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Abstract: The great expansion of industries in Ethiopia has significantly increased the demand for 
the limited energy source of the country. Hence, effective and efficient way of utilizing the available 
energy is a crucial issue in all industries. This study investigates the energy consumption 
performance and possible energy saving potentials of Pasta and Macaroni Factory—a case of Africa 
PLC which is located in Adama city. It is the biggest pasta and macaroni producing factory in the 
city and consuming a very large amount of energy. 

The thermal and electrical energy consumption of the factory has been analyzed based on the 
actual data measured. The thermal performances of the two boilers (steam generators) are analyzed 
using an indirect method (i.e., calculating the different losses) and the typical boiler efficiency 
obtained are 81% and 80% for boiler #1 and #2 respectively. It is found that the major heat loss from 
the boilers is due to the dry exhaust gas. Similarly, water chiller, air compressor, electrical motors, 
pumps and lighting system equipment energy utilization have been analyzed. The various energy 
saving measures are analyzed and it is found that the industry can save 2,301 GJ/year of electrical 
energy by using high efficient motors instead of the existing normal standard motors, 782.6 GJ/year 
of heat energy can be recovered from the dry exhaust gas by using air preheater and 1,221 GJ/year of 
heat energy can be recovered by controlling the air to fuel ratio which is a significant energy 
saving potential. Finally this study reveals that the total possible annual bill saving potential of the 
factory is 1,676,871 ETB. 

Keywords: energy performance; energy saving; thermal energy; electrical energy; pasta; macaroni 

 

 



239 

AIMS Energy Volume 9, Issue 2, 238–256. 

Abbreviations: RA: Theoretical air required [kg of air/kg of fuel]; AAS: Actual mass of air supplied 
per kg of fuel; 𝐶௣ : Specific heat capacity [J/kg K]; 𝑇௙ : Flue gas temperature [℃]; 𝑇௔ : Ambient 
temperature [℃]; M: mass of moisture in fuel in kg basis [%]; Q୧୬ : Heat input [W]; 𝐼௠: Measured 
current [A]; 𝐼௥: Rated Current ሾ𝐴ሿ; 𝑃௜௡: Power input [W]; L: Electrical loading [%]; 𝜂: Efficiency [%]; 
SEC: Specific Energy Consumption; AEC: Annual Energy consumption [Wh]; AES: Annual energy 
saving [Wh]; ATEC: Annual thermal energy consumption [Wh]; ASME: American Society of 
Mechanical Engineers; GCV: Gross Calorific Value; Pf: Power factor [%]; 𝑃௥ : Rated Power ሾ𝑊ሿ; ℎ௬: 
motor [Wh]; 𝐸௘ : Electrical energy consumed [Wh]; EEM: Energy efficient motor; PLC: Private 
Limited Company; ETB: Ethiopian Birr (currency); ASME: American Society of Mechanical 
Engineers; PTC: Performance Test Code; SME: Specific mechanical energy 

1. Introduction 

It is known that Industries play a great role for the economic development of any country. In 
many African countries including Ethiopia, industrial developments are expanding which demands a 
large amount of electrical and thermal energy for various production processes. Since the energy 
sources are limited, effective and efficient way of utilizing the energy is crucial. Pasta and Macaroni 
factories are one among a huge energy consuming industries. Thus effective and efficient utilization 
of energy in such industries has large impact on countries available energy utilization. 

Africa PLC Pasta and Macaroni factory is located in the city of Adama which is 100 km far 
from Addis Ababa, the capital city of Ethiopia and it is the biggest pasta and macaroni producing 
factory in the city. Since the industry is consuming a very large amount of energy which is observed 
to increase from time to time and no study has been done before to reason out the raise in energy 
consumption, a detailed energy performance study is conducted to identify the energy consumption 
profile of different equipment/processes and the possible energy saving potential of the industry.  

The energy analysis is performed on the major energy consuming equipment and systems such 
as boilers, chillers, electrical motors, lighting system and air compressor, to spot the energy 
consumption pattern, energy saving potential, emission minimizing possibility and energy bill 
savings potential.  

Currently the industry produces three different pasta products such as; Buona Pasta, Roma Pasta, 
and Rosa Pasta and three different shapes of macaroni products such as; Spiral, Big elbow, and Small 
elbow shaped macaroni. Wheat flour is also another product of the company. In this company 
currently there are two milling houses, two pasta and one macaroni plants are working. 

