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ABSTRACT 

The importance of energy for the creation of wealth and enhancing the global socio-economic 

growth cannot be overemphasized. Therefore, the recent incessant increase in the energy cost has 

necessitated the need to research into the efficient management and utilization of the available 

energy. In view of this, this study investigates the energy efficiency and management of a food 

processing in a multi-national dairy company, Fan Milk Plc, located in Ibadan, Oyo State, 

Nigeria. The study utilizes the energy intensity of production, energy cost of production and cost 

benefit analysis methodology to ascertain the efficiency of energy use. An audit and analysis 

were made for energy consumption in the company for a period of five years between 2011 to 

2015 and this revealed energy efficiency gap as a result of poorly implemented energy 

management measures. The study revealed that energy is not efficiently used despite the 

company’s reliance on self-generated power and the substantial increase in energy consumption 

in the third quarter of the year, between June and September for all the five years investigated, 

does not commensurate with the production increase. The research deduced that the unit cost of 

energy for production ranges from N9.58 to N10.27 with an energy intensity of 0.66MJltr-1 and 

0.7 MJltr-1 respectively. Finally, the research recommends a thorough energy audit in the third 

quarter of each year which revealed considerably high energy intensity without commensurate 

increase in production. 
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Introduction 

The most vital and life-wire of any industrial sustainability is the steady supply of energy at 

reasonable price (Wang, 2014) .  The use of energy covers every aspect of human endeavour but 

its management and efficient use in many of the industries remain a question that is yet to be 

well researched (Sola and Mota, 2020). The current energy productions in Nigeria are based 

majorly on fossil fuels which are no longer sustainable in the present global economy (Aderemi 

et al., 2009), and the continuous increase in the cost of these energies to run many of the 

industries impact the return on investment and reduced profitability (Aiyedun et al., 2008). 

Energy efficiency is the ratio between the output of performance and the input of energy 

(Aderemi et al., 2009), and it refers to the reduction of energy input for a given service, it does 

not mean that  energy should  be used but should be used in a manner that will minimize the 

amount of energy needed to provide services , and this is possible where practices and products 

are improve (Abila, 2014). Therefore, the price volatility of energy today often impact earnings 

(Kelchevskaya et al., 2020) but the challenges of keeping to high product quality while still 

reduce production costs can be met through adequate investment in energy management which 

could be in the purchase of energy efficient technologies and implementation of plant-wide 

energy management (Fadare et al., 2010). Obviously, efficient energy management offers 

tremendous benefits such as increase production, quality improvement and optimal process 

performance which consequently enhance profitability (Yaman, 2009). 

Efficient energy management also form part of the organizational component of environmental 

management strategy as it lead to emissions reduction (Schulze et al., 2016) Hence, strategic 

energy management which monitors and control energy usage as well as its efficient practice that 

minimize the energy needed for efficient service delivery is desirable for industrial profitability 

and sustainability. The importance of energy in economic sustainability is a well-accepted fact as 

energy has been an essential integral of social life and indeed the industrial sustainer (Sambo et 

al., 2012). Over the centuries, various sources of energy have been used to meet basic essentials 

of life and fossil fuels provides the huge source of energy (Thollander et al., 2020) with hydro-

electricity providing almost 16% while nuclear source of energy provides about 10% of the 

global power generation, and other source accounted for 2% of the energy used in the world 

(Aiyedun et al., 2008). The energy stored in molecules of carbohydrates, proteins and other 

similar substances enable us to breathe, move, grow, think, live, play and even sleeping requires 

energy. Notably, without energy there is nothing human could achieve (Amri, 2017) and this 

explained the reasons  for economic sustainability and growth in those developed countries. If 

any country must tackle the problem of poverty in her country, the provision and efficient 

management of energy remains one of the key factors that must be considered (Omer, 2008). 
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However, in spite of the countless importance of energy, the use and conversion of energy often 

resulted in waste and emission which constituted environmental hazard (Pham et al., 2015) and 

this environmental problem created by energy usage had led to the growing interest in 

sustainable development which can only be achieved through judicious use of resources, 

strategic policy implementation and improved technology (Lee et al., 2017). 

