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Abstract 

Due to Nigeria's ongoing grid electricity supply shortage, many small and medium-sized businesses are now 

forced to rely largely on fossil fuel-powered generators, which raises carbon dioxide (CO₂) emissions and the 

related environmental effects. In this study, CO2 emissions from power plants used in a sawmill and rice mill 

in Otukpo, Benue State, Nigeria, are modelled. Over the course of six months, operational data such as 

operating hours, load factor, generator capacity, and fuel consumption rate were gathered. Multiple linear 

regression was used to model the relationship between CO₂ emissions and important operational parameters, 

and the Intergovernmental Panel on Climate Change (IPCC) emission factor approach was used to estimate 

carbon dioxide emissions. The most significant predictors of CO2 emissions, according to the results, were fuel 

consumption and operating hours (p < 0.05). In comparison to the rice mill, the sawmill showed higher 

emission intensity because of its longer operating hours and higher load demand. With coefficient of 

determination (R2) values above 0.85, the developed model showed good predictive performance. In addition 

to offering a useful modelling framework to assist emission reduction strategies and sustainable energy 

planning in developing regions, this study offers a localised emissions inventory for small industrial power 

plants. 
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1. Introduction 

Global climate change remains one of the most pressing environmental challenges of the 21st century, with 

carbon dioxide (CO₂) identified as the principal anthropogenic greenhouse gas driving global warming [1]. The 

energy sector accounts for more than 70% of global CO₂ emissions, primarily due to fossil fuel combustion for 

electricity and heat generation [2]. While industrialized nations have made progress in transitioning to cleaner 
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energy systems, developing countries continue to rely heavily on fossil fuels due to infrastructural and 

economic constraints. 

In Nigeria, inadequate electricity generation and poor grid reliability have forced industries to depend on self-

generated power, predominantly diesel-powered generators [3, 4] These generators are inefficient, carbon-

intensive, and operate with minimal emission control, making them significant contributors to localized air 

pollution and greenhouse gas emissions [5, 6]. 

Agro-processing industries such as rice mills and sawmills are vital to Nigeria’s economy, particularly in 

agrarian states like Benue State. These industries support food security, rural employment, and economic 

development but operate under energy-intensive conditions [7]. Despite their importance, emissions from 

small-scale industrial power plants remain poorly quantified, and few studies have modelled CO₂ emissions 

using real operational data in semi-urban Nigerian settings [8]. 

Emission modelling provides an effective means of quantifying emissions, understanding emission drivers, 

and supporting mitigation strategies in the absence of continuous emission monitoring systems [9]. This study 

therefore aims to model CO₂ emissions from diesel-powered generators in an Otukpo rice mill and sawmill 

using IPCC-based emission estimation techniques and regression modelling [10]. The study contributes to 

existing literature by providing site-specific emission models for small industrial facilities in Nigeria [11].  

2. Materials and Methods 

2.1 Study Area 

Otukpo is a major town in Benue South Senatorial District, North-Central Nigeria, located between latitudes 

7°10′–7°30′ N and longitudes 8°00′–8°30′ E. The town hosts several agro-processing industries, including rice 

mills and sawmills, which depend largely on diesel-powered generators due to unstable grid electricity. 

2.2 Description of the Power Plants 

The rice mill and sawmill investigated in this study operate diesel generator sets with rated capacities ranging 

from 100 to 250 kVA. The generators serve as the primary power source during production hours, operating 

between 6 and 14 hours daily depending on demand. 

2.3 Data Collection 

Operational data were collected over a year period and included: 

i. Daily fuel consumption in litres) 

ii. Generator rated capacity (kVA) 

iii. Load factor (%) 

iv. Operating hours (hours/day) 

Data were obtained through direct measurement, operator logbooks, and on-site observation. 
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2.4 Estimation of Carbon Dioxide Emissions 

Carbon dioxide emissions were estimated using the IPCC Tier 2 methodology [12, 13]. The general emission 

equation is given as: 

CO2 = 𝐹𝐶 × 𝐸𝐹                                                                                                                     1 

where: 

𝐹𝐶 = Fuel consumption (L) 