Brunetti et al. [1] studied the energy consumption of monthly pasta production. For the monthly 
pasta production of 5846 kg of pasta, of which 175 kg is dry pasta the corresponding energy consumption 
was 1100 kWh of electricity, of which 44.77 kWh was used for dry pasta and 6231.8 kWh of thermal 
energy, of which 366.2 kWh was used for production of dry pasta. Every kg of monthly produced 
pasta requires 0.18 kWh of electricity and 1.1 kWh of thermal energy. 

Wójtowicz and MoĞcicki [2] have conducted on pasta extrusion process and found the energy 
consumption was different for each raw material and its moisture during the extrusion and the 
specific mechanical energy (SME) values at the range from 0.07 to 0.13 kWh/kg during the 
extrusion-cooking of wheat starch. SME decreased with an increase in moisture content and 
extrusion temperature. The extent of reduction in SME due to an increase in moisture was lower at a 
higher temperature in feed materials. The observed SME values are 0.07 kWh/kg during processing 
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of semolina pasta, with moisture content of 28% at 60 rpm and 0.45 kWh/kg when wheat flour type 
with moisture of 28% was processed at 120 rpm. 

Oyedepo et al. [3] presented an analysis of energy use and energy saving opportunities in 
selected industries in southwest Nigeria and studied the annual energy consumption and production 
output for the food processing industry are 5,452,467.24 GJ and 197,760 tons, respectively. On the 
average, the food processing industry has the highest energy consumption per year at 5,039.45 TJ/yr. 
Food processing and the manufacture of chemicals are complex and energy intensive, often requiring 
large quantities of thermal energy to convert raw materials to useful products.  

Carlsson-Kanyama and Faist [4] had reported a survey of data for estimating energy 
requirements in the food Sector. As per the study, energy consumption for oil extraction was 
recorded as in the range of 0.28–1.5 MJ per kg output. Pasta fabrication requires about 0.8–2.4 MJ 
per kg output and drinks between 2.4–6 MJ per kg output. Also the energy use for sugar extraction 
show a range of 2.3–26 MJ per kg output and fabrication of candy may require around 6 MJ per kg 
output. 

Perone et al. [5] have numerically studied the possibility of installing a combined heat and 
power (CHP) plant in a dry pasta factory and found that a suitable energy saving could be achieved 
in a pasta factory with the correct installation of a medium size cogeneration plant obtained 
assembling in cluster an appropriate number of micro-turbines. 

2. Materials and methodology  

The industry’s primary source of thermal energy is fuel oil and that of electrical energy is the 
national grid. Exhaustive data collection is carried out using direct observation from process 
monitoring instruments and physical measurements using portable test instruments like flow meter, 
thermocouple, digital tachometer, power analyzer and multi-meter for collecting data of flow rates, 
temperatures and electrical readings. Information about the past maintenance history of the 
appliances are collected by observation of maintenance history recording legends and interviewing 
the top and technical personnel of the industry. The overall electrical power consumption history of 
the industry is analyzed from its electricity bills. In many processes the amounts of energy 
consumption is variable and depends on the process stage and time elapsed after pasta is introduced 
for drying, in such cases many instant thermal and electrical readings are taken. 

Data from electrical motors are collected for three different production plant lines. Even though 
there are 4 production plant lines in the factory, plant line-1 is not working. Therefore, the 
investigation of energy performance is done based on the data of production plant lines 2, 3 and 4 as 
shown in the Figure 1.  
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Figure 1. The Factory Plant layout. (PD—Pre-dryer Zone, C—Cooling Zone, D—Dryer Zone, 
Sh—Shaker (as a Pre-dryer), P—Packing) 

Overall, first the energy consumption data of the production processes of the industry are 
collected and then the performances of energy consuming units are analyzed. Finally the potential 
energy consuming areas are identified and the possible energy saving opportunities are analyzed and 
recommended. 

The work flow chart shown in the Figure 2 is used for the energy analysis. 
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Figure 2.Work flowchart. 

