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Abstract 

Three companies namely Esko & Co Ltd, Cuttings Work Ltd and The Message Ltd were targeted for the 

purpose of this project study.  

Esko & Co Ltd, located at Tombeau Bay, is a pioneer in the biscuit industry since 1970. The company is 

today operational under the management of Mr Patrick Lim and has diversified its production activities to 

produce sweets, bubble gums, chocolates, wafers and noodles both for the local market and export 

purposes. Cuttings Works Ltd, located at Floreal Road, Vacoas is another leading company in the 

manufacturing of top grade products using the best possible gemstones for the jewellery grade. The 

company is also diversifying and expanding its market. On the other hand „The message Ltd‟, located at 

Riambel is another company involved in the designing and make up of high class casual wear. Previously 

the company was only designing and preparing samples and the bulk order done in another textile factory. 

With respect to the highly demanding market, they have now started the production of their shirts in-

house.  

Being exposed to competition threats from other local and overseas suppliers, it is imperative for these 

factories to investigate on cost saving possibilities and process improvement opportunities. A walk-

through audit was carried out where data were collected. The objective of the audit was to obtain energy 

savings through low cost improvements that optimise the building systems and process operation so that 

the companies operate efficiently and effectively. On the basis of observations and calculations, the 

following cost savings options can be suggested:‟ 

1. Savings on Fuel (HFO) used at Esko & Co Ltd. 

A saving on fuel consumed of MUR 458 572 (Euro 11 464 based on exchange rate of Euro 1 = MUR40) 

per year can be achieved by recovering the heat loss through the flash steam for pre-heating the feed-

water to the boiler. Another saving on fuel of MUR 105 578 (Euro 2639) per year can be done by 

recovering the heat loss from the Wafers machine exhaust. Also by recovering the heat loss from the 

boiler chimney exhaust a saving of MUR 137 457 (Euro 3436) per year can be achieved.  
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2. Savings on Electrical components. 

It was found that in a big manufacturing company like Esko & Co Ltd, a direct saving of MUR13 278 

(Euro 332) per year can easily be achieved by substituting the existing Fluorescent tube lights (18W) by 

9W-T8 lamp with a return on investment of 2.8 years. However in smaller scale enterprise like The 

Message ltd and Cuttings Ltd, the shift on economic lamp can also lead to savings of MUR 3700 (Euro 

92.5) and MUR 1386 (Euro 34.7) yearly. 

Most often large scale enterprise was found to be always paying a penalty fee for power factor. Hence the 

investment on an Automatic Correction Unit will also help doing savings. For instance, Esko & Co Ltd 

can save MUR 3200 (Euro 80) monthly on its electricity bill with a payback of 3.1 years for the power 

corrector unit. 

Next we noticed that big companies are used to a penalty fee for power factor. As this fee is for a period 

of six months for every month of excess power consumed, it is worth investing on an Automatic Power 

Correction unit. As such foe Esko & Co Ltd we found that a saving of MUR 3200 Euro 80) per month 

will be made with a payback period of 3.1 years for the equipment.  

Furthermore it was found that the power consumed by air conditioning units is quite significant. For 

instance for Esko & Co Ltd 33 % of the total power consumed are by the air conditioning units. A direct 

saving in this respect is achievable by only increasing the set point temperature by 1 to 2 oC. Other simple 

measures can be shading of windows to prevent sunlight or using wind curtains at doors and to switch on 

the AC when needed can largely help to decrease the air conditioning load However there is also room 

for future investment in variable speed drive for the compressors of the air conditioning units which is 

still costly at present.  

3. Steam leakage optimisation 

Reduction of steam leakage can be done by replacing the return condensate line from the oil heat 

exchanger at Esko& Co Ltd by a smaller one. It was not possible to calculate the savings as the leaks 

could not be measured – however results will show in the fuel bills. 

4. Reduction of heat dissipated 

Insulating the exhaust pipes from the Wafer machine at Esko& Co Ltd by using mineral wool of 

thickness 57mm will considerably decrease the heat dissipated to the surrounding by 80 % and hence 

improving the working environment around the machine since no air conditioner is found in that room. 

Air conditioning load in other rooms are expected to reduce and once again here it is difficult to conduct 

any calculations on how much can be saved. But by taking this measure the effects are immediately seen. 

