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Abstract
Food and Beverage industry is one of the fastest growing manufacturing industries
in Nigeria with its attendant carbon emission. In this paper, retrofitting (one of the
demand side management (DSM) techniques) is adopted as a strategy to reducing energy consumption and the associated greenhouse gas emission of three
selected food and beverages industries in Nigeria. This is achieved by carrying out a
walk through energy audit on the selected industries with the aim of reducing their
carbon footprint by reducing the electrical energy consumption pattern. Retrofitting
exercise involves identification of energy-inefficient electrical equipment within the
industry and thereafter replacing them with available identical device but with better
energy efficiency. The investment cost for adopting energy efficient technology and
its corresponding payback period are estimated. Recommendations for policy documents were proposed based on the study. The energy audit reveals that electric motor,
lighting points (lamps) and computer system constitute electrical load that are inefficiently operated within the selected industries. Applying DSM by retrofitting on these
components of electrical load reduces the overall electrical energy consumption of
the industry by 17%, 20% and 14% for industries A, B and C, respectively. An estimated
reduction in CO2 emission of 159,471.2 kg, 139,598.7 kg and 186,696.4 kg is achieved
for industries A, B and C, respectively, using the DSM. This paper is useful as it provides
scientific information on the need to retrofit inefficient devices in Nigeria industries.
Keywords: Demand side management, GHGs emission, Energy audit, Energy
efficiency, Food and beverage industry, Retrifiting

Introduction
In recent years, there have been efforts to reduce greenhouse gas (GHG) emission in
order to mitigate the effects of climate change on the environment [3, 16]. There are basically two identified means of achieving this: through the reduction in energy consumption by means of energy efficiency strategy and by ultilizing renewable energy sources
as part of generational mix [28]. Presently, world energy growth stands at 1.6% rate per
annum, and this is expected to increase the world energy demand by 50% by 2030 [5].
As the energy demand increases, so also the GHG emission increases [11]. Most of this
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increase may likely come from the developing nations as a result of increasing population and expansion in economic growth [36]. It has been estimated that industrial sector account for 54% of the total world energy consumption [9]. Hence, a cut down on
the energy consumption from this sector will reduce the overall energy demand and by
extension reduces the GHG emission [20]. Of the various industrial energy demands,
electrical energy is significant [8] as it is required to achieve nearly all the industrial
processes.
Demand side management (DSM) is the implementation of strategies which tend to
control, influence and eventually cut down on energy consumption with the aim of lowering energy costs and bring immediate benefits to an organization or enterprise [29].
Implementation of DSM is more profitable than investing in new generating capacity.
From an environmental point of view, improved efficiency reduces the GHG emission
into the atmosphere, thereby promoting sustainable environment. Some of the benefits
of DSM include reduction in energy bills, reduction in the need for new power plant,
improvement transmission and distribution networks, stimulation of economic development, creation of long-term jobs due to new innovations and technologies, increased
competition among local enterprises, reduction in pollutions, reduction of dependency
on foreign energy sources and reductions in peak power prices for electricity [34]. For
the industries, DSM translates into lower production cost and more competitive products. Industrial plants are often able to reduce overall demand by adopting various
kinds of energy efficiency measures. Many DSM measures are put in place by utilities
or by energy end-users themselves especially the industrial sectors. Demand schedule
are sometimes altered to allow industries to move the demand away from peak periods,
thereby cutting down on cost. In some cases, there are penalties charged on industries
for operating inefficient equipment with unnecessary high loads. This tends to encourage
industries to upgrade their equipment so as to reduce electrical demands. A straightforward reduction in energy consumption will normally reduce costs, and a shift of demand
to a different time might also reduce costs if an appropriate tariff is available [25]. The
main types of DSM activities may be classified into three categories: the energy-saving
programs (i.e. reducing the demand through the use of efficient processes), load management programs (i.e. shifting the load pattern and encourage reduction in demand at
peak times and peak rates) and load growth and conservation programs. In this study,
energy-saving program is adopted.
Literature reveals that many attempts have been made to achieve energy saving via
exploitation of various energy management strategies. For example, Khan explored the
potentiality of energy-saving behaviour as a DSM strategy for energy management in
developing economy. The author revealed that energy-saving behaviour could reduce
energy demand by about 21.9% [18]. Aghajani and Ghadimi were of the opinion that
the main issue to pay attention in energy management are the operation cost and pollution rate [1]. In achieving this, power converters and energy management algorithm
(EMA) are useful means of providing essential control to the power system in order to
improve energy efficiency, thereby reducing GHG emission and saving cost [13]. Similarly, Walzberg et al. believed that demand side management should be viewed from the
socio-technical perspective in order to minimize errors [37]. This strategy would ensure
that social optimum as well as the technological optimum is taken into consideration in
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the selection of technology by the users. In general, DSM has been adjudged an effective
means of ensuring grid reliability and reduces operational costs for the utility operators,
while reducing electricity costs for the consumers [22]. The developed nations are adopting smart grid technologies to better implement DSM strategies [10]; however, many
developing world especially the African nation are struggling with smart technologies,
thereby resulting into retrofitting and behavioural change as a means of DSM strategies.
Retrofitting existing building can be seen as an efficient and cost-effective way of achieving energy conservation and reducing greenhouse gas emissions [2]. It reduces energy
consumption and reduces the cost of heating, cooling and lighting. The general goal of
retrofitting is to create a high-performance building by applying integrated, whole building design process with the objective of reducing the overall operational cost, decreasing
environmental impact, improving building adaptability, reliability, durability and resiliency [31]. Radwan et al. [32] performed retrofitting exercise as a means of DSM in an
hospital in Egypt, with the aim of achieving efficient energy saving that would decrease
the energy consumption and reduces HVAC system in the hospital. The new retrofitted fittings that were selected according to the new hospital cooling loads were compared against the existing system, and significant energy saving of 7,068,178 kW h/year
was achieved. In another work, Luther and Rajagopalan identified the challenges faced
in decision making process during energy retrofitting of an existing building [19]. The
authors highlighted the methodology required to achieve a successful retrofitting exercise. First, efforts are centred on identifying energy waste through integrity audit; next
overall peak electrical demand is reduced by retrofitting existing devices for energy efficiency purpose.
In Nigeria, the industrial sector is the main consumer of electricity and it accounts
for about 45% of the total electrical energy consumption in the country [15]. The sector
has contributed greatly to the economic growth with gross domestic product (GDP) of
about 7.23 billion Naira representing about 9% of real GDP in 2013 [23]. Of the different
industries that make up the industrial sector, the Nigerian food and beverage industry
(NFBI) accounts for 35% of the composition of the sector in the country making it one
of the industries with highest demand of electricity in the country [27]. The industry
also engages 10.46% of the total workforce of the industrial sector making it one of the
largest industry in the country [23]. The industry relies on two electrical energy sources
for its industrial processes: electrical power from the national grid and the use of diesel
generating sets as back up [4]. However, the inadequate power supply in recent times has
resulted in the frequent use of diesel generators. This contributes to the GHG emission
with its attendant environmental risk such as pollution and climate change.
One of the cheapest ways to arrest this challenge is to reduce the energy consumption
through the use of energy efficiency devices option without compromising the production processes [7]. This will in turn reduce the fuel consumption, thereby cutting down
on the GHG emission [6, 24, 28]. The option has the advantages of reducing the energy
bills and offset the carbon content in the atmosphere, which will result in health benefits
and also mitigate GHG emission. This paper therefore employs retrofitting technique as
a DSM tool to reducing electrical energy consumption and the associated GHG emission in 3 selected Nigerian food and beverage industries. The retrofitting exercise identifies inefficient electrical device within the selected industries and replaces them with
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improved energy-efficient devices. The main aim of the study is to evaluate the technical, economic and environmental benefits (CO2 emissions) of applying DSM solution
using retrofitting techniques. Also, the energy consumption before and after the application of DSM is compared to ascertain the benefit of DSM to Nigerian food and beverage
industry. The remaining part of the paper is organized as follows: “DSM opportunities
in Nigerian food and beverage industries” section presents the DSM opportunity in the
Nigerian food and beverage industries, “Material and method” section highlights the
methodology adopted in achieving the set objective, “Result and discussion” section discusses the results obtained, “Policy recommendation based on the study” section presents the policy recommendation based on the study while the conclusion of the study is
provided in “ Conclusions” section.

