all soaa words about raw estaríais and fuels 
froa total anargy point of view.

Raw aateHals

Every raw aaterlal requires processing before 1t becooes 
suitable for glassaaklng. In soaa cases 1t aay slaply Involve 
digging froa the ground and transporting to the glass factory.
In others, aany coaplex processes aay be Involved requiring 
the 1aportat1on of secondary aaterlals and fuels before pre
paration can begin. Each subsidiary process requires the 
expenditure of energy before the total energy associated 
with the finished raw aaterlal can be coaputed. Each supplier 
can therefore be looked upon as a factory in itself.
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The energy used to manufacture and ielfver the 
subsidiary seterlsls to the supplier Is not under the 
control of the supplier and 1s called "Indirect energy". 
Xn addition, energy Is used In processing the subsidiary 
■ateríais to yield the final prriuct. Thfs 1s unde* the 
control of the supplier and 1s called the "direct energy". 
Further energy Is expended on delivering the product to 
the glass factory.

There are therefore three eleaents to consider 1n 
assessing the total energy associated with a raw aaterlal: 
Indirect energy * direct energy ♦ delivery energy * total 
energy. In this the delivery energy Is a function of the 
distance fro* the supplier to the gla:ts factory and the 
■ode of transport.

Table 1 summarises the current energy requirements 
to produce one tonne of raw aaterlal at the supplier. 
Delivery energy is not Included since this will depend 
on the distance and node of transport. Examination of 
Table 1 shows predictably the high enprgy penalty Incurred 
by the heavily processed synthetic materials. Soda ash, 
aluolna, and selenium are outstanding and for example in 
the glass container Industry successful attempts heve 
been made to contain them. Soda 1n glasses has been 
reduced‘in recent years from about 15 X to 13 X and 
podbly lower In some cases. This has generally been 
carried out at the expense of lime which has risen from 
about 10 X to 12 X and higher, with a consequent reduction 
1n the raw aaterlal energy requlresents. Similarly, alu- 
■1r« has been replaced by felspar or phonollte and Calu- 
■1te, and selenium, following the elimination of arsenic, 
1s used In very small amounts which contribute very little 
to the energy usage.
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Relatively пен but with use еафуеаг Increased Is 
supply to the glass Industry of benefldated blast 
furnace slag, a Haste material available in abundance 
at all the steel plants, provides lauer selling tempe-

Q
ratures up to 80 C and reduced fuel costs up to 10 -15 X. 
The кпонп product of this type Is Caluplte.

Further reductions in soda are possible but a point 
■ay veil be reached uherc the aettablUty of the glass 
can only be offsst by Incereased Belting temperatures 
and consequently increased Belting temperatures and 
consequently Increased furnace fuel. Forming problems 
could also occur as they did 1n the earlier days of soda 
reductions but 1t вау be postfble to overcome these by 
Improved forming techniques and the Increasing use of 
automatic process control.

Perhaps the eost important contribution which Is 
non receiving attention 1s the elimination of ran ma
terial losses by routine naterlal audits.

An example of пен batch composition has announced 
for example Heye 6lasfabr1k from fierman Federal Republic. 
Since soda ash 1s the most expensive batch Ingredient, 
appreciable savings have been realized by lovering 
Na2<> to 11,5 X, replacing Na^O by cheaper CaO and MgO. 
Melting and working properties have been favorable, 
chemical durability 1s Improved, thermal expansion lowered 
with resultant better thermal shock resistance and a 
better surface finish contributes to Increased strength.
No Increase 1n energy for melting has been observed.

From Indirect and total energy point of view the 
comparison of possible new and old glass and ba$h compo- 
slton 1s 1n Table 2. There can be seen that soda ash 
contributes 63 resp. 58 X of the raw materials energy.
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But the most Important sourca of energy conserva- 
t1on on side of raw material will raault froa usage of 
collets, mainly 1n the glass container Industry. 10 X 
sore eullets 1s approx 2 to 3 X less of fuel.

In this context the big Importance has the recycling 
of cullet. On all the world the Industry has aade consi
derable efforts to Increase Its use of cullet. It exists 
aany of glass cflectlng scheaes, but the aost popular Is 
"Bottle Bank (lass Recycling Scheae”. A number of "Bottle 
Banks" - modified vandal - proof "skips", specially designed 
bulk containers which hold around three tonnes of waste 
glass , with colour coded tfompartementa - are sited 1n 
convenient, busy locations noraally visited by large 
numbers of people 1n their day - to-day or weekly business 
such as town cantre car parks, civic amm*n1ty sites, near 
superaarkets and other locations which are easily accessible 
to housewives and which would allow then to deposit a box 
or bagful of eapty bottles and jars 1n the holes of "Bank" 
on regular shopping trips, by walk, bus or car. A publicity 
campaign promotes each "Bottle Bank" at local level and 
particularly realnd housewives of the need to remove bottle 
tops and to separate the bottles Into th-ree colours of 
flint /clear/, amber and green to ensure a supply of good 
quality'cullet /recycled glass/ to the glass factories.

The local authority or special organlsat1one or glass 
factor^» empties the Bottle Banks at regular intervals 
and except of glass factories organisation sells a bulk 
load of glass at a guaranteed price to the glass manufac
turer. The glass 1s then cleaned, processed and remelted 
to make new bottles and jars.

The succes of this sheme documeqtate these figures:
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la thousand tonnas of recycled glass

Seraan Federal Republie
Créât Britain
Franca
Italy
Switzerland
Czacbodovakla
Owens Illinois - USA

1975 1980 1985

200 450 650
250
290 600
310

63
30 35 49

110

In Ceraan Fadaral Republic the production of container 
glass 1s approz 2,9 all t/yaar, therefore recycled 1s 
approz 15 - 22 X, 1n Balglua 16 X, 1n Switzerland 1s vau 
1n year 1976 34 X. Between 4 and 15 kg of glass/yaar ara 
noraally today collected per Inhabitant. Those 15 X 1n 
Geraan Federal Republic aeans saving of energy equivalent 
to 90 000 tons of oil.

Systeas for preparing cullets froa external sources 
with capacities of 15 - 100 thousands tons per year can be 
described /Fig. 1/.

Blass which 1s ultlaately Intended to be recycled 1s 
fed either annually or aechanlcally Into a hopper of ade
quate size /1./. It Is then transported to an upward sloping 
conveyor belt /3/ by a vibrating feeder /2/ whose speed can 
bo Infinitely adjusted by the operators according to the 
esount of foreign natter present In the glass.

At the top of this Inclined conveyor an electro aag- 
netlc separator /4/ 1s Installed for picking out all the 
ferrous aaterfals In the waste.

Î
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Froa this Inclined conveyor the glass 1s carried 
to a sorting line /5/ equipped with flat belt where 
the glass 1s Inspected by sorters* Pieces not of the 
doalnant colour and large pieces of foreign aatter 
are picked out aanually,*thrown Into chutes and 
collected In containers. Whole bottles and large 
pieces of glass are then crushed by a crusher /6/ 
to a size of 10 - 25 aa.

All aaterlal Is fed to a swinging screen /9/ 
situated dovnstreaa the crusher. On this screen , a 
large part of the glass that of the chosen size and 
saaller, will be sieved off/ so that only big glass 
pieces/ the bottle caps of alualnlue and plastic/ 
the pieces of wood and paper will reaain on the 
surface of the screen. As a consequence of their 
different specific weights the light foreign particles 
are then reaoved by a vacuua nozzle situated above 
the loaded conveyor/ whilst the coarse pieces of 
Gullet reaain on the conveyor.

The glass cu&t froa the swinging screen /9/ 
and the vibratory feeder/11/ will then be charged onto 
a conveyor belt /12/. On top of this belt there 1s 
again a aagnetlc separator /13/ Installed to remove 
Iron particles.

The connveyor belt 1s then brought Into the right 
position over the areas for accepting recycled glaiss.
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In cast the degree of contanlnatlon on the vast* 
glass nakes it naeassary to Mash tha cullat, a Mashing 
drua can ba Installad bafora tha swivel convayor belt.

