
Case study 1  

Energy Balance for Kiln at ShivShakti 

 

Most of ceramics industries use a Tunnel kiln in order to fire clay into ceramics. This is 

undertaken after glazing of the clay. We have performed the energy balance of the tunnel 

kiln, in order to look for the region where maximum heat loss takes place, and to minimize 

the same. 

 
Dimension of Tunnel kiln 

 

Green ware consists of Black Sand (340 kg), Ball Clay (40 kg), China Clay (108 kg), 

Powdered Clay (240 kg) and Quartz (120kg). All this along with this soda, water silicate as 

additives are used. This mixture is then placed in ball mill for 8 hours to prepare a thick clay 

aggregate. This green ware is initially dried up to 80% in a Biscuit kiln and then fired in a 

Tunnel kiln up to 1150 ºC. 

 

Energy Audit  

The entire length of the tunnel kiln is 120 feet i.e. 1440 inches, and corresponding length of 

the cart is 66 inches. Therefore in all totals of 24 carts can be accommodated in the kiln. 

The inlet energy of Tunnel kiln is calculated on per hour basis. Total energy at inlet is 

2,07,892 Kcal/hr. 

Regions Values in kcal/hr Net percentage (%) 

Loss due to cart, Qcart  16238.18  7.81 

Loss due to surface, Qsurface 53,804.23  25.88 

Loss due to reduce in weight, Qwater 6100.34 2.93 

Chimney losses, Qchimney 51,639.58 24.84 

Opening losses ,  Qopening 21,293.51 10.24 

Ground losses, Qground 17,934.74 8.63 

Heat absorbed by clay, Qsclay 38,528.33 18.53 
Energy distribution in kiln 



From the above, maximum losses are observed in Chimney and at the surface. 

Solution 

Increasing length of Chimney by 10 feet 

By increasing its length by 10 feet the flue gases which previously used to leave at 330ᵒC will 

now have to travel additional 10 feet of distance before exit. However, the residue time 

present is kept same to bake the clay. For temperature of flue gas at 200 °C (From CER -

European commission) = 382288 kJ of energy will be saved. Also, with increase in the length 

of kiln by 10 feet, more carts can be accommodated and production will increase. 

Subsequently, with increase in number of carts the travel time can be decreased. Therefore, 

travelled 5 feet per hour, increased production rate will be 26 carts instead of 24 carts earlier. 

Hence each day the production capacity is increased by 2 carts without any change in the fuel 

supplied. This about 11.2% increase in production. And corresponding gas saved for same 

production in previous length of kiln = 58.74 m
3
 

With saving in gas, monetary saving is above 65000Rs. However, production must be 

stopped in order to make subsequent changes. Hence is will act as non-necessary savings. 

Production losses caused will be about 8,00,000 Rs. 

This shows that the payback period for this method will be approx. 2 Years and 8 months. 

Change in insulation 

The insulation at surface of kiln has been degraded completely. It is more than 10 years old. 

This is major reason for the high surface loss. Initially, considering the heat inside constant 

for each zone. By referring to GERMI and practical calculations of other kiln, we have 

assumed temperature at surface to be 20 °C less than early case. Hence the amount of heat 

supplied gradually decreases to 1,87,292 kcal/hr. This is why savings are observed about 20 

m
3
 per day.  I.e. 1440 m

3
 gas per month. Monetary savings are just above Rs 52,000. 

The change in insulation will require about 210 m3 area of sheets of Cera wool. The approx. 

costing of this sheet will be Rs 2,61,000. However, with the work carried out by insulation 

the kiln must be kept cold.  

Within 15 days the production must be halt and production losses within this period must be 

Rs 4,08,960. The savings of Rs 52,000 per month the payback period of investment is 1 year 

and 2 months. 

 

Conclusion 

This is an efficient method of increasing the efficiency of the kiln with corresponding 

decrease in carbon emissions and savings in monetary terms. 