DSM opportunities in Nigerian food and beverage industries
There are many companies constituting the food and beverage industry. However, three
companies from the sector are selected for study as it is impractical to perform study on
all the companies considering their numerous numbers in the country. The selections
are based on the company with highest number of industrial plant in the country; therefore, the first three companies with the highest number of industrial plants are selected
and are designated as A, B and C, respectively. All the industrial plants are similar in
production processes and in capacity. It is believed that a successful study on one can
be replicated in other industrial plants across the country; hence, the study is based on
industrial plant of each of the three companies located in Ibadan, South West Nigeria.
Energy audit

Energy audit is an exercise that helps to determine the emissions, energy consumptions
and production levels over a period of time from historical records and thereafter identifies areas where energy consumption can be minimized [14]. Therefore, energy audit can
be seen as a systematic approach for decision making in energy management. The exercise was conducted for the three selected food and beverage industries. This involved
the identification of all power consuming devices and appliances within the industry
and counting the number of each device/appliance thus forming a comprehensive list
of all devices/appliances used within the industry. The rating of each device/appliance
was read out and recorded from the nameplate, while the hours of operation were also
obtained from the operation Engineer/Manager of the corresponding factory by interview. From the energy audit, the daily and monthly load profiles for each of the industry
were obtained and are depicted in Figs. 1 and 2. The industry is running a shift (time
when another set of workers resume duty), and it is between hour 5 and 6. However, the
workers are allowed to take a rest between the hours of 23 and 24. At these two periods,
production processes are short down. This is what is responsible for the low energy consumption between those periods in Fig. 1. It can be observed from the two figures that
the industries have similar shapes of load profiles. This is expected as the industries have
similar production processes. However, industry A is relatively smaller compared to
industries B and C. This also reflects in the daily and monthly electrical energy requirements of the industries. Figure 2 shows that electrical energy consumption is nearly zero
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Fig. 2 Monthly load profile for the industries