Therefore, the judicious use of energy resources and technologies to enhance its efficiencies are 

discussed under the concept of energy efficiency and its management. As a response to the 

challenges related to energy use, industries around the world strive to reduce energy intensities 

through the use of efficient energy technologies and management practices (Abdelaziz et al., 

2011), and these laudable practices have not only improved the environmental sustainability but 

also enhance economic  benefit and create considerable social advantages (Bunse et al., 2011). 

Studies have shown that tremendous benefits are inherent in implementing measures at ensuring 

efficient usage and management of energy especially in developing countries (Oyedepo, 2013). 

Unfortunately, Nigeria is lagging behind from adopting energy efficiency and management 

practices that are needed for industrialization and as such greatly missing the benefit of economic 

development (Keho, 2016). Energy efficiency is a desirable alternative for proper utilization of 

energy since it can guarantee similar level of economic activities with less fuel and good return 

on investment for the industries (Steinberger et al., 2009). Noise reduction, improve process 

control and time saving are among many of the non-energy advantages of energy efficiency and 

management (Galitsky et al., 2003a). As Nigeria manufactures face an intensely competitive 

world business environment, they crave for opportunities to minimize cost of production without 

adversely affect product quality or quantity but the volatile nature of the Nigeria energy prices 

often negatively impact the predictable return on investment, as the increasing energy tariffs are 

driving up costs of production (Aiyedun et al., 2008). 

Literature Review 

Energy efficiency has become the key driver of sustainable development in many economies in 

the world (Yaman, 2009). The strive to maintain good quality products as well as reducing cost 

of production often met through investment in energy efficient technologies and adequate 

practices (Bunse et al., 2011). Process efficiency, increase production, quality improvement and 

cost saving are among the benefits of energy efficiency technologies. An energy management 

and efficiency program also offer a firm pillar for corporate greenhouse gas management 

strategies as well as method for working towards the organizational “triple bottom line’’ which 

focuses on economic, social and the environmental aspects of the business (Introna et al., 2014), 

in a nutshell, investing in energy efficiency is an efficient strategy in today’s global business  

sustainability.  Aiyedun et. al (2008) conducted a research on energy management using a range 
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of 5yrs data to determine the energy consumption, productivity and efficient management of a 

food company. The outcome of the research revealed that energy is not efficiently utilized and 

that the years that recorded the least energy consumption does not commensurate with the least 

production recorded at that same year. The research found that a substantial saving is obvious 

when the  production equipment and machines are well maintained as this would not only 

improve production efficiency but also  prolong equipment life span. Aiyedun proffered the 

procurement of test equipment to enhance energy monitoring and energy audit as well as energy 

saving equipment as some of the solutions to promote efficient energy management. 

In another research conducted by Wang (2008) it was revealed that energy recovery and 

conservation through waste from food processing are important solutions to reduce production 

costs, stabilize economic growth and strengthening sustainability in the food processing industry. 

The transient energy consumption during food processing such as homogenizing and 

pasteurizing employ the use of heat transfer and this remain an important factor for optimal 

operation and minimal energy consumption. In his research it was concluded that heat transfer 

calculations are essential in the selection of appropriate insulation material. According to Bunse 

et al (2011), pumps and fans are predominately used in the movement of liquid foods and 

processing media such as air, water in the food processing industries, and this made it critical to 

understand how to select the correct fan or pump to enhance efficient energy management. 

According to Javied et. al (2015), the consequence of the continuous increase in energy cost 

often lead the companies to a more expensive products hence it has been confirm that energy 

efficiency is not only vital for business sustainability but also make a viable environmental 

(Javied et al., 2015). For instance, Javied established that prior to implementing energy 

management system in Germany, a German norm which gives policies and procedures to audit 

the company can be prepared for internationally know energy management standard. However, it 

was revealed that there are a lot of obstacles such as finance resources, employee awareness, and 

technical know-how that often hinder the implementation of energy management. Several work 

about strategic approach for energy saving for food processing industries have been proposed. 

For instance, Muller et al. (2007) proposed an energy management approach based on top-down 

and bottom-up strategy as it is however  not possible to prefer one method of energy 

management than the other (Muller et al., 2007). In another study, it was indicate that a clear 

bottom strategy can be used to study heat pump systems for recovery waste in the food and drink 

of French industry (Seck et al., 2013). 

