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Abstract 

 Industrial development in Ethiopia is progressing at a fast rate due to the increase in the number   

of new investments in manufacturing sector. The gap between energy supply and demand is also 

becoming wide from year to year. To reduce this gap, efficient energy utilization in previously 

established industries should be achieved. For this purpose, energy audits are usually carried 

out to pinpoint energy losses thereby recommending saving measures. This research work was 

aimed to evaluate energy usage efficiency through energy audit and estimate greenhouse gas 

emission associated with energy inefficiency. Meta Abo Brewery was selected as the study area 

where comprehensive energy audit was carried out through document reviews and direct 

measurement using portable thermal and electrical instruments.  

During boiler energy audit, overall boiler efficiencies were calculated using indirect method. 

The analysis showed that overall boiler efficiency for Bono Energeia and Cochran boilers were 

79.2% and 80.9%, respectively. The analysis made on Meta Abo Brewery’s steam distribution 

system showed that estimated equivalent fuel loss due to poor and improper insulation of steam 

pipes was about 35,350 L and cost Birr 638,768 annually. Estimated annual equivalent fuel loss 

due to steam leakage was about 31,614 L and cost Birr 571,265 annually.  The factory overall 

electrical energy was from the diesel generator installed in the factory compound. The generator 

is consuming about 6000 liters of diesel per day making electricity expense of the factory very 

high. Greenhouse gas emission estimation also showed the increasing emission trends in tons of 

Carbon dioxide equivalent between the years 2014 to 2018.  The study showed that the carbon 

footprint was increased from 9,156 tons of CO2 in 2014 to 22,697 tons of CO2 at the end of 2018. 

If the proposed energy saving measures are implemented in full, the brewery can annually save 

thermal and electrical energy of 20.4 TJ which cost about Birr 8.5 million. Successful 

implementation of energy conservation measures on boiler and steam lines will also reduce 

greenhouse gas emission of 1310 in tons of Carbon dioxide equivalent. Therefore, it is advisable 

to implement all proposed energy saving measures.  

Keywords: Energy Audit, Energy loss, Energy saving, Carbon footprint, Energy efficiency 
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1. INTRODUCTION 
 

1.1. Background 

Energy is a top driving component of a modern economy. Its use exerts heavy financial, security 

and environmental costs. With the rising costs of energy and concerns about global warming, it 

is imperative that countries adopt the most efficient energy conservation measures and 

technologies (Morvay et al.,2008). Energy conservation must evolve as a way of life in 

developing countries like Ethiopia given the limited capital to exploit the available resources. 

Industries can become globally competitive when their products are energy efficient and their 

production processes consume the least amount of energy. 

Energy is the key input to all industries for development, economic growth and modernization in 

industrial sector. However, the current situation shows that global energy demands are increasing 

rapidly, and this concern is addressed by international researchers on how to fulfill the future 

demand (Abdelaziz et al.,2011). The Worldwide energy consumption was projected to increase 

by 33% till the end of 2030.  

Energy use in the industrial sector varies widely among countries and depends principally on the 

level of technology used, maturity of plants, the sector concentration, the capacity utilization and 

structure of subsectors. Types and sources of energy use likewise vary from industry to industry. 

In general, the industrial sector uses more energy than any other end use sector consuming about 

one- half of the world total delivered energy (Shradha et al., 2013).  Starting not more than few 

decades there have been done several studies of industrial energy use and the potential for energy 

conservation in industries, which have resulted in significant improvement in the efficient use of 

energy. The developing countries are still in the process of gaining momentum in this field and 

are learning from the experiences of the industrialized nations. 
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In Ethiopia, energy consumption by industrial sector consists of large and small industries and 

accounts for 5.4% of the total energy consumed in 2011 (TERI ,2014). The sector is also an 

important electricity consuming sector, consuming 1497 GWh in 2011, which is about 37 % of 

the total electricity consumption in the country. Currently, industrial sector is one of the fastest 

growing sectors in the country. Of these rapidly growing industries, beverage sector, which is an 

energy intensive firm, can be categorized in top ten (AACCSA, 2014). These fast-growing 

sectors demand significant energy supply and may result in more environmental burdens. With 

the increasing number of industries in Ethiopia, the need for energy improvement is very crucial. 

The common environmental burdens associated with energy production and consumption is 

emission of greenhouse gases. The level of emission directly relates to the composition of energy 

used, fuel-based energy being the major contributor. To alleviate these concerns, efficient energy 

use plays a pivotal role to reduce demands while retaining benefits.  The effort towards reducing 

energy consumption in all energy consuming sectors is considered as one of the most important, 

realistic and practicable measure to reduce the problem of energy and environmental pollution in 

Ethiopia. 

Energy conservation refers to efforts made to reduce energy consumption by maximizing profit. 

This can be achieved through increased efficient energy use, in combination with decreased 

energy consumption and/or reduced consumption from conventional energy sources. For this 

purpose, energy audits and conservation studies must be conducted at regular intervals in these 

industries. Energy audit is an official survey or study of the energy consumption and its objectives 

are to recommend steps for improving energy efficiencies, reducing the energy costs and 

wastage, improving quality and environmental burdens. 

 

http://en.wikipedia.org/wiki/World_energy_resources_and_consumption
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1.2.  Statement of the Problem 

Energy utilization and resulting climate change are the key focus areas for a country to ensure 

sustainable development. Environmental and Energy professionals assert with evidence that most 

of the global warming that has occurred over the last 50 years is attributed to human activities. 

Of these human activities, inefficient energy use is a major contributor (Shradha et al., 2013). 

Industrial development in the country is progressing at a fast pace and the gap between supply 

and demand is also becoming wide day by day. A great attention is being paid to supply this 

energy demand by government, but little was done to check that the amount of energy presently 

supplied is efficiently used. Local energy assessment research conducted on Cement industry 

revealed that about 15-20% energy cost could be saved if energy is used efficiently 

(Tilahun,2011). One of the common problems attributable to inefficient energy usage is that 

company will not be competitive in the international market having the energy cost rising from 

day to day. On this regards, current unavailability of historical energy performance at Meta Abo 

Brewery shows that the brewery will be able to cut energy costs if it conducts energy efficiency 

assessments and implement actions thereof.  

The other problems associated with energy utilization inefficiency is that it can lead to significant 

environmental pollution and impact sustainability and company reputation. Absence of historical 

environmental performance and dependence on fuel as a sole energy source implies that further 

study is needed for understanding how the brewery is performing with regard to environmental 

sustainability. Most previous research works focused on assessment of one aspect of energy 

utilization from saving perspective only. Research conducted in national alcohol factory and 

Ethiopian paper and pulp factory both targeted possible costs saving without giving due attention 

to environmental concerns (G/Mariam ,2009; Aklilu, 2010).  
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This research work addresses those gaps by undertaking detailed energy audits for identifying 

energy saving opportunities and estimation of carbon footprint reduction because of 

implementing identified energy conservation measures. The concept of carbon footprint becomes 

very important as the brewery under study uses on site generation of electricity using fuel oil. 

The energy saving opportunities suggested by energy audit will not only minimize the losses but 

also reduce environmental burdens to ensure business sustainability. 

1.3. Research Questions 

The following are the major questions of the researcher in this study. 

1. What are the patterns of energy use for the previous years? 

2. What is the operating efficiency of the boilers? 

3. What is the total wasted energy that can be saved by energy conservation measures? 

1.4. Objectives 

1.4.1. General Objective 

The General objective of this research work is to assess overall energy consumptions and 

associated carbon footprint of the brewery for improving energy efficiency and greenhouse gas 

emissions. 

1.4.2. Specific Objectives 

✓ To establish energy consumed by a brewery along with production volumes for previous 

years. 

✓ To conduct detailed energy audit for boiler, steam distribution systems, compressed air 

system, motors and lighting systems. 

✓ To estimate carbon footprint resulted from fuel consumed for energy generation. 



5 

 

1.5. Scope of the Study  

The scope of the energy audit study covers production facilities, utilities and offices. Water and 

waste water treatment plant energy audit will not be undertaken as the two plants are new and 

recently installed.  The coverage of carbon footprint estimation is limited to energy generation 

and utilization systems in a factory. Thus, only Tier 1 direct emissions will be studied in this 

research paper.  

1.6. Significance of the Study 

This study is aimed to conduct a thorough energy utilization efficiency assessment of a brewery 

that could have an impact on breweries overall greenhouse gas emission. This piece of work will 

thus, add knowledge to energy auditing practices which is not yet matured in the country. The 

findings and outcomes from this study will also be used as timely reference for industrial energy 

audit practitioners. On the other hand, this study helps the industry in part in the effort being done 

to be in line with the requirements to undertake company greenhouse gas inventory and 

mitigation. The results of GHG reduction due to implementation of Energy Efficiency in this 

Brewery can be used as a metaphor for the other brewery industries in the country. 
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2. LITERATURE REVIEW 
 

The literature review part of this research was focused on; The background of brewing process, 

energy sources and utilization, energy audit principles, and carbon footprint estimation methods. 

Each section was described in detail and in line with the objectives and methodology of the 

research.  

2.1. Brewing Process 

Beer is an alcoholic beverage usually made from malted cereal grain, flavored with hops, and 

fermented by brewer’s yeast. Beer is made from 4 main ingredients (Ronnie Willaert,2009). More 

than 90% of beer is water. Malts provide the sugars that are fermented by yeast to produce alcohol 

and carbon dioxide (CO2). Hops are the spice of beer and provides bitterness to balance the 

sweetness of the malt, as well as flavors and aromas. Yeast metabolizes the sugars from the grains 

and produces alcohol and CO2.  

The main resource consumed to process the above ingredients is energy. Nowadays the 

increasing number of brewery factories in Ethiopia has maximized the rate of utilization of 

energy. The breweries are BGI Ethiopia, Diageo (Meta Abo Brewery), Heineken Breweries 

group (Harar, Bedele and Kilinto), Dashen Brewery, Habesha Breweries, Zebidar Brewery and 

Raya Brewery. The brew house is the biggest energy consumer in the brewery. In the brew house, 

thermal energy is required to heat the mash and to boil the wort. The total electrical power 

requirements of the brew house accounts about 50% of the brewery requirements (Ronnie 

Willaert,2009). Overall brewery process is shown in figure (1). 
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                                                 Figure 1. Main stages of beer production 
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The aim of the brew house operations is to make a malt (and adjunct) extract as efficiently as 

possible. By milling malt, the starchy endosperm will become better accessible for the malt 

enzymes and this will improve the extraction process. The selected milling technique depends on 

the methods of mashing and separation that are used. Dry milling is the most popular milling 

technique. The degree of malt modification, the position and the type of roll surface (smooth or 

fluted) determine the particle distribution. Roller and hammer mills can be used for dry grinding. 

In Milling with conditioning, the malt is moisturized with cold or hot water, or steam. Moist 

husks are more pliable and will be less damaged in a roll mill. The temperature inside the kernel 

may not exceed 40.80C to avoid damage to the enzymes. In wet milling, the endosperm is 

squeezed from the husk through a single pair of rolls. After milling, mashing water is 

immediately added. The quantity of conditioning water depends on the malt quality, degree of 

modification, and achieved steeping degree. Wet milling is the type of milling technique in use 

in Meta Abo Brewery. 

 Mashing starts with mixing the grist and brewing water. Hydration enables the malt enzymes to 

become active. By manipulating the temperature profile and the duration of rest periods at 

specific temperatures, the brewer can influence the composition and efficiency with which the 

malt is extracted. The mashing operation will influence the alcoholic content of the beer, the 

concentration of unfermented sugars in the beer, the peptide and amino acid profiles of the wort, 

the yeast nutrient concentration, the buffering capacity and pH of the wort and beer. 

 Mash separation is a filtration process during which, the un-dissolved substances are separated 

from the wort. The insoluble part (spent grains) consists of the husks, the seedling, and other 

insoluble material. The filtration can be performed in a lauter tun or a mash filter. 

Wort boiling is a complex process during which a wide range of chemical, physicochemical, 

physical, and biochemical reactions occur. Wort boiling is the most energy-intensive stage in the 

brewing process.  
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Brew houses that are equipped with old technology require a lot of energy to heat up the wort 

and are characterized by a long-lasting boiling process. Alternative wort-boiling technologies, 

such as low-pressure boiling and high-temperature wort boiling, have been studied in detail 

during the last decades, with a focus on the reduction of primary energy consumption 

(Kunze,2004). Recently, new boiling systems have been developed and commercialized. The 

new systems reduce energy consumption still further and are all characterized by exerting a low 

thermal stress on the wort during boiling.  