𝐸𝐹 = Emission factor for diesel fuel (2.68 kg CO₂/L) 

For improved accuracy, fuel density and oxidation factors were incorporated: 

CO2 = 𝐹𝐶 × 𝜌 × 𝐶𝐶 × 𝑂𝐹 ×
44

12
                                                                                               2 

where: 

𝜌 = Fuel density (0.832 kg/L) 

𝐶𝐶 = Carbon content (0.86) 

𝑂𝐹 = Oxidation factor (0.99) 

2.5 Emission Modelling 

Multiple linear regression analysis was employed to model CO₂ emissions as a function of operational 

parameters: 

CO2 = 𝛽0 + 𝛽1𝐹𝐶 + 𝛽2𝐿𝐹 + 𝛽3𝑂𝐻 + 𝜀                                                                                3 

where: 

𝐿𝐹 = Load factor 

𝑂𝐻 = Operating hours 

𝛽0 = Intercept 

𝛽1–𝛽3 = Regression coefficients 

𝜀 = Error term 

Model performance was evaluated using the coefficient of determination (R²), root mean square error 

(RMSE), and significance testing at p < 0.05. 

 

3. Results 

Table 1: Operational characteristics of diesel generators at the rice mill and sawmill in Otukpo 

Parameter                                     Rice Mill            Sawmill 

Generator Capacity (kVA)     100-150                      150-250 

Fuel Type          Diesel                 Diesel 

Average Fuel Consumption (L/day)  25-40                 45-65 

Operating Hours (h/day)     6-10                 10-14 

Average Load Factor (%)     55-70                 65-85     
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Table 2: Estimated daily CO₂ emissions from the rice mill and sawmill 

Facility      Fuel Consumption (L/day)      CO₂ emission factor (kg CO2/L)              CO₂ emissions (kg/day)

          

Rice Mill          25–40                       2.68                      67–107 

Sawmill                 45–65                              2.68                    121–174 

Table 3: Relationship between fuel consumption and CO₂ Emission 

Facility Fuel Consumption (L/day) CO2 Emissions (kg/day) 

Rice Mill 25–40 67–107 

Sawmill 45–65 121–174 

 

Table 4: Multiple linear regression results for CO₂ emission modelling 

Facility    Predictor Variable         Regression Coefficient (β)   p-value 

Rice mill    Fuel consumption (L)                 Positive     < 0.05 

           Operating Hours (h)                 Positive          < 0.05 

            Load factors  (%)                       Moderate    < 0.05 

       Model R²                             0.87             - 

Sawmill    Fuel consumption (L)                 Positive       < 0.05 

      Operating hours (h)                  Positive          < 0.05 

      Load factors (%)                  Moderate          < 0.05    

                    Model R²                                           0.89              - 

       

Figure 1. Average daily carbon dioxide emissions from the rice mill and sawmill. 
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Figure 2. Regression Relationship Between Fuel Consumption and CO₂ Emissions 

 

                         Figure 3: Daily CO2 emission trends for the rice mill and sawmill. 
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3.1Descriptive Statistics 

The sawmill recorded higher average fuel consumption (45–65 L/day) compared to the rice mill (25–40 

L/day). Operating hours were also longer in the sawmill, averaging 10–14 hours per day.  

3.2Carbon Dioxide Emissions 

Estimated CO₂ emissions ranged from 67–107 kg/day for the rice mill and 121–174 kg/day for the sawmill. 

The sawmill accounted for approximately 35–40% higher emissions per unit energy generated. 

3.3Regression Model Results 

The regression models produced R² values of 0.87 and 0.89 for the rice mill and sawmill respectively, 

indicating strong predictive capability. Fuel consumption and operating hours were statistically significant 

predictors of CO₂ emissions (p < 0.05), while load factor showed moderate influence. 

 

4. Discussion 

The higher CO₂ emissions observed in the sawmill are attributable to heavier mechanical loads and extended 

operating hours. These findings are consistent with previous studies on diesel generator emissions in 

industrial settings [11, 14]. The strong correlation between fuel consumption and CO₂ emissions confirms the 

suitability of emission factor-based modelling for small-scale industrial power plants. 

