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ABSTRACT

This work focused on analyzing the technical, environmental, and economic performance of a diesel power plant
supplying a cement manufacturing plant located in Bobo-Dioulasso, Burkina Faso, from 2023 to the first half of
2025. The objective was to evaluate the energy efficiency, environmental impact, and profitability of electricity
production in a context of high dependence on fossil fuels. The methodology is based on the collection of
operational data (power output, energy generated, diesel and lubricant consumption, operating time), the
analysis of historical technical data, and the calculation of key indicators such as specific consumption (L/kwh),
the CO, emission factor (kgC0O,/kWh), and the specific production cost (FCFA/kWh). The results show a specific
consumption generally between 0.20 and 0.35 L/kWh, with a notable deterioration in 2024 marked by peaks
exceeding 0.5 L/kWh, reflecting partial load operation and maintenance constraints. CO, emissions vary
according to the production level, but the emission factors reveal occasional malfunctions, particularly in
September and November 2024, when they exceeded 1.4 kgCO,/kWh, indicating a significant decrease in energy
efficiency. Economically, the average specific production cost amounts to 343.70 FCFA/kWh in 2023, 377.48
FCFA/kWh in 2024, and 358.64 FCFA/kWh in the first half of 2025, values significantly higher than the cost of
electricity from the national grid (approximately 160 FCFA/kWh). The study highlights an inverse relationship
between the load factor and the unit cost of production, emphasizing that the overall performance of the power
plant depends heavily on the quality of its operation, maintenance, and the alignment between installed capacity
and actual demand. It concludes that optimizing control, strengthening energy monitoring, and the gradual
integration of a hybrid solar-diesel solution are essential levers for improving energy efficiency, reducing

emissions, and enhancing the economic viability of the system.

Keywords: Diesel power plant, technical indicators, environmental indicators, economic indicators.

1. Introduction

Electricity generation is a fundamental element for the operation of modern industries, particularly in developing
countries where access to reliable energy remains a major challenge. In many industrial settings, diesel power
plants are emerging as a backup or supplementary solution to public electricity grids due to their flexibility,
mobility, and ability to provide power tailored to the specific needs of the plant [1]. In Burkina Faso, dependence
on fossil fuels to power industrial sites is particularly evident in the cement production sector, where energy
demands are high and continuous [2]. In an initial study, our research team worked to determine the efficiency
of the power plant that is the subject of this study and showed that the efficiency depends heavily on the load
imposed on the different generator sets. While technically efficient when used correctly [3], industrial diesel
power plants present significant environmental challenges. They are associated with greenhouse gas emissions
such as carbon dioxide (CO,), nitrogen oxides (NOx), and particulate matter (PM), thus contributing to air
pollution and climate change [4]. These emissions represent a major concern in urban and peri-urban areas,
where industrial facilities can impact the health of local populations [5]. Therefore, assessing the environmental
performance of diesel power plants is now an essential requirement for companies committed to sustainability
and social responsibility. From a technical standpoint, analyzing indicators such as energy efficiency, plant

availability, specific fuel consumption, and failure rate is crucial for optimizing the plant's performance and
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reliability [6]. These indicators not only allow for the evaluation of the operational efficiency of generator sets
but also for the comparison of different technological configurations with a view to future improvements [7].
Furthermore, operating a diesel power plant in an industrial context raises significant economic questions. Fuel
costs, maintenance costs, equipment depreciation, and external costs related to environmental impacts directly
influence the company's competitiveness [8]. For a cement plant in Bobo-Dioulasso, where competition is often
based on controlling production costs, a rigorous economic analysis is essential to ensure the financial viability
of energy operations. In this context, an integrated approach combining technical, environmental, and economic
analysis provides a holistic view of the diesel power plant's performance. Such an approach is fundamental for
proposing energy optimization strategies, reducing polluting emissions, and improving the plant's overall
profitability [9]. Furthermore, it helps inform decision-makers about potential investment opportunities in
cleaner technologies or hybrid solutions [10]. This study therefore focuses on a cement manufacturing plant
located in Bobo-Dioulasso, a major industrial city in Burkina Faso. This plant represents a significant example of
the energy challenges faced by the national industrial sector, particularly in terms of access to reliable energy,
cost control, and environmental impact management. The main objective is to analyze the technical,
environmental, and economic indicators of its diesel power plant in order to identify opportunities for
improvement and propose recommendations based on empirical data. Thus, this research aims to contribute to
a better understanding of the challenges related to the use of diesel power plants in energy-intensive industries
and to propose concrete approaches for more sustainable industrial energy management in Burkina Faso and
similar contexts. It relies on the collection and analysis of operational data from electrical and thermal
measurement instruments, historical operating records, and consumption logs, supplemented by field

observations and discussions with technical staff.