3. Pasta and macaroni production process 

The major sections in the production process of Pasta and Macaroni in the factory is represented 
in block diagram as shown in Figure 3. 
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(a) 

                              

(b) 

Figure 3. Production flow: (a) Pasta, (b) Macaroni. 

4. Data collected and analysis 

4.1. Boilers details 

The boilers specifications, fuel properties, flue gas compositions and temperatures as well as the 
boilers surface temperatures are measured and tabulated as shown in the Tables 1 and 2. 

Table 1. Details of Fire Tube boilers input and output parameters. 

Boiler Fuel properties (Furnace Oil) Boiler #1 Boiler #2 

C: 84.79% 

𝐻ଶ: wt 12.21% 

S: wt 0.5% 

𝑂ଶ: 0.5% 

Moisture content: 2% 

Specific gravity: 0.8461 

Flash point: 112.3 ℉ = 44.6 ℃ 

GCV: 43 MJ/kg, NCV: 38.46 MJ/kg 

𝑇௙ = 184 ℃ 

𝑇௔ = 28 ℃ 

𝐶𝑂ଶ = 8.4% by volume 

𝑂ଶ  = 9.7% by volume 

CO = 7.8% by volume 

 

𝑇௙ = 180 ℃ 

𝑇௔ = 28 ℃ 

𝐶𝑂ଶ = 8.6% by volume 

𝑂ଶ  = 9.98% by volume 

CO = 15.4% by volume 
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Table 2. The boiler dimensions, measured surface temperatures and ambient conditions. 

Boiler dimensions environmental parameters Boiler parts 
Measured Surface Temperatures 

Boiler #1 Boiler #2 

Boiler length = 3.25 m  

Boiler diameter = 1.3 m 

Ambient temperature  = 28 ℃ 

Wind velocity = 2.5 m/s 

Cylindrical Surface  

Front surface  

Bottom  

65 ℃ 

90 ℃ 

70 ℃ 

60 ℃ 

97 ℃ 

73 ℃ 

4.2. Performance assessment of fire tube boilers 

Thus, the input thermal energy to the factor can be calculated from: 

        𝑄௜௡ = 𝑚ሶ ௙ * GCV * 𝜂௕              (1) 

where, 𝑄௜௡—Heat energy input to the boiler,  
𝑚ሶ ௙—Mass flow rate of fuel Consumed  
GCV—Gross calorific value of the fuel  
𝜂௕—Combustion efficiency of the burner 

In this study an indirect method is used to evaluate boiler efficiency by considering the different 
loses as per ASME standards for Performance Test Code for Fired Steam Generators [6]. 

The process heat in the factory is supplied by the fire tube boilers. It is observed that there are 
four boilers in the factory, were two of them are working and the others two are in standby. In this 
study the two working boilers performance tests are assessed separately to identify the possible 
losses and its energy saving opportunities.  

In order to calculate the boiler efficiency by indirect method, all the losses that occur in the 
boiler shall be determined [7–11]. These losses are conveniently related to the amount of fuel burnt.  

Theoretical (stoichiometric) air fuel ratio and excess air supplied are determined for computing 
the boiler losses. Theoretical and actual air required for combustion is calculated as [11]: 
a) Theoretical air required for combustion 

RA = [(11.6 x C) + {34.8 x (𝐻ଶ − 𝑂ଶ/8)} + (4.35 x S)]/100       (2) 

b) Actual mass of air supplied/ kg of fuel 

AAS = (1 + EA/100) x theoretical air                                                    (3) 

The various losses associated with the operation of boiler are discussed as below [8, 11].  

i) Heat loss due to dry flue gas (%) 

Heat loss through the exhaust flue gas can be calculated by the following equation: 

𝐿ଵ = 
൫௠∗஼೛൯

೏ೝ೤ ೑೗ೠ೐ ೒ೌೞ
∗ ሺ்೑ି்ೌ ሻ

ሺீ஼௏ሻ௙௨௘௟
∗ 100%                                                             (4) 

where: 𝑇௙ is the flue gas temperature 
𝑇௔ is the ambient temperature 
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The losses due to water vapor produced from Hydrogen in fuel, moisture present in fuel and air 
during the combustion were not been included in the dry flue gas loss, since they were separately 
calculated as a wet flue gas loss. 

ii) Heat loss due to evaporation of water formed due to Hଶ in fuel (%)  

The combustion of hydrogen causes a heat loss because of the formation of water vapour as a 
combustion product, which carries away heat energy in the form of latent heat. 