The developed models provide a practical tool for estimating emissions without the need for expensive 

continuous emission monitoring systems, making them suitable for resource-limited environments. 

4.1Discussion of Figures 

Figure 1: Average Daily CO₂ Emissions 

Figure 1 presents the comparative average daily carbon dioxide (CO₂) emissions from the rice mill and sawmill 

in Otukpo. The sawmill exhibits substantially higher mean emissions than the rice mill. This difference is 

primarily attributable to higher fuel consumption rates and longer operational hours recorded at the sawmill. 

The bar chart clearly indicates that the sawmill contributes approximately 35–40% more CO₂ emissions per 

day than the rice mill. This disparity is consistent with the mechanical load characteristics of the facilities. 

Sawmill operations involve heavy-duty cutting, shaping, and processing equipment, which demand higher 

torque and sustained engine performance. In contrast, rice milling operations, although energy-intensive, 

typically involve lighter mechanical processes. 

The results confirm that small-scale industrial facilities operating diesel generators can represent significant 

localized greenhouse gas sources, particularly where operational duration and mechanical load are high. This 

finding aligns with previous studies that identify fuel consumption as the dominant determinant of CO₂ 

emissions in diesel-powered systems. 
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Figure 2: Regression Relationship Between Fuel Consumption and CO₂ Emissions 

Figure 2 illustrates the scatter relationship between fuel consumption (L/day) and CO₂ emissions (kg/day) for 

the rice mill. A strong positive linear relationship is observed, confirming the theoretical carbon balance 

principle that CO₂ emissions from fossil fuel combustion are directly proportional to fuel burned. 

The near-linear distribution of the data points demonstrates that fuel consumption is the most significant 

predictor variable in the emission model. This is expected because CO₂ formation results directly from carbon 

oxidation during diesel combustion. The regression analysis yielded a high coefficient of determination (R² ≈ 

0.87), indicating that approximately 87% of the variability in CO₂ emissions can be explained by fuel 

consumption and associated operational variables. 

This strong correlation validates the applicability of IPCC emission factor-based modeling in environments 

where continuous emission monitoring systems (CEMS) are unavailable [12]. It also implies that emission 

mitigation strategies should prioritize reducing fuel consumption through: 

i. Improved generator efficiency 

ii. Load optimization 

iii. Hybrid renewable integration 

iv. Preventive maintenance practices 

Figure 3: Daily CO₂ Emission Trends 

Figure 3 presents the time-series comparison of daily CO₂ emissions for both facilities over the monitoring 

period. Several important observations can be made: 

i. The sawmill consistently records higher emissions than the rice mill throughout the monitoring 

period. 

ii. Emission variability is evident in both facilities, reflecting fluctuations in production demand and 

generator operating hours. 

iii. Peaks in emissions correspond to days of increased fuel consumption, reinforcing the regression 

findings. 

The variability observed in the time-series analysis highlights the influence of operational dynamics such as 

production intensity, mechanical load variation, and possible fuel quality differences. Importantly, although 

the rice mill shows lower overall emissions, its emission pattern also demonstrates noticeable fluctuations, 

indicating that operational efficiency is not constant, and this is in correlation with the work done by [15, 16, 

17, 18, 19, 20, 21]. 

The temporal emission trend analysis is particularly important for policy and planning purposes because it 

shows that emissions are not static. This has implications for: 

i. Greenhouse gas inventory compilation 

ii. Energy demand forecasting 

iii. Implementation of targeted emission control measures 
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5. Conclusion 

This study successfully modelled CO₂ emissions from diesel-powered generators in a rice mill and sawmill in 

Otukpo, Nigeria. Fuel consumption and operating hours were identified as the dominant drivers of emissions. 

The regression models developed offer reliable tools for emission estimation and can support sustainable 

energy planning and emission mitigation strategies in developing regions. 

6. Policy Implications and Recommendations 

i. Adoption of hybrid energy systems (solar–diesel) to reduce fuel consumption 

ii. Improved load management and maintenance practices 

iii. Promotion of cleaner fuels and biodiesel blends 

iv. Inclusion of small industries in local greenhouse gas inventories 
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