on days 7, 14, 21 and 28. This is also expected as these days fall on Sundays when no production activities are going on in the industries.
The total loads in each of the industry were classified into five classes in order to simplify the complexity of the analysis. The classification is as follows: (1) lightings, (2) cooling appliances, (3) office and computer system, (4) heating appliances and (5) electric
motors. The items (electrical appliances) which are contained in each class are depicted
in Table 1. The estimation of electrical energy consumption by class is depicted in
Table 2. The table reveals that the appliances belonging to electric motor class consume
the highest electrical energy. This is further elucidated in Fig. 3. After the load audit
exercise, it was identified that there are potential saving opportunity on electric motors,
lighting and office (i.e. computer system).
Energy‑saving opportunities on electric motors

Motors are significant energy-consuming devices in the food and beverage industry. During the audit exercise, motors and drives system account for bulk of electric energy consumption in industries A, B and C with 70, 78 and 77% of the total
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Table 1 Classification of electrical items within the industries
Class

Item

Class

Item

Lighting

Factory florescent

Office and computer system

Computer
Electric motors Conveyor
CPU + Monitor

Office florescent

Cooling appliances

Class

Item

Telephone

Bottler filler

Exterior florescent

TV and decoder

Mixer

Toilet, corridor
incandescent

Printer

Bottler washer

Security—halogen

Photocopier

Unscramble loader

Factory, interior—other

Money-counting
machine

Case parker

Fan
AC
Refrigerator

Heating appliances

Water dispenser

Radio

Uncase machine

Boiler

Exterior-E-Motor

Water heater

Pumps

Electric Kettle

Compressor

Table 2 Estimated electrical energy consumption by load class obtained through energy
audit (kW h)
S/N

Load classification

Industries
Industry A

Industry B

Industry C
11,297

14,882

675

788

606

3.

Heating

745

1698

1621

4.

Cooling

991

1473

945

5.

Office equipment

342

132

279

6.

Total

9076

18,973

11,297

80
60
40
20
0

Electric Motor
Lighting
Heating
Cooling
Office
Load Classification for Industry A

a

% Total Electric Energy Consum ption

6323

Lighting

% Total Electric Energy Consumption

Electric motor

2.

% Total Electric Energy Consumption

1.

80
60
40
20
0

Electric Motor
Lighting
Heating
Cooling
Office
Load Classification for Industry B

b

80
60
40
20
0

Electric Motor
Lighting
Heating
Cooling
Office
Load Classification for Industry C

c

Fig. 3 Classification of loads by electricity consumption in a industry A, b industry B, c industry C

electricity consumption, respectively. Most of the production processes of the industries depend heavily on electric motors for grinding, pumps, conveyors and compressors. Implementing high efficient motors can be achieved by reducing losses through
the use of improved steel properties, increase in conductor volume, lowering the
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resistance of winding, narrowing the air gap and bettering aerodynamics design of the
motor. Poor motor performance is a major source of energy losses. During the audit
exercise, it was observed that all motors rated 5 kW and above have lower operating
efficiency and are not International Electrotechnical Commission (IEC) compliant. It
was also observed that some of the motors have been rewound which further reduces
the efficiency of the motors [26].
In order to reduce energy consumption on electric motors, a retrofitting demand side
management is proposed where the inefficient motors are replaced with equivalent high
performance energy-efficient motors. This was achieved using EuroDEEM simulation
software. The software is an industrial motor energy management tool developed by
Washington State University (WSU). It helps to find energy-efficient alternative to existing electric motor. The energy saving as a result of the replacement was calculated, and
the payback period to offset the investment in the practice was determined.
Energy‑saving opportunities on lighting and computer systems

Lightings account for the 7, 4 and 4%, respectively, of the total electrical energy consumption in the industries. Lighting system offers good opportunities for savings in the
industry. The audit exercise reveals that incandescent, fluorescent and halogen lamps
were commonly used. These lighting devices are inefficient and could be upgraded to
reduce energy consumption. A retrofitting exercise is proposed to replace the inefficient
lamps with the efficient LED tubes, CFLs, LED flood light and other low energy light
sources without reducing the required light intensity.
However, the computer system represents 4, 1 and 2% of the total electrical energy
consumption within the industries, respectively. However, during the energy audit, it
was also observed that energy-saving opportunity exists with the computer system. The
industries are currently using desktop computers which comprises of monitor (cathode
ray tube) and CPU. Hence, an upgrade of the computer system to a flat screen system or
laptop computer will save a lot of electrical energy. The investment cost in carrying out
the retrofitting exercise, the payback period and the light intensity after replacement are
determined to ascertain the benefit of employing energy-efficient devices.