2. Materials and methods

2. 1. Materials

To conduct the analysis of the diesel power plant's technical, environmental, and economic indicators, we used

the following tools and equipment to ensure the accuracy of the measurements and the reliability of the results:

« All of this data (electrical power produced by each unit (kW); total power output of the alternators (kwW); available
electrical power output of the transformer (kW); fuel consumption (L/h); operating time and load conditions) was

collected real-time via a network of sensors, all computer-assisted.

* The power plant's database, stored on the monitoring computer, was consulted.

» Technical documents: installation plans, equipment datasheets, consumption readings, and operating history.
2. 2. Methods

2. 2. 1. Data collection

This phase consisted of a series of interviews with plant managers to clarify the objectives, needs, expectations,
and scope of the analysis. Following these discussions, a site visit schedule was developed in consultation with

the plant teams. Simultaneously, information gathering involved reviewing plans, technical specifications,
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consumption history, and electrical diagrams to gain a better understanding of the site's energy architecture and

to rigorously define the scope of the analysis.

During the technical visits, on-site observations were supplemented by discussions with the supervisor and their

team to thoroughly assess operating conditions.
2. 2. 2. Technical indicators

These indicators aim to assess the overall energy performance of the production system. They provide a basis for
estimating the quantities of fuel and lubricant required to generate one unit of energy, thus allowing for the
evaluation of the efficiency of the conversion processes. Calculation of Specific Diesel Fuel Consumption

Specific

Diesel fuel consumption represents the amount of fuel consumed to produce one kilowatt-hour of electricity. This

consumption is determined by equation [11,12].

Vg (L)
Csg (L/Kwh) = ﬁwm 1)

Calculation of Specific Lubricant Consumption Specific

Lubricant consumption corresponds to the amount of fuel used to produce one kilowatt-hour of electrical energy.
It is an indicator of the thermal group's energy performance and allows for the evaluation of the efficiency of the

conversion process. Its value is obtained from the following mathematical relationship [11,12]:

v, (L)
Cs, (L/kKWh) = m (2)

Environmental indicators

Environmental indicators are assessment parameters used to evaluate the effects of energy production on

ecosystems and the environment, particularly through the quantification of greenhouse gas (GHG) emissions.
Determination of CO, emissions (kg)

CO, emissions (kg) are the total amount of carbon dioxide emitted by the power plant over a given period, as a
function of the amount of fuel consumed. It expresses the amount of CO, emitted per kWh of energy produced,

given by equation 3:

The CO, emission factor (kg/L) for diesel is 2.68 kg CO,/L [13]

Eco, (Kg) =V, X Fgo,(kg/L) 3)
Determination of the CO, Emission Factor (Kg/kwh)

The carbon dioxide (CO,) emission factor, expressed in kilograms per kilowatt-hour (kg/kWh), corresponds to the
ratio between the mass of CO,released and the amount of energy produced during the conversion process. This

factor is determined using equation 4 [14-16].

Eco, (kg)
Feo, ((Kg/ Kwh) = =22 0= (@)



5 IRA International Journal of Applied Sciences, Vol. 21(1)

Determining the Cost of Diesel Fuel

The total cost of diesel fuel is determined by multiplying the volume actually consumed by the unit price per liter,

according to the following formula:
Co(FCFA) = V, (L) x P, (FCFA) (5)
Determining the Lubricant Cost

The total cost of the lubricant is obtained by dividing the volume consumed by the unit price applied, according

to the following formula:
C.(FCFA) = V4(L) x P, (FCFA) (6)
Determining the Total Cost

To estimate the expenses related to operating the generator set, it is necessary to consider all the consumables
involved in its operation. Among these consumables, diesel fuel and lubricant are the main sources of operating
costs. Thus, the total cost can be expressed as the sum of the individual costs of these elements, given by equation

7.
Cr(FCFA) =C,+C, (7)
Determining the Specific Cost

The specific cost of electricity production quantifies the average cost of each kilowatt-hour produced. It is
calculated by dividing the total cost incurred for production by the energy actually generated, according to the

following relationship [17]:

Cs(FCFA/kWh) = STECPA) .