After boiling, it is necessary to remove the hot sediments and hop debris to ensure flavor and 

colloidal stability of the beer and to avoid blocking of the plate heat exchanger during wort 

cooling. If hot trub particles are not removed, they will foul the yeast cell wall and stimulate yeast 

sedimentation during fermentation.  Carbohydrates in wort make up 90–92% of wort solids 

(Ronnie Willaert,2009). Wort from barley malt contains the fermentable sugars sucrose, fructose, 

glucose, maltose, and malt triose, together with some dextrin material. Before the fermentation 

process starts, wort is aerated. Because of this aeration step, carbohydrates are degraded 

aerobically during the first few hours of the fermentation process.  

After primary fermentation, maturation (secondary fermentation) of beer is carried out. The 

major objectives of this secondary fermentation include: sedimentation of yeast cells, 

improvement of colloidal stability by sedimentation of the tannin–protein complexes, beer 

saturation with carbon dioxide, removal of unwanted aroma compounds, excretion of flavor-

active compounds from yeast to give body and depth to the beer, fermentation of the remaining 

extract and improvement of the foam stability of the beer. The fine clarity expected by the 

consumer is achieved by filtering the beer. Kieselguhr is used as filtration aid at Meta Abo 

Brewery. During filtering, yeast cells still contained in the beer and other substances causing 

turbidity and any bacteria that might cause the beer to spoil, are removed.  
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The filtered beer is pumped to the so-called bright beer tanks (BBTs). From the bright beer tanks, 

the beer is pumped to the packaging area where it is bottled or kegged. During this final operation 

it is important that the beer is prevented from getting into contact with oxygen and no carbon 

dioxide is lost as the beer was carbonated to specifications during beer processing. Meta has two 

bottling lines and one keg line. Returnable bottles require thorough cleaning. The bottle washer 

consumes large quantities of energy, water and caustic. Furthermore, substantial quantities of 

wastewater are discharged. When kegs are used, they are cleaned and sterilized with steam before 

filling. 

Packed beer is stored in the warehouse. It is important to store bottled beer inside as sunlight 

destroys the beer quality. Warehouse for glass bottles situated in a cold climate should be heated 

to prevent bottle breakage. To run a brewery, as in other industries, utility installations are 

necessary. These comprise: Boiler plant, Cooling plant, Water treatment plant, CO2 recovery 

plant, Compressed air plant and Electricity supply. 

2.2. Energy Sources and Distributions 

Two types of energy forms are used in a brewery. These are: - stored (potential) energy and 

working (kinetic) energy. Potential energy is the energy of position and it includes chemical 

energy, mechanical energy and gravitational energy. On the other hand, kinetic energy is the 

motion of waves, electrons, atoms, molecules, substances, and objects. This includes radiant 

energy, thermal energy, motion energy, sound energy, electrical energy etc. Energy sources can 

be categorized as renewable (an energy source that can be easily replenished) or Nonrenewable 

(an energy source that cannot be easily replenished). Renewable and nonrenewable energy 

sources can be used as primary energy sources to produce useful energy such as heat or used to 

produce secondary energy sources such as electricity. In general, Meta Abo brewery relies on 

two sources of energy for running the plant; thermal energy (Steam) and Electrical energy. 
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2.2.1. Steam 

Steam is produced by the evaporation of water which is relatively cheap and plentiful commodity. 

It carries relatively large amount of energy in a small mass. The steam generated at Meta Abo 

Brewery is low pressure steam and is mainly used for process heating. The boiler is the heart of 

the steam system. The brewery uses two operational boiler units with a capacity of 5.5 bar and 7 

bar to generate steam. The boilers are powered by a burner which sends heat in to the boiler 

tubes. The hot gases from the burner pass backwards and forwards up to three times through a 

series of tubes to gain the maximum transfer of heat through the tube surfaces to the surrounding 

boiler water. Once the water reaches saturation temperature (the temperature at which it will boil 

at that pressure) bubbles of steam are produced, which rise to the water surface and burst. The 

steam is released in to the space above, ready to enter steam system (Ronald , 1997).  

 

The steam generated in the boiler must be conveyed through the pipework to the point where its 

heat energy is required. Initially there will be one or more main pipes or steam mains which carry 

steam from the boiler in the general direction of the steam using plant. Small branch pipes can 

then distribute the steam to the individual pieces of equipment. For a given pressure, steam heated 

above the saturation temperature is called superheated steam, whereas water cooled below the 

saturation temperature is called subcooled water. If the boiling water is a closed system, then 

after converting all the water to steam, new heat energy coming into the system is used for 

increasing steam temperature i.e. superheating the saturated steam. 
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                Figure 2.  Steam generation from Light fuel in Boiler plant (Ronald, 1997) 

Meta Abo Brewery uses Light fuel oil (LFO) for steam generation. LFO belongs to the group of 

middle distillates with a boiling point between 180°C and 360°C. These oils are almost Sulphur 

free due to hydrogenations. 

The energy consumption of boilers can be determined simply as a function of load & efficiency 

as expressed in the equation (Council of Industrial Boilers Owners, 1997): 

                           Energy Consumption = ∫ (load) x (1/efficiency) dt                  

Similarly, the cost of operating a boiler can be determined as: 

      Energy Cost = ∫ (load) x (1/efficiency) x (fuel unit cost) dt     

To reduce boiler energy consumption; one can reduce the load, increase the operating efficiency, 

reduce the unit fuel energy cost, or combinations thereof. Here the best option is increasing the 

operating efficiency, since it is not feasible to reduce the load. In order to consider various losses 

accountable for various efficiency levels the indirect method of boiler efficiency evaluation is 

better than the direct method (input - output method).  With the Indirect Method (Heat loss 

method), the efficiency will be determined by subtracting the heat loss fractions from 100%.  
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The data required for calculation of boiler efficiency using indirect method includes ultimate 

analysis of fuel (H2, O2, S, N2, C and moisture content), percentage of O2 and CO2 in the flue gas, 

flue gas temperature in 0C (Tf), ambient temperature (Ta) in 0C & humidity of air in kg/kg of dry 

air, gross calorific value of the fuel (GCV) of fuel in kcal/kg. According to Council of Industrial 

Boilers Owners (1997), the principal losses that occur in the boiler are loss of heat due to dry flue 

gas (L1), loss of heat due to evaporation of water formed due to H2 in fuel (L2), loss of heat due 

to moisture in fuel (L3), loss of heat due to moisture in air (L4), loss of heat due to radiation & 

convection (L5), loss of heat by surface convection (L6) and loss of heat due to boiler blow down 

(L7). 

2.2.2.  Electricity  

Electricity is used in a brewery for running the drives and lightening purposes. The source of 

electricity is onsite electricity Generations (45 kV and 400V). The brewery uses its own power 

generation to manage peak power demands and ensure smooth running of the plant. Meta Abo 

employs four generators for onsite electric power generation. These are: Generator G2 (400V), 

G2 (15kV), G3 (15kV), G4 (15kV). All generators rely on diesel fuel for power generation. A 

diesel generator is the combination of a diesel engine with an electric generator to generate 

electrical energy. Diesel generating sets are used in places without connection to power. Fuel 

consumption is the major portion of diesel plant owning and operating cost for power applications 

Specific consumption varies, but a modern diesel plant will at its near-optimal 65-70% loading, 

generate 3 kWh per liter. Diesel engine converts chemical energy from fuel into mechanical 

energy through a series of explosions. 

2.2.3.  Energy Distributions to operations 

The two energy types are distributed from the generation points to the point where they are 

required. Steam is distributed from boiler house to the operation areas through for major 

distribution lines.  
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These includes distribution to old bottling line washers and pasteurizers, keg plant, fermentation 

and filtration sections, new bottling line washers and pasteurizers and brew house. From these 

major distribution lines, steam will be distributed to subunits through small distribution pipelines. 

There are three distribution systems for generated electrical energies. These includes distribution 

to new bottling for running the line and lighting purposes, distribution to ammonia compressors, 

keg plant, filtration, and fermentation and CO2 recovery plant and distribution to brew house, old 

bottling line, air compressor, effluent treatment plant, boiler house, and administration offices 

(Meta Abo Brewery, 2015). 

2.2.4. Energy Utilization Roadmaps 

Energy is supplied to Meta Abo Brewery in the form of oil. Energy will be discharged from the 

brewery to the air as hot flue gas, low temperature radiation and steam, as warm wastewater and 

to a small extent as warm brewer’s grains. The environmental impact from different types of 

energy sources varies significantly both with regards to greenhouse gas emissions. Possibilities 

exist to substitute fossil fuels with non-fossil fuels like biogas from anaerobic wastewater 

treatment plants and electricity from renewable energy sources such as hydropower (European 

Brewing Convention,2004). 

The heat consumption at today’s brewery is 100 - 200 MJ/hl (Kunze,2004). The actual heat 

consumption for a brewery depends on process and production characteristics such as packaging 

method, pasteurizing technique, type of equipment, and by-product treatment. The main heat 

consuming processes in a brewery are mashing, wort boiling, generation of hot liquor, cleaning 

in place (CIP) and sterilizing, bottle washing, keg washing and pasteurizing. The largest single 

heat consumer will normally be the wort kettle (EBC,2014). The electricity consumption is about 

8 - 12 kWh/hl on average depending on process and production characteristics (Kunze,2004). 

The major consumers of electricity in Meta Abo Brewery are packaging area, cooling plant, 

compressed air plant, CO2 recovery plant. 
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2.2.5. Best Available Energy Technologies 

TERI (2014) recommends the usage of currently available best practices to be used in brewery 

for efficient utilization of energy. One of the simplest and relatively old technology is insulation 

of hot surfaces.  Insulation of hot surfaces is an effective way to reduce the energy consumption. 

The following items are normally being insulated: valves, flanges, brew kettles or part of brew 

kettle, tunnel pasteurizer, bottle washer, part of refrigeration pipe systems, pipe connections to 

machinery (TERI,2014). 

Canadian Industry Program for Energy Conservation (2011) recommends best practices to be 

used at cooling plant in any modern brewery. The evaporating temperature of the cooling plant 

is often lower than necessary. The requirement from the processes to the cooling plant is that it 

must be able to cool the beer to about -2°C. An increase of 1°C in evaporating temperature will 

reduce the electricity consumption for the cooling plant with 3 - 4% (Canadian Industry Program 

for Energy Conservation, 2011).  Electric motors are one of the major consumers of electricity 

in a brewery. Gupta (2013) highlights the use of higher efficiency motors and optimization of 

motor usage by installation of frequency converters in order to reduce energy consumption by 

electrical motors and drives. The poly phase induction motor is, by a very considerable margin, 

the most widely used alternative current (AC) motor.  Almost more than 90% of the mechanical 

power used in industry is provided by 3-phase induction motors (Carbon Trust, 2016). The 

performance of electric motors can be expressed in terms of motor efficiency, motor loading and 

power factor (Gilbert, 2004). 

          The efficiency of a motor is given by:                                                         

                        Efficiency =  
Poutput

Pinput
∗ 100     -------------------------------------------------------------- (2.1)                                                                                                                                                                     

 

Where, Poutput is output power of the motor, Pinput is input power of the motor and Plosses is losses 

of power in the motor. 
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The power supplied from the electric company to the facility to operate the motors has both real 

and reactive power. The real power is measured in KW and develops the useful mechanical work 

by turning the motor shaft. The reactive power is measured in KVAR and used to develop 

magnetic field within the motor. The vector sum of the real (active) power and the reactive power 

will give us the apparent power and is expressed in KVA.  

[Active power (KW)] 2 + [Reactive power (KVAR)] 2 = [Apparent power (KVA)] 2 --------(2.2) 

The ratio of the active power to the apparent power is defined as the power factor. Power factor 

is a measure of how effectively the electricity is being used in the facility. Therefore, lightly 

loaded motors have lower power factor than a fully loaded motor. Low power factor is expensive 

and inefficient. An induction motor of a medium size may have efficiency as high as 90% and a 

power factor of 0.89 and 0.95 for larger size motors (Gupta, 2013). 