Material and method
The designed calculation for determining the cost of electrical energy consumption, the
energy saving from retrofitting exercise, the cost of energy saved, the payback period
and the amount of CO2 emission saved from the retrofitting exercise is presented in this
section.
Electric motor

The use of standard electric motors represents a source of significant energy waste in
the Nigeria food and beverage industries. In view of this, equivalent commercially available electric motor having the same power rating, phase input, rotational speed operating voltage but with higher efficiency was sought to replace each of the existing electric
motor in each of the industry. Energy consumption used by the electric motor can be
evaluated using:
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(1)

Cost of energy used by the electric motor can by evaluated as:

CE =

hp × L × 0.746 × Hop × Cu × 100
η

The cost of energy saved after retrofitting can be obtained as:


100
100
−
COEsavings = hp × L × 0.746 × Hop × Cu
ηold
ηnew

(2)

(3)

where E is the energy consumption by the electric motor, hp is the motor rated horsepower, L is the load factor (percentage of full load/100), Hop is the operating hours, η is
the motor efficiency, the conversion from horsepower to kW unit is taking as 0.746, Cu is
the unit energy costs ($/kW h), ηold is the efficiency of old existing motor and ηnew is the
efficiency of new motor.
For new motor purchase, the payback period (in months) is the premium price (PP)
minus any utility rebate (UR) for energy-efficient motors, divided by the total annual
dollar savings (AS) and can be calculated as:


PP − UR
× 12
Payback (in months) =
(4)
AS($)
Also, the payback for replacing an operating old motor is calculated using the full purchase price as well as the installation cost (IC) as expressed by:


PP + IC − UR
× 12
Payback (in months) =
(5)
AS($)

Lighting and computer system

The cost of energy saved as a result of lighting and computer system can be determined
as:

Ces = Nr (Wold − Wnew ) × T

(6)

where Ces is the cost of energy saved per annum, Nr is the number of lamp/computer
retrofits, T operating hours per annum, Wold is wattage of existing lamp/computer system, Wnew is the wattage of the replaced lamp/computer system.
Modelling of green house gases emission

Greenhouse gases (GHGs) trap and hold the heat in the atmosphere; by so doing, the
heat present in the atmosphere increases, which leads to global warming. The most
significant GHGs are water vapour (H2O), methane (CH4), carbon dioxide (CO2) and
nitrous oxide (N2O). Of this various components of GHGs, carbon dioxide (CO2) is
found to be the most significant in heat trapping due to its increasing concentration in
the atmosphere [30]. Therefore, emphasis is laid on CO2 reduction. Nigeria food and
beverage industries rely on two major sources of electricity, i.e. electricity from the
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national grid and diesel generating set. However, due to the present epileptic power supply, most of the companies rely on diesel generators for production processes. One of
the ways to reduce CO2 is by reducing the amount of diesel to be burnt. This can be
achieved by cutting down on energy consumption through the use of energy-efficient
devices.
The total GHG emission as a result of production process in the company can be
determined as:

EMtotal = EMelectricity + EMdiesel

(7)

The emission from each electrical energy source can be evaluated as (8) and (9).

EMelectricity.consumption = GE[kW h/yr] × EFreg [kgCO2 /kw h]

(8)

EMdiesel.consumption = D[L/yr] ∗ EFdiesel [kgCO2 /L]

(9)

where GE is the total electricity consumption from the grid (kW h/yr), EFreg is the CO2
emission factor for regional electricity [kg CO2] and it varies from region to region, D
is the annual diesel consumption (L/yr), EFdiesel is the emission factor for diesel fuel [kg
CO2]. The emission factors are obtained from International Sustainability and Carbon
Certification [17].

Result and discussion
This section discusses the results of electric motors retrofitting exercise in each of the
three industries and bringing out the effects of energy management before and after the
retrofitting exercise. It also discusses the investment involved in the retrofitting exercise.
Electric motors

One of the ways to improve the overall efficiency of energy consumption in the industry is by replacing the low efficient motor with a high efficient one [12, 21, 33], 35]. To
achieve this, a retrofitting exercise was performed for each of the three companies by
identifying and replacing the existing low efficient standard motors with super-efficient
ones. In doing this, it was ensured that the new motors were of the same equivalent ratings as the old one (i.e. the same power rating, operating voltage and rotational speed)
but with higher efficiency. The cost of replacing the individual existing motors ($), the
energy saved by replacing old inefficient motors with super-efficient one (kW h/yr) and
the payback period on each type of electric motors to recoup the investment on each
type of motors were calculated for each of the companies (A, B & C), and the results are
depicted in Tables 3, 4 and 5, respectively.
The tables reveal that the money invested in the retrofitting exercise can be recovered
within an average period of 3 years for most of the electric motors in the industries. The
differences in energy consumption for each of the three companies as a result of replacement of inefficient motors with the super-efficient one are depicted in Fig. 4. The figure
reveals that there is a considerable difference in the energy consumption before DSM
(retrofitting exercise) was applied and after the application of DSM. The overall investments and savings in electric motor for each of the industries are presented in Table 6. It