It 1s naeassary to obtain this qupllty of cullats:

Nonglass contanlnants Danenark 
Z

Franca Swltzar land UK USA FR6

Organic /paper,plastics/ 0,05 0,1 0,05 0,5 0,1 0,05
aagnetlc natal 0,005 0,1 0,1 0,1 0,05 0,0005
nonnagnctlc natal 0 
./Al, Pb, Sn/ * 9 0,05 0,01 0,1 0,015 0,002

Inorganic /rock, crookary, 0 01 
brick, refractories etc/ ' 0,05 0,01 0,1 0,05 0,006

Tha r^plce of cullat 1s approx 30 - 40 S/t for
anbar and green, 40 - 50 S/t for flint.

For tha anargy eonsarvatlon than wa can for nornal 
container glass obtain:

Theoretical glass Belting anargy for batch 2 640 kJ/kg glass 
6asas froa batch boat loss ♦ 176 kJ/kg glass

Totaly 2 816 kJ/kg glass
TheoretlcoL cullat Belting energy - 1 865 kJ/kg glass

Energy saving for cullat aelting 951 l.J/kg glass

Therefore the specific heat for aelting with cullet 
1s for noraal regenerator furnace with firing efficiency 
0,55

1
q * A - --- /951.b/: 100 kJ/kg glass,

0,55

where^ta'ls cullat percentage, UA ‘'speclfl c heat consJbtion 
of glass tank.
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у Specific beat saving 1s

951 /Ь^ - b^/: 100 kJ/kg giass,

where b2, art parcantaga of cullet. For exaaple 
for 10 X aort collat the specific energy saving Is

_______________ 951 . 10 : 100 * 146 to 180 kJ/kg
0,53 -to 0/65

/higher value for lover firing efficiency/

For nodern glass tank with beat consuaptlon 4 700 kd/kg
e

glass It 1s approx 3 X energy saving, for badly designate 
and operated tank vlth beat consuaptlon 8 300 kJ/kg it is 
only 1,75£energy saving.

The influence of cullet for energy conservation incl. 
rav aaterlals energy and foralng energy consuaptlon is 
docuaented on Fig 2, vbere Is percentage of cullet vs. 
heat consuaptlon for netto seUlfll glass for container 
glass. For cullet Increase froa 20 to 70 X ve can see 
the fuel decrease to 78 X, that 1s for 10 X cullet the 
4,4 X energy saving /Incl rav aaterlal consuaptlon/, with 
1 kg cullet ve can substitute approx 1,25 kg rav aaterlal.

Further energy saving with raw aaterlal can bring 
tho aggloaeratlon of glass batch coablned with preheating 
and prereaction. Coaputatlons reported show that batch 
preheating to 700°C will reduce fuel consuaptlon by at 
least 6 to 7 X. But beneflelation of this process is not 
clear and it is difficult to aake specific statement* as 
to total added cost of batch /approx % 3 to % 5 per ton/ 
vs. savings in teras of furnace size, refractory Ufa, 
fuel savings, pollution control cost and quality of product. 
Several aajor tesi prograas, pilot plants are under way, 
but the wey to coaaon use Is still far.
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Fuels

In the seat way that raw aaterljalt require indirect 
energy before the produet can be processed, so fuels 
require additional energy. Values have been assigned 
to alt the fuels likely to be used by a glass container 
factory and these are shown in Table 3 In which the 
indirect energy is that required for the production of 
the fuel and its delivery to the consuaer. The direct 
energy is that available to the consuaer «nd is the gross 
calorific value of the fuel.

The production efficiencies of the various fuels 
have been calculated and thn anoaalous positions of coal 
and electricity can be seen. Electricity has an akvsnal 

production efficiency of 24 t and therefore attracts 
considerable Indirect energy. Xt is till this tine a very 
expensive fuel in energy teras and its use in glass 
factories should be restricted to essential operations 
when Bade froa oil or natural gas. Unfortunately, it is 
a vrry convenient energy source and raquires aonitorina 
in ail its applications, particulary in its use as a 
boost fuel.

On the question of boosting, it is generally believe 
within the container industry that it can serve a useful 
purpose. Additional tonnage can be achieved to increase 
output froa a furnace already ioad&d to capacity. The 
alternative is to increase the furnace size and suffer 
lefficiency at low throughputs. In either case there i« 

a resultant loss in energy and the econoaics of the pro:? 
also suffer.

In teras of heat transfer the use of electric boos: 
is very efficient. Current practice suggests that 100 !< i 
continuous energy input will produce 3,5 extra tonnes ct 
glasa par day, it is 2 469 HJ par tonne.
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For norotl top firing furnaces we require about 
4 200 PJ per tonne.

In terne of total energies It 1s

for natural gas 4 200: 0,72 * 5 833 PJ/tonns
for heavy fuel oil 4 200: 0,84 * 5 000 PJ/tonne
for electricity 2 489: 0,24 » 10 287/Pj/tonne

Hence there Is a considerable loss In energy when 
electricity 1s used to produce extra glass coopared 
with that lost by the top firing fuels. There 1s consi
derable danger, therefore, 1n allowing the top fuel systea 
to deteriorate and to supleoent it by using electric 
boost, which should always be accounted for by the extra 
glass It produces when the top fuel systen 1s operating 
at Its aaxlsun efficiency.

There Is clear that this Is valid for electricity 
aade froa fossil fuels. For electricity aade froa another 
sources the situation 1s quite another and froa this point 
of view the electric welting can be the best solution fo: 
the future.

When we consider now for exepple container glass ar.-i 
suppose'approx as 1t was said 13 6J/tonne of shipped 
galss with relation electricity to fuel ■ 10 to 90 /see 
further/ than for average production efficiency for elect.* 
city 24 Z and for fuel 73 X we can obtain the total ener^'. 
for 1 tonne of glas in PJ :

Factory usage Total

energy of raw aaterlals - 4 -*39
electricity 13 000 . 0,1 1 300 5 417
fuel 13 000 . 0,9 11 700 13 600

Totals 13 000 25 45 6
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Hence the ratio of total energy to factory energy 
to product 1 tonna of glass Is approx. 2:1, as 1t was 
said and look for tha Inportanca of 1nd1ract tntrgy 
In glass production.

Class plant anargy distribution

As axaapla X shall consldar anargy distribution 
for contalnar plant, flat glass plant and anargy distri
bution for Float lino as axaapla of aodarn large capacity 
Una.

Contalnar plant
Batch handling 0,25 - 4 X average 2,0
Belting 60,0 - 80,0 70,0
Forehearth and foralng 7,0 - 18,0 11,5
Annealing and Infection 2,0 - 8,0 6,0
Container handling 0,5 - 4,0 2,0
Space conditioning,services 3,0 - 15,0 8,5 

100 X

Tha twtragt direct 1n-plant energy usage per tonne 
of glass Is approx 10 to 18 ®J/t.

Froa further analysis we can derive that glass 
containers offer the potential of a substantial reduc 
of energy consuaptlon - 20 Z for the short tera and fuu./ 
50 X over the longer tara.

Ratio fuel to electricity for conlalner plant 
/not all electric aeltlg/ 1s 93,5 to 75: : 6,5 to 25.

Flat glass plant
Bath handling 0,5 - 4,OX average 2 ,

Malti ng 70,0 - 85,0 75,0
6lass handling 5,0 - 15,0 :1 .5
Space conditioning, services 4,0 - 15,0 1 1 , 5

1 00  X
Ratio fuel : electricity la 91 to 70 : 9 to 30
/not all electric aeltlng/
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Float U n a  approx 640 t/day /BJ/hour/

fuel electricity total X

Belting 176 400 720 177 120 97,6
Floating - 2 160 2 160 1/2
Annealing - 2 160 2 160 1/2

Float U n a  in Senkey dlagraa la In Fig 3

Whan consldtrlng poaslbla anargy savings tha first 
to ba considered Is pelting. Tha fault but Is when 
only this energy 1s considered This 1s a a1stake be
cause savings can be Bade also in other areas of produc
tion/ but the results are not so drastic.