Ep (Kwh)
Determining the Average Annual Specific Cost

To assess the average cost of electricity production, it is necessary to calculate the specific cost over an annual
period. This approach smooths out monthly variations and provides a representative value for the average cost
per kilowatt-hour. Thus, the average annual specific cost is determined from the monthly specific costs over the

year in question, as given by equation 9:

Cs v (FCFA/Kwh) = w )

3. Results and discussion

3. 1. Specific Consumption

Figure 1 highlights the monthly evolution of specific diesel consumption (L/kWh) over three consecutive years
(2023, 2024 and 2025).
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Year-on-year comparison - Specific consumption of
diesel fuel (L/kWh)
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Figure 1: Histogram of the year-over-year comparison of specific diesel fuel consumption

Overall, the values are mostly between 0.20 and 0.35 L/kWh, reflecting relatively stable plant operation.
Consumption in 2023 was moderate, with a marked low in April and higher levels in February and May. This
variability reflects the sensitivity of energy performance to monthly operating conditions. In 2024, specific
consumption was generally higher and more volatile than in other years. Very pronounced peaks appeared in
September and November, well exceeding 0.5 L/kWh. These increases indicate a significant degradation in the
unit's energy efficiency during these periods. They may be associated with partial load operation, repeated
shutdowns, or maintenance constraints. Conversely, 2025 shows relatively consistent and more controlled values.
Monthly variations are small, reflecting more stable plant operation. The months of January to June 2025 show
consumption levels close to 0.30 L/kWh, without any sudden drops. The year-on-year comparison thus highlights
2024 as the least energy-efficient year. 2023 falls somewhere in between, with a few months of good performance.
Overall, 2025 appears to be the most consistent and optimized year in terms of specific fuel consumption. This
graph confirms that effective operation and maintenance management is crucial for sustainably reducing specific

diesel fuel consumption.
3. 2. Environmental indicators

Figure 2 illustrates the seasonal and interannual variability of CO, emission factors between 2023 and 2025.
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CO, emission factor (kg/kWh)
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Figure 2: Histogram of interannual comparisons of the emission factor for 2023; 2024; H1 2025

In 2023, monthly emissions remained generally moderate, although there were notable peaks in June and
September, reflecting a temporary increase in production activity. Emission factors for 2023 ranged from 0.37 to
0.93 kg CO,/kWh, indicating fluctuations in energy efficiency from month to month. The year 2024 was
characterized by a very sharp increase in absolute CO, emissions, particularly between March and June. The
exceptionally high values recorded in March, April, and May 2024 suggest a significant intensification of
electricity production. Despite this increase in production, emission factors for 2024 remained generally between
0.55 and 0.85 kg CO,/kWh, reflecting relatively stable average performance. However, very high emission factor
values appear in September and November 2024. These peaks, exceeding 1.4 kgCO,/kWh, reflect a significant
decline in energy efficiency during these periods. This situation may be linked to low-load operation, frequent
start-ups, or temporary technical failures. In 2025, the available data for the first half of the year show a gradual
recovery in emissions starting in March. The months of March to May 2025 show relatively high emissions,
indicating sustained activity at the power plant. Emission factors for 2025 remain generally below 1 kgCO,/kWh,
except for a high value observed in January. The year-on-year comparison thus highlights a high variability in
CO, emissions, primarily driven by the level of electricity production. Conversely, the fluctuations in the emission
factor mainly reveal variations in operational performance and quality of operation. Overall, the table shows that
2024 is the most unfavorable period from an environmental point of view, both in terms of emission volume and

instability of emission factors.
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3. 3. Economic Indicator

Economic analysis allows us to estimate the cost of producing the electricity generated by the power plant, taking

into account the cost of fuel (diesel) and lubricant.

» In Burkina Faso, the price of diesel is 675 FCFA per liter. For large consumers, such as industries, diesel is not

subsidized, and the price per liter is 1150 FCFA.

+ The power plant's engines use 15W-40 engine lubricant. A 208-liter drum costs 350,000 FCFA. This gives a unit
price of 1682.6 FCFA per liter of lubricant.

Figure 3 is a histogram comparing the specific cost (FCFA/kWh) on an interannual basis.

Year-on-year comparison - Specific cost(FCFA/kWh)
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Figure 3: Histogram comparing year-on-year specific cost for 2023; 2024; H1 2025

The economic analysis is based on calculating the specific production cost (FCFA/kWh) from the consumption of
diesel and lubricant, relative to the energy actually produced. Over the period from 2023 to half-year 2025, the
results show significant variations in the specific cost, with peaks exceeding 350 FCFA/kWh, particularly between
September and November 2024, These increases reflect suboptimal operation of the power plant, linked to the
underutilization of the units (low load factor), an increase in specific consumption due to fuel quality, and
unplanned maintenance shutdowns that disrupted load distribution and reduced overall efficiency. Conversely,
certain periods in 2023 and early 2025 show more stable costs, between 250 and 320 FCFA/kWh, indicating
improved operational management. These findings highlight the direct impact of operating practices on the