𝐿ଶ = 
ଽ௠ಹమቂହ଼ସା ൫஼೛൯

ೢೌ೟೐ೝ ೡೌ೛೚ೠೝ
 ൫்೑ି்ೌ ൯ቃ

ሺீ஼௏ሻ௙௨௘௟
∗ 100%                                        (5) 

where: 𝑇௙ is the flue gas temperature 
𝑇௔ is the ambient temperature 
584 = Latent heat corresponding to partial pressure of water vapor 

iii) Heat loss due to moisture present in fuel (%) 

Moisture entering the boiler with the fuel leaves as a superheated vapor. This moisture loss is 
made up of the sensible heat to bring the moisture to boiling point, the latent heat of evaporation of 
the moisture, and the superheat required bringing this hot water to the temperature of the exhaust gas. 
This loss can be calculated with the following formula. 

𝐿ଷ = 
ெ ቂହ଼ସା൫஼೛൯

ೢೌ೟೐ೝ ೡೌ೛೚ೠೝ
 ሺ்೑ି்ೌ ሻቃ

ሺீ஼௏ሻ௙௨௘௟
∗ 100%                                            (6) 

where: M is the mass of the moisture in the fuel              
𝑇௙ is the flue gas temperature 
𝑇௔ is the ambient temperature which is equivalent to fuel inlet temperature 
584 = Latent heat corresponding to partial pressure of water vapor 

iv) Heat loss due to moisture present in air (%)  

Vapor in the form of humidity present in the incoming air, is superheated as it passes through 
the boiler. Since this heat passes up the stack, it must be included as a boiler loss. The mass of vapor 
that air contains can be obtained from psychometric charts and typical values are given as below: 

𝐿ସ = 
஺஺ௌ∗ ௛௨௠௜ௗ௜௧௬௙௔௖௧௢௥∗ ൫஼೛൯

ೢೌ೟೐ೝ ೡೌ೛೚ೠೝ
 ሺ்೑ି்ೌ ሻ

ሺீ஼௏ሻ௙௨௘௟
∗ 100%                          (7) 

v) Heat loss due to incomplete combustion (%) 

Products formed by incomplete combustion could be mixed with oxygen and burned again with 
a further release of energy. Such products include CO, 𝐻ଶ  and various hydrocarbons and were 
generally found in the flue gas of the boilers. Carbon monoxide is the most gas whose concentration 
can be determined conveniently in a boiler plant test. 
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𝐿ହ = ቂ
ሺ% ஼ைሻ ∗ ௠಴

ሺ% ஼ைା% ஼ைమሻ
ቃ ቂ ହ଻ସସ

ሺீ஼௏ሻ௙௨௘௟
ቃ ∗ 100%                                           (8) 

where:  𝑚஼ is the mass of carbon atom in the fuel. 

vi) Heat loss due to radiation and convection (%) 

The other heat losses from a boiler consist of the loss of heat by radiation and convection from 
the boiler surface to the surrounding boiler house. Energy is lost from the boiler surface to the 
surrounding by convection due to wind and by radiation due to the temperature difference between 
the boiler surface and surrounding room wall temperature.  

The energy loss per unit area of the boiler surface exposed to the ambient temperature is 
estimated as: 

𝐿଺ ൌ 0.548 ∗ ሾሺ ೞ்

ହହ.ହହሻర െ ቀ ்ೌ

ହହ.ହହሻరቃ ൅ 1.957 ∗ ሺ𝑇௦ െ 𝑇௔ሻଵ.ଶହ ∗ ඥሾሺ196.85 𝑉௠ ൅ 68.9ሻ/68.9ሿ       (9) 

where: 𝑇௦ is the boiler surface temperature 
𝑇௔ is the ambient temperature which is equivalent to boiler room wall temperature 

4.3. Details of electrical motors and machines 

In this factory it is observed that there are different motors with different rated power capacities 
and there are also motors with similar rated power capacities and rated current.  

The current and power factors are measured and the power input, loading and efficiency of 
motors are summarized in the Table 3. 

Table 3. Detail parameters of motors. 

