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The manufacturing industry is one of the most influential sectors contributing to 
greenhouse gas emissions. As the manufacturing industry strives to achieve its profit goal, 
most of them face various circumstances to control the rising carbon emissions from the 
energy, raw material consumption, and waste generations due to production activities. 
Therefore, it is difficult to quantify the amount of carbon emission reduction if the 
adjustment is not established according to the manufacturing output. This research 
concentrates on evaluating energy consumption and waste generation using a statistical 
approach by a coconut milk processing plant. This research aims to estimate the 
reduction of greenhouse gas emissions, mainly carbon dioxide (CO2). The baseline models 
of energy consumptions and waste generations were constructed using single and 
multiple linear regression methods. Besides, it investigates the performance of ultimate 
models of electrical consumption, water consumption, fuel consumption, solid waste 
generation, and wastewater generations using statistical analysis that involves coefficient 
of correlation, coefficient of determination, analysis of variance (ANOVA), etc. It indicates 
that with the implementation of the cleaner production (CP) strategy, the plant had 
reduced 10,474.94 tons of CO2 and 2,579.67 tons of CO2 in 2018 and 2019, respectively. 
This study is an aid to the management and engineers of the industry to investigate their 
accomplishment in reducing environmental impacts caused by production activities from 
any implementation made such as CP and green industry practices. 
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1. Introduction 
 

Naturally, a natural process called photosynthesis generates carbon dioxide (CO2) by combining 
oxygen and other organic substances. On the other hand, human activities such as land-use changes, 
industrial processes, fossil fuel combustion, and biomass burning led to CO2 emissions. Likewise, the 
atmospheric concentration of CO2 emission has risen tremendously over the years due to rigorous 
human activities [1]. Nowadays, the statistical rise of global warming and anthropogenic climate 
change is primarily due to production activities. Most manufacturing industries have been directly 
involved in the increased concentrations of atmospheric CO2 emission. Besides, CO2 emission, known 
as a greenhouse gas, is considered a harmful gas due to rising sea levels and global warming. Annual 
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environmental research reported the active melting occurrence of global ice sheets and glaciers, 
consequently causing a high-water volume to the oceans.  

Technically, a by-product of chemical reactions is commonly generated in most manufacturing 
production processes. Therefore, numerous industrial processes emit a significant amount of CO2 
into the atmosphere. A study in 2011 reported that industrial revolutions have instigated 4% of 
human CO2 emissions and produced 1.7 billion tons of CO2 gas emission [2]. Among the main activities 
contributing to CO2 emission is fossil fuel burning, which converts the energy in mechanical and 
chemical processes into electricity and transportation [3-5]. Hence, the quest to reduce CO2 emission 
is paramount to diminish global warming and climate change without adversely affecting industrial 
production, economy, and net worth. 

This study focuses on measuring and verifying CO2 emission reduction from implementing the 
cleaner production (CP) strategy using a statistical approach. CP is an integrated preventative 
environmental strategy applied to the manufacturing processes and activities through conserving the 
energy and raw material, reducing the toxicity of emission, removing toxic material, and minimizing 
wastes at the source of generation [6]. Since most of the CO2 emissions generated in the 
manufacturing industry are contributed by energy consumption and waste generations, this research 
will focus on studying energy, waste, and CP option evaluation to reduce the emission of CO2 [7-10].  

CP is a practical approach focused on preventive strategies to minimize the environmental impact 
of the manufacturing sectors. In identifying CP options, a methodology is developed based on 
reducing carbon emission sources from manufacturing processes and activities [11]. Five entities are 
involved in production processes and activities: consumption of electricity (EEC), fuel consumption 
(FC), and water consumption (WC), and generation of solid waste (SWG), and wastewater generation 
(WWG) that generates CO2 emission [12]. These dependent variables are influenced by independent 
variables such as production output, working hours, and other variables [13,14]. Furthermore, there 
is a need to investigate the influence of these independent variables to estimate the reduction of the 
carbon emission from the implementation of CP. Therefore, statistical analysis using the single and 
multiple linear regression techniques were used to evaluate these variables. A similar approach was 
used to assess the independent and dependent variables impact of the CO2 emission from the 
refining the petroleum product using collected data from 1980 to 2010 [15]. 
 