2.3. Energy Audit  

An energy audit is a key to develop an energy management program. Although energy audits 

have various degrees of complexity and can vary widely from one organization to another, every 

audit typically involves: data collection and review, plant surveys and system measurements, 

observation and review of operating practices, data analysis (CIPEC, 2009). The audit is designed 

to determine where, when, why and how energy is being used. This information can then be used 

to identify opportunities to improve efficiency, decrease energy costs and reduce greenhouse gas 

emissions that contribute to climate change.  

Energy Audit can be classified in to preliminary audit and detailed audit. Preliminary energy 

audit is a relatively quick exercise to establish energy consumption in the organization, estimate 

the scope for saving, identify the most likely (and the easiest areas for attention), identify 

immediate (especially no-/low-cost) improvements/ savings and identify areas for more detailed 

study/measurement.  
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A detailed (Comprehensive Audit) provide a detailed energy project implementation plan for a 

facility, since it evaluates all major energy using systems. In a comprehensive audit, one of the 

key elements is the energy balance. This is based on an inventory of energy using systems, 

assumptions of current operating conditions and calculations of energy use. This estimated use 

is then compared to utility bill charge. 

Detailed energy audit has 10 steps that can be classified in to three phases (pre audit phases, audit 

phase and post audit phase) (CIPEC, 2009). The steps are planning and organizing a walk-

through audit, conducting of awareness programmed with all divisional heads and persons 

concerned, primary data gathering, Process flow diagram & energy utility diagram, conduct ing 

survey and monitoring, conducting of detailed trials /experiments for selected units, analysis of 

energy use, identification and development of Energy Conservation opportunities (ENCON), 

cost benefit analysis, reporting & presentation to the top management, implementation and 

follow-up.  Detailed audit will be able to identify all energy conservation measures appropriate 

for the facility.  

2.4. Carbon Footprint  

The term carbon footprint is commonly used to describe the total amount of CO2 and other 

greenhouse gases (GHG) emissions for which an individual or organization is responsible (Carbon 

trust, 2016). Ethiopia’s Climate-Resilient Green economy strategy document (2011) indicated that 

Ethiopia’s contribution to GHG emissions is very low on a global scale. However, it is also stated 

in the document that the projected environmental impact of conventional economic development 

in Ethiopia risks following the pattern observed around the globe. If current practices prevail, 

Greenhouse Gas (GHG) emissions in Ethiopia will more than double from 150 million ton of 

carbon dioxide equivalent (t CO2e) to 400 million t CO2e in 2030 as reported in the paper.  
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On a per capita basis, emissions are set to increase by more than 50% to 3.0 t CO2e – and will thus 

exceed the global target to keep per capita emissions between 1t and 2t per capita to limit the 

negative effects on climate change.  

 

Even though the current manufacturing industry accounts for only 3% of GHG emissions, the 

sector is expected to be the main source of GHG emission in the country. It is evidenced that 

emission of GHG to the atmosphere is the main cause of global warming and climate change. 

Therefore, it is important to reduce the GHG emissions in order to reduce the global warming and 

global climate change. Climate change impacts can be reduced, delayed or avoided by mitigation 

of greenhouse gases (Carbon Trust, 2016). Mitigation efforts and investments on the 

implementation of energy efficiency to reduce fossil fuel consumption will have a large impact on 

opportunities to achieve lower stabilization levels of greenhouse gas emissions (Intergovernmental 

Panel on Climate,2006). 

2.4.1 Setting Operational Boundaries  

Every carbon footprint estimation study starts with setting operational boundary of the 

organization. After a company’s organizational boundaries in terms of its operation that it owns, 

or controls has determined then its operational boundaries should be set. This involves 

identifying emissions associated with its operations, categorizing them as direct and indirect 

emissions, and choosing the scope of accounting and reporting for indirect emissions. For 

effective and innovative GHG management, setting operational boundaries that are 

comprehensive with respect to direct and indirect emissions help a company better manage the 

full spectrum of GHG risks and opportunities that exist along its value chain. Sources of GHG 

emissions for each section were strictly defined as CO2 emissions from fuel consumption plus 

any process emissions that have been identified by the Intergovernmental Panel on Climate 

Change (IPCC,2006). 
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2.4.2. Calculation Methods for Direct and Indirect GHG Emissions 

Sources of emissions in industrial sectors include direct GHG emissions, i.e., emissions that 

occur because of activities at the industrial establishments, and indirect GHG emissions, i.e., 

emissions that are a consequence of the activities of the establishment but that occur at sources 

owned by another operation.  

Direct emissions consist of carbon dioxide (CO2) emissions from fuels combusted by the sector, 

plus any GHG emissions from non-combustion activities in the sector, such as industrial process 

emissions, emissions from the non-energy use of fossil fuels, or emissions associated with onsite 

wastewater treatment. Indirect emissions are limited to CO2 emissions associated with the 

generation of electricity purchased by the sector (IPCC,2006). Specific methodologies and data 

sources used naturally vary by sector, but, when possible and appropriate, consistency in 

calculation methods was the practice. Direct emissions from fossil fuel combustion are calculated 

by multiplying estimates of fuel consumption by fuel-specific CO2 emission factors from the 

IPCC 2006 guidelines. Direct GHG emissions are principally the result of onsite electricity and 

steam generation undertaken by the brewery. These emissions result from combustion of fuels in 

stationary sources, boilers and diesel generators. 
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3. MATERIALS AND METHODS 
 

In this chapter; study area and periods, the methods of study for each specific objective, the 

materials used, as well as data analysis and presentation methods were included.   

3.1. Description of Study Area  

Meta Abo Brewery is situated in Sebeta town, in central Ethiopia. Located in the South west 

Shewa Zone of the Oromia Region, this town has a latitude and longitude of 8°55_N 38°37_E / 

8.917°N 38.617°E and an elevation of 2,256 meters (7,402 feet) above sea level. The town is 

located at 27 km south west of the capital Addis Ababa in Oromia Region, Central Ethiopia.  

                         

                       Figure 3. Google image of Meta Abo Brewery Sebeta location.  

 

The brewery was purchased by Diageo in 2013 and completely rehabilitated with increased 

annual capacity of 1.6 million hectoliters and introduction of four new products. The current beer 

brands of the brewery are Meta beer, Malta Guinness, Kurumalt, Guinness and Guinness beer. 

The factory’s working hour is 24 hours a day. The brewery is currently relying on fuel as its sole 

energy source. 



21 

 

3.2. Study Methods 

The research was conducted from 1st October 2018 to 31st March 2019 at the Meta Abo Brewery 

S.C. A combination of exploratory and a case study were used.  

3.2.1. Baseline energy Performance  

 Preliminary survey of the site including site visits, walkabouts and on-site study of all unit 

operations and processes were conducted to collect previous data on energy consumption. 

Official production records, maintenance and operation procedures and energy bills were used to 

collect data on last five years’ production and energy performance. 

3.2.2. Energy Audits 

Furnace oil from Total Ethiopia is used as a boiler fuel. Indirect methods of boiler testing were 

used for the estimation of the efficiency of the two boilers. With indirect methods, percentage 

energy losses are subtracted from 100% (David C,2004; CIPEC,2009). 

Loss of heat due to dry flue gas (L1) 

                          L1 =
𝑚 𝑥 𝐶𝑝 𝑥 (𝑇𝑓−𝑇𝑎)

𝐺𝐶𝑉
 𝑥 100   ---------------------------------------------(3.1) 

   Total mass of flue gas (m) = mass of actual air supplied/Kg fuel + mass of fuel supplied  

Loss of heat due to presence of H2 in the fuel (L2) 

                                𝐿2 =
9∗𝐻2∗(584+𝐶𝑝(𝑇𝑓−𝑇𝑎))

𝐺𝐶𝑉𝑜𝑓𝑓𝑢𝑒𝑙
∗ 100  -----------------------------------(3.2) 

       Where, H2 is the percentage of H2 in fuel, Cp is Specific heat of steam (1.89 kJ/kg 0C), Tf   is 

Flue gas temperature (oC), Ta is Ambient temperature (oC) and 584 is the latent heat 

corresponding to the partial pressure of water vapor and is equal to 2452.8kJ/kg. 

Heat loss due to evaporation of moisture present in fuel (L3) 

                               𝐿3 =
M*(584+𝐶𝑝(𝑇𝑓-T𝑎))

𝐺𝐶𝑉𝑜𝑓𝑓𝑢𝑒𝑙
∗ 100%---------------------------------------(3.3) 

               Where, M is Kg of moisture in 1kg of fuel and Cp is Specific heat of steam 

(1.89kJ/kgoC). 
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Heat loss due to moisture present in air (L4) 

                          𝐿4 =
AAS∗Humidityfactor∗Cp∗(Tf−Ta)

GCV
∗ 100------------------------------------(3.4) 

             Where, AAS is the actual mass of air supplied per Kg of fuel (17.76kg), Cp is Specific 

heat of steam (1.89kJ/kg 0C), Tf is Flue gas temperature (oC) and Ta is Ambient temperature (oC). 

Loss of heat by surface radiation (L5) is given by  

                                     Qrad =     σ x e x A x (Ts1
4 – Ta

4)  

Where, σ is Stefan-Boltzmann constant (5.67x10-8 W/m2 K4),  𝜀 is the emissivity (0.9), As is area 

of the boiler surface (m2), TS1 is surface temperature of boiler head (K) and Ta is ambient 

temperature of boiler room  

                         𝐿5 =
𝑄𝑟𝑎𝑑

𝐺𝐶𝑉∗𝑓𝑢𝑒𝑙 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒
∗ 100   ---------------------------------------------------------(3.5) 

           Where, GCV is gross calorific value of fuel in kJ/kg. 

Loss of heat by surface convection (L6) 

                            Qconv = h conv x As x (Ts – Ta) 

                             𝐿6 =
𝑄𝑐𝑜𝑛𝑣

𝐺𝐶𝑉∗𝑓𝑢𝑒𝑙 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒
∗ 100%--------------------------------------------------(3.6) 

Heat loss due to boiler blow down (L7) 

                𝐿7 =
𝑚
•

𝑏𝑙𝑜𝑤𝑑𝑜𝑤𝑛(ℎ𝑏𝑙𝑜𝑤𝑑𝑜𝑤𝑛−ℎ𝑚𝑎𝑘𝑒𝑢𝑝)

𝑚
•

𝑓𝑢𝑒𝑙𝐺𝐶
∗ 100 ---------------------------------------------(3.7) 

Steam table, thermodynamic table and psychrometric chart were used to estimate process values 

at measured temperatures and pressures. 

        Boiler Efficiency (η) = 100 – (L1+ L2 +L3 +L4 +L5 +L6 +L7)  

Pressure drop per unit length of steam line is given by 

                      ∆P = 
P1−P2

L
  -------------------------------------------------------------------------(3.8) 

Where, ∆P is pressure loss in bar, P1 is pressure at boiler house in bar, P2 is pressure at end use 

in bar and L is pipe line length in meter. 
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For surface temperature up to 200 0C the heat loss can be calculated using the following equations 

(Strevett et al., 2012). 

                 QT = A 
[10+(𝑇𝑠−𝑇𝑎)]

20
(𝑇𝑠 − 𝑇𝑎)  ----------------------------------------------------(3.9) 

Where, QT is total heat loss in kcal/hr.m2, A is surface area of pipe in m2, Ts is pipe surface 

temperature in 0C and Ta is Ambient temperature (24 0C). 

Estimated equivalent fuel loss (kg) = 
QT x  Yearly hours of operation

GCV x Efficiency of Boiler
   --------------------------(3.10) 

Gross estimate of steam loss through steam leakage is calculated using Napier’s equation. 

                              𝑄𝑙𝑒𝑎𝑘 = 𝑚
•

𝑙𝑒𝑎𝑘(ℎ𝑙𝑒𝑎𝑘 − ℎ𝑚𝑎𝑘𝑒𝑢𝑝) -------------------------------------------(3.11) 

Where Qleak is steam leak heat loss in kJ/hr , mleak is steam leak mass flow rate in kg/hr , hleak  is 

enthalpy of steam leak in KJ/kg and hmakeup  is enthalpy of makeup water in KJ/kg . 