X wand nov to exaalne sobs of tha aany ways, In 
which energy can be saved and X hope that 1t will sti- 
Bulate your thinking on this subject*

Belting - control of Belting cost

In connection with the Belting proces one topic 
is always discussed: how to conserve energy? The welting 
furnace uses the largest aaount of energy and it is logic 
to look for Bethods of conserving energy here/ since this 
is a.lso the stage of the process where the nost energy 
1s lost. The rising cost of energy and the growing urgenc 
to conserve and utilize heat has put a responsibility on 
the glass Industry to better understand Its processes/ 
aalnly Belting process, as the largest single use in tha 
glass plant, and take steps to laprove thereat e f f i c i e n t ;

Where are we today in this field ? The best contr-.'- 
furnace uses about 4 400 KJ/kg glass, the average energy 
consueption being between S 900 - 6 700 kJ/kg, an electri 
furnace uses 3 140 kJ/kg. However, theoretically onl/ sr; 
2 300 kJ are needed to aelt one kg of glass.
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The days when • glass aaker could sail avary tonne 
of good quality glass that ha could aelt, without worrying 
too ouch about h1s salting cost, ara gona. The spiralling 
costs of energy and tha growing raaHsatlon that fossil 
fuals ara not going to last for ever g1va good grounds 
for exercising dosa control ovar salting cost. The first 
step can ba tha setting up flspla routines for sonltorlng 
energy consuoptlon on a dally or weakly basis.

But first 1s necessary to say sons words about repre
senting of heat balance, because oalnly on furnace heat 
balance ara aada vary often soaa olstakes and bad conclu- 
sèons.

Tha cosson nethod Is tha Sankay dlagras. An axasple for 
cross fired raganaratlva furnace Is In F1g. 4 and S. The 
Sankay dlagraa represents heat or enthalpy flows 1n kJ/kg 
glass, kJ/hour or In X. Froa this dlagraa we can derive 
soaa vary 1aport*r<t coefficients for furnace operation

- for efficiency of energy transoort 
In firing space

- tha saae efficiency Incl regeneration

- tha total efficiency

- tha efficiency of regenerator*
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Soaetlaes Is this dlagraa draught 1n cross section of the 

furnace /F1g 6/ or on furnace plane /F1g 7/ for better 
visual view.
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One of the disadvantage of this aethod Is ths laborious* 
ness. Trier and Werner have developed another sort of Sankey 
dlagraa, which 1s aasler to draw./Fig. 8/. There are soae 
rules for draughting:
1/ The parts of the equipment systea are as squares on the 

diagonal
2/ Input heat froa top, glass heat to the right, losses to 

the left, recovery heat froa bottoa.
Other rules are clear froa the F1g. 8.
This aethod 1s easier to draw, but the principal disadvan
tage of Sankey dlagraa In every fora reaalns.

It Is that there Is not enough clear what happens when 
1s aade soae change in design or 1n opera 1on of the furna
ce. The Sankey dlagraa 1s a good tool for coaperlson of two 
aeasureaents,but not so perfect tool for energy saving de- 
velppaent.

The Sankey dlagraa Is only heat balance froa the first 
Law of theraodynaalcs point of view and not also froa the 
second law of theraodynaalcs point of view and therefore 
soaetlaes soae conclusions draught froa this diagram can 
be false.

In fagt every variable of the heat balance 1s aade 
by the product of quantitative and qualitative variable 
C x A lA /J/°C, °C/ where C x 1s heat flow, A $  
teaperaturc dlference. In the dlagraa C - &  which was 
developed by Cernoch we can better follow all heat action? 
in the furnace.

I want to use this dlagraa only for deaonstratinq 
what happens when we need aore or less heat for glas3 
■siting or for structural losses and how deaonstrate the 
heat recovering Influency.



In this dlagraa again tha araa it the heat flow or 
enthalpy flow. Zn Fig. f la haat balance without heat 
recovery. *fy-1s tha calorlaatrlc teaperature, 1a waata 
gaaas taaparatura froa aaltlng spaea. Tha total araa 1s 
fual anargy delivered to tha furnace. Tha utilized haat 
are areas of haat of batch aaltlng reactions /1// glass 
sensible haat /2/, structural loasaa under glass /3/ and 
over glass /4/. All these haat flows are calculated or 
deteralned In slallar dlagraas. Me can now suppose batter 
Insulation of tha furnace bottoa. Than tha structural 
losses /3/ will be lass, but anargy saving 1s not only 
tha dialnlshlng of these loses but tha haat flow of tha 

whole araa as 1t 1s deaonstrated in Fig 9. Slallar It 1s 
1n case of reaction haat diminishing /for exaapla cullet 
using etc/.

In F1g 10 Is as basis fual anargy with calorlaatrlc 
teapecature as 1n previous figure. Now 1s deaonstrated 
tha haat recovery with eoabustion air prehe<*at1ng 1n re- 
generitors. The preheating taaparatura Is 2$. end enthalpy 
of preheated e1r Is dona with Cy x. iflr , which 1s equal 
to change of waste gas enthalpy ~$} l,htr# ^
new waste gas taaparatura froa aaltlng space and 2̂ , waste 
gas taaparatura froa regenerators. This enthalpy change 
of eoabustion air Is now added 1n araa over calorlaatrlc 
taaparatura /the rising of eoabustion teaperature froa

to $ r /.representing tha heat benefit froa heat recovery. 
The area between new recuperative teaperature vfo and new 
waste gas teaperature K  /which Is now a little higher then 
'y's f is now for utilized heat /1/ to /4/. Structural losses 
over glass oust be a little higher, because the area teape
rature 1s higher.

Ve use only slaple aethod, but 1n fact 1n dlagraa 
design we can consider structural losses of regenerator, 
cold air Infiltration, dlssotiatlon ate and so obtain sore 
precise picture of the whole process.
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Now back to soaa aethods of aonltoring fual eonsuaptlon 
and theraal efficiency of tka furnace.

Xf tha operation of any systea or procaaa la to b« 
brought undar control and directed along a pradataralned 
path 1t la necessary to ba abla to aaa abara tha procaaa 
atanda currently, abara It baa baan 1n tha paat and 
abara It 1a heading toaarda In tha futura. Ona also requieres 
guldallnaa and data polnta relativa to ahlch a desirable 
course can ba l©1d out.

Tha principle laplles that accurate neasureaent of 
* energy and ef glass weight are essential, as are the keeping 

of paat records and the delineation of a target U n a  for 
future waiting operations. An laportant conclusion 1s that 
adequate Instruaentatlon of Individual furnaces Is essen
tial for energy control.

Pelting costs are controlled on the shop floor and 
the operators are provided with adequate Instruaentatlon.
The Instruaentatlon has to be Individual to each furaace 
and not slaply one aeter for the whole plant. Any econoay 
1s an aggregate of econoales on Individual furnaces and 
any wastage has to be traced to the Individual furnace 
that 1s needing closer control.

A valid analysis can usually be perforaed on glass 
weight and fuel consuaptlon data alone, which will account 
for aost of the short tera and long tera variation of 
fuel consuaption and will serve as a basis for a prlaary 
systea of control. Xt helps in the 1 nterpretaUon of 
residual variation If historical records iave been kept 
of events such as repairs and aalntenance, alterations 
to burners etc.

Petering of fuels is obviously not difficult, weighing 
facilities that coaaonly exist for batch composition 
control are usually adequate for aeasurlng the weight of 
glass aelted.
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The simplest fora of fuel consuaption aodel can be 
written as

y ■ a ♦ bx

where y Is fual consuaption/ a 1s "no load1* alaaant of 
fual consuaption and bx Is ualgbt /pull/ x dependant 
alaaant of fual consuaption.

This siaplast nodal can ba further developed u1th 
further factors as changes In cullet ratio 1n accordance 
with supply and deaand/ variation 1n batch aolsture 
content/ ageing factor which Increases fuel consuaption 
1n tine due ageing of tank /tank' walls becoae eroded/ 
burners deteriorate/ regenerators get blocked etc// 
linear or exponential - 1t can be 25 to 50 X between 
start and finish of a eaapalgn - nonlinearity of weight 
dependent eleaent due higher netting teaperature with 
higher pull /which Is perhaps necessary to the solution 
and heaogenlsatlon of the sand grains with shorter re
sidence tlae of the batch In the furnace/ factor for 
electric power of boosting Input/ outside teaperature 
/suaaer/ winter/ etc.

Necessary aatheaatlcal aodel of fuel consuaption we 
can obtain by coaputatlon or by statistical analysis/ or 
by both•aethods.