In addition, the potential for study the low grade heat recovery in the food and drink of the UK 

industry was also researched and according to Biglia et al (2015) where a thermal model for 

multi-energy system for a dairy industry was developed and used to study and enhance the global 
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performance of the energy management during summer season, the model was calibrated using 

data obtained through a monitoring installed system on the plant and the result shown that solar 

system integration is viable and sustainable from the perspective of profitability. Biglia however 

discovered that investment in this discovery could lead to high cost that is not likely 

compensated by energy saving resulted from reduction in energy requirement. Hence, the 

research revealed that heat recovery system is profitable as it reduces the quantity of energy 

needed by the gas heater in spite of any dissipated amount of energy in the cooling tower (Biglia 

et al., 2015). Therefore, the immediate step in any energy management is to create a strategic and 

focused energy management initiative that would identify and implement the programme across 

the organisation as well as ensure steady improvement. 

Strategy for Energy Efficiency and Management 

By redefining the process of energy management and implementation, an organisation is 

equipped with strategies for cost- effectiveness and profitability. Steady and continuous energy 

management improvement is brought about when a devoted and committed organizational 

energy management committee exists (Ransom et al., 2007) . Hence, a strong energy 

management programme would create platform to provide procedures for managing energy 

usage throughout the entire organizational processes. It is therefore imperative that a sound 

energy management programme is vital for energy efficiency to attain full potential, and it is 

important that personnel throughout the organisation are involve in all aspect of the energy 

management programme to enhance its success. 
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Components of Strategic Energy Efficiency and Management 

 

Fig: 1.0 Component of Strategic Energy Efficiency and Management  

Source: Author’s design 

The important step toward efficient energy management in an organisation begins with the 

establishment of energy committee (Wang et al., 2014). In addition, the conservation of energy 

in the manufacturing industries is of great importance; therefore, minimizing the cost of energy 

consumption is of immediate concern to Managers and Engineers in this sector of the economy. 

The cost of energy consumption which remains the prime factor of operation cost needs to be 

well monitored if operation  and maintenance cost are to be reduced to an appreciable minimal 

(Javied et al., 2015). Hence, efficient utilization of energy in the manufacturing sector is hinged 

on an excellent performance of the machines and plant directly related to the production process, 

so, it is crucial to report the total consumption and the rate of energy usage for production 

equipments such as steam, water and air (Aiyedun et al., 2008). Hence, to fulfill this reduction 

and increase profitability of the company, the Energy Manager focuses his professional attention 

on the strategies to reduce energy consumption per production (Oyedepo, 2013). 

The measurement of energy efficiency at the lowest level of aggregation, for instance a machine, 

is simple and straightforward. However, policy makers are generally interested in higher level of 

aggregation, e.g. energy efficiency of an industrial sector or a country. In this case, energy 
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efficiency cannot be directly measured and therefore has to be analyzed by the use of surrogative 

(indicators) measure (Yaman, 2009). Industrial energy efficiency can be measured in economic 

terms or physical terms, such  as weight of products, number of output as related to cost of 

energy source, technological efficiency and labour etc. However, the energy efficiency of 

economic product cannot be precisely evaluated because it is a comprehensive operation, so, the 

energy efficiency indicator of industries is a ratio of operational output to energy input and this is 

a great concern to the industries (Oyedepo, 2013) 

Energy Efficiency Indicator 

An Energy efficiency indicators are divided into four main group and must be easily observable 

with little or no lag which relates to the target and goal variables (De Lombaerde and Van 

Langenhove, 2006). 

i). The Thermodynamic Indicators: This indicator displays second law of efficiency and depends 

on the methods that can be used for the estimation of the actual energy used in the production 

process, and remains the most traditional system of evaluating energy efficiency through the 

process of scientific reaction (Tanaka, 2008). This first-law of energy efficiency was firstly used 

in micro-level energy efficiency process because it treats different energy inputs as the same 

measure units of heat content and measured in terms of change values of enthalpy (∆H). 