5. Transport Fuel optimisation 

Normally big companies like Esko& Co Ltd which has many lorries for their product delivery that 

consume around 2330 litres of diesel monthly. As the transportation fuel is continuously increasing, this 

area also requires monitoring and optimisation. Simple measures like smooth driving, regular tuning and 

servicing of your engine can help improving the fuel economy of the company. 

6. Use of solar energy 

To alleviate the increasing world oil prices, the use of renewable energies are becoming important. As 

such we found that in a country like Mauritius where there is great potential for solar energy, the latter 

can be an option for companies to invest on. It was found that a grid connected system will be more 

advantageous and depending on an agreement with the local grid, a payback of less than 5 years can be 

achieved for a tariff around MUR 3 (Euro 0.08) per kWh. 

7. Avoided carbon dioxide emissions. 

To decrease the impact of global warming, it is important to cut down the emissions of greenhouse gases 

as it will be a serious threat to the third world countries and small island states in the first place as they are 
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the most vulnerable. With the savings in the amount of HFO burned at Esko& Co Ltd, we found that the 

avoided amount of GHG emissions amounts to 98.96 kg CO2-e/year. 
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1 Introduction 

1.1 Energy issue around the world 

Energy is vital in driving the global economy and has a significant impact on the quality of life and health 

of the population. With the continuously increasing price of petroleum products, reliable and affordable 

energy is now central to our economic development and will continue to be an essential vector on which 

the economic and environmental sustainability will depend. 

As per the International Energy Outlook 2010 report (IEO,2010), the world marketed energy 

consumption will increase by 49 percent from 2007 to 2035. The total world energy use will rise from 495 

quadrillion Btu in 2020 and 739 quadrillion Btu in 2035 (see Figure 1.1). 

 

Figure 1.1: World marketed energy consumption, 2007-2035(quadrillion Btu) –(IEO, 2010) 

However the world energy demand has been largely impacted by the global economic recession that 

started in 2007 and continued in 2009. A decline in manufacturing and consumer demand has led to a 

contraction of 1.2 percent in 2008 on the total world marketed energy consumption and by an estimated 

of 2.2 percent in 2009. But as the economic situation will improve, most nations will return to the 

economic growth paths that were anticipated before the recession began. 

1.1.1 World Delivered Energy Use by Sector 

1.1.1.1 Industry 

Fifty percent of the world‟s total delivered energy are currently been consumed by the industrial sector. 

The latter which includes manufacturing, agriculture, mining and construction and a wide range of 

activities such as processing and assembly, space conditioning and lighting, is considered to be using more 

energy globally than any other end-use sector. The projected energy consumption rises from 184 

quadrillion Btu in 2007 to 262 quadrillion Btu in 2035 as shown in Figure 1.2. 
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Figure 1.2: World delivered energy consumption in the industrial sector, 2007-2035(quadrillion Btu) – 
(IEO, 2010) 

Industrial energy demand varies across regions and countries of the world, based on levels and mixes of 

economic activity and technological development, among other factors. Following their rapid growth in 

combined total industrial energy consumption, the non-OECD (Organisation for Economic Co-

operation and development) countries will experience an increase of about 1.8 percent from 2007 to 

2035. On the other hand the OECD countries which are undergoing a transition from manufacturing to 

service economies will only experience an increase of 0.2 percent from 2007 to 2035. 

1.1.1.2 Transportation 

The second most important consumer of the world‟s total delivered energy is the transportation sector 

which includes the energy consumed in moving people and goods by road, rail, air, water and pipeline. 

This amounts to about 30 percent and most of it is in the form of liquid fuels. As per the IEO (2010), the 

transportation share of the world total liquid fuels consumption will experience an increase from 53 

percent in 2007 to 61 percent in 2035. Concerning the non-OECD and OECD countries, the 

continuously increasing demand for personal travel is an important factor underlying projected increases 

in energy demand for transportation. The increase in urbanisation and in personal incomes is contributing 

to the increase in air travel and motorisation in the growing countries. Also the continued economic 

growth in OECD and non-OECD economies is the result of an increase in the transport of goods and 

freight for transportation. 