Compressor motor
90 kw, 84% eff,
1500 rpm, 380 V

Air compressor
motor 75 kw, 90%,
1500 rpm, 380 V

E-Motor 7.5 kw, 80%,
1500 pm, 380 V

E-motor 5.5 kw, 82%,
1500 pm, 400 V

Pump 11 kw, 86.2%,
3000 rpm, 400 V

Pump 11 kw,
1500 rpm, 84%,
400 V

Compressor 37 kw,
400 V, 1500 rpm,
84%

1

2

3

4

5

6

7

Total

Existing motors

S/N

Existing motors

158,571.43

1

2109,824.69

235,714.29

5

30

45,939.68

193,170.73

1

8

405,000.00

300,000.00

1

12

771,428.57

Energy
consumption
of existing motor
(kW h/yr)

2

Qty

1060 + 89

1842 + 110

10212 + 386

11,934 + 496

Cost of replacement
plus cost
of installation ($)

WEG motor top premium 92.6%, 11kw, 84%,
400 V.

1850 + 110

WEG motor cast iron top premium 93%, 11 kw, 1810 + 110
3000 rpm, 400 V

Baldor UK (Emm3770-58) 5.5kw, 90.5%,
1500 pm, 400 V

Baldor UK motors, (EMM3774-65) 90.7%,
7.5 kw, 1500 pm, 380 V

Teco motors (advantage M11 series) 75 kw,
95% eff, 1500 rpm, 380 V

ABB motors (M3BP280) 90 kw, 95.2% eff,
1500 rpm, 380 V

Proposed motor for replacing the existing
motor

Replacement

140,358.3

213,822.9

42,580.7

175,027.6

357,221.6

284,210.5

680,672.3

1,893,893.84

18,213.16

21,891.39

3359.03

18,143.11

47,778.39

15,789.47

90,756.30

Energy consumption Energy saved
as a result
of new motor
of replacement
(kW h/yr)
(kW h/yr)

Table 3 Electric motors retrofitting exercise report for Industry A: (1 kW h = $0.144) for 4800 h of use per year

215,930.85

2622.69

3152.36

483.70

2612.61

6880.09

2,273.7

13,068.9

Cost of energy
saved as a result
of replacement ($)

31,094.0

24

37

48

42

41

56

23

Payback
period
(month)
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Compressor motor 200 kw, 3000 rpm,
400 V, 89%

Compressor motor 150 kw, 3000 rpm
400 V, 86%

Pump 7.5 kw, 1500 rpm, 82% 400 V

Pump 5.5 kw 3000 rpm, 400 v 80%

Pump 15 kw 3000 rpm pump 400 v,
83%

Compressor motor 45 kw 1500 rpm,
400 V, 86%

Compressor motor, 20 kw 1500 rpm,
380–400 V, 84%

Compressor motor, 15 kw, 1500 rpm,
380 V, 82%

E-Motor 11 kw, 1500 rpm, 380 V, 85%

E-Motor 5.5 kw 1500 rpm 400 V, 79%

E-Motor 22 kw 1500 rpm, 400 V, 82%

Pump 11kw, 3000 rpm, 380 V, 82.2%

1

2

3

4

5

6

7

8

9

10

11

12

Total

Existing motors

S/N

Existing motors

27

3

2

2

4

2

2

2

2

1

4

2

1

Qty

1,540,633.68

144,525.55

193,170.73

50,126.58

186,352.94

131,707.32

171,428.57

376,744.19

130,120.48

24,750.00

131,707.32

–

–

Energy
consumption
of existing motor
(kW h/yr)

WEG motor, 11 kW, 3000 rpm, 380 V,
93%

WEG motor 22 kW, 94.3%, 1500 rpm,
400 V

Baldor UK 90.5%, 5.5 kw 1500 rpm
400 V.

ABB motor, 92%, 11 kw, 1500 rpm,
380 V.

Arcelik A.S 92.5%, 15 kw, 1500 rpm,
380 V.

WEG motor 94.3% 20 kw 1500 rpm,
380–400 V

Arcelik A.S 95%, 45 kw, 1500 rpm,
400 V.

WEG motors, cast iron, 93.3%, 15 kw
3000 rpm pump 400 V.