𝑃௥ ሾ𝑘𝑊ሿ             Qty     𝐼௥ሾ𝐴ሿ          𝐼௠ሾ𝐴ሿ   Pf % L 𝑃௜௡ሾ𝑘𝑊ሿ    𝜂

0.2 2 0.57 0.41 0.80 68.3 0.4 0.63 

0.25 11 0.72 0.34 0.76 44.9 1.9 0.66 

0.5 2 0.92 0.72 0.88 74.3 0.8 0.89 

0.55 28 1.5 0.89 0.78 56.4 12.8 0.68 

0.75 94 2.1 1.3 0.76 58.8 61.1 0.68 

1.1 30 2.6 1.8 0.80 65.8 28.4 0.76 

1.5 64 3.3 2.5 0.80 72.0 84.2 0.82 

2.8 27 6.1 4.48 0.82 69.8 65.3 0.81 

3 1 7.6 5.56 0.84 69.5 3.1 0.68 

3.5 4 8.2 6.86 0.84 79.5 15.2 0.73 

6.5 1 14.65 12.5 0.83 64.8 5.5 0.77 

7.5 1 19 15.56 0.76 77.8 6.0 0.75 

20 6 50 36 0.80 68.4 113.7 0.72 
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4.4. Analysis of electrical motor 

Industrial motors account for a major part of electrical energy consumption. The amount of 
energy used by a motor-driven system is directly proportional to the power required by the system 
times the period of time it is operating. Since power is expressed in kilowatts and time in hours, the 
conventional unit of energy is kilowatt-hours [kWh]. Power and energy measurements are used to 
determine loads on equipment, energy consumption, operating costs, and to verify proper system 
sizing and operation. Power is proportional to the product of circuit voltage (V), amperage or current (I), 
and power factor (PF). For a three-phase system: 

Percentage loading (% L) = 
௏೘ ∗ ூ೘

௏ೝ∗ ூೝ
∗ 100%                                  (10) 

Power input (𝑃௜௡) = √3 ∗ 𝑉௠ ∗ 𝐼௠ ∗ PF                                                 (11) 

where: 𝑉௠ ൌ 380 𝑉,  𝑉௥ ൌ  400 V 

η୫୭୲୭୰ = 
ୖୟ୲ୣୢ ୮୭୵ୣ୰

୮୭୵ୣ୰ ୧୬୮୳୲ 
 * load                                   (12) 

Annual energy consumption for electrical motors is estimated by using the following equation: 

AEC = 𝑃௜௡ ௧௢௧௔௟ ∗ 𝐿 ∗ ℎ௬                                                (13) 

4.5. Details of water chiller electrical motors and machines 

The water chiller plant layout in the factory and the actual power input can be represented as 
shown in the Figure 4. 

 

Figure 4. Water chillers plant layout and the actual electrical power input. 
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5. Results and discussion 

5.1. Heat energy balance of the boilers  

The heat energy balance for each boiler is represented by Sankey diagrams to understand the 
different losses and the useful heat energy to the process. 

                                 

 

Figure 5. Sankey diagram representation of heat balance of boiler #1 and #2. 

As it can be seen from the Sankey diagrams (Figure 5) about 149.9 kW and 100.45 kW of heat 
losses are observed from boiler #1 and #2 respectively. This correspondingly accounts for 18.65% 
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and 19.47% of the input energy to the boiler. Further it is can also be estimated that 539.6 MJ 
and 361.4 MJ thermal energy is lost hourly from boiler #1 and #2 respectively. This indicates 12.55 kg 
(i.e., 14.83 liter) and 8.15 kg (i.e., 9.63 liter) of fuel is lost per hour and 1.43 million and 2.21 million 
ETB are lost per annum due to poor efficiency of boiler #1 and #2 respectively. 

5.2. Energy analysis of electrical machines and lighting systems 

The detailed annual electrical energy consumption of 199 electrical motors is conducted for 
production plant lines #2 and #3 with their respective production zones (Table 4). In general 3,386 
MWh is consumed by machine driving motors from the inlet to pre dryer, 7,126 MWh is consumed 
by pre dryer driving motors, 25,374 MWh is consumed by the dryer, 545 MWh is consumed by 
cooling zone and 368 MWh is consumed by the driving motors from cooling to packaging. Hence, 
the total annual electrical energy consumption of production plant lines #2 and #3 is 36,799 MWh. 