2. Methodology  
 

In achieving the objectives, a referable methodology framework (Figure 1) was constructed based 
on a comprehensive observation. A thorough literature review was performed to determine possible 
associated problems by reviewing journals, articles, and books. Subsequently, data collection through 
either desktop and detailed onsite audit was performed based on verified procedures and techniques 
to obtain a good and precise result. The collected and recorded data undergo data evaluation and 
mathematical analysis using statistical software. This software generates a linear regression model. 
Next, the relationship between the independent and dependent variables was made using statistical 
analysis by evaluating the correlation, r, goodness of fit, R2, adjusted R2, and P-value [14]. 

This research also performed the time-dependent analysis by comparing the manufacturing plant 
energy and raw material conserved, waste generation, and annual CO2 emission in three years. As a 
result, any changes in CO2 emission reduction, energy conservation, and raw material and waste 
generations were compared for further improvements. 
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Fig. 1. Research methodology 

 
Statistical Package for Social Science (SPSS) software was used to determine the statistical 

relationship between the independent and dependent variables from the single and multiple linear 
regression analysis. Five dependent variables were involved, i.e., electricity consumption, fuel 
consumption, water consumption, wastewater generation, and solid waste generation. In 
comparison, three independent variables produced three types of products: the Coconut Cream 
Powder (CCP), Low-Fat Desiccated Coconut (LFDC), and Testa/Brown Skin (TBS).  

The results of the SPSS software involved the value of standard error, t-stat, p-value, coefficient, 
F value, and others. The results were evaluated to select the best model to predict CO2 emission 
reduction. The model is validated by comparing the simulated values with the observed value 
obtained from a detailed onsite audit [16]. The model represents the relationship between the 
predictable dependent variables (Y) and a set of independent variables (X). The multiple linear 
regression model is 
 
Y = b0 + b1X1 + b2X2 + … + bkXk 

 
where 
Y = dependent variable 
b1 = first independent variable regression coefficient 
b2 = second independent variable regression coefficient 
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X1 = first independent variable 
X2= second independent variable 

After selecting the best model, the CO2 emission was calculated by multiplying the dependent 
variables with the emission factor. Table 1 indicates the emission factors used in this research. 

 
Table 1 
CO2 emission factor [12] 
Entity Emission Factor 

Water Consumption 0.800 kg CO2/m3 
Electricity Consumption 0.694 kg CO2/kWh 
Fuel Consumption 2.7 kg CO2 kg solid fuel 
Wastewater Generation 1.000 kg CO2/kg COD removed 
Solid Waste Generation 3.700 kg CO2/kg solid waste 

 
3. Results and Discussion 
 

This section will discuss the findings of this project. First, in 2017, this project conducted the green 
industry audit to collect the baseline data, which was used to compare the CO2 emission reduction in 
2018 and 2019. Then, recorded data were used to identify the CO2 emission model equation based 
on thorough observation and measurement. The best model selected for this research is highly 
essential to calculate CO2 emissions precisely for the industry to reduce the industry's time, cost, and 
commitments. Three regressors are identified in this research, and seven total possible statistical 
models are identified for each entity, and a formula calculates this assumption, 2k – 1, where k = 3. 
The possible statistical models in this research are shown in the Table 2 below. 

 
Table 2 
Possible regression equation based on three regressors 

Model Regressor General equation of the regression 

1 CCP y = β0 + β1CCP 
2 LFDC y = β0 + β1LFDC 
3 TBS y = β0 + β1TBS 
4 CCP, LFDC y = β0 + β1CCP + β2LFDC 
5 CCP, TBS y = β0 + β1CCP + β2TBS 
6 LFDC, TBS y = β0 + β1LFDC + β2TBS 
7 CCP, LFDC, TBS y = β0 + β1CCP + β2LFDC + β3TBS 

*CCP: Coconut Cream Powder, LFDC: Low Fat Desiccated Coconut, TBS: Testa/Brown Skin 

 
The best regression model will be selected based on the criteria and requirements, referring to 

the Table 3 below. 
 