WEG motors, top premium 91.2%,
5.5 kw 3000 rpm, 400 V

WEG cast iron motors, 91.7%, 7.5 kw,
1500 rpm, 400 V

No suitable replacement found

No suitable replacement found

Proposed motor for replacing
the existing motor

2022 + 110

3652 + 148

1175 + 89

2064 + 110

2715 + 138

3652 + 148

7528 + 248

2345 + 138

1050 + 89

1485 + 94

–

–

Cost of replacement
plus cost of Installation
($)

Replacement

127,741.94

167,974.55

43,756.91

172,173.91

116,756.76

152,704.14

341,052.63

115,755.63

21,710.53

117,775.35

–

–

Energy
consumption
of new motor
(kW h/yr)

Table 4 Electric motors retrofitting exercise report for industry B: (1 kW h = $0.144) for 4800 h of use per year

1,377,402.34

16,783.61

25,196.18

6369.68

14,179.03

14,950.56

18,724.44

35,691.55

14,364.85

3039.47

13,931.96

–

–

Energy saved
as a result
of replacement
(kW h/yr)

163,231.34

2416.84

3628.25

917.23

2041.78

2152.88

2696.32

5139.58

2,068.54

437.68

2006.20

–

–

Cost of energy
saved as a result
of replacement ($)

23,505.3

32

25

33

51

32

34

36

29

31

38

–

–

Payback
period
(month)
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E-motor 11 kw
1500 rpm,400 V, 85%

5

Total

Pump 5.5 kw, 1500 rpm,
400 V, 80%

Pump 18.5 kw, 1500 rpm,
400 V, 83%

4

6

Dam pump 22 kw,
1500 rpm, 400 V, 86%

3

30

5

10

3

7

Air compressor motor 75kw, 1
1500 rpm, 400 V, 89%

2

3,268,032.37

123,750.00

465,882.35

240,722.89

644,651.16

303,370.79

1,489,655.17

4

Compressor motor 90 kw,
1500 rpm, 380 V, 87%

1

Energy consumption
of existing motor
(kW h/yr)

Qty

Existing motors

S/N

Existing motors

Baldor motor 90.5%,
5.5 kw, 1500 rpm,
400 V.

ABB motor 92%, 11 kw
1500 rpm, 400 V

VEM motors
93%,18.5 kw,
1500 rpm, 400 V

WEG motors 94.3%,
22 kw, 1500 rpm,
400 V

Baldor motors 95.4%,
75 kw, 1500 rpm,
400 V

WEG motors 96%,
90 kw, 1500 rpm,
380 V

Proposed motor
for replacing
the existing motor

214,838.71

3043 + 143

109,392.27

587,910.92

3652 + 148

1175 + 89

283,018.87

11,105 + 386

430,434.78

1,350,000.00

11,934 + 496

1842 + 110

Energy consumption
of new motor (kW h/
yr)

Cost of replacement
plus cost of Installation
($)

Replacement

Table 5 Electric motors retrofitting exercise report for industry C (1 kW h = $0.144) for 4800 h use per year

2,975,595.55

14,357.73

35,447.57

25,884.18

56,740.24

20,351.92

139,655.17

292,436.82

2067.51

5104.45

3727.32

8170.59

2,930.68

20,110.34

Energy saved as a result Cost of energy
saved as a result
of replacement (kW h/
of replacement ($)
yr)

42,110.9

37

46

31

39

47

30

Payback
period
(month)
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was revealed that 215,931 kW h, 163,231 kW h and 292,437 kW h of energy can be saved
per annum in industries A, B and C, respectively. This will amount to $31,094, $23,505
and $42,111 reduction in electricity bill per annum with a payback time of 34, 36 and
35 months, respectively.
Lighting fixtures

Energy-saving opportunity was also identified in lighting fixtures. The use of energyefficient lighting fixtures will result into energy savings in the industries. Retrofitting
was proposed for each of the fixtures in each of the industry. The existing lighting
fixtures and their luminous intensity, the proposed fixture to replace the existing ones
and their luminous intensity, the calculated energy consumption before and after the
retrofitting exercise would have been performed, and the saving in energy for each of
the three industries are depicted in Table 7.
The overall annual energy savings, cost of investment and payback time arising
from the upgrade were determined, and the result is presented in Table 8. The table
revealed that the 133,680 kW h, 161,160 kW h and 120,474 kW h of energy can be
saved per annum in industries A, B and C, respectively. This will amount to $19,250,
$23,207 and $17,348 reduction in electricity bill per annum with a payback time of 12,
11 and 12 months, respectively.

Computer system

The result of the walk through audit also revealed that performing retrofitting exercise
in each of the industries computer system will bring reduction in energy consumption
and hence save electricity bill. The audit reveals that cathode ray tube monitor and
CPU with energy consumption of 300 W are still in use in these industries. Replacement of the old computer system with 65 W laptop is proposed as a DSM solution.
The energy consumption before and after the proposed DSM solution as well as the
energy saved are depicted Table 9. It was revealed that 45,120 kW h, 21,150 kW h and
49,205 kW h of energy can be saved per annum in industries A, B and C, respectively.
Obviously, replacing existing computer systems with laptop computers will reduce
the electricity bill. The total investment in replacing these existing computer systems,
savings ($) on energy as a result of DSM solution and the payback period arising
from the upgrade are presented in Table 10. A total reduction in electricity bill by
$49,205, $3046 and $7086 can be achieved per annum with a payback time of 56, 37
and 46 months, respectively.
Comparison of load profile before and after the DSM solution

