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Abstract

In various industries served by Santa Catarina@uaspany — SCGAS, opportunities to reduce energsesvhich can
be obtained with relatively simple measures, resyiin lower specific consumption of natural gagevdetected. This
paper reports the main studies conducted in 20¢8Nimg SCGAS” customers and universities of Sabédarina,
especially in ceramic and textile sector. Theséosg@re very important to the local economy witlzehs of businesses
consuming natural gas and exporting its productshe control of production costs is very importédtor. The cases
of roller furnaces, dryers, atomizers and textijeidg are discussed. The methodology combines freddsurements
and computer simulations, resulting in detailedt Hedances which allow proposing simple and effectictions to
increase the overall efficiency of the evaluatedcpsses. An analysis technique was developed,iegabii advanced
level of knowledge of the influence of the variablef each process, and getting its best fit poidsts.approach for
machine appears, but also about the productionepsoas a whole. Potential for heat recovery ab@% tere
identified in the case of ceramic processes, amyeali7% in textile dyeing. These results are vergdrtant for the
correct perception of the value of natural gas 638S” customers and it has become a tool for tiveldpment of a
strategic business relationship based on knowlgdgbnology and partnerships.

1. Introduction

For proper care of their customers Santa Cataram@mpany — SCGAS, realized the need for a speszialechnical

support, and it was structured the Natural Gas fi@olgy Department (GETEC) to promote solutions tratg greater

viability of use this fuel. Among the main actieiti carried out by this department are technicgbaupresearch and
technological development, and the disseminatioknofvledge about the natural gas applications. @rlee programs
developed through the strategy of ongoing partigsstvith universities and technological supportitntions is the

Energy Efficiency Program, to devote himself priityato:

» Reduction of specific consumption in conventioinalustrial processes;
« Feasibility of new potential uses of NG;
« Identification and recovery of energy losses.

For this purpose SCGAS has a policy approved wittiual allocation of 0.25% of its gross margin fovéstment in
R&D projects and has a specialized team of 6 eegi® support customers.

1 Mestre, Engenheiro Quimico - SCGAS

2 Engenheiro Civil —- SCGAS

3 Mestre, Engenheiro Quimico — SCGAS
4 Engenheiro Eletricista — SCGAS

5 Engenheiro de Produgdo Quimica — SCGAS
& Mestre, Engenheiro Mecanico — SCGAS
" Dr. Engenheiro Mecanico - UFSC

8Dr® Engenheira Mecanica - UFSC
®Mestre, Engenheiro Mecanico - UFSC

10 Mestre Engenheira Mecanica — UFSC
Dr. Engenheiro Quimico - UNESC



In many industries some opportunities to decreamegy losses were detected, that can be obtaingdrelatively
simple measures. This work highlights the finalutessof two studies conducted in 2013 involving tonsers in the
textile and ceramic industries. These sectors arg important to the economy of Santa Catarinah wlibzens of
businesses consuming natural gas and exportingritducts. The results of studies of energy efficyeare very
important for better understanding the value ofuradtgas and have become a tool for developing sinbss
relationship based on knowledge, technology anditg partnerships.

2. Methodology

The following studies were performed in a dyeindustry and in a manufacturing of ceramic tiles tedain Santa
Catarina state. It was performed as the first stEfgeperation data collection of furnaces, kilnsyedls, boilers, with
temperature measurements and fluid dynamic flowssidered, proceeding then with the developmentoohputer

simulations of processes production. It was assuasedteady-state operation of equipment, consigle¢hie physical
phenomena of conduction, convection and radiasnyell as the transport of gases, raw materialsfiaal products,

and the water vapor across the boundaries of equipnin the second phase, validation was perfortheough

simulations and prepared the propositions of tedirctions related to preheat combustion airptaémsulation, heat
exchangers and reuse of thermal currents betwdenedit devices inspired by Pinch Point Technidieme equipment
for obtaining field data were used, such as theouplkes, infrared cameras, pyrometers, gas metees@meters and
Pitot tubes, and flue gas analyzers.

Figure 1. Example of instrumentation used in fieldasurements.