Estimated total fuel loss (kg) = 
Qleak x Yearly hours of operation

GCV (
kJ

kg
) x Efficiency of Boiler

   ----------------------------------(3.12) 

3.2.3. Carbon Footprint Estimation 

Estimation of carbon footprint followed the standard procedure and guidelines detailed in IPCC 

2006.  

GHG Emission as ton of CO2 eq = (Amount of fuel used) * (NCV)*(Emission factor) -----(3.13) 

  Where, NCV is gross caloric value of the fuel in GJ/ton. Since data for country emission factors 

were not available default emission factors as per Tier 1 carbon footprint estimation were used. 

3.3. Materials (Instrumentations) Used 

pH meter (HI99141) was used for on the spot analysis of effective acidity or alkalinity of a boiler 

water. Infrared thermometer (Digital IR Infrared) was used for measuring temperatures from a 

distance using infrared technology. Conductivity meter (CCT-3320V) was used for on the spot 

water analysis of the number of dissolved solids in water. 
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 Ultrasonic flowmeter (FDT-40) was used for measurement of flow of liquids through pipelines 

of various sizes through ultrasonic sensors mounted on the pipelines.  Digital multimeter (Fluke 

175) was used to measure voltages and currents during energy audit on motors and compressors. 

Leak detector (Ultra probe 100S) was used to detect air leakages on the compressed air 

distribution lines. Flue gas was sampled and analyzed by portable combustion analyzer (E4400). 

3.4. Data Quality Assurance 

Duplicate measurements were carried out to avoid any discrepancy in results. Instruments were 

calibrated by the authorized Ethiopian Meteorological Institute. 

3.5. Result Analysis, Presentation and Dissemination 

The results of the study were presented in the forms of tables and graphs. Moreover, the energy 

consumption data and carbon footprint data results were analyzed using Microsoft Excel. The 

result of this study was submitted to Addis Ababa Science and Technology University, 

department of Environmental Engineering and will also be disseminated to all concerning bodies 

and will be published in international peer reviewed journal.  
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4. RESULTS AND DISCUSSIONS 
 

In this chapter the results of the study including, previous year’s production volume, energy cost 

trends and specific energy consumption, boiler efficiency analysis, energy audit results for steam 

distribution systems, compressed air systems, motor and lighting systems, Greenhouse Gas 

(GHG) emissions as a result of inefficient energy utilization, proposed energy saving measures 

were provided and discussed with respect to literature in details.  

4.1.  Energy Consumption Data 

Energy consumption data of Meta Abo Brewery for the last five years is summarized as 

follows.  

Table 1. Energy data from years 2014 to 2018 

Year 
Amount of Electricity (Kwh) from  

national grid 

Amount of fuel oil  

Generator (L) 

Amount of fuel for 

 Boilers (L) 

2014 7,262,230.00  - 3,075,266.00 

2015 8,701,477.00  - 3,544,140.00 

2016  - 3,026,859.00 3,126,809.00 

2017  - 3,789,230.00 3,656,453.00 

2018  - 4,001,235.00 3,837,092.00 

 

The Supplier of electricity for the factory till 2015 was Ethiopian Electric Power Corporation 

(EEPCO). Currently, the factory is using electricity mainly from the diesel generator installed 

due to interruption of power from EEPCO. The generator is consuming above 6000 L of diesel 

per day and about 9000 L of light fuel oil is consumed by the two boilers. This maximized the 

expense of the factory very significantly.  The Supplier of fuel oil for the factory is Total Ethiopia 

Oil Company.  Data of beer production volume in hectoliters for the years 2014 to 2018 is shown 

in Table 2. 
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Table 2. Data of production volume of beer 

Year       Production volume in hectoliters (hL) 

2014 716,672.00 

2015 814,745.00 

2016 878,450.00 

2017 925,647.00 

2018 932,602.00  

 

Energy cost for the brewery showed significant increment after 2015 due to full shift to onsite 

generation. Details of energy cost data were provided in Table 3. 

Table 3. Energy cost data (2014-2018) 

 

Specific Energy Consumption (SEC) shows relevant energy consumption divided by the 

production for the same period. Specific energy consumption and specific fuel consumption also 

showed increasing trend. Details of specific energy consumption was provided in Table 4. 

Table 4. Specific energy consumption 

YEAR Specific electricity  

from grid, (kwh)/ hL of beer 

Specific fuel, 

 (L)/ hL of beer 

     Specific energy,  

       (MJ/hL) 

2014 10.13 4.29 201.89 

2015 10.68 4.35 206.13 

2016 - 6.89 265.65 

2017 - 8.04 310.07 

2018 - 8.68 334.76 

Year Cost of electricity and fuel for generator (Birr) Cost of fuel oil for boiler (Birr) 

2014 1,053,023.00 55,570,048.00 

2015 26,400,000.00 54,223,588.00 

2016 37,988,600.00 54,695,342.00 

2017 55,023,798.00 67,827,217.00 

2018 53,325,450.00 72,022,230.00 



27 

 

4.2. Comparative Analysis of Energy Consumption 

Analyzing historical energy consumption and costs is only the beginning in that it organizes 

billing information and provides a basis for more in- depth analysis of energy performance. In 

particular, it provides the data needed for comparing performance internally (period to period, 

site to site and/or production unit to production unit) and externally (to standards of performance 

established in the relevant industrial sub – sectors. The average specific fuel consumption and 

average electricity consumption observed for Meta Abo Brewery were 6.45 L/hL and 10.45 

kwh/hL respectively. These figures highlight the range of variation present and provide a point of 

comparison with an external bench mark. Best brewing practice represents specific energy use 

achievable with the best known operational and brewery equipment practices. Carbon Trust 

(2016) highlighted that specific fuel oil of 3.9 L/hL and specific electricity consumption of 7.7 

kwh/hL were achieved by world class brewers. On average basis, there is a possibility to achieve 

about 39 % reduction in fuel oil consumption.  

Specific energy trend is significantly increasing since 2015 due to total shift from EEPCO 

supplied electricity to onsite generation as shown in Figure 4. This is the result of inefficiency in 

energy generation and distribution systems thereof. Energy cost is also trending higher due to the 

rising purchase cost of the fuel from time to time and the increasing of production volume during 

the year. 
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                    Figure 4. Meta Abo Brewery energy utilization and cost trend  

4.3. Boiler Energy Audit 

There are two functional steam Boilers installed in Meta Abo Brewery and two others are not 

functional boilers. The steam produced from the boilers is used for different brewery processes 

like; brew house operations (mashing & wort boiling), filtration and bottling.  The fuel used by 

Meta Abo Brewery for the boilers is furnace oil and its properties are shown in the Table 5. 

         Table 5. Percentage by weight of constituents of the boiler fuel oil 

  

Gross calorific values (GCV)= 10278 kcal/kg = 43167 kJ/kg (Total Ethiopia Oil Corp, 2018) 

                       Density (r)= 893Kg/m3 
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2014 2015 2016 2017 2018
Year

Specific
Energy,
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Energy
Cost,
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Beer
Volume,
10 ^4 hL

Constituents % By weight  

Carbon (C) 83.00 

Hydrogen (H2) 12.15 

Oxygen (O2) 0.90 

           Nitrogen (N2)             0.40 

           Sulphur (S)             3.00 

           Moisture (H2O)            0.55 
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4.3.1. Efficiency of Boiler I (Bono Energeia) 

Average flue gas temperature, ambient temperature and boiler room temperature as measured by 

infrared thermometer were 229 oC, 24 oC and 30 oC respectively. Values for the theoretical 

(stoichiometric) air-fuel ratio, excess air supplied, actual mass of air and actual mass of dry flue 

gas were used to compute boiler losses.  

From 100 kg of fuel oil burnt in the boiler and from the constituents of the fuel oil, the basic 

chemical reactions that took place are: - C + O2→CO2   , 2H2 + O2 →2H2O  and  S + O2 →SO2 . 

For C + O2 →CO2, 12 kg of carbon requires 32 kg of oxygen to form 44 kg of carbon dioxide. 

Therefore,1 kg of carbon requires 2.67 kg of oxygen.   (83)C+ (83x2.67) O2 → (83x3.67) CO2 

For 2H2 + O2 →2H2O, 4 kg of hydrogen requires 32 kg of oxygen to form 36 kg of water. 

Therefore, 1 kg of hydrogen requires 8 kg of oxygen.  (12.15) H2 + (12.15x8) O2 → (12.15x9) 

H2O 

For S+O2 →SO2, 32 kg of sulphur requires 32 kg of oxygen to form 64 kg of sulphur dioxide. 

Therefore ,1 kg of sulphur requires 1 kg of oxygen.   3 S + (3x1) O2 →SO2 

Total Oxygen required to burn 100 kg of fuel is ((83x2.67) + (12.15x8) +3) = 321.81 kg 

Oxygen already present in 100 kg fuel is 0.9 kg 

 Net Additional Oxygen Required (NAOR) will be (321.81 – 0.9) = 320.91 kg 

 Air contains 23% oxygen by weight, therefore the quantity of dry air required is 

Quantity of dry air required = 
NAOR

0.23
= 1,395.26  

Theoretical Air required = 1,395.26/100 = 13.953 kg of air / kg of fuel 
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Measured carbon dioxide and oxygen constituents of flue gas with excess air were 12.5 % and 

4.7% respectively. With excess air (EA) supplied of 27.3 %, combustion efficiency of 85.8% and 

theoretical air requirement, actual mass of air supplied is estimated as follows.                

Theoretical air required for 100 kg of fuel burnt = 1,395.26 kg.  The actual mass of air supplied 

(AAS) for 100 kg fuel was calculated as: AAS = [1+EA/100] x Theoretical air =17.76 kg           

  Loss of heat due to dry flue gas (L1) 

The typical major heat loss of the boiler is associated with the loss of heat through dry flue gas. 

This loss represents the amount of energy exiting the boiler with the flue gas compared with the 

total energy entering the boiler with the fuel. Heat will be lost in these dry products of combustion 

and this loss is called dry flue gas loss. 

 The percentage heat loss due to dry flue gas can be calculated by using the following equation: 

                                   L1 =
𝑚 𝑥 𝐶𝑝 𝑥 (𝑇𝑓 − 𝑇𝑎)

𝐺𝐶𝑉
 𝑥 100 

   Total mass of flue gas (m) = mass of actual air supplied/Kg fuel + mass of fuel supplied  

                                              = 17.76 + 1= 18.76 kg                                         

                               L1 =
18.76 𝑥 0.966 𝑥 (229−24)

43167
 𝑥 100 

                               L1 = 8.6 % 

  Loss of heat due to presence of H2 in the fuel (L2) 

                                𝐿2 =
9∗𝐻2∗(584+𝐶𝑝(𝑇𝑓−𝑇𝑎))

𝐺𝐶𝑉𝑜𝑓𝑓𝑢𝑒𝑙
∗ 100 

       Where, H2 is the percentage of H2 in fuel, Cp is Specific heat of steam (1.89 kJ/kg 0C), Tf   is 

Flue gas temperature (oC), Ta is Ambient temperature (oC) and 584 is the latent heat 

corresponding to the partial pressure of water vapor and is equal to 2452.8kJ/kg. 

               L2 =
9 𝑥 0.1215 𝑥 (2452.8+1.89 𝑥 (229−24))

43167
 𝑥 100  = 7.2 % 
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Heat loss due to evaporation of moisture present in fuel (L3) 

                               𝐿3 =
M*(584+𝐶𝑝(𝑇𝑓-T𝑎))

𝐺𝐶𝑉𝑜𝑓𝑓𝑢𝑒𝑙
∗ 100% 

               Where, M is Kg of moisture in 1kg of fuel and Cp is Specific heat of steam 

(1.89kJ/kgoC). 

           L3 =
0.055 𝑥 (2452.8+1.89 𝑥 (229−24))

43167
 𝑥 100 =0.362 %  

Heat loss due to moisture present in air (L4) 

𝐿4 =
𝐴𝐴𝑆 ∗ 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦𝑓𝑎𝑐𝑡𝑜𝑟 ∗ 𝐶𝑝 ∗ (𝑇𝑓 − 𝑇𝑎)

𝐺𝐶𝑉
∗ 100 

             Where, AAS is the actual mass of air supplied per Kg of fuel (17.76kg), Cp is Specific 

heat of steam (1.89kJ/kg 0C), Tf  is  Flue gas temperature (oC) and Ta  is Ambient temperature 

(oC). 

