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1. Introduction 



2. Container glass production 

process areas description and 

utilities consumption 

− Glass batch plant for storage and mixing 

of batch, 

− Glass furnaces with charging tanks,  

− Production lines including: 

− Forehearths, 

− Forming glass machines, 

− Bottle annealing and coating lines; 

− Quality control, 

− Packaging plants, 

− Finished product warehouses. 



3. Implementing Energy 

Management System 



                             Energy utilities

Container glass 

process area

Electricity
Natural

Gas
Water

Glass batch plant

- Control cabinets

- Conveyor belt motors

- Pumps

- Mixers

- Scales

x - Batch mixing

Furnace

- Electric heating

- Cooling fans

- Pumps

- Control cabinets

- Electrostatic 

precipitator

- Flue gas fans

- Furnace burners - Cooling

Forehearths x - Forehearths burners
- Cooling

- Water barriers

Forming glass machines

- Control cabinets

- Compressors

- Compress air dryers

- Servo drivers

- Form preheating

- Conveyor belt motors

- Pumps

- Form preheating - Cooling

Annealing oven (lehr)

- Fans power supply

- Conveyor belt motors

- Control cabinets

- Heating, temperature 

maintenance
x

Quality control
- Inspection system

- Control cabinets
x - Pressure test system

Packaging

- Conveyor belt motors

- Palletizing

- Labeling system

- Wrapping

- Control cabinets

- Foiling furnaces x

Warehouses - Forklift truck chargers x x

General overhead

- Lighting

- Air Conditioning

- IT and office 

equipment

- Boilers

- Heating - Domestic usage



4. Example of energy usage 

prediction in a glass factory 



𝑦 = 𝐴 + 𝑏1𝑥1 + 𝑏2𝑥2 + ⋯ + 𝑏n𝑥n

Regression Analysis      

Multiple R 0.83761659      

R square 0.70160156      

Adjusted R Square 0.70088511      

Standard error 10.0239375      

Observations 836      

       

Analysis of variance       

  df SS MS F Significance F  
Regression 2 196795.70 98397.87 979.2848 1.7896E-219  
Residual 833 83699.28 100.4793    

Total 835 280495        
 

df is the number of the degrees of freedom associated with the sources of variance. 
SS is the sum of squares. The smaller the Residual SS compared with the Total SS, the better your model 
fits the data. 
MS is the mean square. 
F is the F statistic, or F-test for the null hypothesis. It is used to test the overall significance of the model. 
Significance F is the P-value of F.        

  Coefficients 
Standard 

error t Stat p-value Lower Upper 

Intercept 111.539866 4.123173 27.05195 3.6E-116 103.4468366 119.6329 

Daily pull [t/d] 0.77243158 0.018739 41.21947 2.7E-203 0.735649427 0.809214 
Average daily cullet ratio 
[%] -66.508062 4.723922 -14.079 1.53E-40 -75.7802511 -57.2359 

 



𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟 =

 
𝑅𝑒𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛−𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑅𝑒𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
 ∙ 100%

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑔𝑙𝑎𝑠𝑠 𝑡𝑜𝑛𝑛𝑒 =

 
∑ 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 [𝑑𝑎𝑦𝑠]

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑔𝑙𝑎𝑠𝑠 𝑡𝑜𝑛𝑛𝑒 =

 
∑

𝐷𝑎𝑖𝑙𝑦 𝑝𝑢𝑙𝑙 [𝑡]

𝑅𝑒𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 [𝑀𝑊ℎ]

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 [𝑑𝑎𝑦𝑠]

5. Results 



Date Daily pull [t/d] Cullet ratio [%] Glass Color Energy MWh real Energy MWh calculation

01.04.2012 141.2 0.48 flint 181.76 188.68

02.04.2012 165.4 0.44 flint 196.92 210.04

03.04.2012 152.9 0.46 flint 197.87 199.05

04.04.2012 160.3 0.49 flint 193.86 202.77

05.04.2012 170.5 0.52 flint 202.09 208.66

06.04.2012 174.3 0.52 flint 193.54 211.59

07.04.2012 174.3 0.52 flint 202.17 211.59

08.04.2012 155.5 0.53 flint 201.76 196.4

09.04.2012 206.2 0.53 flint 199.87 235.57

10.04.2012 164.9 0.54 flint 200.70 203,00

˙ ˙ ˙ ˙ ˙ ˙

˙ ˙ ˙ ˙ ˙ ˙

˙ ˙ ˙ ˙ ˙ ˙

22.12.2015 161.4 0.45 flint 227.85 206.28

23.12.2015 158,0 0.39 flint 224.42 207.65

24.12.2015 156.3 0.38 flint 222.14 207,00

25.12.2015 156.2 0.37 flint 219.51 207.59

26.12.2015 155.5 0.38 flint 216.98 206.38

27.12.2015 153.6 0.42 flint 222.66 202.25

28.12.2015 156.8 0.43 flint 218.04 204.06

29.12.2015 158.5 0.43 flint 218.15 205.37

30.12.2015 158.9 0.42 flint 219.56 206.35

31.12.2015 152.2 0.42 flint 224.21 201.17

Date Daily pull [t/d] Cullet ratio [%] Glass Color Energy MWh real Energy MWh calculation

01.01.2018 111.6 0.32 flint 186.52 186.95

02.01.2018 105.7 0.30 flint 190.2 183.08

03.01.2018 140.5 0.33 flint 210.68 211.04

04.01.2018 197.7 0.29 flint 260.74 262.2

05.01.2018 198.7 0.37 flint 268.22 258.39

06.01.2018 207,0 0.43 flint 257.82 261.98

07.01.2018 201.7 0.44 flint 257.66 256.88

08.01.2018 199.4 0.42 flint 251.46 256.08

09.01.2018 168.5 0.46 flint 227.83 227.37

10.01.2018 168.5 0.46 flint 216.97 227.37

˙ ˙ ˙ ˙ ˙ ˙

˙ ˙ ˙ ˙ ˙ ˙

˙ ˙ ˙ ˙ ˙ ˙

22.12.2020 184.3 0.56 flint 246.68 229.55

23.12.2020 183,0 0.56 flint 244.69 244.26

24.12.2020 180.2 0.55 flint 233.92 238.47

25.12.2020 184.4 0.55 flint 249,00 247.56

26.12.2020 184.4 0.55 flint 252.14 254.06

27.12.2020 176,0 0.55 flint 255,00 265.26

28.12.2020 192.7 0.54 flint 247.62 234.14

29.12.2020 184.3 0.54 flint 246.06 232.04

30.12.2020 180.1 0.55 flint 248.73 256.25

31.12.2020 180.1 0.55 flint 256.15 259.63



 



 





   



   

6. Discussion  

7. Conclusion  
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