Table 4. Annual electrical energy consumption of production plant lines 2 and 3. 

Production process zone Qty 𝑃௥ሾ𝑘𝑊ሿ AEC ሾ𝑘𝑊ℎሿ Qty 𝑃௥ሾ𝑘𝑊ሿ AEC ሾ𝑘𝑊ℎሿ 

Inlet-pre dryer 

[3386010 kWh] 

4 20 1917389 2 0.2 4786 

2 7.5 204458 2 2.8 340589 

8 0.55 173911 4 3 147588 

6 0.75 139074 2 3.5 68482 

Pre dryer Zone 

[7126139 kWh] 

20 1.5 3784320 4 2.8 273929 

21 1.1 2796155 10 0.55 271735 

Dryer Zone 

[25374183 kWh] 

81 0.75 25346193 1 2.8 17121 

2 0.55 10869   

Cooling Zone 

[544865 kWh] 

6 0.75 139074 4 0.55 43478 

8 1.1 405791   

Cooler- packaging 

[368258 kWh] 

2 0.75 15453 6 0.25 35399 

4 2.8 273929   

Table 5. Annual electrical energy consumption of production plant line #4. 

Production process zone Qty 𝑃௥ ሾ𝑘𝑊ሿ AEC ሾ𝑘𝑊ℎሿ Qty 𝑃௥ ሾ𝑘𝑊ሿ AEC ሾ𝑘𝑊ℎሿ 

From inlet—dryer 

[1,341,960 kWh] 

2 

1 

3 

1 

1 

2 

20 

7.5 

0.55 

0.75 

0.2 

1.5 

454181 

40892 

20454 

3348 

1197 

33302 

1 

1 

2 

5 

1 

6.5 

2.8 

3 

3.5 

1.1 

31221 

14797 

75494 

661599 

454181 

Dryer zone 

[5,324,488 kWh] 

1 

2 

5 

25 

0.75 

0.5 

0.25 

1.5 

3348 

10414 

16716 

5203440 

1 

5 

1 

2.8 

0.55 

3 

14797 

56817 

18955 

From cooling- packaging 

[99,081 kWh] 

2 

1 

0.25 

0.2 

2675 

1192 

6 

2 

0.55 

0.75 

81817 

3392 
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The electric motor energy consumption during macaroni production process of plant line #4 
with respective production process zones are given in Table 5. 

5.3. Specific energy consumption 

Specific energy consumption (SEC) is an important factor that determines the energy 
situation in a typical industry. The total annual specific energy consumption of the factory is 
identified as 5.478 MJ/kg of the product, of this 0.778 MJ/kg of the product is thermal energy 
and 4.7 MJ/kg of the product is electrical energy. 

5.4. Equipment wise annual energy consumption 

5.4.1. Equipment wise annual thermal energy consumption 

In general, after detailed thermal energy consumption analysis is conducted, 26%, 36% and 38% 
of total annual thermal energy is consumed by driers in the production plant lines 2, 3 and 4 
respectively as shown in the Figure 6. 

 

Figure 6. Annual thermal energy consumption percentage of plant lines 2, 3 and 4 dryers. 

5.4.2. Equipment wise annual electrical energy consumption 

It is observed from the analysis that the industrial driving motors electrical energy consumption 
of plant line 2, plant line 3 and plant line 4 are about 20%, 25%, and 8% of the total annual electrical 
energy consumed by the industry respectively and similarly about 47% of the total electrical energy are 
consumed by the pump motor, air compressor, chiller and lighting systems in the factory (Figure 7). 

 
 
 

26%

36%

38%
Driyer of production line 2

Driyer of production line 3

Driyer of production line 4
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Figure 7. Equipment wise annual total electrical energy consumption. 

5.5. Zone wise annual energy consumption of electrical machine drives  

The zone wise annual electrical energy consumption of production plant lines 2 and 3 show 
that 3%, 9%, 19% and 69% of the total is consumed by machine drives of cooling to package zone, 
mixer to pre-dryer zone, pre-dryer zone and dryer zone respectively as shown in the Figure 8. 

 

Figure 8. Electrical energy consumption of plant-2 and-3 at different zones. 