 

Where ∆𝐻 is the enthalpy efficiency 

∆𝐻𝑜𝑢𝑡𝑝𝑢𝑡 represents the total output in a process and 

∆𝐻𝑖𝑛𝑝𝑢𝑡 represents the total energy inputs in a process. The idea second law energy efficiency 

was adopted to expatiate on the application of heat transfer 

 

P stands for the second-law efficiency of a process, 

E∆H actual is the actual enthalpy efficiency of a process and 

E∆H ideal is the ideal enthalpy of efficiency of a perfect manufacturing process. 

ii). Thermo-physical Indicators: These are improved indicators where the numerator is the 
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thermal units and the denominator is estimated in physical units. It explains the quantity of 

energy required for production of each unit of product (Li and Tao, 2017). 

iii). Thermo-economic indicators: This measure the change in secondary energy consumption as 

a result of energy intensity difference between the computation year and the base year (Li and 

Tao, 2017), and can be represented as 

 

where 

At represents the net output of activities, (the actual GDP), in a certain year. 

Sit means share of output i, 

Iit represents economic energy intensity of output I in the certain year. 

Iio is the economic output I in the base year 

Et is the energy consumption in the certain year. 

iv). The Economic Indicators: These represent the total dollar output of the sector, that is input 

and output are enumerated in monetary terms(Muller et al., 2007) and economic indicators are 

used as benchmark for various studies. In the early 1970s and 1980s, the comparisons are often 

between primary energy consumption and the real GDP. Scholars such as Turvey and Norbay, 

1965 and Bullard and Herendeen 1967 are of the opinion that both input and output should be 

measured in reference to currency value, and they argued that energy price is better adopted than 

the thermodynamic units for the energy inputs (Li and Tao, 2017). The energy intensity and 

other efficiency related factors often affect the changes of energy efficiency (Fadare et al., 2010) 

and the indicators explained earlier especially the thermodynamic indicators are adopted mostly 

at the device level and particular analysis such as boiler, turbine. The industrial energy efficiency 

is most popularly evaluated using the thermo- economic indicator and these measurement 

indicators are used at different estimation situations, hence, it is important to look into all similar 

factors that are essential in building a comprehensive system of energy efficiency measurement 

(Aiyedun et al., 2008). However, there are general consensus that energy efficiency indicator 

should relates, by means of a ratio, the amount of energy use to the useful output or activity 

(Oyedepo, 2013). 

Methods of Effective Energy Management 

There are various methods for assessing effective energy management and these methods 
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includes efficient utilization of available energy resources, conservation of energy, technology 

development for recovery of waste energy, use of renewable energy systems, energy auditing 

and prevention of leakages (Aderemi et al., 2009). 

Typical Energy management Steps 

i) Metering energy consumption and collecting the data. 

ii) Finding opportunities to save energy and estimating how much energy each opportunity 

could save, and could typically analyze meter data to find and quantify routine energy 

waste, and might also investigate the energy savings by replacing equipment (e.g. 

lighting) or by upgrading building's insulation. 

Energy Audit: Historical data for facility is collected, reviewed and analyze. The review 

identify gross energy uses by fuel types, cyclic trends, fiscal year effects, dependence on sales or 

work load, and minimum energy-use ratios (Aderemi et al., 2009). Historical data assist in 

planning a detailed energy audit and alert the auditors as to the type of fuel and general 

equipment to expect. A brief facility walk-through is recommended to establish the plant layout, 

major energy uses and primary processes or functions of the facility. In some manufacturing and 

process industries it is of interest to determine the energy content of a product and this can be 

done by a variation of the energy audit techniques (Fadare et al., 2010). Since this approach 

resembles classical financial accounting, it is sometimes called energy accounting. In this 

procedure, the energy content of the raw materials is determined in a consistent set of energy 

units. Then, the energy required for conversion to a product is accounted for in the same units 

and the same is done for energy in the waste streams and the by-products. Finally, the net energy 

content per unit produced is used as a basis for establishing efficient goals (Sambo et al., 2012). 