Case study 2 

Energy Balance of Kiln at Anil Impex 

 

Anil Impex is Ceramic producer and exports it to large scale. The Tunnel kiln present at Anil 

Impex solutions is 136 feet long. Following are the dimensions of each zone:  

o Pre-heating Zone : 52 feet 

o Firing Zone : 20 feet 

o Cooling Zone : 64 feet 

The cycle time of this kiln is 90 minutes. Total energy at inlet is 2,76,349 kcal/hr and fuel 

consumption is 39 m
3
 per hour. 

Energy Audit  

Regions Values in kcal/hr 

Total heat loss due to cart (Qcart) 26,513.1 

Total heat loss from the kiln surface (Qsurface) 47,977.26 

Heat loss by evaporation of Water (Qwater) 6881.48 

Chimney losses (Qchimney) 10,678.65 

Opening losses (Qopening) 4029.56 

Ground losses (Qground) 15,992 

Total heat loss (Qloss) 41,027.98 

Energy distribution in kiln 

 

Solution and conclusion 

 

The efficiency of kiln is nearly 20%. 

The major disadvantage is that it cannot operate at maximum efficiency. Due to more cycle 

time, greater losses are observed. High cycle time, production decreases. I.e. Less carts per 

day are obtained (18 carts per day). The cycle time can further more be decreases up to 50 

minutes. This will save high amount of gas consumed.  

Breakage of cups observed with reduction in cycle time can be constrained by uniform rise of 

temperature in pre-heating zone. 



Case Study 3 

Comparison of tunnel kiln 

 

The project was commenced for the purpose of understanding the behavior of Tunnel Kiln for 

different design states and for improving the functionality and overall performance of the 

tunnel kiln. The aim is to improve the efficiency of the tunnel kiln and ultimately by reducing 

the fuel consumption, try to reduce the GHG Emissions in the tunnel kiln. This was done by 

doing performance analysis by undertaking an Energy Balance of the tunnel kilns. 

For doing an energy balance of a tunnel kiln two different tunnel kilns were taken into 

account, one is from ‘Shivshakti Ceramics’ another is from ‘Anil Impex’. Both the industries 

were facing performance related problems in their industries therefore first we have done the 

energy balance of tunnel kiln of Shivshakti Ceramics (Kiln-1) and then of Anil Impex (Kiln-

2) and as a conclusion we have provided energy saving solutions for both. 

While undertaking an energy balance of kilns Mr. Narendrabhai Vadher (Vacunair 

Engineering Pvt. Ltd.), Prof. Vipul Shah (Vipul Shah and Associates) and Mr. Hitesh Patel 

(Professor- LJIET) supported and guided us. Also we have referred the GERMI document 

and a documentary by Al Gore ‘An Inconvenient Truth’. We met Mr. Chirag Gajjar from 

WRI and took advice regarding GHG emission problems. Also while collecting the necessary 

information for both tunnel kilns Mr. Dinesh Patel (Industrialist, ShivShakti Ceramic 

Industries) and Mr. Anil (Industrialist, Anil Impex) proved to be very helpful to us. 

At the end of the analysis of both tunnel kilns we can compare them under these categories: 

 

Constructional Comparison 

 

 Kiln-1 was set up years back and so it is devoid of some modern technology, while the 

Kiln-2 is installed recently and so it has modern technology used in a proper manner for 

the efficient working of the kiln. 

 The capacity (tons of ceramic ware produced per day) of the kiln-1 is 3.13 tons while for 

kiln-2 it is only 2.7 tons. 

 The cycle time for kiln-2 is 90 minutes, if the cycle time is reduced to 60 minutes then the 

gas consumption can be reduced and ultimately overall efficiency can be improved. 

 The main dimensional difference between two kilns is the length of Pre-heating zone. 

Length of Pre-heating zone of kiln-2 is 52 feet and for Kiln-1 is 38 feet which is about 14 

feet less than kiln-2. 