The load profile of electricity consumption of the industries was determined and compared before and after the proposed application of DSM. The results are depicted in
Figs. 5, 6 and 7.
From the figures, it can be observed that the retrofitting exercise allows a shift in the
energy profile indicating reduction in energy consumptions for the industries.
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Ind. A-C:Comparave Motor Consumpon Before and Aer DSM

Before DSM

3500000

Aer DSM

3000000

kWh

2500000
2000000
1500000
1000000
500000
0

Ind. A

Ind. B

Ind. C

Fig. 4 Comparative of energy consumption by motors before and after application of DSM

Table 6 Overall investment and saving on electric motor
Industry A

Industry B

Industry C

Number of electric motors

30

27

30

Upgrade available (no of groups)

7

10

6

Total investment cost ($)

80,809

63,446

117,829

Total installation cost ($)

4291

3053

5380

Total energy savings (kW h/yr)

215,930.85

163,231.34

292,436.82

Total potential savings ($/yr)

31,094.04

23,505.31

42,110.9

Total payback time (Month)

34

36

35

Table 7 Lighting calculations for industry A–C
Fixture

Rating Lumen per bulb Industry A Industry B Industry C Proposed
retrofitting solution

Florescent

400

2300

360

300

330

LED tube of 20 W with
2500 ml

Incandescent 1

100

1750

–

150

4

CFL of 30 W with
2100 ml

Incandescent 2

200

3500

24

–

28

CFL of 60 W with
4200 ml

Incandescent 3

250

4875

15

–

–

CFL of 90 W with
6300 ml

Halogen

400

8000

64

80

60

LED flood light 100 W
with 8000 ml

Consumption before
DSM (kW h)

202,620

236,400

181,800

Consumption after
DSM (kW h)

68,940

75,240

61,326

Savings (kW h)

85,920

161,160

120,474
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Table 8 Overall investment and saving on lighting fixtures
Industry A

Industry B

Industry C

Total investment cost ($)

17,511.9

20,278.5

15,994

Total installation cost ($)

890

1000

800

Total energy savings (kW h/yr)

133,680

161,160

120,474

Total potential savings ($/yr)

19,249.92

23,207.04

17,348.26

Total payback time (Month)

12

11

12

Green house gases emission

The benefit of the DSM application was quantified in terms of carbon emission reduction, i.e. how much of C
 O2 would be saved by reducing the energy consumptions of the
industries. The CO2 emissions reductions for the industries are estimated using countries regional emission rate. The regional emission rate for Nigeria is given as 1 kW h
 O2 emission for
of energy to 0.404 kg C
 O2. This was used to estimate the amount of C
each of the industries before and after DSM application and the result is presented in
Table 11.
It is revealed from the table that 159,471.2 kg, 139,598.7 kg and 186,696.4 kg of C
 O2
emission can be saved from industries A, B and C, respectively.

Policy recommendation based on the study
Following the results obtained from the walk through energy audit exercise, the retrofitting results presented in the manuscript as well as the personal onsite observations
aim at identifying the bad practices and inefficient use of electrical energy in food and
beverage industries in Nigeria, recommendations which could go into policy documents
are proposed. This could enhance energy conservation, improve efficient utilizations of
available energy resources and minimize energy waste without compromising the comfort of staff and quality of production in food and beverage industries. The specific recommendations are summarized as follows:

Table 9 Energy consumption in each of the 3 industries before and after DSM solution
Rating (W)
Computer (CPU + Monitor)

300

Annual energy consumption before DSM (kW h/yr)

Industry A

Industry B

Industry C

64

20

58

57,600

27,000

62,820

Annual energy consumption after DSM (kW h/yr)

12,480

5850

13,611

Savings in energy (kW h/yr)

45,120

21,150

49,209

Table 10 Overall investment and saving on computer system (unit cost = $0.144/kW h)
Industry A

Industry B

Industry C

Total investment cost ($)

30,080

9400

27,260

Total potential savings ($)

6497

3046

7086

Total payback time (Month)

56

37

46
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Ind. A: Daily Load Profile
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100
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Fig. 5 Load profile for industry A before and after the DSM solution

Ind. B: Daily Load Profile

Aer DSM
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Before DSM
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KWh

800
600
400
200
0
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11
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17

19

21

23

Hours
Fig. 6 Load profile for industry B before and after the DSM solution

• There should be efficient use of energy without jeopardizing the provision of comfortable, secure environment for the food and beverage industry in Nigeria.
• Food and beverage industries should set aside expenditures for provision of clean
and environmentally friendly energy solutions over a pre-determined period of time
to allow for gradual transition into energy efficient devices.
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Ind. C: Daily Load Profile
Aer DSM

1000

Before DSM

900
800
700
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600
500
400
300
200
100
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours
Fig. 7 Load profile for industry C before and after the DSM solution