      Humidity factor = 0.01466 kg/kg of dry air   

                            L4 =
17.76 𝑥 0.01466 𝑥 1.89 𝑥 (229−24)

43167
 𝑥 100= 0.234 % 

 Loss of heat by surface radiation (L5) is given by  

                                     Qrad =     σ x e x A x (Ts1
4 – Ta

4) 

Where, σ is Stefan-Boltzmann constant (5.67x10-8 W/m2 K4),  𝜀 is the emissivity (0.9), As is area 

of the boiler surface (67.42m2)  , TS1 is surface temperature of boiler head (336.6K) and Ta  is 

ambient temperature of boiler room (303K) 

The radiation heat loss from the boiler head surface can be found as: 

                                  Q rad = 5.67x10-8 x 0.9 x 67.42 x (336.64-3034)   = 15,165.12W 

           𝐿5 =
𝑄𝑟𝑎𝑑

𝐺𝐶𝑉∗𝑓𝑢𝑒𝑙 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒
∗ 100%    =

15,165.12 W
(43167 𝑥 1000)J

Kg
 𝑥  0.03𝑘𝑔/𝑠

 𝑥 100  =1.17% 

Loss of heat by surface convection (L6) 

                            Qconv = h conv x As x (Ts – Ta) 
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From table, the properties of air at the film temperature of Tf = (Ta + Ts)/2 = 319.8K   and   1atm 

are: - K is 0.02808W/m.k , υ is 1.896 x10-5 m2/s and Pr is 0.721. 

        Convective coefficient calculation  

                              𝑅𝑎𝐷 =
𝑔𝛽(𝑇𝑠−𝑇∞)𝐷3

𝑣2
𝑃𝑟 

 The characteristic length of the circular disk is the outer diameter of the boiler head, D = 2.95m 

                             𝛽 = 1/ Tf = 0.00313 

                                 RaD =
9.81 x 0.00313 x (336.6−303) x (2.953)

(1.896 𝑥 10−5)2  𝑥 0.721 = 5.312 x 1010 

                            𝑁𝑢 = {0.825 +
0.387𝑅𝑎𝐷

1
6

[1+(0.492/0.7202)
9

16]
8

27

}

2

= 430.1 

                             ℎ =
𝑘

𝐷
𝑁𝑢 = 4.094 W/m2OC 

                              QC = h x AS x (TS –Ta) = 4.094 x 67.42 x (336.6 – 303) = 9,274.2 W 

                              𝐿6 =
𝑄𝑐

𝐺𝐶𝑉∗𝑓𝑢𝑒𝑙 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒
∗ 100% =

9,274.2 W
(43167 𝑥 1000)J

Kg
x  0.03𝑘𝑔/𝑠

 𝑥 100%  = 0.716 % 

Heat loss due to boiler blow down (L7) 

Heat loss due to blowdown is calculated as follows. 

𝐿7 =
𝑚
•

𝑏𝑙𝑜𝑤𝑑𝑜𝑤𝑛(ℎ𝑏𝑙𝑜𝑤𝑑𝑜𝑤𝑛 − ℎ𝑚𝑎𝑘𝑒𝑢𝑝)

𝑚
•

𝑓𝑢𝑒𝑙𝐺𝐶𝑉
∗ 100% 

Feed water temperature of boiler number one is 87 0C, h makeup = 364.1 kJ/kg 

h blows down = 686.4 kJ/kg, Measured Blow down Rate = 0.1Kg/s                                      

                              L7 =
0.1Kg

s
 x 322.30kJ/kg

(43167kJ/kg)𝑥 0.03Kg/s
 𝑥 100 = 2.49 %           

From these calculations, energy losses due to dry flue gas, losses due to presence of hydrogen in 

fuel and blow down are significant and triggers action to reduce them. All losses are summarized 

in Table 6. 
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Table 6. Summary of heat losses in Boiler I (Bono Energeia) 

No. Losses In percent (%) 

1 Loss of heat due to dry flue gas (L1) 8.60 

2 Loss of heat due to presence of H2 in the fuel (L2) 7.20 

3 Heat loss due to moisture present in fuel (L3) 0.36 

4 Heat loss due to moisture present in air (L4) 0.23 

5 Loss of heat by surface radiation (L5) 1.17 

6 Loss of heat by surface convection (L6) 0.72 

7 Heat loss due to boiler blow down (L7) 2.49 

 

          Therefore, the boiler efficiency will be: 

Boiler Efficiency (η) = 100 – (L1+ L2 +L3 +L4 +L5 +L6 +L7) = 100 – (20.77) = 79.2 %.                                                                                                   

Boiler I is functioning with lower efficiency as compared to standard efficiency of similar fire 

tube boilers which can reach about 85 - 87% (CIPEC, 2009). 

4.3.2. Efficiency of Boiler II (Cochran) 

Average flue gas temperature, ambient temperature and boiler room temperature as measured by 

infrared thermometer were 200 oC, 24 oC and 30 oC respectively. For a 100 kg of fuel oil burnt 

in the boiler, constituents of flue gas sampled from Cochran with excess air were measured by 

portable combustion analyzer and were of CO2 (12.7 %), O2 (4.6%), excess air supplied (28.1 %) 

and combustion efficiency (92.1%). Theoretical air required for 100 kg of fuel burnt is 1,395.26 

kg.  The actual mass of air supplied (AAS) was 17.87Kg. 

Loss of heat due to dry flue gas (L1) 

The percentage heat loss due to dry flue gas is calculated by using the following equation: 

                                   L1 =
𝑚 𝑥 𝐶𝑝 𝑥 (𝑇𝑓 − 𝑇𝑎)

𝐺𝐶𝑉
 𝑥 100 
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   Total mass of flue gas (m) = 17.87 + 1= 18.87 kg                                         

                               L1 =
18.87 𝑥 0.966 𝑥 (200−24)

43167
 𝑥 100  =7.43 % 

Loss of heat due to presence of H2 in the fuel (L2) 

      𝐿2 =
9∗𝐻2∗(584+𝐶𝑝(𝑇𝑓−𝑇𝑎))

𝐺𝐶𝑉𝑜𝑓𝑓𝑢𝑒𝑙
∗ 100 =

9 𝑥 0.1215 𝑥 (2452.8+1.89 𝑥 (200−24))

43167
 𝑥 100 = 7.06 % 

Heat loss due to evaporation of moisture present in fuel (L3) 

      𝐿3 =
M*(584+𝐶𝑝(𝑇𝑓-T𝑎))

𝐺𝐶𝑉𝑜𝑓𝑓𝑢𝑒𝑙
∗ 100% =

0.055 𝑥 (2452.8+1.89 𝑥 (200−24))

43167
 𝑥 100 =0.355 % 

Heat loss due to moisture present in air (L4) 

𝐿4 =
𝐴𝐴𝑆 ∗ 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦𝑓𝑎𝑐𝑡𝑜𝑟 ∗ 𝐶𝑝 ∗ (𝑇𝑓 − 𝑇𝑎)

𝐺𝐶𝑉
∗ 100 

      Humidity factor = 0.01466 kg/kg of dry air 

              𝐿4 =
17.87 𝑥 0.01466 𝑥 1.89 𝑥 (200−24)

43167
 𝑥 100  =0.2%                    

Loss of heat by surface radiation (L5) 

                                     Qrad =     σ x e x A x (Ts1
4 – Ta

4) 

Where, σ is Stefan-Boltzmann constant (5.67x10-8 W/m2 K4),   𝜀 is the emissivity (0.9) , As is 

area of the boiler surface (70.7 m2) , TS1 is surface temperature of boiler head (334 K) and Ta is 

ambient temperature of boiler room (303K). 

Q rad = 5.67x10-8 x 0.9 x 70.7 x (3344-3034)   = 14,488.46 W 

𝐿5 =
𝑄𝑟𝑎𝑑

𝐺𝐶𝑉∗𝑓𝑢𝑒𝑙 𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒
∗ 100% =

 14,488.46W
(43167 𝑥 1000)J

Kg
 𝑥  0.03𝑘𝑔/𝑠

 𝑥 100 = 1.12%                    
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Loss of heat by surface convection (L6) 

                            Qconv = h conv x As x (Ts – Ta) 

        From table steam table, the properties of air at the film temperature of Tf = (Ta + Ts)/2 = 

318.50C   and   1atm is:  K = 0.02806 W/m.k , υ = 1.894 x10-5 m2/s  and Pr = 0.7209                                            

Convective coefficient calculation  

                              𝑅𝑎𝐷 =
𝑔𝛽(𝑇𝑠−𝑇∞)𝐷3

𝑣2
𝑃𝑟 

 The characteristic length of the circular disk is the outer diameter of the boiler head, D = 2.95m    

𝛽 = 1/ Tf = 0.00314 

                                 RaD =
9.81 x 0.00314 x (334 − 303) x (33)

(1.894 𝑥 10−5)2
 𝑥 0.7209 =  5.18x 1010 

                            𝑁𝑢 = {0.825 +
0.387𝑅𝑎𝐷

1
6

[1+(0.492/0.7202)
9

16]
8

27

}

2

= 427.68 

                             ℎ =
𝑘

𝐷
𝑁𝑢 = 4.0 W/m2OC 

                              QC = h x AS x (TS –Ta) = 4.0 x 70.7 x (334 – 303) = 8,766.8W 

                               𝐿6 =
𝑄𝑐

𝐺𝐶𝑉∗𝑓𝑢𝑒𝑙𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒
∗ 100% =

8,766.8 W
(43167 𝑥 1000)J

Kg
x  0.03𝑘𝑔/𝑠

 𝑥 100= 0.677 %   

Heat loss due to boiler blow down (L7) 

𝐿7 =
𝑚
•

𝑏𝑙𝑜𝑤𝑑𝑜𝑤𝑛(ℎ𝑏𝑙𝑜𝑤𝑑𝑜𝑤𝑛 − ℎ𝑚𝑎𝑘𝑒𝑢𝑝)

𝑚
•

𝑓𝑢𝑒𝑙𝐺𝐶𝑉
∗ 100% 

Feed water temperature of boiler number 2 is 870 C, h makeup is 364.1 kJ/kg and h blow down is 

686.4 kJ/kg. Measured blow down rate is 0.09Kg/s                                       

                                                         L7 =
0.09Kg

s
 x 322.30kJ/kg

(43167kJ/kg)𝑥 0.03Kg/s
 𝑥 100 =  2.24 % 

From these calculations, energy losses due to dry flue gas, losses due to presence of hydrogen in 

fuel and blow down are significant and trigger action to reduce them.   
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Summary of the percentage of the different losses calculated was shown below in Table 7.  

Table 7. Summary of heat losses in Boiler II 

No. Losses In percent (%) 

1 Loss of heat due to dry flue gas (L1) 7.43 

2 Loss of heat due to presence of H2 in the fuel (L2) 7.06 

3 Heat loss due to moisture present in fuel (L3) 0.36 

4 Heat loss due to moisture present in air (L4) 0.20 

5 Loss of heat by surface radiation (L5) 1.12 

6 Loss of heat by surface convection (L6) 0.68 

7 Heat loss due to boiler blow down (L7) 2.24 

 

Therefore, the boiler efficiency becomes 

Boiler Efficiency = 100 – (L1+ L2 +L3 +L4 +L5 +L6 +L7) = 100 – (19.082) = 80.9%                                                         

Boiler Number two is also functioning with lower efficiency as compared to standard efficiency 

of similar fire tube boilers which can reach about 85 - 87% (CIPEC,2009).  

4.4.  Energy Audit in Steam Lines 

Most of the steam pipelines installed in Meta Abo Brewery were insulated. The steam pipelines 

within the boiler room were well insulated. The line which goes from the boiler room to new 

bottling section is new and very well insulated. The other lines use the existing steam pipes which 

have defects on their insulation. There were poorly insulated pipe sections at different areas, 

especially in the brew house. Average outgoing steam pressure from the boiler is 6.8 bar while 

pressure at brew house is 4.89 bar.  Pressure drop, ∆P = 
6.8−4.89

68.4
 = 0.028, Thus pressure drop 

per 100 m is 2.8 bar. For 250 mm pipe diameter, 164 0C steam temperature and 6.8 bar steam 
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pressure, Steam pipe sizing chart tells us that the maximum allowable pressure drop per 100 m 

pipe length is 0.1 bar (David ,2004). 