Similarly the zone wise annual electrical energy consumption of production plant line 4 shows 
that 1%, 20% and 79% of the total is consumed by machine drives of cooling to package zone, inlet 
to dryer zone, and dryer zone respectively as shown in the Figure 9. 

 

Figure 9. Electrical energy consumption of plant-4 at different unit sections. 
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Driving motor of production line 4
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Cooling _ Package Zone
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The overall annual thermal and electrical energy consumption of the factory is summarized in 
the Figure 10 below. 

 

Figure 10. The overall annual energy flow in the factory. 

5.6. Energy losses of the factory 

The total annual electrical energy loss of driving electrical motors of production plant lines 2, 3 
and 4 are estimated to be 40.78 TJ/year at an average motors efficiencies of 74% and the total annual 
electrical energy consumption of 156.84 TJ/year. 

The thermal energy loss of the factory conducted through detailed thermal energy loss from the 
boilers and production lines in kWh per day is summarized in Figure 11.  

Overall it is observed that 34.45 TJ/year of thermal energy and 40.78 TJ/year of electrical 
energy are lost annually from the factory.  
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Figure 11. Daily thermal energy loss in the factor. 

5.7. Energy saving potential in the factory 

There are a lot of energy-efficient technologies and practices that are proven, cost-effective, and 
available for implementation today. These opportunities are applicable at the component, process, 
facility, and organizational levels. The following major energy saving potentials are analyzed.  

i. Heat recovery from exhaust dry flue gas to preheat combustion air  
ii. Excess combustion air control 
iii. Replacing standard electrical motors with energy efficient motors  

Combustion air preheating is the most potent way to enhance the boiler efficiency and hot water 
generation. The temperature of exhaust gas stream can also be used as the source of the heat energy 
and a heat exchanger can be used to transfer the heat energy to the incoming combustion air [12]. 
Thus combustion air can gains a large portion of sensible heat that is required to take part in the 
combustion process. Utilization of recuperators can decreases flue gas temperature and thus, cooling 
expenses of flue gas, while increasing the temperature of combustion air and saving fuel. 

The energy saving analysis of the proposed opportunities is as follows: 

i. Heat recovery from exhaust dry flue gas to preheat combustion air  

The amount of heat transfer between flue gas and combustion air is calculated as: 

Q ൌ  ሺ𝑚𝐶𝑝ሻ௔௜௥ ∗ ሺ 𝑇 ௔௜௥ ௢௨௧  െ 𝑇 ௔௜௥ ௜௡ሻ ൌ  ሺ𝑚𝐶𝑝ሻ௙௟௨௘ ௚௔௦ ∗ ሺ 𝑇௙ ௜௡  െ  𝑇௙ ௢௨௧)       (14) 

One shell-two tube pass of shell and tube heat exchanger with cold combustion air in the tube 
side and hot exhaust flue gas in the shell side is used as per the recommendation of [12]. For the 
purposes of in-tube cleaning larger tube diameters are often required for boilers to be 20 mm [13]. 
Shell-diameter-to-tube-length ratio is selected to be within limits of 1/5 to 1/15 as per [14] and also 
the shell diameter is selected to be within the range 150 mm to 1067 mm as per [13].  

With application of the heat exchanger and considering the temperature of flue gas to be 
decreased from 184 ℃ to 140 ℃, which is above the dew point temperature of the dry exhaust flue 
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gas, 30.81 kW of heat recovery potential is obtained. This recovered heat will heat up the 
combustion air from 20 ℃ to 81.4 ℃. 

The increment of combustion air temperature by 20 ℃ leads an increment of 1% boiler 
efficiency. Thus, the annual thermal energy saved due to the heat recovered from the dry flue gas is 
estimated as: 

𝐴𝐸𝑆 ൌ 𝑚ሶ ௙ ∗  GCV ሾ𝜂௡௘௪ െ  𝜂௢௟ௗ ሿ ൌ  782.6 GJ/year 

Thus the annual thermal energy saved (AES) is 782.6 GJ/year corresponding to 18,200 kg of 
fuel/year and the estimated saving cost is 387,188 ETB. Also it is possible to use renewable energy 
sources like solar energy to preheat the air by using solar collectors like back pass non-perforated 
unglazed solar air collector (BPSC) [17].  

ii. Excess combustion air control 

Excess air is required in all practical cases to ensure complete combustion. The optimum excess 
air level for boiler efficiency which uses diesel fuel oil is recommended to be 15–20%. Controlling 
excess air to an optimum level always results in reduction in flue gas losses; for every 1% reduction 
in excess air there is approximately 0.6% rise in boiler efficiency [8,15]. 