Table 3 
Criteria references to select the best statistical model 
Statistical Analysis Best Criteria 

Pearson correlation, r The higher is better 
Determination of coefficient, R2 The higher is better 
VIF < 10 
Tolerance > 0.1 
F-test P-value < 0.05 
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Next, Table 4 indicates the example of statistical analysis on the impact of independent variables 
on fuel consumption.  

 
Table 4 
Example of the result from the statistical analysis 

Dependent 
Variables 

Regressor r R2 Adj 
R2 

P-
value 

Tol > 
0.1 

VIF < 
10 

Regression Equation 

Fuel 
Consumption 

CCP 0.818 0.670 0.637 0.001 1.000 1.000 y = 758319.620 + 4.332CCP 
LFDC 0.671 0.450 0.395 0.017 1.000 1.000 y = 1158429.661 + 9.395LFDC 
TBS 0.518 0.268 0.195 0.085 1.000 1.000 y = 1594805.309 + 20.441TBS 
CCP, LFDC 0.820 0.673 0.600 0.007 0.391 2.557 y = 739764.646 + 3.992CCP + 

1.153LFDC      0.391 2.557 
CCP, TBS 0.853 0.728 0.667 0.003 0.872 1.147 y = 585155.374 + 3.844CCP + 

10.183TBS      0.872 1.147 
LFDC, TBS 0.678 0.459 0.339 0.063 0.558 1.791 y = 1130174.452 + 8.200LFDC 

+ 5.072TBS      0.558 1.791 
CCP, LFDC, 
TBS 

0.865 0.748 0.654 0.009 0.345 2.902 y = 563373.446 + 4.847CCP – 
4.267LFDC + 15.502TBS 

     0.221 4.533 
     0.492 2.033 

 
According to Table 4, from a single regression section, it can be concluded that the variation of 

fuel consumption (FC) is explained by Testa Brown Skin (TBS) by 26.8%. By going through the equation 
list, the response variable's interpretation is explained better by more than one independent 
variable. For example, 66.7% variation of fuel consumption is explained by CCP and TBS. Besides, two 
equations are significant, based on the P-value. R2 and adjusted R2 of these models are 0.670 and 
0.667, respectively. However, compared to the single variable model, the multiple variables model 
holds the highest R, 0.853, indicating a strong positive correlation between variables. Therefore, the 
highest adjusted R2 is considered, and the best statistical model is y = 585155.374 + 3.844CCP + 
10.183TBS. Likewise, no multicollinearity is detected since tolerance and VIF value are within the rule.  
Table 5 indicates the selected statistical equation model for all the dependent variables.  

 
Table 5 
Selected statistical equation model for dependent variables 

Dependent Variables Regressor 

Electricity Consumption y1 = 207160.942 + 0.106CCP – 1.068TBS 
Fuel Consumption y2 = 585155.374 + 3.844CCP + 10.183TBS 
Water Consumption y3 = 6869.807 + 0.004CCP 
Solid Waste Generation y4 = 42426.620 – 0.208CCP + 0.655LFDC+ 1.447TBS 
Wastewater Generation y5 = 4808.865 + 0.003CCP 

 
The evaluation process on the statistical model is done accordingly, with significant products per 

kilogram yield from industry activities that influence the various values of the five entities known to 
contribute to CO2 emission in the coconut milk processing industry. This screening process 
mathematically provides a better estimation of the CO2 emission by the industry in a particular 
month. In this study, the best models are selected from each entity involving EEC, FC, WC, SWG, and 
WWG by the screening process discussed earlier and prescribed as a baseline model constructed by 
the sample data collected in 2017. Hence, each of them is used to predict CO2 emission by the 
coconut milk processing industry monthly, supported by a formula developed by the 
Intergovernmental Panel on Climate Change (IPCC). 
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The model validation involves comparing the model results with empirical evidence collected 
during the detailed audit. In this case, the amount of CO2 emission simulated from these models is 
6,963.64 tonnes of CO2 emission, while the amount of CO2 emission calculated from the onsite 
observed data is 6,997.16 tonnes of CO2 emission. The differences between these values are 4.23%.  
 