 

                                   Figure 5. Steam pipelines with poor insulation 

This implies that the lower pressure P2 calculated below will show us a pressure loss of: 

6.8−𝑃2

68.4
 X 100 = 0.1, rearranging and solving for P2 = 6.73bar 

Pressure loss = 6.73bar – 4.89bar = 1.84bar, is observed. 

Similarly, the difference in pressure drop between the actual and the maximum allowable drop  

for all steam lines is shown in the Table 8. 

Table 8. Steam lines with their parameters 

Line Description Diameter, 

  mm 

Length, 

m 

Average  

S. Temp, 0C 

Pressure  

(Sat) ,bar 

∆Pressure  

drop,bar  

Boiler Room – Brew House 250 68.4 151 4.89 1.84 

Boiler Room – New bottling 150 121 155 5.44 0.76 

Boiler Room – Old bottling 200 82.5 145 4.16 2.44 

Boiler Ro                   Filtration and Draught 100 79.5 144 4.04 1.56 
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For surface temperature up to 200 0C the heat loss can be calculated using the following 

equations: 

                 QT = QS x A 

                 QS = 
[10+(𝑇𝑠−𝑇𝑎)]

20
(𝑇𝑠 − 𝑇𝑎)  (Strevett et al., 2012) 

                  A = 𝜋dL 

 Where, Qs is surface heat loss in kcal/hr.m2, A is surface area of pipe in m2
                          

            and Ta is Ambient temperature (24oC). 

Estimated Equivalent fuel loss (kg/hr.) = 
𝑄𝑇 𝑥  𝑌𝑒𝑎𝑟𝑙𝑦 ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛

𝐺𝐶𝑉 𝑥 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝐵𝑜𝑖𝑙𝑒𝑟
 

The total heat loss does not account for the loss due to allowable pressure drop. It is just the loss 

regarding the difference in pressure drop. 

For Boiler Room – Brew House,  

               QS = 
[10+(163.8−24)]

20
(163.8 − 24) = 1,047.1

 
kcal/hr. m2 = 4,397.83 KJ/hr. m2 

     QS’ = 
[10+(151−24)]

20
(151 − 24) = 869.95

 
kcal/hr. m2 = 3,653.79 KJ/hr. m2 

 QS - QS’ = 4,397.83KJ/hr. m2 – 3,653.79 KJ/hr. m2 = 744.04 KJ /hr. m2, A = 53.72 m2 

                 QT = (QS - QS’) x A = 744.04 KJ /hr. m2 x 53.72m2 = 39,969.83 kJ/hr. 

Estimated Equivalent fuel loss (kg/year) = 
39,969.83 𝑘𝐽/ℎ𝑟 𝑥 8760 ℎ𝑟

43167 𝑘𝐽/𝑘𝑔 𝑥 0.8092
 = 10,023.71 kg 

Estimated Equivalent fuel loss (L/year) = 10,023.71/Density of fuel = 11,225.00 L 

Total heat loss and Estimated Equivalent fuel loss for other steam lines is also calculated in 

similar way and shown in the Table 9. 
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Table 9. Estimated equivalent fuel loss due to poor insulation 

Line Description Temp. With allowable 

 pressure drop 

Total heat  

loss (KJ/hr) 

Estimated  

equivalent fuel loss 

 (L) 

Boiler Room – Brew House 163.80C 39,969.83  11,225.00 

Boiler Room – New bottling 159.80C 15,909.15 4,467.77 

Boiler Room – Old bottling 163.10C 53,221.54 14,945.20 

                     Boiler -   Filtration and Draught 156.20C 16,780.56 4,711.70 

  

Total Annual Estimated Fuel Loss = 35,349.67 Lit 

Estimated Annual cost of fuel loss = 35,349.67 Lit x Birr 18.07/Lit = Birr 638,768.54    

Due to lack of maintenance some steam leakage was observed at Brew house, at Filtration room 

and at Bottling section. These leakages occurred due to failure of pipes, pipe fittings and valves. 

Gross estimate of steam loss is calculated using Napier’s equation. 

                              
𝑄𝑙𝑒𝑎𝑘 = 𝑚

•

𝑙𝑒𝑎𝑘(ℎ𝑙𝑒𝑎𝑘 − ℎ𝑚𝑎𝑘𝑒𝑢𝑝) 

Where Qleak is steam leak heat loss in kJ/hr , mleak is steam leak mass flow rate in kg/hr , hleak  is 

enthalpy of steam leak in KJ/kg and hmakeup  is enthalpy of makeup water in KJ/kg (100.845).  

Approximating the leak to be from a well-rounded orifice, the mass flow rate can be estimated  

                                
m
•

leak = (51.43)AorificePsteam 

 

Where, mleak is mass flow rate of steam in lb/hr , Aorifice  is hole area in square inches, and  Psteam  

is steam pressure in psi.                    
 

Estimated Total Fuel Loss (kg/year) = 
𝑄𝑙𝑒𝑎𝑘 𝑥 𝑌𝑒𝑎𝑟𝑙𝑦 ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛

𝐺𝐶𝑉 (
kJ

kg
) 𝑥 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝐵𝑜𝑖𝑙𝑒𝑟

 

Total estimated fuel loss was calculated for each observed steam leakages and provided in Table 

10. 
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Table 10. Estimated equivalent fuel loss due to steam leakage 

Leakage Location   Approximate 

 Hole Diameter 

(inches) 

steam  

pressure  

in (psi) 

Mass flow  

of the steam  

leak (lb/hr) 

Enthalpy of  

 steam in  

(KJ/kg) 

Total estimated 

 heat loss (KJ/hr) 

Estimated  

total fuel loss 

(kg/year) 

Brew House 0.08 85.14 22.01 2746 58,219.86 11,801.23 

Filtration Room 0.08 58.58 15.14 2738 39,926.53 8093.15 

Old Bottling section 0.08 60.32 15.59 2739 41,128.8 8336.86 

 

Total Annual Estimated Fuel Loss is 31,614 L and Estimated Annual cost of fuel loss is Birr 

571,265.00. 

4.5. Energy Audit of Motors 

Most of the motors in the brewery are the standard type of motors which have no variable speed 

drive to reduce the energy input to a motor when it is not fully loaded. The data used for the 

analysis of energy consumption of the motors was taken from Nameplate readings, Control panel 

readings and measurements. These data are depicted in Table 11. The apparent power, the 

reactive power and the load factor for different motors were determined as follows: 

 For Compressor motor 195KW (Name plate), 106 KW (measured input power) and 389.1A 

(measured), Power factor is 0.83 

               Apparent Power (KVA) = 106/0.83 = 127.71 KVA 

Reactive power(KVAR) = √(apparent power)2 − (𝑖𝑛𝑝𝑢𝑡𝑝𝑜𝑤𝑒𝑟)2 = 71.23 KVAR

 

                Load Factor = 
106

195
 = 0.54 
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In a similar way the reactive power and the load factor were determined for the rest of the motors. 

The rated and measured values of current, the input power, power factor and the calculated load 

factor of the motors are given in Table 11. 

Table 11. Motors with measured and Nameplate data 

 

 

 

Motor 

Input 

Power(

KW) 

(NP) 

Power 

Factor    

(NP) 

Power 

Factor 

(Measured) 

Apparent 

Power 

(KVA) 

Reactive 

Power 

(KVAR) 

Load 

Factor 

Input Power 

(KW) 

(Measured) 

Brew house 15 0.9 0.78 10.9 6.81 0.56 8.5 

Brew house 15 0.9 0.84 10.12 5.49 0.56 8.5 

Brew house 15 0.9 0.76 11.18 7.26 0.56 8.5 

Brew house 11 0.9 0.8 7.75 4.65 0.56 6.2 

Brew house 30 0.9 0.82 21.71 12.42 0.59 17.8 

Brew house 18.5 0.9 0.84 10.95 5.94 0.49 9.2 

Brew house 11 0.9 0.82 7.56 4.32 0.56 6.2 

Brew house 11 0.9 0.78 7.95 4.97 0.56 6.2 

Brew house 11 0.9 0.78 7.95 4.97 0.56 6.2 

Brew house 11 0.9 0.78 7.95 4.97 0.56 6.2 

Brew house 13 0.9 0.78 8.97 5.61 0.53 7 

Old bottling line 11 0.9 0.78 7.95 4.97 0.56 6.2 

Old bottling line 11 0.9 0.78 7.95 4.97 0.56 6.2 

Old bottling line 15 0.9 0.78 10.9 6.81 0.56 8.5 

Old bottling line 11 0.9 0.78 7.95 4.97 0.56 6.2 

Old bottling line 18 0.9 0.78 13.46 8.42 0.58 10.5 

Air compressor 150 0.9 0.78 108.97 68.19 0.56 85 

Air compressor 195 0.9 0.83 127.71 71.23 0.54 106 

Air Compressor  220 0.9 0.69 124.64 90.21 0.39 86 

WWTP 55*2 0.9 0.72 37.5 26.02 0.49 27 

Raw water pump 55*2 0.9 0.72 37.22 25.83 0.48 26.8 

Process water pump 45 0.9 0.78 32.05 20.05 0.55 25 

Boiler water pump 15 0.9 0.76 11.18 7.26 0.56 8.5 

Boiler blower fan 45 0.9 0.78 33.33 20.85 0.57 26 

Boiler, air fan 37 0.9 0.74 27.7 18.63 0.55 20.5 

Boiler, feed water 15*2 0.9 0.82 10.73 6.14 0.58 8.8 

Refrigeration 200 0.9 0.72 59.72 41.44 0.21 43 

Refrigeration 160 0.9 0.82 52.19 29.87 0.26 42.8 

Refrigeration 15*3 0.9 0.74 12.16 8.18 0.6 9 

Refrigeration 45*3 0.9 0.75 35.33 23.37 0.58 26.5 

Refrigeration 15 0.9 0.84 9.76 5.29 0.54 8.2 

CO2 plant 37 0.9 0.78 26.92 16.84 0.56 21 

CO2 plant 22 0.9 0.76 14.08 9.15 0.48 10.7 

CO2 plant 75 0.9 0.85 38.82 20.45 0.44 33 

CO2 plant 70 0.9 0.83 37.35 20.83 0.44 31 

CO2 plant 37 0.9 0.81 27.65 16.21 0.60 22.4 

Ice water pump 11 0.9 0.8 8.37 5.025 0.60 6.7 

Cold water pump 11 0.9 0.84 7.74 4.19 0.59 6.5 

Hot water pump 11*2 0.9 0.82 7.07 4.04 0.52 5.8 

The average power factor of the whole motors is 0.79. Thus, it can be improved to 0.90.  
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4.6. Energy Audit of Lighting System       

Detail survey and investigation has been made on the current lighting system of Meta Abo 

Brewery. A total of about 108,130 W consuming lightings are installed in the factory premise.  

Details of the lighting distributions were provided in Table 12.  

Annually it’s estimated that 540,000.00 kwh energy is being consumed by the lighting fixtures.  

Table 12. Lighting distribution and power consumption at Meta Abo Brewery 

Location Type of lamp Wattage (W)  Quantity 

Fluorescent  Flood light Fluorescent Flood Light Fluorescent Flood light 

Different offices  Yes - 40 - 407 - 

Brew house Yes - 40 - 206 - 

Out door - Yes - 250 - 131 

Out door - Yes - 150 - 10 

Out door - Yes - 400 - 8 

Packaging/shops,  

stores  

Yes - 40 - 790 - 

Packaging  LED - 160 - 66 - 

Main gate area - Mercury  

vapor  

1000 - 4 - 

 

Lighting distribution in the factory has been designed and installed recently. Overall distribution 

of lightings, with respect to energy consumption, is good and no significant energy wastage is 

observed. Most of the lightings become automatically ON whenever there is sign of darkness.  

4.7. Compressor Energy Audit 
 

Compressed air is used for bottling, some brew house operations, to clean work areas, to lift 

things, for filtration processes and others. A small increase in the amount spent on maintenance 

will considerably reduce the electricity cost.  