The slaplest way Is by aaero furnace heat balance/
1t 1s with aeasurlng of total energy Input/ glass welted 
and waste gas teaperature and coaposltlon. Then the ne
cessary fuel consuaption equation we can obtain supposing 
that “no load" fuel consuaption eleaent In case of nornal 
load Is equal structure loss and one third of stack loss/ 
pull dependent eleaent 1s aade by glass aelting energy 
/weight tlae calculated or supposed total heat of a glass, 
based on Its oxld coaposltlon - for exaaple total heat to 
1200°C for container glass approx 2123 kJ/kg, for flat glass 
approx 2 412 kJ/kg/ and “energy to fill" stack loss which 
Is supposed with two thirds of stack loss.
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Stack la$s 1a determined fron naaaurad total 
fuel consumption, from which Is wasto gss swount 
calculated, froa known specific host of waste gas 
and from aeasured waste gas teaperature. Oxygen 
content 1n waste gases can be used for coabustlon 
air excess deteralnstlon.

An example of graphic deteralnstlon froa 
aeasured snd calculated values of macro furnace 
heat balance 1s 1n Pig 11.

Furnace production rate T/d

Fig. 11

Better and aore precise method for specific furnace 
is statistical analysis. It can be based on week or 
day values of glass aelted and fuel consuapted. The 
constat MbM can be calculated as average value of 
aany MbM values, that were found froa successive week 
or day values with significant pull change.
Constant "a" 1s then calculated with known Hb" value.
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The monitoring of fuel consumption nod plotting 
residual deviation of tnorgy consumption fro* predicted 
values, usually on weekly basis, is a vary good tool 
for energy control regime and analysis of foresee opera
tion and behavior. The prediction model must, however, 
be reliable and thoroughly tested.

There Is usefull to analyse not only currently 
obtained data, but also analysis of historical data 
comparison of two or nore furnaces can bring the answers 
for many important questions on energy conservation field.

Another tool for energy monitoring is heat balance.
It is production people meaning, that it 1s rather laborious 
task and can be done only with special instrumentation and 
computation. However a simple, but accurate furnace heat 
balance can be made with data that already exist or are 
easily obtainable. For simple monitoring this may be all 
that is needed, but the macro balance can also become the 
base from which a more detailed furnace analysis is made.

Froa this point of view we can consider already 
mentioned macro furnace heat balance that consists from 
one total energy input and three out-put variables - glass 
melting energy, stack head loss and structure loss.

The heating value of fossil fuels and electric power 
is known and consumption should be eeasured for each furnace. 
Stack heat loss calculation can be made from stack waste 
gas temperature measuremens, waste gas analysis and fuel 
amount knowledge. The energy required to convert raw ma
terials to a glass can be calculated with known method 
and can be considered as constant for similar groups of 
glasses, because heat consumed in the chemical reactions 
is only approx 20 X of the total heat needed to raise the 
temperature of the melt to 1500°C. Total head for container- 
glass is approx 2 600 kJ/kg, for flat glass 2 930 kJ/kg, 
for borosllleate 2 250 kJ/kg with specific heat approx 
1,22 kJ/kg °C for container and flat, and little less for
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borosl11 cate. The knowledge of eaount of «cited glass 
Is necessary. 7he regaining furnace structure loss 1s 
obtainable by difference.

Now on heat balance we can consider about energy 
saving.

The recent oil crisis with the resultant spiralling 
sky high costs of fuel oils have compelled the Industry to 
seek new ways and «cans for the conservation of fuel 1n the 
■citing of glass.

There are still so«e avenues where a lot of work can 
be done further to laprove glass Belting techniques/ so 
that a better glass aay be aelted with still lower fuel 
consuaptlon. Future prograaae aay Involve the following 
vital factors which Influence the aeltlng efficiency of a 
glass aeltlng furnace and need serious consideration:

A/ Decrease of heat content In netto packed 
a/ lower weight of product unit 
b/ higher percent pack 
c/ higher cullet content
d/ changes 1n glass coaposltlon and better choice of 

raw aaterlals with lower aeltlng teaperature and 
lower total aeltlng heat

B/ Increase of process systea efficiency 
a/ process Intensification 

1/ physical - chealcal
- batch aggloaeratlon, preparation of glass 

batch and cullet
- batch preheating
- batch wetting
- raw aaterlals sizing

2 / chealcal
- use of aeltlng accelerators
- use of refining accelerators
- use of chealcal activators
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3/ thermal - 1«proved boat transfer
- 1«proved furnace design below and over the 

■ctal line
- use of proper fuel
- «elting temperature increase 

-combustion air preheating increase
- fla«e luminosity increase
- uve of oxygen for combustion
- advanced burner systems with higher efficiency, 

ionization of combustion to provide more efficient 
heat release

- electric boosting
- bubbling

b/ reduce losses of heat and energy
1/ waste heat recovering-with high-efficiency industrial 

heat recovery systems
2/ improved furnace insulation, shadowing, lighting 
3/ reduce loss during firing reversation 
4/ reduce combustion air «sees and reduce cold air 

infiltration
5/ reduae melting temperature
6/ reduce tank cooling on start of furnace campaign 

/with wall thickness over 100 ««/
?/. proper size of tank without "dead" space 
8/ improved heat transfer in regenerators 
9/ optimalisation of furnace campaign time 
10/ proper maintenance of the furnace, resp of regene

rators, improved hot repairs 
11/ higher performance refractory materials

C/ proper furnace operation and control 
1/ computer controlled firing 
2/ Improved operating philosophy 
3/ efficiency of temperature controlling devices 
4/ production schedulling for optimum furnace load
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There 1s not possible In this lecture to discuss about 
tvery possibility. Soas of thsss look Interesting on paper 
but the hardware end technology 1s yet to be developed. Sone 
provisions can act In opposite direction /for exaaple aelting 
teaperature - higher esn Intensify aelting process but with 
Increased structure heat losses, therefore exists optlaua 
froa heat consuaptlon point of view/.

But soae notes and soae practical values can be usefull.

Cullet content - as 1t was said for 10 X aore outlet 
approx 2 to 3 X energy saving

Batch aggloaeratlon and preheat: can be aore effective than 
heat recovery In regenerators - preheating for 70Q°C with 
waste gas can theoretically save 1n coaparlson with rege
neration 6 to 30 X of fuel. Unfortunatelly the necessary 
hardware 1s not developed.

Particle size of raw aaterlals, aalnly of sand: the aelting 
t1ae Is obviously deterained by aelting of sand, but not 
by average particle size, but by eoarsest grains. For 
exaaple 1n laboratory test aelting t1ae for grain size 
0,8 aa 1s 165 aln, for 0,6 aa 130 a1n, therefore aelting 
tiae for 0,6 aa by 21 X less. We can suppose the increase 
of pull In the sane size. He know, that for 10 X pull Incre
ase we need only approx 3 X of fuel aore /this value is 
lover for advanced purnace, higher for bad designed fur
nace/, then for 20 X pull Increaje only 6 X of fuel 
aore and so energy saving is approx 14 X.

As aelting and reflnlg accelerators and chealcal activators 
with resulting Increased pull we can use fluorine, eleaen- 
tary sulfur, chlorine, Uthlua, boron, barlua, slag, caustic 
soda and aany others choalcals. Everytlae we aust conslcer 
the price, coroslon and envlroaental effect of these eleaer.ts. 
The energy saving effect 1s In lower Increase of fuel 
consuaptlon in tank with higher pull.

I
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Some considerations about fuels were tlreedy aade 
In this lecture* It can be said that heat consumption 
for natural gas can be soaetlaes as auch as 10 X higher 
than for oil. Zt Is sonnected with flaae luminosity.
Zn energy crysls were aade tests with coal-o1l mixtures, 
dlreckt glass salting with powdered coal as alternatives 
for Industrial use, 1t was considered about better aethod 
of on-site coal gasification, but all these tests and 
Ideas are still aware froa coaaon Industrial use, tech
nical difficulties are not yet solved.

Zt Is known that higher aeltlng teaperature brings 
higher pull. Between 1 400 and 1 500°C for 10°C 5 to 10 X 
pull Increase.

Combustion air prehejfat: for every 100 °C over 900 °C 
we can calculate approx with 5 X energy saving.

The contribution of oxygen use Is higher for fuel 
with lower calorific salue, for bad designed furnace, for 
poorly Insulated furnace. Zt is poslble to calculate 
approx with energy saving approx 3 X for 1 to 2 X of oxygen. 
Energy saving 1s higher with higher oxygen aaount.