Previous research on energy efficiency and management show that Corn wet milling in the 

United State is one of the most energy intensive industries within the food industries as its uses 

25% of the energy in the entire food industry (Galitsky et al., 2003b). A typical corn wet milling 

plant in the United States spends approximately $20 to $30 million per year on energy, making 

energy efficiency improvement an important way to reduce costs and increase predictable 

earnings, especially in times of high energy-price volatility (Kluczek and Olszewski, 2017) . 

Overview of the Dairy Industry 

In the dairy industry, temperature (heat or cold) has an important influence on food processing 

because it is the most convenient way of extending the shelf life of foods. Indeed, either heat or 

cold destroys enzymatic and microbiological activity or removes water to inhibit deterioration 

(Aiyedun et al., 2008). Some of the various processes in the dairy industry are in the four 

categories below: 
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i) Processing at ambient temperature 

 Raw material preparation (cleaning, sorting, grading and peeling) 

 Size reduction 

 Mixing and forming 

 Separation and concentration of food components 

 Fermentation and enzyme technology 

 Irradiation 

 Processing using electric fields, high hydrostatic pressure, light or ultrasound 

ii) Processing by application of heat 

Heat processing using steam or water 

 Blanching 

 Pasteurization 

 Heat sterilization 

 Evaporation and distillation 

 Extrusion 

Heat processing using hot air 

 Dehydration 

 Baking and roasting 

Heat processing using hot oils 

 Frying 

Heat processing by direct and radiated energy 

 Dielectric, ohmic and infrared heating 

iii) Processing by the removal of heat 

 Chilling 

 Controlled- or modified-atmosphere storage packaging 

 Freezing 

 Freeze drying (lyophilisation) and freeze concentration 

iv) Post-processing operation 

 Coating and enrobing 

 Filling and sealing of containers 

 Materials handling, storage and distribution 

Source: Dairy Processing: Improving Quality (Smit, 2003) 

Methodology 
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The dairy company under study has facilities such as homogenizer, pasteurizer, boiler, cooling 

fan, pump, conveyor belt, Tunnel freezer, scanima freezer, air purger, gram freezer which are all 

energy intense consuming equipment. The research uses data from 2011 to 2015 to make the 

period of five years and the data collections include details of monthly and annual records of 

diesel and electricity consumption for production processes, data for energy intensity, cost of 

energy for production and cost benefit ratio. 

Energy Intensity 

Energy Intensity is a measure of energy efficiency of the company and refers to the number of 

megawatt hour used to produce a liter of product. 

 

Cost of Production 

The Energy cost of Production is determine as the ratio of the cost of one unit of power (PHCN + 

Diesel) used per unit of product. 

Table 1: Total Production in Litre between 2011 and 2015 
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Source: Author’s Collection 

 

Benefit – Cost Analysis 

This compares the company’s annual revenue made when electricity were purchased from the 

public supply (PHCN) as  against the self generation. The benefit cost analysis is known as 

incremental analysis which compares the benefit cost ratio of two different years to determine 

the performance and where improvement is required. 

The Incremental ratio is expressed below 

 

Where, 

B= Energy Cost from PHCN 

C= Energy Cost from self generation using diesel including cost of maintain the cost of 

generators . 
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Table 2: Fossil Fuel (Diesel) for self Power Generation from 2011-2015 

 

Source: Author’s collection 
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The table below also contained the power consumption from the public supply (PHCN) between 

2011 and 2015. 

Table 3: Power Consumption from Public Supply-PHCN (2011-2015) 
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Source: Author’s Design 
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Table 4: Comparison of Public Power Supply and Self Generated Source: Author’s findings 

 

 

Note: I litre of (Refined Fuel) Diesel = 40.9MJ; 1kWh of Electricity = 3.6MJ 

Findings and Discussion 

From the table 1 above, there was an indicative total increase in production in 2015 while the 

year 2011 recorded the least output, and November of the year 2015 was when the organisation 

recorded the highest production output and the month of July, 2011 recorded the least output. 

From figure 1.2, the diesel consumption from the self generated power was highest in the year 
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2015 while the lowest consumption was recorded in the year 2011. However, February of the 

year 2014 was the year with the highest consumption of diesel from self generation of power 

while in July of 2013 the consumption dropped by 50% as compared to July of the year 2014. 