3. Resaults

The Figure 2 schematically shows the studied txiyeing, which is useful for not having how to amg the
production area and thereby obtain scale’s ecompmipted a competitive strategy of cost redudiioaxploiting the
potential of energy efficiency. SCGAS supporteddtiategy of the customer applying the methodojaggented in the
previous section and discuss some alternativeisofuthat are presented below:

v' The recycle energy through heat exchange betweemdhwater used in dyeing (effluent) and cold teda
water to enter the process, which is capturedrinea located next to the company (affluent). Thstallation
of a compact heat exchanger water-water type cealg 8.9% energy and it is a relatively simple wiark
perform.

v The recycle energy through heat exchange betweenctmdensate before the tank and the cold water

(influent). Savings of 1.5%. This energy is actyédist on purpose to reduce the temperature oftinelensate
and thereby avoid the occurrence of cavitatiorhareturn water pump to the boiler. It is notewpittlecause
all energy consumption is generated in naturallgaker and it is distributed in the industrial pldry steam
lines.

v" The recycle energy through improvements in heaha&xge between the air dryer and cold water (infjuen
Potential savings of 17%. The dryer is the pointigher energy consumption of the entire plant, alst
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where the greatest losses occur. However, entemaalfication to this equipment implies a greategie of
difficulty in terms of various steam radiators aidrecirculation existing.

v" The preheating the incoming air in the dryer wile damp air exhausted through the chimney of theesa
Savings of 3%. This measure is difficult due to thes temperature involved, which could be overcome
through a network based on the use of heat pipgisnl

v' The application of insulation on exposed surfaBegential savings of 14.3%. Some heated surfaesasy
and cheap to insulate, and points where the esifapeat is relevant were identified.

Figure 2. Representation of a fabric dyeing indugtocess.
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The Figure 3 schematically shows the studied ceramdiustry, which does not have a high productlmut, positions

itself in the market through a strategy focusedhigh value-added products. Because it is considberachmark

industry, it was imagined in the beginning few rémivay opportunities to be explored. Some serieseasurements
was performed in all thermal systems in operatainmizer, horizontal dryer, dryers, box car, fuenaoller, vertical

dryer. The energy consumption of equipment addetheonatural gas is 1,583 Nim® (m® of natural gas by the ‘m
pottery produced). Considering all the thermal deangncluding coal nozzle) in terms of gas, theuealould be 2,663
Nm*m?. This demand is distributed as follows: 43.2% esponds to the oven, 36.8% corresponds to the zgomi
9.0% to the horizontal dryer, 4.1% to the dryer lbar n°2. Also, 3.9% corresponds to the dryer d¢axn°l and 3.1%
corresponds to the vertical dryer reconditioning.

These equipments could reduce energy consumptioyerCbox car n°2: 100% chance to reduce; Dryericadrt
grinding: 50%; Atomizer: 23%; horizontal dryer: 1584d oven: 1%. Considering only the equipment toamsumes
natural gas, the potential for consumption redudmd?2.5%, or 0.20 Nnm?% The most significant case is the
possibility of making the box car dryer operatinighwi00% recovery of energy from the furnace, whih.11 Nn¥m?.
Considering the nominal output of 10,008/aiay of ceramic, the natural gas consumption réoliaf this equipment
would be 33,000 NAfmonth. Considering the atomizer charcoal, redweetgy consumption could reaté% of the
total factory.



Figure 3. Representation of a porcelain industocess.
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The following presents an example of an equipmeatuation. However, analyzes were performed on all
devices individually, and also the process as davho

+ Horizontal Dryer:
Maximum operating temperature: 240 ° C.
Production: 450 m2/ h.
Product online: Porcelain Enameled.

Technical considerationsinspired by Pinch Point:

The horizontal dryer gas inlet has a large amodtirdiffused air. During the analysis it was operateith average
evaporation capacity of 450 kg,®/h. Approximately 64% of the energy demand isasshy the main exhaust exits,
through fired product 9%, and 27% of the partsdiffeise losses. There is a current utilization of &ir from the oven,
but that saving gas only 2%. The air volume ragims is about 12: 1 in proper amount for a good emtitn efficiency
range. The device of reusing the warm air fromdiaas releases in the atmosphere approximatelytd&/lé of hot air
at 107 °C, resulting in 0.31 Gcal/h. This energgsioot reach into the dryer, and therefore is setiuTo take it in the
most convenient equipment itself, it would inflateng with the airstream dilution, which currenpiyesents flow of 3.3
ton/h 25 °C. The reduction in gas consumption wdddapproximately 0.064 Gcal/h or 7.5 Mm(approximately 7%
savings on gas dryer). Still, it would be wasted 48.3 ton /h of hot air.