1.1.1.3 Residential and commercial buildings 

One fifth of the world‟s total delivered energy consumption is in the building sector which comprises of 

residential and commercial consumers. The energy use in the residential sector involves the energy 

consumed by households which vary from country to country depending on their income levels, natural 

resources, climate and available energy infrastructure. As per the IEO (2010), the world residential energy 

use will experience a 1.1 percent increase per year, that is from 50 quadrillion Btu in 2007 to 69 

quadrillion Btu in 2035. Most of the rise in energy consumption will occur in the non-OECD countries 

where economic growth is improving standards of living and fuel demand for residential energy. There 

will be a rise of 1.9 percent per year in non-OECD residential energy consumption as compared to a 

much slower rate of 0.4 percent per year for OECD countries. 
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On the other hand most commercial energy use occurs in buildings supplying services such as space 

heating, water heating, lighting, cooking and cooling. Commercial energy use also involves energy 

consumed for traffic lights and city water and sewer services. As per the IEO (2010), the OECD 

commercial energy use will expand by 0.9 percent per year whereas a growth of 2.7 percent per year is 

expected for non-OECD countries from 2007 to 2035. This difference is due to the fact that OECD 

nations is experiencing a slow expansion of GDP and declining population growth and in non-OECD 

nation‟s economic activity and commerce are increasing rapidly. 

1.1.2 World Energy Markets by Fuel Type 

1.1.2.1 Liquid fuels 

Liquid fuels are the world‟s largest energy source especially in the transportation and industrial sector. As 

per the IEO (2010), the world consumption of liquid fuels will increase from 86.1 million barrels per day 

in 2007 to 92.1 million barrels per day in 2020 and 103.9 million barrels per day in 2030. However liquid 

fuels consumption will remain the same in the building sector, increasing slightly in the industrial sector 

and declining in the electric power sector. This decrease of the latter is because of the increasing world oil 

prices and hence the switch to alternative fuels by the electricity generators. 

1.1.2.2 Natural gas 

Natural gas is used in the production of electricity and mainly in the industrial sector. The worldwide 

consumption as per the IEO (2010) shows an increase of 44 percent from 108 trillion cubic feet (3.02 

trillion cubic meter) in 2007 to 156 trillion cubic feet (4.37 trillion cubic meter) in 2035. 

1.1.2.3 Coal 

The world coal consumption is expected to increase from 132 quadrillion Btu in 2007 to 2006 quadrillion 

Btu in 2035 at a rate of 1.6 percent per year. The lack of national policies and binding international 

agreements to reduce greenhouse gas emission is encouraging the use of coal for alleviating the increase 

demand for energy to fuel electricity generation. 

1.1.2.4 Electricity 

With reference to the IEO (2010), the net electricity generation in the world is expected to increase from 

18.8 trillion kilowatt-hours in 2007 to 25.0 trillion kilowatt-hours in 2020 and 35.2 trillion kilowatt-hours 

in 2035. With the increase in fossil fuel prices and the concern about the environmental consequence of 

greenhouse gases, the use of renewable energy is taking scale as shown in Figure 1.3.  

 

Figure 1.3: World net electricity generation by fuel, 2007-2035 (trillion kilowatt-hours) – (IEO, 2010) 
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 The world renewable energy use for electricity generation is expected to increase from 18 percent in 2007 

to 23 percent in 2035. As from Figure 1.3 above, coal-fired generation will still be the second fastest-

growing source of electricity generation. Concerning the increased in renewable energy generation, only 

hydropower and wind power are the major source being more economically sustainable as compared to 

the sources. We also from the above figure that nuclear power generation is growing interest in many 

countries in increasing their energy supplies by providing a low-carbon alternative to fossil fuels. 

1.1.3 World Carbon Dioxide Emissions 

A rise from 29.7 billion metric tonnes in 2007 to 42.4 billion metric tonnes in 2035 is expected to occur in 

the world carbon dioxide emissions by the energy sector as per the IEO (2010). This increase is mainly 

due to the non-OECD countries reliance on fossil fuels as shown inFigure 1.4. 

 

Figure 1.4: World energy-related CO2 emissions, 2007-2035 (billion metric tonnes) – (IEO, 2010) 

1.2 Energy sector overview on Mauritius 

The Republic of Mauritius, an island of 1870 km2 found in the Indian Ocean and with a population of 

around 1.2 million, has a diversified economy based on sugar, textile, tourism, financial services and 

recently the information and communication sector. It is aspiring to become a competitive and modern 

society for the population to enjoy a higher standard of living with an ecologically well-balanced economy 

to ensuring that higher growth is environmentally sustainable. 