 As the kiln-2 is longer, more carts can be sent inside the kiln which in turn can increase 

productivity. 

 

 

 



Cart and Cart load 

 Total no. of product and also weight of total final product produced by kiln-2(169 kg) is 

comparatively larger than kiln-1(142 kg). 

 But the weight of total refractory material used for stacking of material is very large for 

kiln-2 (510 kg) as there are solid plates used in it which are very heavy, while in kiln-1 

there are light weight saggers are used which contributes only 301 kg of weight. 

 The main change which should be introduced in kiln-2 is to try to reduce the weights of 

their plates which can help in reducing the trolley weight. 

 

Temperature difference on sides of tunnel kiln 

 The temperature on the sides of tunnel kiln-1 is about 20ºC more than kiln-2 which is 

because of the insulation which should be improved. 

 

Energy Balance 

 By increasing the length of cooling zone the cart can be cooled to lower temperature 

therefore the loss due to cart at the exit can be reduced. 

 Also by increasing length of cooling zone opening loss also can be reduced as the flue 

gases coming out are already cooled enough. 

 For kiln-2 the insulation is very effective and lets only very small amount of heat pass 

through it and so the heat loss from the kiln surface is low, while in kiln-1 the insulation 

of this kiln has worn out and hence the heat loss is very high. 

 As a solution to the higher heat loss from the surface in the kiln-1, the insulation should 

be replaced by the latest one this way the loss can be reduced and the efficiency can be 

improved. 

Comparison of Energy distribution 

Q_cart Q_surface Q_water Q_chimney Q_opening Q_ground Q_loss Q_clay

Shiv Shakti Kiln-1 16,200 53,800 6100 51,600 21,300 18,000 112,000 38,500

Anil Impex Kiln-2 26,500 48,000 6900 10,700 4000 16,000 41,000 38,500
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 In kiln-1 because of short preheating zone length the flue gas temperature is 350ºC high 

compared to kiln-2 in which because of longer preheating zone the exhaust gas 

temperature is only 180ºC. 

 Therefore by increasing the length of preheating zone the chimney losses can be reduced. 

 In kiln-2 the chimney losses are very low compared to kiln-1 as the exit temperature of 

flue gases is very low in kiln-2. 

 In kiln-2 air travels from cooling zone to preheating zone and hence the exhaust comes 

out of the chimney installed in preheating zone. 

 To reduce the exit temperature of flue gases dampers can be used to reduce the draft. Also 

by changing the positioning of the chimney flue gases can be cooled to lower 

temperature. 

 Also by providing side vents enough turbulence can be achieved which results in reduced 

draft resulting in reduced draft. 

 In both kilns the opening losses are high which can be controlled by providing air curtains 

at the opening sides which resists the flowing out from the kiln. 

 

Conclusion 

 

By doing the energy balance of both tunnel kilns we can conclude that by doing small 

alterations in construction of a tunnel kiln or by improving insulation of the tunnel kiln we 

can improve the performance and efficiency of tunnel kiln. Also by changing the kiln 

furniture the losses in the kiln can be reduced. This all ultimately results into increased profit 

and reduction in GHG emission. 

 



Case Study 4 

Dust accumulation problem 

 

An Industry provided problem or user-defined problem based project work is required for final year 

Engineering students. Each project work selected by a group of students (Not more than 5), whether 

IDP or UDP. Solution is to be proposed by the students on the basis of their analysis, and their work. 

This is mainly to increase the problem solving capacity and skill of the students, which in turn helps 

them after passing out engineering.  

Mr. Dineshbhai Patel (Industrialist, ShivShakti Ceramic Industries) currently facing of problem of low 

efficiency of tunnel kiln in his factory contacted Mr. Narendrabhai Vadher (Manufacturer – Aeromatic 

engineering company). We, searching about this industry defined problem and with above discussed 

circumstances were placed at Shiv Shakti Ceramics with Mr. Dineshbhai Patel and asked to perform 

increase in the efficiency of the tunnel kiln by energy balance along with help of Mr. Narenbhai 

Vadher.  

