
𝐵𝐸𝐶 =  𝑎1(𝑥1) + 𝑎2(𝑥2) + 𝑎3(𝑥3) + 𝑎4(𝑥1)(𝑥2)(𝑥3) + 𝑎5(𝑥1
2) + 𝑎6(𝑥2

2) + 𝑎7(𝑥3
2) + 𝑎8 (1) 

Where 𝑎 is constants, as shown in Table 2. 

Similarly, the best correlations for SEC are in second-order polynomial terms, as shown in Eq(2) 

𝑆𝐸𝐶 =  𝑏1(𝑥1) + 𝑏2(𝑥2) + 𝑏3(𝑥3) + 𝑏4(𝑥1)(𝑥2)(𝑥3) + 𝑏5(𝑥1
2) + 𝑏6(𝑥2

2) + 𝑏7(𝑥3
2) + 𝑏8 (2) 

Where b is constants, as shown in Table 3. 

Table 3. Constants for SEC equation.

Constants Electric Thermal Total 
𝑏1 -1.336 -8.025 -9.361 
𝑏2  1.146  5.711  6.856 
𝑏3 -1,741.442 -2,812.881 -4,554.318 
𝑏4  3.159 x 10-6  7.824 x 10-6  1.098 x 10-5 
𝑏5  3.861 x 10-5  0.000  0.000 
𝑏6 -3.105 x 10-5  0.000  0.000 
𝑏7  356.079  497.218  853.296 
𝑏8  2,965.356  18,712.545  21,677.893 

𝑅2 0.788  0.931   0.928 

This research analyzed only 14 of 15 participating factories. The other factory that produced handmade glass 
containers has an entirely different energy usage pattern from the other plants. The data from this factory 
excluded from the analysis. The analysis used average monthly data in 2016-2017. The comparison between 
predicted and actual BEC of electric, thermal and total energy shows that most of them are in the range of ±10 
%, as shown in Figure 3 (a-c). The prediction of SEC also gives a similar result as BEC, as shown in Figure 3 
(d-f). 
BEC can be further used to calculate the energy usage index (EUI) to compare the actual energy consumption 
(AEC) with the base year. The EUI is defined in Eq(3). If the EUI greater than 0, the energy consumption in the 
evaluation period has higher energy consumption than the base year or existing energy usage has less efficient. 
Thus, causes should be identified and solved. In contrast, if the EUI is negative, energy consumption is lower 
than the base year. The existing energy usage has more efficient. 

𝐸𝑈𝐼 =  
𝐴𝐸𝐶 − 𝐵𝐸𝐶

𝐵𝐸𝐶
(3) 

Where AEC is the actual energy consumption from the meter, bill, or measurement. 

Similarly, SEC can be used as benchmarks to compare the current energy consumption with the base year or 
among factories in the same industry. In addition, the factories can use it as a reference to reduce their energy 
consumption. 

Table 2. Constants for BEC equation.

Constants Electric Thermal Total 
𝑎1 -2.149 -17.206 -19.355 
𝑎2 2.475 18.121  20.596 
𝑎3 7,925.387 -2,221.222  5,704.190 
𝑎4 7.564 × 10-5 7.937 × 10-6  8.358 × 10-5 
𝑎5 -6.008 × 10-5 0.001  0.001 
𝑎6 -2.059 × 10-5 -0.001 -0.001 
𝑎7 -3,657.015 -511.160 -4,168.180 
𝑎8 -1,754.560 18,865.889  17,111.303 

𝑅2 0.997 0.988 0.991 
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(a) (b) 

(c) (d) 

(e)       (f) 

Figure 3: Comparisons of predicted and actual BEC and SEC equation. 

4. Conclusions

The nonmetallic industry has the highest energy usage in the industrial sector. The manufacturing of container 
glass and tableware glass has the second highest energy consumption after cementing. Therefore, it is one of 
the target groups of the EEP2015 plan to implement penalty charge measures for reducing energy consumption. 
The penalty charge might be based on ENPI established as a standard of the industrial sector. BEC and SEC 
are one ENPI based on plant performance to define the industry energy standards. This paper presents the 
development of BEC and SEC regression equations to determine the relationship between relevant variables 
affecting energy consumption. The developed regression equations will predict BEC and SEC baseline that can 
be used to compare with current years. The research analyzed data from 14 of 15 participating factories. The 
main product types of this sector can be classified into four groups: glass bottles, glassware, handmade glass, 
and industrial marble balls. Approximately 84% of the energy used in this sector is thermal energy. The results 
of BEC and SEC regression equations shown that total product quantity, the volume of the molten glass, and 
glass melting furnace age ratio are affected by energy consumption.  
Entrepreneurs can use either BEC or SEC to compare their energy consumption between before and after their 
implementation of energy conservation measures whether or not the measures are efficient. Although previous 
research used a similar approach to derive the relationship between BEC and the SEC, this study focused on 
total plant efficiency rather than equipment, systems, or product performance. The approach is more realistic 
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and be able to implement efficiently and conveniently by those involved. However, the amount of energy 
consumption tends to change over times. BEC and SEC baseline should also be adjusted accordingly. 
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