Table:5 Energy Intensity of Production (1kwh=3.6MJ) 

 
Source: Author’s Design 
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Figure:1.5 Trend in the Energy Intensity (2011-2015)  

Source: Author’s Design. 

Energy Intensity of Production 

The energy intensity of production measured in MJ/litre is as shown in the Table 5 above while 

Figure 1.5 shows the trend of the energy distribution across the period under consideration. 

Energy intensity of production is the unit amount of energy used for producing a unit of the 

company’s product, and considering the trend in the intensity of the energy between June and 

September of each year under review, it became worrisome because the energy intensity almost 

doubled and do not commensurate the production output, and this calls for immediate audit of 

the energy activities especially during this identified period. 
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Table: 6 Total Cost of Energy 

 

Source: Author’s Design 

Cost Benefit Ratio 

From equation 1.5 above, the cost benefit ratio is calculated for each year. Year 2011 remain 

zero since there was no energy cost estimation for the preceding year 2010. However, year 2012, 

2013, 2014 and 2015 are calculated thus; 
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Table: 7 Cost Benefit Ratio 

 

Source: Author’s Design 

Conclusion 

The incremental cost benefit methodology is aimed at estimating the margin by which a public 

power supply or self power generation is more beneficial or costly. The method involved 

enumerating the least costly to the most expensive and compares the least cost with the cheapest 

by subtracting the total discounted benefits from each and divides by the total discounted cost of 

each project. This method systematically quantified all viable expenses and exposes strength, 

weaknesses and benefits of both power supplied to the company from PHCN and the self 

generated power to determine which might be profitable to the organisation. Hence, it provides 

advantage for management to evaluate qualitative arguments through the quantitative data from 

this analysis. From the table 6 above, it can be seen that the cost of producing one unit of product 

in 2012 was lower compared to the highest cost recorded in the year 2015 however the volume 

of production recorded in the year 2014 and 2015 were almost similar but still had different unit 

cost of energy of production and this was as a result of high input recorded from self power 

generation in the years 2015 which were not commensurate to production volume. Hence, for the 

company to keep down her energy cost per unit of product, it is imperative to bring down the 

energy cost through the reduction of fossil fuel (Diesel) for self generated power or keep the 

same level of consumption but investigate into how production profile could be enhanced 

through proper energy audit of the company. 

From Table 7, we can deduced that the company derived benefits from using the public power 

supply to support its production activities between 2011 through to 2015 when the benefits 

appeared disapearing and this obviously calls for audit of the production activities to plug all 

identifiable loop holes in the system. In conclusion, the study discovered that over 75% of the 
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energy utilized in the factory were from self generation with average energy intensity of 0.66 to 

7.0 GJ/ltr. The study also revealed that the average energy cost of production stood at average of 

N9.5 per litre and identified the third quarter of each year investigated, from June to September, 

as a period of high energy usage and wastage which required further energy audit to identify the 

cause of wastage during this period despite that the period does not coincides with high volumes 

of production. 

Recommendation 

The study recommends the following to improve the efficiency and management of the energy 

usage; 

a) There is need for thorough energy audit and vigilance in the third quarter of the year as 

the rate of energy consumption is higher and not in any way constitute high profit margin. 

b) The current over 75% of self generated power without commensuration with production 

volume and profit should be investigated. 

c) The company should consider divesting from the use of diesel to natural gas as a better 

option considering the high cost of diesel. 

d) Consideration should also be given to the employment of an energy manager that can 

help in reducing the energy usage by monitoring the way energy is use in production and 

across the organisation 

e) Setting up of an energy management committee would as well go a long way in 

addressing the nonchalant attitude of the entire staff in the management and judicious use 

of power. 

f) Adoption of energy saving machineries and equipment should be explored as part of the 

drivers of efficient power utilization and management in the organisation. 

Limitation 

This study is by no means exhaustive; therefore, a further work will be required to examine other 

means through which the company could be prone to wasting energy as well as look further into 

how the entire staff could better be sensitized to imbibe the culture of saving energy. Also, 

information and data for the analysis were limited to what was available at the time of this work 

and as such the research may inject element of uncertainty in  cost benefit which is uncommon in 

decision making. 
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