On our first factory visit we encountered a different and non-contextual problem. Clay cups and saucer 

are glazed before passed into kiln. This raw product before being passed, kept into the storage, 

compressed air is blown to remove dirt particles on them before being fired into the kiln. However, 

due to surrounding dusty environment, blown fine dust particles in turn settle down back on the 

products. If these products passed into kiln result into dust spots on finished ceramics and their quality 

degrades. So in order to increase the quality of ceramics, finding a feasible solution to this dust was 

primary aim. 

Mr. Narendrabhai Vadher provided the idea to manufacture a dust collector. On the basis of the size of 

the particles of the dust to calculate the size of the dust collector and power of motor, suction area, etc. 

we began our calculations. 

Initially our aim was to design a portable dust collector so it can be easily moved from one place to 

another within the factory. So design has to light weight but robust. Mild steel can be easily welded 

and fabricated so it was our first choice. Volume of the dust collector should be enough so that the 

cups and saucer which are to be cleaned can be placed easily within it. Also for health concerns the 

flow rate of air should be enough so that the fine dust must not come outside and worker does not 

inhale it. Filter size for collection of the dust should be selected appropriately 

 

 

 



Calculated values 

  Name   Unit   Value 

  Size of the Fine dust (clay particles)   microns   .10 to .15 

  Size of dust Collector    Inches   1.66 x 2 x 2.5 

  Velocity of flow   CFM   700 

  Motor    Hp   2  

  Size of filter    microns 2 

  Suction tube diameter   Inches 6 

 

For corresponding values the dust collector is designed and completed and working perfectly. 

Following link is shows working dust collector. 

https://youtu.be/6mbrlikA9aA 

 

Conclusion 

This manufacturing of the dust collector resulted into increase in the quality of output products. 

We had a taste of one of the problems before entering in the industry. This will help us in the final 

project i.e. energy balancing of the kiln. Manufacturer provided dust collector at low cost. Hence, 

it resulted into a win-win scenario. 
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Climate change: a major issue 

 

Climate change is a major issue in today's world. Effect of this is going to be devastating and 

many people have worked in awaking the world about it. Professor Al Gore said in the his 

documentary ' An Inconvenient Truth(2006)'  that climate change and global warming are the 

biggest threats to the planet earth and no country will be spared from its devastation.  

The CER report by European Commission discusses the environmental effects due to waste 

in energy in different ceramic manufacturing industries. Also  the amount of  energy used is 

also discussed in Winrock International report submitted by Bureau Of Energy Efficiency. 

Both this report are reviewed by us for the purpose of energy audit of tunnel kilns in ceramic 

industry. GERMI report on ‘Energy Efficiency Enhancement in some Small and medium 

scale Enterprises in The Ceramic Sector’ (March 2013) was also as a basis along with the 

above mention references. By the above study the main area of focus had been identified as 

reduction of GHG emission by the use of energy balance. 

Shri Chirag Gajjar from WRI meet us during the India Ceramic Exhibition 2017 at 

Ahmedabad and guided us. 

A cluster level approach could take place here depending upon the feedback and positive 

response from the concerned industries associated i.e. Morbi (Gujarat). 

Research project for the entire ceramic sector is also envisaged and the intention is to get 

support from the following institutions: 

 GCPC ( As Clean Production is used as a tool for implementation) 

 GEDA ( As this is the central agency for energy efficiency aspect ) 

 GERMI ( Research Institute) 

The main aim is get this research project which was supported and guided by Shri Naren 

Vadher (Vacunair Engineering Pvt. Ltd.) and Professor Vipul Shah (Vipul Shah and 

Associates) forward such that the above possibilities of improvement in ceramic sector can be 

achieved.  

  