Annual Cost = 
BHP x 0.746 x Hours of operation x Cost per kwh

Motor efficiency
 

For Comp. 1, Annual cost (Rated) =  
201.07 x 0.746 x 3000 x 0.58

0.8
 = Birr 326,246.00 
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Annual cost (Measured) =  
113.94 x 0.746 x 3000 x 0.58

0.8
 = Birr 184,873.00 

So, Birr 326,246.13 – Birr 184,873.35 = Birr 141,372.78 need to be recovered.  In similar way 

annual saving from the rest of the compressors is calculated and shown in Table 13.  

From Table 13 we observe that a total of about Birr 626,369.19 is being wasted. It will be 

appreciable if at least 60% of this opportunity is implemented. 

Table 13. Measured and Nameplate data for the air compressors 

No Rated power Measured power Annual saving opportunity (Birr) 

1 150 KW (201.07Hp) 85KW (113.94Hp) 141,372.78 

2 195 KW (261.4Hp) 106KW (142.1Hp) 193,570.21 

3 220 KW (294.91Hp) 86KW (115.3Hp) 291,426.20 

4.8. Energy Saving Measures 
 

 In this section, Energy saving measures that is relevant to audited areas were clearly discussed. 

 4.8.1.  Energy saving measures on Boilers 
 

Controlling excess air is the most important tool for managing the energy efficiency and 

atmospheric emissions of a boiler system. A very specific amount of O2 is needed for perfect 

combustion and some additional (excess) air is required for ensuring complete combustion. 

However, too much excess air will result in heat and efficiency losses. Nomograph showing fuel 

oil savings by reducing excess air (Qasem, 2008) explains that;  

o Reducing the excess air of Boiler number one from 27.3% to the adequate excess air percentage, 

which is 15%, the loss will be reduced by about 1.8%. 

o Reducing the excess air of Boiler number two from 28.1% to the adequate excess air percentage, 

which is 15%, the loss will be reduced by about 1.9%. 
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In 2018 the annual fuel consumption by the boilers was 3,837,092.70 L. If we assume that the 

two boilers consumed the fuel equally, 1,918,546.35 L each: 

   Annual fuel saving by Boiler I = annual fuel consumption × fuel percentage savings 

   Annual fuel saving by Boiler I = 1,918,546.35 Lx 0.018 

   Annual fuel saving by Boiler I = 34,533 L 

   Annual fuel saving by Boiler I = annual fuel consumption × fuel percentage savings 

   Annual fuel saving by Boiler I= 1,918,546.35 Lx 0.019 

   Annual fuel saving by Boiler I= 36,452.38L 

Total annual fuel saving = 34,533 L + 36,452.38 L = 70,985 L 

   Estimated Annual money saving = 70,985 L x Birr 18.07/L = Birr 1,282,698.95. 

Heat from flue gases can be used to preheat boiler feed water in an economizer (David, 2004). 

Data from Boiler manufacturers’ literature says that, a typical non-condensing boiler has a flue 

gas temperature of 135°C. Thus, fitting of economizer is possible since it is in compliance with 

stack temperature of 2290C and feed water inlet temperature of 970C. Therefore, it is 

recommended to use the waste heat exiting from the chimney of the boiler for preheating the 

boiler feed water by installing an economizer at the boiler chimney. The real energy savings from 

a boiler stack economizer come from the drop-in temperature of the flue gases flowing through 

the economizer, multiplied by the mass flow rate of the flue gases. 

                Q = 𝑚
•

 × Cp × Δ𝑇 

  Where, Q is The available heat (kW), �̇� is mass flow rate of flue gas (kg/sec), Cp is  gas specific 

heat (kJ/kg. °C) and ΔT is the temperature differential (°C).               

So, to calculate the available heat Q: 

             Average flue gas temperature = 229 °C 

                 Approximate Flue gas specific heat = 0.966 kJ/kg. °C 
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The following equation helps to estimate velocity of flue gas. 

                      V = C √2 𝑥 𝑔 𝑥 𝐻 𝑥
𝑇𝑓−𝑇𝑎

𝑇𝑓
                                                          

Where, V is Flue gas velocity, C is Discharge coefficient (0.65 – 0.7), g is 9.81m/s2, His height 

of chimney (2.0m), Tf   is flue gas temperature (229 0C) and Ta is Ambient temperature (240C). 

 

                     V = 0.65 x √2 𝑥 9.81 𝑥 2.0 𝑥
229−24

229
 = 3.85 m/sec 

        Diameter of the boiler chimney = 0.83m 

ΔT = 229 – 150 = 79oC, where the temperature 150oC is above the acid dew point temperature 

(for safety) which is around 135 oC. 

Density of flue gas (r) = r0 + 273/ (T+273) = 1.243 +273/ (229+273) = 1.78Kg/m3 

Where, r0 is standard density of flue gas at 0 oC and 1 bar & T is flue gas temperature 

                �̇� = velocity × area × density of flue gas = 3.85m/s x 
𝜋(0.83)2

4
 x 1.78 kg/ m3 

=3.71 kg/se 

                 Q = 3.71 kg/sec x 0.966 kJ/kg. °C x 79 °C = 283.12 Kw       

Therefore, the resulting rise in the temperature of the boiler feed water could be calculated using 

the equation below: 

Temperature rise = heat available / (estimated water flow rate × water specific heat) 

            ∆T = 283.12 KW / (0.7 kg/sec x 4.186 KJ/Kg. °C) = 96.58 °C        

The energy that can be saved will be calculated as: 

 Energy Saved = water flow rate × rise in water enthalpy= 2520 kg/hr x 81KJ/Kg= 204,120KJ/hr             
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The amount of fuel saved that will be obtained with this amount of energy saving is: 

Fuel Saved = Energy saved in kJ/hr / (𝜂𝑏𝑜𝑖𝑙𝑒𝑟× GCV of fuel in KJ/Kg) = 204,120KJ/hr / (0.7923 

x 43167KJ/Kg) = 5.97 kg/hr             

Annual operating hours of the boiler number one = 4,380 hrs 

Annual fuel saving = 5.97 kg/hr x 4,380 hr = 26,148.6 Kg 

Taking Density of fuel (ɤ) = 893Kg/m3         

Annual fuel saving = 26148.6 Kg / 893kg/m3 = 29.3 m3 = 29,300L 

Cost of fuel saved annually = 29,300 lit x Birr 18.07/L = Birr 529,451.00 

Therefore, about Birr 529,451.00 can be saved annually if an economizer is fitted on boiler 

number one. 

4.8.2. Energy saving measures on Steam Lines 

Most of the steam pipes in Meta Abo Brewery are insulated. But, there are pipe sections which 

need to be reinsulated to minimize energy wastage. Length of steam pipes which need to be 

reinsulated is about 230 m. On the other hand, maintaining steam distribution systems to avoid 

steam leakage will minimize energy wastage. 

Wort boiling is the most energy-intensive stage in the brewing process. However, there is no heat 

recovery system from wort kettles of Meta Abo Brewery. The equipment uses live steam to boil 

the wort. Wort Pre-heater is an integral component of energy recovery during wort boiling. This 

plate type heat exchanger (wort pre-heater) will save considerable cost of energy as the recovered 

heat will be in usable form. Here an idea is proposed to equip the two wort kettles with wort 

preheater for efficiency improvement.  
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The temperature of the steam which reaches the brew house is about 1510C. The temperature of 

the wort coming from the lauter - tun is about 73 0C. The wort will start to boil at 930C in smaller 

kettle and at 990C in the larger kettle. Maximum wall temperature of the wort side is 1070C. This 

shows that there is a need to lower the temperature using reducing system since the next processes 

are cooling processes. When the wort coming from Lautering process is heated up before getting 

in to the wort kettle, the amount of heat required to boil the wort will be lower as the temperature 

is increased from about 730C to 850C - 900C or above. So, it is possible to recover heat. Now, 

let’s estimate the amount of energy as well as the amount of fuel that can be saved annually by 

preheating the wort using preheaters (heat exchangers).  

The amount of energy that can be saved by equipping the smaller wort kettle (with capacity 

200hL/batch) with a preheater is: Q = mC∆T = rVC∆T, Where, r is density of unfermented wort 

(1,048 kg/m), V is volume of the wort (20,000L), ∆T is Temperature difference between the 

expected wort temperature (880C) and the one which comes from lauter – tun (730C) and C is 

Specific heat capacity of wort before fermentation (3.98 KJ/KgK). 

       Q = 1,048 kg/m3 x 200 x 100 lit x 0.001 m3/lit x 3.98 KJ/KgK x (88 – 73) = 1,251.312 MJ 

The fuel oil used by the steam boilers has a calorific value of 43,167 KJ/kg = 43.167 MJ/kg.  

1,251.312 MJ ÷ 43.167 MJ/kg = 29 kg  

Fitting preheater on the smaller kettle will bring about 29 kg fuel saving for a single brewing 

batch. In Meta Abo Brewery the two wort kettles operate 20 brew batches per day, 10 times each. 

Using fuel density of 0.893 kg/L, the amount of fuel that can be saved is 32.5 L. 

So, the amount of fuel oil that can be saved annually will be 118,625 L. 
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                 The amount of energy that can be saved by equipping the larger wort kettle (with capacity 

250hL/batch) with a preheater is given by Q = mC∆T= rVC∆T,   Where, V is volume of the wort 

(25,000L) and ∆T is Temperature difference between the expected wort temperature (900C) and 

the one which comes from lauter – tun (730C). 

     Q = 1,048 kg/m3 x 250 x 100 lit x 0.001 m3/lit x 3.98 KJ/KgK x (90 – 73) K =1,772.692 MJ.                  

The fuel oil used by the steam boilers has a calorific value of 43,167 KJ/kg = 43.167 MJ/kg.  

1,772.692 MJ ÷ 43.167 MJ/kg = 41.1 kg  

Fitting preheater on the larger kettle will bring about 41.1 kg fuel saving for a single brewing 

batch. In Meta Abo Brewery the two wort kettles operate 20 brew batches per day, 10 times each. 

Using fuel density of 0.893 kg/L, the amount of fuel that can be saved is 46.03 L. So, the amount 

of fuel oil that can be saved annually will be 168,010 L. From the two wort preheaters to be fitted 

for both wort kettles, there is a possibility of saving 286, 635 L of fuel annually. Implementing 

this opportunity will save an approximate amount of Birr 5.2 million per year.  

4.8.3. Energy saving measures on Motors 

The average power factor of the whole motors is 0.79. This shows that the motors are consuming 

more power due to high inductive loads. Power factor measures how effectively electrical power 

is being used. A high-power factor indicates efficient utilization of electrical power, while a low 

power factor indicates poor utilization of electrical power. The power factor can be improved by 

minimizing idling of electric motors (a motor that is turned off consumes no energy) and 

installing capacitors in the AC circuit to reduce the magnitude of reactive power in the system. 

To improve the power factor up to the expected factor, first the required rated capacitor (KVAR 

Generators) must be determined.  
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The total KVAR rating of capacitors required to improve the power factor to any desired value 

can be calculated by using the tables published by leading power factor capacitor manufacturers.      

For compressor motor of motor load (106KW), existing average power factor (0.79) and expected 

power factor (0.90), the leading reactive power required to raise the PF from 0.79 to 0.90 is found 

by multiplying the motor load by the factor found from capacitor selection table which is 0.297. 

                Thus, leading reactive power = 106KW x 0.297 =31.48KVAR 

The apparent power supply is 127.71KW; from this the uncorrected system can only support 106 

KW of the productive power at a power factor of 0.79.   

The productive power that the system can now support by improving the Power factor from 0.79 

to 0.90 can be determined from the apparent power and it is 117.77 KW.  

The saving is 117.77 – 106 = 11.77 KW. Using the same procedure, the total saving is estimated 

to about 125.98 KW. The total required KVAR is 350. The total power saving for about 7000 

working hours will be 881,860 Kwh/year. The cost of saving will be: 

 Cost of Saving = Power saving x price of kWh=881,860Kwh/year x Birr 0.58/Kwh  

  Cost of Saving = Birr 511,478.80/year 

o The total required KVAR capacitors are 350. 

o Total cost of correcting power factor by purchasing 350KVAR capacitor is Birr 

195,000.00 (including labor cost). 
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4.8.4.  Energy Saving Measures for Compressed Air System 

Common leakage areas of compressed air system are couplings, hoses, tubes, fittings, pressure 

regulators, open condensate traps, shut-off valves, pipe joints, disconnects and thread sealants. 