Insulating! with proper Insulation we can calculate
with these values: /HJ/a2 hour/ 

wlthout with energy saving
regenerator crown 

ports SO 9 41
side well 43 5,4 37,6
bridge wall 40 8,3 31,7
bottoa 19 5,4 13,6
crown 17 8,3 8,7

Proper Insulation can bring energy saving 5 to 15 X 
with Insulation Initial costs equal spprox 10 to 20 X fro« 
this saving.
Another interesting experience is that loss .Increase with 

furnace ageing Is less with Insulation.
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.'Neat losses froa openings 1n furnace wall rasult 
froa radiation through tha opanlngs to tha aurroundlng 
outslda atoosphara and also froa products of coohuatlon 
escaping through such openings. We can calculate approx 
with loss.700 HJ/a2 hour froa radiation. Loss froa stlog
out occurs whan tha Internal pressure of a furnace Is 
such that produets of conbustlon are caused to be dis
charged froa saall or large unsealed openings In the 
furnace structure can be 5 CJ/a2 hour.

Vary laportant position 1n energy saving has heat 
recu & t 1  on or regeneration froa uaste gas. Regenerators 
and recuperators are used as a coaaon aethod of heat 
recovery and hence laprove the theraal efficiency of the 
glass aeltlng process.

As air preheat Increases potential econoalcs froa the 
extra heat available for aeltlng Is on the rise In 
theoretical flaae teaperature or on an assuaed 55 % uti
lisation of heat returned to the furnace. A recuperator 
giving a 550 °C air preheat and a regenerator vlth a 
1 000 °C preheat would allow 20 Z and 35 - 38 X iepro- 
veaents In fuel saving at fixed load respectively/ or 
would allow the saae output Increase.

The construction of regenerator chaabers 1s a Major 
contributor to furnace costs/ and yet the design and size 
of the chaaber 1s often the result of decision taken 
without proper consideration of the,financiat returns.
Whilst the rigorous solution of regenerator theraal effi
ciency deaands the application of highly coaplex aathe«atics, 
the use of staple approxlaations Is of value to the glass- 
naker in developing guidelines to the selection and design 
which will give h1a the best return for the capital 
invested.
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Further are some of approximations and simple 
eoplrlcal expression which can be applied to the probles 
of estimating the financial return expected by Increasing 
the regenerator size.

As guidelines we can consider that regenerator efficiency 
Is dependent on the area for heat transfer, gas velocity 
and will Increase es the thermal conductivity, density and 
specific heat of the packing bricks Increase.

Therefore we can write that heat returned as preheated 
combustion air 0 1s

a * K . v . A,

where K Is constant for one typ of regenerators / 1/,
v Is the air velocity and A packing area exposed In re
generator and available for heat transfer. All this values 
can be estimated on existing regenerators.

For higher preheat with the same refractories we can 
Increase v or A or both. One of the ways can be enlarging 
of regenerators. Then we can compare the higher Initial 
cost of regenerators plus higher cost of Intermediate re
pairs and cost of higher heat returned as preheated com
bustion air In a furnace campaign and deside about the be«t 
solution.

According Experience It appears that Increasing re
generator height /even wuan free area remains constant/
1s better than Increasing free area at constant height from 
financial return point of view.'

For enlarging of regenerators we can consider that 
the cost of packing Is approx 15 X of furnaee cost and

n
for example 1n container Industry It 1s approx 0,2 X of 
container cost. Energy cost Is now climbing from 6 to 
approx 30 X, there-fore the right size of regenerators with 
energy saving will climbs, too. The common optimum size 
now 1s approx 4,5 o^ to a* of melting area-/factor of 
regenerators/.



This Is dsrlvtd from experiences with wests gas tswptraturs 
/Fig 12/. For factor higher than 4,5 Is taaparatura decrees 
In outlet only saall and therefore no nore significant 
energy saving to expect.

The benefits of air preheat push us to think about 
additional air preheating. This Involves the use of a 
secondary regenerator or recuperator. The latest techniques 
of regenerator design and loproved types of refractories 
have resulted In the appearance of secondary and tertiary 
regeneration even with additional Initial cost and aaln- 
tenance associated with thea.Also reports have been aacie 

. of a rotary regenerative air preheater. The decision de- 
pends upon the econoalcs. As the cost of fuel Increases 
and Its availability decreases the Incentive for additional 
preheat of the coabustlon air becoaes greater.

As 1t was said approx. 65 X of the energy censuaed in 
a glass plant 1s utilised In the selling operation and approx. 
30 X of the energy conauaed In the aeltlng operation 1s 
again exhausted out the furnace stack /F1f. 13/, For the 
future the best way for utilization of this waste heat 
appears the batch preheating, but the technology Is not yet 
solved. Technically Is solved the use of boilers.

A waste heat boiler has the potential for recovering 
50 X of the heat exhausted 1n a furnace stack by teaperature 
dropping froa 450 to 200°C. Thus a glass plant could reduce 
Its total energy consuaptlon by as auch as 10 X If waste 
heat boilers were Installed on all furnaces. Obviously the 
plant aust have a use for the steaa or hot water generated 
by the waste heat boilers to Bake this econoalcally viable.

The use of boilers can be for
- space heating and hot water preparation
- steaa production for aechlne drive /fans, blowers, puaos/
- steaa production for electric power generation eventually 

eoabined with heating /Fig 14/.

29/
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For hotting wt aust contidtr that htat consumption 
during the year 1s In ratio approx 1 : 10 /July-January/ 
and thartfora utilisation tint 1s dapandand on poutr 
Installad. With hlghar pouer Installad and hlghar grada of 
uasta gas anargy utilization 1s hlghar Initial capital 
cost and louar utilization t1at.

A calculating taking capital costs Into account 
shous that usa of uasta hast only for factory heating 1s 
the oost economical short taro method of using uasta heat 
1n a glass plant. Houever, taking Into account the technical 
and economic uorklng U f a  of the Installation, use of the 
uasta heat for electricity generation could give greater 
total savings.

Another benefit o. bo1'.or Is that the temperature 
of the uasta gases behind tlIs system 1s only approx 200°C 
and 1t 1s thus easily possible to clean them so that they 
become even less dangerous to the environment.

Pr1or to the Installation and operation of a uasta heat 
boiler on a glass melting furnace a preliminary survey must 
be made:
» furnace melting load history and fuel requirements to 
determine operation conditions In time and thus to determine 

exhaust folume and boiler size
- furnace exhaust characteristics - temperature and oxygen 

content. Oxygen content for calculation of exhaust votume 
from fuel usage and also for Indicating of any major leaks 
existed 1n present dusting

- existing steam and/or hot uater system conditions, the 
level of year-round steam and hot uater demand

- available space near the tank
- governmental boiler code for requirements for design and 

operation conditions of steam boilers.

They exists tuo key boiler design variables - the 
velocity through a uaste heat boiler and the boiler's outlet 
gas temperature.
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High velocity ¿rough tho boiler assures high heat 
transfer and reduces fouling. Since a easts heat boiler 
depends entirely upon convectlv heat transfer,,the velo
city In a waste heat boiler oust be higher then In fired 
boilers. On the other hand, as the velocity Is Increased 
the pressure drop through the boiler Increases and a trade
off oust bo node.

The outlet teaperature should be set high enough to 
avoid condensation of the waste gss stress and prevent 
corrosion. The steaa or water condition and type of aelter 
fuel will also Influence the choice of outlet teaperature. 
Once the steaa or water condition Is known and the outlet 
gas teaperature and the velocity chosen, the boiler can 
be specified. Ideally, a waste heat boiler will be designed 
to recover the desired aaount of heat while alnlalxlng 
the boiler size and pressure loss through tho boiler.

It can be used flretube or watertube boiler. Flrctube 
boiler can be toss expensive for low steaa pressure and 
steaa aaaount. Soaetlae for electricity generation the 
steaa can be superheated In another boiler fired by o1l 
or gas.

Soae requlreaents that aust be considered for waste 
heat bolter Installation:
- breaching and return of gas streaa: breaching should 

be Bade near the reversing valve. It can be considered 
returning to the existing stack or-to built an additional 
stack, usually with own blower to overcoae the draft 
loss through the boiler.

- to alnlalze pressure drop, air Infiltration and heat loss: 
placing of boiler as near as possible to the b.eachlng.
The duct work should be Insulated to reduce heat loss and 
gasketed by flanged connection to prevent air Infiltration.
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- provision for tub* replaceaent:and cleaning: enough sects 
to tbs bolltr to bt obit to ssrvlct ths boiler. for 
Inspection, cleaning and palntenance, Incl the tube 
bundle replacing eventually. Provision for cleaning 1s 
ofceost leportance /roddlng, steaa cleaning, adding of 
■agneslue oxide powder apstreaa for avoiding the low 
aeltlng eutectic and obtaining a dry, friable deposits/

- weather protection when outside Installation /Instrunents, 
electric equlpaent, but also boiler 1n severe winter/.