Comparing this horizontal dryer with five channelsrolls, with similar equipment (three channelsported in the
literature, the specific consumption can be considlelow. Dryers with three channels usually shovecsic

consumption between 106-177 kcal/kg of fired pradiitie equipment in question had 115 kcal/kg adiproduct.
The energy use as described could reduce the t@lgproximately 107 kcal/kg of fired product. Mover, the results
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presented in Table 1 show that the specific consiommlepends largely on the stability of productiéor 31/07
consumption was 0.24¥m? for a production of 456.9 #h. On 30/07 the consumption rose to 0,3Z#mhbecause
production decreased due operational problems.ré&igushows the behavior of the specific consumptioa to the
production, along with the trend line. The resuldtacly demonstrates that the consumption incresigggficantly with

the reduction of production. The type of adjustmesulting equation shows that even at times lesdyztion gas flow
does not suffer large modulations. The result Egaificant increase in specific fuel consumptidm. improve this
production condition, enameling to work with wallked teams and including those involving the maentee staff. The
monitoring showed that in some moments it came aoking with consumption 16% below average, withdarction

22% above average. The factory has an advanceddrcsystem, which can be used to limit, to keepdityer and the
line of enameling always operating at full loadisltan alternative large impact on the energy iefficy of horizontal
dryer without relying on use of hot air.

Figure 4. Horizontal dryer ceramic tiles.

Table 1. Mass and energy balance - Dryer Horizd&#l).

. Vazao Temperatura Umidade Energia
Corrente Descricao

(ton/h) (°C) (ton/h) (Gcallh)
ES1 Géas Natural 0,085 25 - 0,93
ES2 Arde combustio 1,6 25 0,02 0,00
ES3 Recuperagao de calor proveniente do forno a rolo 1,1 107 0,10 0,02
ES4 Arde secagem diluigdo, entrada canalizada 3,3 25 0,04 0,00
ESS5 Entradas difusas de ar de secagem 8,2 25 0,10 0,00
ES6 Peca ceramica (biscoito) proveniente da prensa 9,2 25 0,65 0,00
TES Total Entrada Secador 24,7 - 0,90 0,95
SS1 Pega ceramica na saida do secador 8,8 64 0,10 0,08
SS2 Exaustdo do secador apés combustéo 14,8 120 0,65 0,61
TSS Total Saida canalizada Secador 40,3 - 0,90 1,00

E.Entrada; S.Saida; C.Fornalha; A.Atomizador; T.[Tota



Table 2. Specific consumption of the dryer.

Data da medicao 30/07 31/07
kcal/ kg HO evaporada - 2159
kcal /kg peca seca 148,8 109
kcal/nf - 2016
Producé&o rfih 308,6 456,9
Consumo gas Nith 99,9 109,8
Nm%m? 0,324 0,240

Figure 5. Variation of specific fuel consumptiorsbd on production.
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All these considerations represent an effectiveemitdl for improvement. To be performed, howeveg a
necessary investments and sizing of the recovestes. In general, the return takes place in aBogars. But it is
also necessary to keep a production schedule thamipes the dead time of the process, as empty lilms and
dryers. At the end of the work identified for padiahreduction of energy consumption 16%, of whi¢h6% relates to
the use of natural gas distribution as shown inld8b These results are important consideringhibatreen 20-25 % of
the final cost of manufacturing of ceramic produgisresponds to the consumption of natural gas.

Table 3. Energy balance and opportunities for imenaent in a porcelain factory.

 lom Lo [
Nm3/m?2 Participacdo Melhoria
| romo [T 43,2% 1%

0,98 36,8% 23%

0,24 9,0% 15%

0,104 3,9% 0%
Secador CB2 0,11 4,1% 100%
0,083 3,1% 50%
Q25% 0,20 Nme/m
16%



3. Final Thoughts

This research project developed by SCGAS generatddable data regarding the feasibility of impletiegn
improvements in the textile and ceramic industryirf technical solutions based on the use of nagasl Potential heat
recovery abovel3% was identified in the case aferamic processes, and abovel7% in textile dyeing. The
information contained herein constitutes the fotiats so that it takes careful investment decisidie option for a
technological edge that allows the production psecgich cost reduction translates directly intarfaial returns. The
partnership in new technologies development, atagepioneering in its applications, contributeshe positioning of
companies as a leader in its industry. Besidesatheantages mentioned above in the proposed sadutimme of
considerable importance relates to the environrh@nfzact. The reduction of energy use, in this seitscontributes to
greater sustainability and efficiency of the ecop@s a whole.
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