Table 11 Comparison of C
 O2 (kg/CO2) emission before and after the DSM application
Ind. A

Ind. B

Ind. C

Before DSM

957,498.1

728,829.6

1,419,112

After DSM

798,026.9

589,230.9

1,232,415

CO2 Savings

159,471.2

139,598.7

186,696.4

• There should be guidelines and practices geared towards significant reduction of
energy consumption in food and beverage companies.
• A unit should be set up for the purpose of carrying out research activities within the
food and beverage industries towards incorporation energy-efficient technology in
the design and operation of food and beverage industry.
• The companies should continuously embark on energy solutions which support significant reduction of greenhouse gas (GHG) emissions. The reduction in GHG shall
be encouraged in terms of carbon credit.
• Energy use patterns of food and beverage industries should be continuously monitored by the relevant electricity utility companies to ensure adherence to energy efficient compliant.
• The use of variable speed drive should be encouraged over fixed speed drive, and
power factor improvement technologies shall be employed to improve the energy
utilizations of the industries.
• All the rewound motor should be replaced with a super-efficient motor as there is
efficiency loss of about 3–7% for electric motors are rewound which could reduce the
overall energy consumption efficiency of the companies.
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• Use of proper choice and removal of unnecessary lighting fixtures which would
reduce electrical energy utilization should be ensured at all times.
• Training and awareness campaign for both the staff and management on the importance of energy efficiency should be conducted from time to time.

Implementation strategies to achieving the recommendations

In order to achieve the set recommendations by the food and beverages industries, strategies in form of a roadmap could be adopted on short-term, medium-term and longterm basis. In this way, energy efficiency and subsequent reduction in GHG in the food
and beverage industry could be achieved.
Short‑term strategies

• Creation of databank on energy consumption pattern of various units and department within the food and beverage industries.
• Provision of quality and relevant information on proven practices for energy demand
side management within the food and beverage industries.
• Strengthening company framework for promotion of demand side energy management and its efficient utilization.
• Establishing energy conservation and efficiency benchmarking for staff within the
companies.
• Embarking on education and awareness programmes as well as energy-efficient publication for both the staff and management on the need to be energy efficient conscious within the food and beverage companies.
• Strengthening culture of energy use efficiency through deployment of energy-saving
devices.
• Introducing framework for energy efficient auditing in units and departments within
the companies.

Medium‑term strategies

• Rigorous review, improvement and continuation of short-term strategies.
• Identification and assessment of energy-saving opportunities through appropriate
benchmarking and standardization through demand side management techniques.
• Enforcement of appropriate legislation on energy efficient system.
• Implementation and monitoring compliance with energy conservation and energy
efficient standards.
• Integration of passive design features and systems for capturing climatic conditions
within food and beverages industries for energy efficiency and conservation.
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Long‑term strategies

• Rigorous review, improvement and continuation of medium term strategies.
• The use of timers and occupancy sensors that automatically turn off lights in all units
and department within the food and beverage industries.
• Use of heaters with thermostat in all heating devices.
• Replacing all rewound motors with new super-efficient motors.
• Replacing all inefficient lighting fixtures with that of efficient devices in all offices and
departments.
• Replacing all inefficient old computer system with the new more efficient ones.

Conclusions
The opportunities for reducing electrical energy consumption and the emission of CO2
in order to improve the environment and electrical energy utilization in food and beverage industries have been studied. From the study the following were concluded:
1. Application of DSM solution by retrofitting standard motors with super-efficient
motors, retrofitting existing lighting fixture with energy efficient ones and upgrading
the computer system will reduce the overall electrical energy consumption by 17%,
20% and 14% for industries A, B and C, respectively.
 O2, 139,598.7 kg
2. This will result into overall C
 O2 emission reduction of 159,471.2 kg C
CO2 and 186,696.4 kg CO2 in each of the industries, respectively.
3. Retrofitting of standard motors with super-efficient motor will save each industry
with 215,930.85 kW h, 163,231.34 kW h and 292,436.82 kW of energy per annum,
which amount to saving electricity bill by $31,094, $23,505 and $421,111 in industries A, B and C, respectively. The corresponding payback time for this practice is 34,
36 and 35 months, respectively.
4. Retrofitting of existing lighting fixture with energy-efficient bulbs such as LED tubes,
LED flood light and CFL will save each industry with 133,680 kW h, 161,160 kW h
and 120,474 kW h of energy per annum, which amount to saving electricity bill by
$19,249.92, $23,207.04 and $17,348.26 in industries A, B and C, respectively. The corresponding payback time for this practice is 12, 11 and 12 months, respectively.
5. Retrofitting of existing computers (monitor and CPU) with laptop computers will
save each industry with 45,120 kW h, 21,150 kW h and 49,250 kW h of energy per
annum, which amount to saving electricity bill by $6497, $3046 and $7092 in industries A, B and C, respectively. The corresponding payback time for this practice is 56,
37 and 46 months, respectively.
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