In boiler 1n Fig the exhaust gas flows fron below 
the ground flue Into the furnace exhaust plenuo. In the 
plenuB, provision has been Bade for the exhaust to take an 
alternate route through the waste heat boiler. Uhen the 
boiler Is not In operation, the boiler cutoff valve 1s clo
sed and the Belter stack valvu Is open. The furnace Is 
exhausted as 1t noraally would be.

When the boiler Is 1n operation, the boiler cutoff 
valve Is open and the Belter stack valve 1s closed, directing 
the gas flow through the boiler and up the boiler stack.
As the hit flue gases flow through the boiler, heat 1s 
absorbed by the water In the shell, end stean 1s produced 
The boiler stack control valve 1s a deeper used to control 
the suction of the boiler exhaust fan so that the draft on 
the furnace Is the sene regardless of direction.

• The key to a successful waste heat boiler operation 
1s to design the waste heat boiler as a slave to the furna
ce. Furnace operation oust be given first priority. For 
this reason 1s very loportant a proper control scheae.
Draft and flow conditions on the furnace nustn*t be in
fluenced especially at later stages of the furnace campaign.
A proper draft control systeB Is necessary to coapensate 
for any change 1n draft to the waste heat boiler through 
dust end dirt collecting froo the exhaust gas for extwple.
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Automatically hollar systta shut down and/or activating 
alarn systaa whan hollar sontrol cannot maintain a sat 
point for draft on tha furaaca, Is necessary. In propar 
conditions and by propar daslgn a utilization tlaa of 
90 X can ha achieved Incl. downtlaa for cleaning,, that 
can ha avary two, thraa Meeks.

Anotbar possibly systaa for hast racovary froa wasta 
gas 1s a gas turblna for alactrlc powar for coaprassad 
air supply. A working systaa raqulras althar anargy extras 
tlon via a haat axchangar undar posltlva prassura or 
dlract passaga of wasta gasas through a systaa that Is 
prafarably subataosfarlc. Tha wasta gasas aust ha claan, 
fraa froa partlculatas. This systaa Is undar tasting In. 
USA 1n laboratory conditions and not In Industrial usa.

For futura It can cowa anothar aaltlng systaas, too. 
For axaapla rasaarehas at Battala has davalopad “particla 
vail procass“ which could hava tha affact of raduclng 
anargy consuaptlon by ovar 30 X. In this procass no aora 
tha batch 1s fad onto tha surgaca of tha glass bath, thus 
foralng a tharaally Insulating layar batwaan tha burnars 
and tha bath surfaca, poor haat transfar results batwaan 
tha source of haat, tha charge and tha aoltan glass bath. 
Tha new procass laproves tha haat transfar froa tha heat 
source and tha bath surfaca to tha charge by using pelle
tized batch aaterlal and Injecting the pallets directly 
Into tha flaaa of a flat flaaa burner, thus foralng a. 
veil of particles. An Important condition Is that tha 
procass parameters are so salacted that tha pellets aelt 
while In flight and join tha bath surfaca as droplets.

It 1s Inly one axaapla for demonstrating that todays 
technology of glass aeltlg 1s not tha last step and thet 
together with heating davalopaant will further develop 
tha whole glass aaltlng technology.
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Class salting energy aust ba tha first to ba consldg 
rad 1n anargy consuptlon within tha glass factory, but 
not only consldarad factor.

Let us exaslne also anothar anargy consuaptlon 1n 
whola chain of glass production.

Saving anargy not only during tha salting procast 
but also during forming Is anothar prograss. About 20 to 
25 X of total anargy consusad 1n a glass plant 1s usad 
In tha foralng sachlna araa.

Tha forahaarth - faadar usas 5 X of tha total fual 
consusad In tha tlplcal glass container sanufacturlng plant. 
Hays 1n which forahaarth anargy consarvatlon hava baan 
achieved Include batter teoperature control, use of electric 
heating, and Isproved forahaarth salntananca.

In forslng araa, where electricity Is tha sajor anargy 
source, savings hava baan realized trough Isproved cooling 
air efficiency, closing off tha cooling wind when tha sold 
Is open, electronic tlslng, better control of cooling air 
fans, use of energy-eff 1 c1 ant sotors, batter production 
scheduling and llghtwelghtlng.

Vary Isportant aqulpsent In glass factories are cooling 
fans, blowers and pusps. This aqulpsent usas approx 40 X 
of all electricity usad.

Tha advanced design of solds cooling can for exasple 
bring saving 1n container production. Theoretically only 
10 X of the Installed cooling air Is actually necessary to 
cool the glass during foralng and all the rest 1s energy lost.

Alaost all cooling aqulpsent Is driven by constant-speed 
ac sotors and for flow control throttling valves are used.
But this control method can waste up to 30 X of total electric 
power. Adjustable speed operation of this aqulpsent Is solu
tion of energy savings.
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For explanation we can consider the typical fan or 
puap operational curve /Fig 16/,where Is plotted pressure 
vers-us flow. The curve shous that the fan will produce 
Halted flos with higher pressure and higher flow with 
reduced pressure. How the equlpaent will operate 1n a 
given application Is done by a systea curve which has statle 
head part and friction head part, Increases with Increasing 
flow. Friction head 1s the resistance to flow provided by 
the pipe valves elbows and other systea eleaents. The In
tersection of equlpaent and systea curves shows the natural 
operating for the systea without flow control.

If a control valve 1s added, and partially closed to 
throttle flow. It Increases the friction head. The aodlfled 
systea curve and new operating point are shown as throttled 
systea curve 1n Fig 16. Although the desired flow was achieved 
the head has been Increased.

If flow control Is done by aodlfylng equlpaent speed, 
flow and head are reduced together. This greatly reduces 
equlpaent horsepower, because pewer 1s proportional to head 
tlaes flow. In Fig 17 the horsepower needed for each aethod 
1s shown with rectangles superlaposed on th-e equlpaent and 
systea curves. The reduction 1n horsepower needed with adju
stable speed control /B/ Is draaatlc when copared to the 
valve control aethod /A/.

The advanced solution of adjustable speed control for 
ac aotors 1s solid state aotor drive. Energy saving 1s 1n 
F1g 18. Host solid-state adjustable speed controllers for 
standard ac Induction aotors vary both the voltage and 
frequency. Frequency 1s controlled to vary aotor speed.
Voltage Is varied /along with the frequency/ so that torque 
can be controlled. A constrant relationship between voltage 
and frequency 1s aalntalned.

To control voltage and frequency, a controller aust 
alter the standard ac utility power. This 1s done by first 
rectifying the constant frequency Input voltage Into dc 
voltage, then Inverting the dc Into variable voltage/varlable
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frequency ec power. This type of power conversion device, 
and the ac aotor to which 1t 1s applied, are together 
called a variable frequency drive /VFD/.

The three basic VFft aethods used In aotors of less 
than 500 hp are variable voltage Input /WI/, current 
source Inverter /CSX/ and pulse width nodulated /PUB/ 
drives /see F1g(t19/.

The VVI drive uses a controlled rectifier to trar.s- 
fore ac voltage to dc voltage. By sequentially switching 
transistors or thyristors 1n the Inverter section 1n six 
discrete steps, the VVI drive produces a variable frequen
cy output. The VVZ controller has the slepleat regulation 
scheee, but 1t uses the largest nueber of dc filter com
ponents.

A CSX drive also uses a controlled recflfler to 
convert ac to dc, and Its Inverter section produces va
riable frequency six-step output current. The na1n advanta
ge of a CSX drive 1s Its ability to have coaplete control 
of eotor current. This results In coaplete torque control. 
However, this current- controlling ability needs a large 
filter Inductor and a see1-coaplex regulator.

The PUH drive uses a diode rectifier to provide a
constant dc voltage, The Inverter section controls both 

u
voltage and frsqency. This i8 done by varying the Width of 
the output pulses, as well as the frequency, so that the 
effective voltage Is alaost sinusoidal.Because a PWh control
ler outputs near sine-wave power to the aotor, less power 
filtering Is needed. But, coaplex switching waveforas in the 
Inverter require a coaplex regulator and switching losses 
can be high.