Thus, the possible annual thermal energy save due to reduction of excess air to a minimum 
of 20% is, AES = 1,221 GJ/year. This corresponds to about 33,560 liter fuels and thus 604,085 ETB 
can be saved annually. 

iii. Replacing the conventional electric motors by energy efficient motors  

The recommended operating hours of standard electrical motors is less than 5000 hrs 
annually [15]. Motors operating at the above stated conditions should be replaced with the energy 
efficient motors in order to avoid the major power loss. Accordingly, the normal motors used in this 
factory shall be replaced with the energy efficient motors (EEM). Thus the annual electrical energy 
saving potential due to replacing of normal motors with energy efficient motors is estimated by using 
the following equation: 

AES = ℎ௣ ∗ 𝐿 ∗ 0.746 ∗ ℎ௬ ∗  𝑁௠* ሼ ଵ

ఎ೙೘
 -

ଵ

ఎ೐೐
} *100                     (15) 

The efficiency of standard and high efficiency motors at different loads is provided by [16]. 
Considering 75% load, the annual electrical energy saving potential by replacing the normal standard 
motors that are equipped in the production plant lines 2, 3 and 4 with an energy efficient motors is 
obtained to be AES = 262, 681.4 kWh. This corresponds to an annual bill savings of 685,598 ETB. 

Finally, a total of 2,003.6 GJ/year of thermal energy and 2,301 GJ/year of electrical energy can 
be saved respectively. 

The overall energy savings are summarized as in Table 6. 
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Table 6. Summary of annual energy saving opportunities of the factory. 

 Energy saving opportunity Annual energy 

saving 

Annual bill 

saving [ETB] 

Additional investment to 

implement energy saving 

opportunities [ETBሿ 

Payback 

period 

1. Heat recovery from dry 

exhaust flue gas 

782.6 GJ/year 387,188 355,928.6 336 days 

2. Excess air controlling using 

oxygen analyzer 

1,221 GJ/year 604,085 71,256 43 days 

3. Replacement of normal 

motors by energy efficient 

motors 

2,301 GJ/year 685,598 423,683 226 days 

6. Conclusions  

Adopting energy saving opportunities in manufacturing industries is needed for ensuring a 
sustainable industrial development. In this study the Africa PLC factory’s energy consumption 
performance and possible energy saving opportunities are investigated. 

Different instruments are used to measure actual values of current, power factor, flue gas 
characteristics, and flow rates, surface temperature of the boiler, temperature of hot water and 
different laboratory measurements of the industry are used. For the case where direct measurement is 
difficult data are taken from reading boards. The data are then analyzed to investigate the energy 
performance of energy consuming equipment and conducted the annual energy consumption patterns 
in the factory. 

Fire tube boilers are significant portion of the factory to facilitate the drying process. To 
evaluate the efficiency of the boiler and the amount of heat that is wasted from the boiler, 
performance analysis of boiler is performed and obtained that a typical boiler efficiency of 81% for 
boiler #1 and 80% for boiler #2. The remaining part of the energy is lost in different forms and the 
amounts of heat losses are quantified and the potential sources of waste heat are identified.   

The results of the energy performance analysis in the factory has showed that 26%, 36% and 38% 
of total annual thermal energy is consumed by production plant lines 2, 3 and 4 respectively. 
Similarly, It is observed that 20%, 25%, 8% of the total annual electrical energies are consumed the 
driving motors of plant lines 2, 3 and 4 respectively and about 47% of the total electrical energy is 
consumed by the pump motors, air compressors, chillers and lighting systems in the factory. 

Further it is observed that 34.45 TJ/year of thermal energy and 40.78 TJ/year of electrical 
energy are lost annually from the industry which is a significant amount and need to be recovered.  

Using different energy saving opportunities 2,003 GJ/year of total thermal energy 2,301 GJ/year 
of total electrical energy can be saved which corresponds to an annual saving of 1,676,871 ETB. 
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