Compressed air system of Meta Abo Brewery does not have significant leakage but there are 

some areas such as, whirlpool, mashtun, steam collector at wort kettle, bottling washing section, 

bottling and labeling section, with minor leakage observed. The leakage amount is not more than 

3% of the consumed energy.  

Cost of saving = 0.03 x (85+106+86) KW x 7000Hrs x Birr 0.58/Kwh = Birr 33,738.60 

Motor and drives related electrical energy saving measures identified and annual cost of saving 

were provided in Table 14. The saving is so significant that it is recommended to implement as 

immediately as possible. 

Table 14.  Electrical Energy saving measures and annual cost saving 

N

o

. 

Energy saving measures Annual energy  

saving (kwh) 

Annual  

cost of saving 

 (Birr) 

Implementation 

Recommendation 

1 Correcting power factor 

 for motors 

881,860 511,478.80 Immediate 

2 Check and fix air leaks  

of the compressed air system 

58,170   33,738.00 Immediate 

     Total 940,030 545,216.80  

 

The finding from this research showed that the fuel consumption is huge compared to other similar 

breweries. This clearly shows the need for fuel saving measures that can be taken immediately. Boiler 

and steam distribution related energy saving measures were summarized and provided in Table 15. 
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Table 15. Fuel saving measures and annual cost saving 

N

o

. 

Energy saving measures Annual  

Thermal  

Energy Saving (MJ) 

Annual 

 Fuel Saving 

 in (L) 

Annual  

cost saving 

 (Birr) 

Implementation 

Recommendation 

1 Adjusting air-fuel ratio for 

 the two boilers 

2,193,080 56,892 1,028,038 Immediate  

2 Fitting economizer for Boiler I 1,129,460 29,300 529,451 Immediate 

3 Re-insulating of steam pipes  

having poor insulation 

1,362,638 35,349 638,768 Immediate 

4 Removing steam leakage  

from steam pipes 

1,218,660 31,614 571,265 Immediate 

5 Installing new wort pre-heaters  

For the wort kettles. 

11,092,996 287,000 5,200,000 Immediate 

 

      Total 
 

16,996,834 

 

440,155 

 

7,967,523 

 

4.9. Estimation of Carbon Footprint  
 

GHG emissions from the brewery result from energy use and non-combustion activities. The 

GHG emission from Fuel consumption estimates were multiplied by appropriate, fuel-specific 

emission factors to convert the consumption into equivalent CO2 emitted. It was not possible to 

get country specific emission factors for fuel oils used for electricity and thermal energy 

generations. 

Thus, emission factors for the fuels used in the energy generations were taken from data 

contained in the Intergovernmental Panel on Climate Change (IPCC), 2006 guide line.  

According to IPCC 2006, 

  Net calorific value (NCV) for residual fuel oil (furnace oil) is 43.3 GJ/ton. 

   Density of residual fuel oil (furnace oil) is 0.893 Kg/L. 

    Net calorific value for diesel oil is 41.7 GJ/ton. 

    Density of diesel oil is 0.913 Kg/L.  

Now, GHG Emission as ton of CO2 eq = (Amount of fuel used) * (NCV)*(Emission factor) 
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Accordingly, the GHG emission in the year 2015 is estimated to be about 10,552.00 t of CO2e. 

Values of other years were calculated and presented as follows. 

Table 16. Fuel consumption and associated GHG emissions 

Year Consumption  

Boiler Fuel, L 

Net Calorific Value,  

TJ/ton 

 Emission  

Factor, tCO2/TJ 

GHG Emission, 

 ton CO2 Eq 

2014 3,075,266.00 0.0433 77 9,156.00 

2015 3,544,140.00 0.0433 77           10,552.00 

2016 3,126,809.00 0.0433 77 9,310.00 

2017 3,656,454.00 0.0433 77           10,887.00 

2018 3,837,092.00 0.0433 77           11,424.00 

           Diesel Oil consumption, L 

2014  0.0417 74 0 

2015  0.0417 74 0 

2016 3,026,859.00 0.0417 74  8,528.00 

2017 3,789,230.00 0.0417 74  10,676.00 

2018 4,001,235.00 0.0417 74  11,273.00 

 

The GHG emission observed here is very huge compared to world class brewers. Carbon Trust 

(2016) studies showed that a brewery with annual capacity of 46 million hectoliter emits only 

446,000 tCO2/Yr. The figure observed in this brewery for 2018 was 22,697 tCO2. This is due to 

the energy source used and inefficiencies in the brewery. 

 

       Figure 6. GHG emission trends (2014-2018) 

3,075.30 3,000.75

6,053.50
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 Full life cycle study conducted by Beverage industry environmental round table (2012) also 

showed that 1.62m hL capacity brewery emits about 10 kilo tones of CO2 equivalent per year.  

 Thus, immediate action is required to fully shift to renewable energy source for energy 

production. Implementation of energy saving measures identified in this study will help reduce 

GHG emissions. If the proposed measures are appropriately implemented the annual carbon 

footprint of the brewery will be reduced by more than 6% as presented in the Table 17. 

     Table 17. GHG reduction due to implementation of energy saving measures           

 Energy saving measures Annual  

Thermal  

Energy Saving (MJ) 

Annual Fuel  

Saving in (Liter) 

tCO2e-emision 

reduction  

 Adjusting Air-fuel ratio for  

    the two   boilers. 

2,193,080 56,892 169.0 

 Fitting Economizer for Boiler I 1,129,460 29,300   87.0 

 Re-insulating of steam 

   pipes having poor insulation. 

1,362,638 35,349 105.0 

 Removing Steam leakage  

    from steam pipes. 

1,218,660 31,614   94.0 

 Installing new wort pre-heaters 

    for the wort kettles. 

11,092,996 287,000 854.0 

          

            Total 

 

16,996,834 

 

 

440,155 

 

1310 
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5. CONCLUSION AND RECOMMENDATION 

 

In this chapter, findings from the results of the study were concluded and the recommendation 

based on the result found was clearly highlighted. 

5.1. Conclusion  

The effort towards reducing energy consumption in all energy consuming sectors is considered 

as one of the most important, realistic and practicable measure to reduce the problem of energy 

and reduction in environmental pollution in Ethiopia. The increasing number of brewery plants 

in Ethiopia need to analyze the energy utilization principles which helps to identify energy 

conservation opportunities. The energy saving measures identified in this research will minimize 

energy cost and maximize profit, reduce carbon footprint for Meta Abo brewery as well as for 

other breweries.  

In this research, detail energy audit and identification of energy saving measures was done for 

most of thermal and electrical energy consuming in the brewery. The brewery has been using 

their generator to produce electricity. This has been maximizing cost of electricity since the price 

of diesel for the generator is higher. It is predicted that energy consumption rate & cost of energy 

will increase in the future unless energy conservation measures are taken.  From the energy 

analysis made it is understood that the two steam boilers are working with lower efficiency as 

compared to other similar boilers working at normal condition. The carbon emission from 2015 

-2018 showed that an increasing trend due to the fact that the company started relying on fuel oil 

as its sole energy source during the period. 

The analysis made in this audit shows that the brewery can annually save thermal and electrical 

energy of 20.4 TJ which cost above Birr 8.5 million, if those energy conservation measures are 

implemented.  
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This study also showed that successful implementation of energy conservation measures on 

boiler and steam distribution line will reduce GHG emission of 1310 tons of CO2 equivalent. 

5.2. Recommendation  

Based on the results of this study the following recommendations were made.  

• Both boilers are operating with lower efficiencies of 79.2 % and 80.9 % 

respectively. Thus, it is recommended that proposed energy saving measures shall 

be implemented to improve boiler efficiencies.  

• The brewery is currently using diesel generator to produce electricity. The 

generator uses about 6000 lit of diesel per day. It is recommended for a brewery 

to shift to renewable energy source to minimize electricity cost  

• Immediate implementation of energy saving measures on boilers, steam lines and 

motor is recommended. However, further study is needed for economic feasibility 

of proposed energy saving measures. 

• Greenhouse gas emissions estimated from this study is significant. But, end to 

end greenhouse gas emission impact of the brewery needs full life cycle 

assessments. 
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APPENDICES 

APPENDIX A 

Boiler Specifications Boiler I (Bono Energeia) 

 

    No Specification Data 

1 Manufacturer/ Country BONO ENERGIA/ Italy 

2 Type Fire tube 

3 Year of manufacture 2008 

4 Design pressure 15 bars 

5 Maximum working pressure 7.3 bar 

6 Maximum allowable Temperature  202 0C 

7 Steam Capacity (Rated output) 10 tons/hr 

8 Serial Number 9249 

9 Volume 15,000 lit 

10 Length of boiler 5.8 m 

11 Diameter of boiler 2.95 m 

12 Average boiler room temp. 30 0C 

13 Average surface temperature of boiler head 63.6 0C 

14 Average surface temperature of boiler side 39.5 0C 

15 Flue gas temperature  229 0C 

16 Percentage of CO2 in flue gas 12.5 % 

17 Percentage of O2 in flue gas 4.7 % 
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   Boiler Specifications Boiler II (Coachran) 

 

 

 

 

No Specification Data 

1 Manufacturer/ Country COCHRAN/ Scotland  

2 Type Fire tube 

3 Year of manufacture 2010 

4 Design pressure 15 

5 Maximum working pressure 7.5 

6 Maximum allowable Temperature  - 

7 Steam Capacity 12000 kg/hr. 

8 Serial Number 35/5920 

9 Volume - 

10 Length of boiler 6m 

11 Diameter of boiler 3m 

12 Average boiler room temp. 30 0C 

13 Average surface temperature of  boiler head 61 0C 

14 Average surface temperature of boiler side 38 0C 

15 Flue gas temperature  200 0C 

16 Percentage of CO2 in flue gas 12.7 % 

17 Percentage of O2 in flue gas 4.6 % 
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APPENDIX B 

Energy Unit conversions  

To:  TJ  Gcal  Mtoe  GWh  

From:   multiply by:     

TJ  1  238.8  2.388X10-4 0.2778  

Gcal  4.18X10-3 1  10-7 1.16X10-3  

Mtoe  4.18X104  107 1  11630  

GWh  3.6  860  8.6X10-5 1  
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APPENDIX C 

IPCC Tier 1 Approach for Estimation of GHG emission from Fuel 

Applying a Tier 1 emission estimate requires the following for each source category and fuel:  

Data on the amount of fuel combusted in the source category  

A default emission factor  

Emission factors come from the default values provided together with associated uncertainty range in 

The following equation is used:  

EQUATION 1  

GREENHOUSE GAS EMISSIONS FROM STATIONARY COMBUSTION  

Emissions = Fuel Consumption • Emission Factor   
 GHG, fuel fuel GHG, fuel 

          Where:  

Emissions GHG ,fuel    =  emissions of a given GHG by type of fuel (kg GHG)  

Fuel 

Consumptionfuel  

=  amount of fuel combusted (TJ)  

             Emission FactorGHG,fuel           =  default emission factor of a given GHG by type of fuel (kg 

gas/TJ). For CO2, it includes the carbon oxidation factor, assumed to 

be 1.  

To calculate the total emissions by gas from the source category, the emissions as calculated in Equation 

1 are summed over all fuels:  

EQUATION 2  

TOTAL EMISSIONS BY GREENHOUSE GAS  

EmissionsGHG = ∑EmissionsGHG, fuel  

 

DEFAULT EMISSION FACTORS FOR STATIONARY COMBUSTION IN THE ENERGY 

INDUSTRIES (kg of greenhouse gas per TJ on a Net Calorific 

Basis)  

  

Fuel  

CO2  CH4   N2O   

Default  
Emission  
Factor  

Lower  Upper  Default  
Emission  
Factor  

Lower  Upper  Default  
Emission  
Factor  

Lower  Upper  

Crude Oil    73 300  71 100  75 500  r  3  1  10  0.6  0.2  2  

Gas/Diesel Oil     74 100  72 600  74 800  r  3  1  10  0.6  0.2  2  

Residual Fuel Oil     77 400  75 500  78 800  r  3  1  10  0.6  0.2  2  

Liquefied 

Petroleum Gases  
   63 100  61 600  65 600  r  1  0.3  3  0.1  0.03  0.3  