The following generelazltlons on VFD efficiencies can 
be aade:
1/ At full speed and full load, where drive efficiency Is 

aost critical, the three types of VF0*s are close in 
efficiency - typically 85 - 90 X Including both the con

troller and aotor.
2 /
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2/ efficiencies of all thrta drives vary depending on 
horsepower rating and operating conditions. Higher 
hotsepower drives tend to have higher efficiencies.

3/ ewtor losses are a function of load current /which 1s 
the seas regardless of drive type/ and hareonics. As 
shown in table PUN drives are the best choice if har
eonics create a problen.

4/ The CSI controller tends to nalntaln better efficiency 
than the others as operating speed Is reduced.

5/ The PWN drive has a power factor close to 1/0 due to 
Its diode rectifier Input and constant potential dc 
bus. The power factor of VVI and CSX drives declines 
with decreasing speed because of variations In firing 
angles for the thyristors.

Coaparlng drive aethods: / 1 » best/
VVI CSX PWH
1 1 3

Drive /aotor and control/ 
efficiency 3 1 3
Power factor 3 3 1
Maintenance 1 2 3
Reliability 1 1 3
Coaplexi ty 

Power circuit 2 1 3
Regulator 1 2 3

Haraonics 3 2 1

The VVI and PWH drives are relatively siaple to 
apply. As long as the controller Is large enough for the 
load currents/ ifs fairly easy to apply these drives to 
centrifugal loads. The aotor won't overheat at low speeds 
because of the big reduction 1n aotor current.

With a CSX drive/ the ac aotor 1s a vital part of the 
systea. An Inproper aotor selection can cause unstable ope
ration. This risk is reduced by purchasing the aotor and 
controller froa one source. Properly applied, the CSI unit 
offers several features that enhance its reliability. First.



special "inverter grade" fast turn-off thyristor* aren't 
needed/ so replaceaents are easier to buy and cost lass.
Second the drive controls currant rather than voltage. This 
aeans that it has high iaaunity to load side transients and 
short circuits. Third/ the power circuit design is not coa- 
plax and can be understood by repair personnel faailiar 
with 'lectrocal devices.

Servicing any VFD is bard for those unfaailiar with ac
tor drives. Many aanufacturers are seeking ways to solve 
this problea by providing siaple diagnostic equlpaent as an 
integral part of the drive.

The state-of-the-art has progressed greatly in electro
nics over the last ten years. Advances in solid state have 
produced large scale Integrated circuits which will continue 
to iaprove electric drives. Motor drives should continue 
decreasing in codt and increasing in perforaance in the years 
to coae.

Huge increases in energy costs have aade adjustable-speed 
fl-ow control with solid-state drives econoaical.

Another problea with air is leaking coapressed air li
nes. We can consider that approx. 40 X of electricity bill 
in container plant is for coapressing air. Soae aeasureaents 
on aachines indicated that 20 X of the coapressed air was 
being Cost through air leakage. If we are conservative and 
clala only 10 X less through leakage/ then approx. 4 X of 
the electricity bill is wasted • Therefore careful attention 
aust be paid to the coapressed air piping so that leakage is 
kept to ainiaus/ quality of connectors aust be iaproved.
If heating gas were piped In the saae way *• ¿«.«pressed air 
we should be in constant trouble.

But not only for coapressed air. With fan air the si
tuation Is sieilar and need our attention/ too/ even with 
no so draaatic saving results.
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Annealing labra
Annealing and decorating labra In the typical glaaa contai
ner eanufacturlng plant utlllzea approx 8 X of the total 
energy/ now aalnly electric energy. Fuel eavlng 1n annealing 
area baa benefited froo uae of recirculation ayateoa for 
■ore rapid haat tranafer/ Internal belt returna/ Improved 
Insulation and uaa of electric heated unite.

Practically 1t aeans theae provlalona:
1/ The blgheat possible teaperature of products on Input of 

the lehr
2/ Advanced design of the lehr/ especially

a/ use of radiant roof, as first section of the lehr.
Radiant heating with proper tuning of the energy aai 
ealsslon source to the absorption characteristic of 
the product 1a the aost rapid aethod for heating in 
this part of the lehr.

b/ recirculating systea that provides a high rate of air 
recirculation which ¿Ives excellent conditions for 
rapid heat transfer at low teaperature differentials.
The Individual recirculating sections provide a unique 
systea for an effective barrier to forward drift/ 
particularly along the sidewalls where this problea 
traditionally causes loss of annealing quality. The 
rapid heat transfer and the prevention of tunnel drift 
are lapcrtant energy saving factors. Another possibility 
is In Installing air curtains on annealings lehrs 
The lehr curtain could result In a 10 2 energy saving, 

с/ Internal belt return through the tunnel and so not 
to cool the belt to aablent teaperature 

8/ advanced Insue-latlon of the tunnel with advanced 
■ateríais. Surface teaperature should not be higher 
than 40°C on every place and at all tlae 

e/ with gas heating the high velocity burners can achieve 
recirculation 1n a lehr tunnel without the use of re- 
circulating fans and so to save aotor energy for these 
fanns. On gas heated lehrs other potential areas of
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energy savings Is preheating, Insulation and coabustlon air 
racovary.

Result of these laprovaaants can glva tha total heat 
eonsuaptlon on lehr approx 20 kV.

Taaparlng
Slallar to tha lahrs 1a tha problaa of taaparlng furnacas. 

Heasureaents provldad on thasa furnacas deaonstrate high loss 
with not anough tlghtnass of tha furnace, aspacially In ver-

a

tlcal provision. Apprlx. SO Z of Input anargy 1s lost, whlla 
haatcd glass takas 2S Z and tha rast Is furnaca surfaca loss, 
luprovauants on furnaca daslgn can bring substantial anargy 
savings.

Anothar anargy saving rasourcas
A song tha nau tachnology balng appUad also In glass 

plants Is for axanpla radiative burners, haat puup systeas, 
solar anargy utilization, axpanslon of high prassura natural 
gas In turblna with alactrlc powar ganaratlon Instaad of 
common prassura reduction, alactronlc control gaar for 
fluorascant laaps, automatic control of spaca lighting ate.

Elactronlc control for fluorascant lasps raduee power 
lossas froa 25 Z to approx 10 Z of tha laap powar, usa of 
solar energy has baan reported for water preheating for glass 
factory boiler and substantial anargy saving was achieved.

Interesting Is tha usa of tha heat puap systens for re
covering low grade heat, for lew potential waste heat utili
zation. But while haat puaps usa lass fuel than boilers, 
they cost aore and cannot achieve vary high teaperatures.

Energy aanageaent and anargy efficiency prograas

In order to coaa to a final conclusions about energy 
saving. It 1s necessary to say soaethlng about tha aanage
aent of energy, as this Is tha only way to aake energy 
savings happen.

On energy conservations works energy board with soae 
aeahers. The board represents all of tha various specialties
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In the glass works that have soot relationship to energy 
conservation.If you look at all of the various engineering 
departments, you will note that each has some component 
Involved with energy.

There Is recommended to establish Company Energy 
Policy Coaaltee. It should have overall responslbility 
for company energy management program. The commltee chair
man 1s a company vice-president. The commltee 1s comprised 
of vice-presidents from all key areas of the company which 
Involve energy. Each of operating divisions has an energy 
coordinator and divisional energy commltee. At the opera
ting level, each divisional facility also has an energy 

, conservation coordinator. The coordinators have responsi
bility for carrying out energy conservation program. The 
divisional coordinators are responsible for establishing 
conservation goals and reporting progress towards those 

' goals for review by the Company Energy Commltee on a quar
terly basis.

Each operating division define a unit /or units/ of 
measurement /energy per units of production/. It 1s esta
blished the base year performance. The percent Improvement 
In energy utilization for each reporting organisation 1s 
then reported quarterly versus quarterly determined goal 
and the base year. The Improvement of the whole company 
can be obtained by multiplying of each organization's 
percent Improvement versus their base year by fraction of 
total company purchased energy 1n base year used by the 
respective reporting organization. These figures are then 
summed to obtain a company performance. These summary 
reports are made quarterly on a 12 month moving average 
basis and so Is eliminated the seasonality of energy con
sumption.