3.1 CO2 Emission Reduction in 2018 
 

Figure 2 shows the differences between the adjusted baseline CO2 emission and actual CO2 
emission in 2018.  
 

 
emission in 2018 2emission and actual CO 2Theoretical (adjusted baseline) CO .2Fig.  

 
As portrayed in the figure above, the CO2 emission initially rises drastically from January to March 

for the actual and theoretical values. Similarly, no reduction in CO2 emission is seen in March and 
April. However, the emission started to reduce starting May until October, comprising six consecutive 
months of good performance. At the end of the year, the emission started rising in November. A 
rapid emission increment is detected, i.e., 1,755.90 tonnes of CO2 emissions upon calculation of 
differences between theoretical and actual value in November. The carbon emission is high. 
Technically, excessive CO2 emission is affected by the increase in production activities. 

Consequently, electricity consumption, fuel, water, and waste generation increase and boost CO2 
emissions. Nevertheless, the reduction of CO2 emission continues in December, where 2,934.82 
tonnes of CO2 emission are successfully reduced. This scenario might be influenced by good green 
practices implemented by the industry, such as housekeeping practices, practicing reduce, reuse, and 
recycle (3R), and operation modification, which is commonly done by combining two or more 
processes to eliminate unnecessary procedures. In total, the plant had had successfully reduced CO2 
emissions by 10,474.94 tonnes CO2 or 15.6% in 2018. 
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3.2 CO2 Emission Reduction in 2019 
 

Figure 3 shows the differences between the adjusted baseline CO2 emission and actual CO2 
emission in 2019.  
 

 
emission in 2019 2emission and actual CO 2Theoretical (adjusted baseline) CO Fig. 3 

 
A considerable gap between the theoretical and actual value was spotted in the first month, 

indicating that a large amount of CO2 emission reduction had been achieved. However, between May 
and July, a continuous increment of the industry's emissions is observed towards the middle of the 
year. However, in June, both actual and theoretical CO2 values fall drastically to 4,005.54 and 
3,619.31 tonnes CO2, respectively. The low CO2 emission is affected by decreasing production 
activities. Likewise, the CO2 emission reduction continues towards the end of the year (September, 
October, and November). Finally, by analyzing the trend comprehensively, the coconut milk 
processing industry had successfully controlled the emissions of CO2, with a total of 2,579.67 tonnes 
of CO2, or a 3.68 % reduction in 2019. 
 
4. Conclusions 
 

In summary, a statistical study for estimating CO2 emission concerning related entities such as 
electrical and fuel consumption, solid waste, and wastewater generation using a simple and multiple 
linear statistical regression model was developed to deal with uncontrolled CO2 energy losses due to 
production activities in the industry. Furthermore, baseline CO2 entity models were developed using 
single and multiple regression to predict CO2 emission in the studied years.  

Three years of data sets have been measured and analyzed in this research to achieve the stated 
objectives. The first data sets represented by the 2017 data were used for modeling purposes to 
obtain baseline models as the initial prediction step. Meanwhile, the second and third data sets were 
represented by the 2018 and 2019 data for estimation purposes. As a result, based on the reasonable 
prediction of CO2 emissions in the coconut milk processing industry in 2018, 10,474.94 tonnes of CO2 
had been successfully reduced, while a reduction of 2,579.67 tonnes CO2 was achieved in 2019. 
Therefore, a comprehensive cleaner production (CP) implementation is highly recommended to meet 
sustainable development goals, especially in the manufacturing industry. Consequently, energy, 
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water, and raw material consumption can be lessened while enhancing the industry’s quality, 
productivity, and environmental health. 

The limitation of this paper is that the estimation of CO2 emission is based on the data obtained 
from the detailed onsite audit and a single case study. Therefore, this paper proposes to improve the 
model by examining the model at another plant in the same industry as future work. Besides, this 
paper also proposes developing a model for forecasting the CO2 emission as this would benefit the 
industry to plan their production to reduce their CO2 emission.  
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