power plant's energy efficiency. The lack of optimization results in increased economic costs and higher energy
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and environmental losses. To address this, it is recommended to streamline operations by improving the load
factor, consider a solar-diesel hybrid system to reduce reliance on diesel fuel, and strengthen real-time energy
monitoring. These combined actions would stabilize production costs, improve overall efficiency, and reduce the
plant's environmental footprint. Furthermore, 2024 saw abnormally high specific cost values in September and
November (exceeding 650 FCFA/kWh), associated with very low production levels. These situations typically
correspond to periods of suboptimal operation (frequent start-ups, partial plant operation, or technical
downtime), during which fixed costs and losses become predominant. Overall, the evolution of the specific cost
shows an inverse relationship with the monthly production level: months of high production are characterized
by lower and more stable unit costs (generally between 300 and 350 FCFA/kWh), while periods of low production
lead to a marked decline in economic performance. These results indicate that the system's profitability is highly
dependent on the installation's utilization rate and operational continuity. At the national level, the cost of a kWh
of electricity supplied by the grid is approximately 160 FCFA. This demonstrates that local energy production is
not profitable; therefore, it must be carefully managed to avoid waste and reduce its impact on cement production

costs.

4. Conclusion

This study provided an integrated assessment of the technical, environmental, and economic performance of a
diesel power plant supplying a cement manufacturing plant in Bobo-Dioulasso. Analysis of data covering the
period from 2023 to the first half of 2025 highlights a strong dependence of the plant's overall performance on
actual operating conditions, particularly the load factor and the continuous operation of the generator sets. In
terms of energy performance, the results reveal efficiencies generally lower than the reference values established
in our initial investigation, and specific diesel fuel consumption often exceeding 0.28 L/kWh, indicating largely
suboptimal operation. The observed discrepancies, particularly in 2024, are primarily linked to partial-load
operating conditions, frequent start-ups, and maintenance constraints, confirming the existence of significant
potential for improving the plant's energy efficiency. Environmental analysis shows that CO, emissions directly
follow the level of electricity production, while emission factors reflect the operational quality of the installation.
The peaks observed in September and November 2024, with emission factors exceeding 1.4 kgCO./kWh, indicate
a temporary but significant degradation in environmental performance, associated with excessive fuel
consumption and low generator efficiency. These results highlight that reducing emissions depends primarily on
improved management of equipment operation and control. From an economic standpoint, the average specific
cost of electricity production remains high and variable, with average values of 343.70 FCFA/kWh in 2023, 377.48
FCFA/kWh in 2024, and 358.64 FCFA/kWh in the first half of 2025. The increase observed in 2024 confirms that
higher production does not necessarily guarantee improved profitability when energy efficiency and operational
organization are not optimized. The study thus highlights an inverse relationship between the power plant's
utilization rate and the unit production cost. Overall, this research demonstrates that the performance of the
diesel power plant is highly dependent on the regularity of operation, the quality of maintenance, and the
alignment between power demand and installed capacity. Improving the load factor, rigorous maintenance

planning, real-time monitoring of performance indicators, and optimizing operating modes are key levers for
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simultaneously reducing specific energy consumption, greenhouse gas emissions, and production costs. Finally,
although this cost is relatively stable, it remains very high compared to that of the national grid. Given the
economic and environmental constraints identified, the gradual introduction of hybrid solutions, particularly
through the integration of solar photovoltaic production to support the diesel power plant, appears to be a
relevant approach for strengthening the site's energy security, reducing dependence on diesel fuel, and

sustainably improving the overall performance of the plant's electricity generation system.

Nomenclature

C, Diesel cost (FCFA)

C. : Lubricant cost (FCFA)

Cs : Specific cost (FCFA/kWh)

Cyg : Specific diesel consumption (L/kWh)

Cy : Specific lubricant consumption (L/kWh)

Csm : Specific average annual cost (FCFA/kWh)

Cr : Total cost (FCFA)

Eco, : CO, emissions (kg)

Ep : Energy produced (kWh)

Feo, : CO, emission factor (kg/kWh)

A : Diesel volume consumed (L)

43 : Lubricant volume consumed (L)
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Figure 1 highlights the monthly evolution of specific diesel consumption (L/kWh) over three consecutive years
(2023, 2024 and 2025).

Year-on-year comparison - Specific consumption of
diesel fuel (L/kWh)
0,7
0,6
0,5
04
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
B ConsSpec_2023 W ConsSpec_2024 W ConsSpec_2025

Figure 1: Histogram of the year-over-year comparison of specific diesel fuel consumption

Figure 2 illustrates the seasonal and interannual variability of CO emission factors between 2023 and 2025.
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Figure 2: Histogram of interannual comparisons of the emission factor for 2023; 2024; H1 2025
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Figure 3 is a histogram comparing the specific cost (FCFA/kWh) on an interannual basis.
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Figure 3: Histogram comparing year-on-year specific cost for 2023; 2024; H1 2025