My company has for example flat glass, containers, 
technical glass, lighting glass and fiber glass divisions. 
In base year 1978 they had 41, 26, 15, 12,resp 6 X of 
total company purchased energy. The Improvements 1n Z 
versus base year were according next table.



Flat containers technlcal Lighting fiber

2/IV 1981 8,24 11,82 7,66 6,59 7,38

1/IV 1981 7,50 11,02 7,06 6,01 6,80
4/ IV 1980 6,92 10,54 6,24 5,55 6,28

3/XV 1980 6,44 9,82 5,66 4,98 5,68

2/XV 1980 5,92 9,20 5,02 4,42 5,22

9 2/IV/80 - •

1/XV/81 6,70 10,145 5,995 5,24 5,995

9 3/XV/80 -
2/IV/81 7,28 10,80 6,655 5,782 6,535

The coapany laproveaents 1/IV 1981:

6,70 . 0,41 ♦ 10 ,145 . 0,26 ♦ 5,995 . 0,15 ♦ 5,24 . 0,12
♦ 5,995 . 0,06 * 7,27 Z

The coapany laproveaents 2/XV/1981 :

7,28 . 0*41 ♦ 10,80 . 0,26 ♦ 6,655 .0,15 ♦ 5,782 . 0,12 ♦
♦ 6,635 . 0,06 « 7,87 X

In fact we use aort unit*, alnlaua for aalting enargy 
consuaptlon aora, aalting tharafora that It foras approx 
60 to 80 X of whola anargy consuaptlon.

Th* sattlng of goals and astabllshing of aonltoring 
criteria Is an laportant part of achieving tvergy conserva
tion, whether 1t be on a coapany,.-a divisional or an 
Individual plant basis. The process of setting requires 
top aanagaaant coaaitaant and involveaent. For divisions 
it is aada In Coapany Enargy Policy Coaaitaa, for plants 
in divisional anargy coaalttee after sattlng 1n Coapany 
Coaaitte* and according the real situation and opportu
nities of each plant.

The activity on anargy conservation can be divided 
into three areas of responslbllity and activity:
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1/ Plant practice or operating discipline, which 1s under 
the responsibility of plant aanageaent and spervlslon. 
It 1s Important that all employees be aware the energy 
Is scarce and very expensive* Any place that they 
see waste taking place, they should take steps to 
reduce It or to call It to aanageaent's attention.

2/ The technical consultation on perforaance of existing 
process equlpsient - checklist for plant energy consum
ption Inventory for searching of energy conservation, 
consulting aanuals, sealnars on various aspects of a 
plant's operation, training prograas.
Very useful In the area of technical assistance 1s 
survey on energy consuaptlon or total energy audit of 
plant, aade by eoapany engineering staff or by external 
experts. Energy audits provide a base line for judging 
future changes In the saae plant, a basis for coppering 
perforaanccs of different plants, a basis for process 
I ♦ # priorities. The first coaplex audit In the plant 
1s not cheap and take n1n 1 nonth and for pursuing 
are necessary oany special Instrunents. But benefits 
arc big.
Very useful Instruaentatlon Is the theroovisloh systen. 
It 1s a TV-11ke scanning systea designed to detect 
heat loos or heat gain. These are recorded on therao- 
graas which show where energy 1s lost and how serious 
the problea 1s. This slaple technique displays actual 
energy losses and Identifies areas where the aost 
cost-effective laproveaents can be aade.

3/ New process developaent, that 1s replasing existing 
equlpaent with aore energy-eff 1 dent ones and existing 
process developaents /new control strategy, better 
and aore soflstlcated Instruaentatlon and sutoaatlc 
control, heat recovery, slaply process laproveaents 
froa energy point of view/.
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The basic rules for energy conservation progress*
are:
1/ Hake an Energy Survey end Identify conservation 

opportunities
2/ Analyse the energy saving opportunities 
3/ Evaluate the opportunities and sake recossendatlons 
4/ Plan the action
5/ Organize the sanagasent of the action progress*
6/ Monitor the results
7/ Keep everyone Inforned of the results and help 

to aalntaln their Interest.

Every ones 1n a while It Is helpful for tha chief 
executive of an operation or business to conduct a senior 
nanageaent bra1n-stors1ng session on resource utilisation 
In Its broadest sense which will, of course,, Include 
energy either directly In Its own sight or Indirectly 
via bought out supplies or the other sain resources of 
space, plant, processes and people all of which have 
energy raalflc*at1ons. It has, for exanple, been assessed 
that the energy content of bought out supplies used 1n 
a business can be up to four tlsas the direct energy used 
by the business. Alsost any activity thas an energy 
related aspect and In all these exasples energy content 
can be on* of the criteria considered In reviewing and 
decision asking.

An added advantage of this approach Is that 1t ge
nerates a graater personal Involvesent of senior functio
nal sanagasent In the corporate dialogue and at the ease 
t1s* encourages a sore objective view to be taken of 
their own specialised activities. It Is experience that 
It Is every bit as Isportant '.9 get functional sanagesent 
actively participating as 1t Is to have the support of 
the chief executive.
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Another helpful eove 1s to get resource utilisation 
In general, eabraclng energy conservation, Included as 
a regular Iten on the agenda of aanageaent coaalttee 
and board aeetlngs. In all this activity one thing has 
to be borne In alnd ue are trying to reduce the aaount 
of energy ue use per unit of output In tern» of output 
per unit of added value. All our energy saving activity 
should ve related to output, otharulse ue u1ll be alslea* 
ding ourselves over the effectiveness of our actions.

We have to learn to use energy sore effectively.

And this uas the purpose of this lecture, too.
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Tabi* 1

Energy required to produce raw aaterlals /HJ/tonn*/

■aterlal 1nd1rect d1rect total

Sand 240 - 920 200 - 600 430 - 1520

Liaestone 202 326 528

Soda ash 1 669 11 602 13 271

Cullet 43 230 273

Felspar 1 392 1 164 2 556

Alualna 7 902 26 818 34 720

CalOalt* 581 908 1 499

Sodlua nitrate 101 51 152

Sodlua sulphate 1 448 3 260 4 708

Caldua sulphate 577 194 771

Selenlua 36 742 43 745 80 487

Cobalt, nickel 
oxide 1 649 3 949 5 598
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Energy balance of hypothetical new and old glass 
composition for the production of 1 tonne of glass

/In HJ/

Table 2

Chemical composition:

old new
S102 71,9 X 73, 2 X

Al2°3 1,5 1,5
CaO ♦ MgO 11,8 13, 5
Na20 14,5 11, 5

« 5 0,3 0,3

100,0 X 100, 0 X

Batch composition - old /new/

Raw material welgbt/kg/ Indirect direct total
energy energy

Sand 655 /669/ 386 /394/ 312 /319/ 698 /713/
Felspar 87 / 87/ 122 /122/ 102 /102/ 224 /224/
Limestone *
dolomite 222 /247/ 45 / 50/ 72 / 81/ 117 /131/
Soda ash 225 /175/ 375 /292/ 2606 /2027/ 2981 /2319/
Sulphate 25 /23/ 37 /33/ 82 /74/ 119 /107/

Totals 1214 /1201/ 965 /891/ 3174 /2603/ 4139 /3494/

The delivery energy Is approx 200 to 300 HJ 

Total energy old 4 439 MJ/t

new 3 794 NJ/t
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Energy associated with fuels

Table 3

Fuel Unit Indirect fllrect Total Production
energy

Heavy fuel oil HJ/l 7,81

Hedlua fuel oil RJ/l 7/73

tight fuel oil HJ/l 7,61

fias oil HJ/l 6/78

Mesel fuel HJ/l 6/82

Petrol HJ/l 5/53

Propane KJ/kg 16/20

Butane HJ/kg 16/20

Town gas HJ/HJ 0,39

Natural gas HJ/RJ 0/39

Coal RJ/kg 1,50

Electrlcity HJ/kUh 11,48

energy energy efficiency
%

41,11 48,92 84

40,49 48,22 84

40,38 47,99 84

37,68 44,46 84

37,71 44,53 84

35,97 41,50 87

50,00 66,20 75

49,30 65,50 75

1 1/39 72

1 1/39 72

29,30 30,01 97

06 * o 15,08 24
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Fig. 6 Heat distribution in cross section of regenerative 
furnace

Fig. 7 Heat distribution in plan view of regenerative 
furnace
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