The Government of Mauritius is concentrating on expanding the country‟s energy supply, improving 

energy efficiency, tackling environmental and climate changes and modernising our energy infrastructure 

in order to meet the challenges ahead. They are also shifting on a low carbon, efficient and 

environmentally caring system of energy supply. As such the government is lying on development of 

economically competitive fuels and technologies, including courageous initiatives in renewable energy 

such as wind and solar, in order to decrease our dependency on conventional energy sources. 

1.2.1 Maurice Ile Durable (MID) Vision 

The petroleum imported bill for Mauritius has increased from MUR 6.5 billion (Euro 0.163 billion)in 

2000 to MUR 25 billion(Euro 0.625 billion) in 2008. The significant rise in the price of oil has raised 

concern for the government of Mauritius to review its strategies in making Mauritius a sustainable island. 

Thus was put forward the „Maurice Ile Durable‟ (MID) vision to make Mauritius less dependent on 

imported fuels through increased utilisation of renewable energy and energy efficient use. The 

government of Mauritius thus established a MID fund for the promotion of energy efficiency and 

electricity savings. For instance, around one million of Compact Fluorescent Lamps was sold at a 
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subsidised price and a grant allocated for the purchase of solar water heaters. As such the objectives of 

the MID fund are to finance the following: 

- Projects for exploring all the local sources of renewable energy 

- Programmes for energy efficient use in enterprises, homes, public sector, transportation and 

hotel sectors 

- Schemes for encouraging business and households for producing their own energy requirements 

- Projects for supporting the effort of protecting the environment through recycling of waste and 

more efficient use of energy 

- Energy management programmes through networking with local and international partners 

- Awareness campaign on energy saving and the use of renewable energy 

1.2.2 Framework of the long term energy strategy and action plan 

The government of Mauritius is committed to implement mitigation measures in view of its vulnerability 

as a Small Island Developing State for reducing its greenhouse gas emissions in order to be in compliance 

with the Kyoto protocol as a developing country. Therefore the energy strategy objectives in the medium 

to long term are: 

- Democratising our energy supply 

- Energy supply security for consumers and financial sustainability of electricity 

- Reduction of our vulnerability on imported fuels and their increasing prices 

- Promoting long-term sustainable development to be in line with the concept of MID 

1.3 Energy Management Standard – ISO 50001 

An energy management standard provides a method for integrating energy efficiency into existing 

industrial management systems for continuous improvement. Most energy efficiency in industry is 

achieved through changes in how energy is managed rather than through installation of new technologies. 

Hence the implementation of an energy management plan will assist a company to actively managing its 

energy use and costs and continually improving its energy use/product output over time. This process 

can eventually help the company in gaining emission credits.  

The International Standard Organisation (ISO) has initiated work on an international energy management 

standard (2008-2011) with assistance from the United Nations Industrial Development Organisation 

(UNIDO) to create the ISO 50001 – Energy Management Standard. The standard will consist of base 

standards on the common elements found in all ISO‟s management system standards (e.g. 9001, 14001) in 

order to ensure maximum compatibility. This is as shown in Figure 1.5 below. 

 

Figure 1.5: ISO 50001 Management Cycle (www.ansi.org) 
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The scope of the ISO 50001 is standardisation in the field of energy management including energy 

supply, procurement practices for energy equipment and systems, energy use and any use-related disposal 

issues. 

1.4 Aims and objectives of the project 

The Energy Audit provides the vital information base for overall energy conservation program covering 

essentially energy utilization analysis and evaluation of energy conservation measures. It aims at: 

- Identifying the quality and cost of various energy inputs. 

- Assessing present pattern of energy consumption in different cost centres of operation. 

- Relating energy inputs and production output. 

- Identifying potential areas of thermal and electrical energy economy. 

- Highlighting wastages in major areas. 

- Implementation of measures for energy conservation and realization of savings. 
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2 Energy Management and Audit 

2.1 Definition and objectives of energy management 

The production of goods and providing services at the least cost and environmental effects are the basic 

goal of energy management. One definition of energy management will be: “The judicious way and 

effective use of energy to maximize profits (minimize costs) and enhance competitive positions” (Cape 

Hart, Turner and Kennedy, Guide to Energy Management Fairmont press inc. 1997). Another broad 

definition will be “The strategy of adjusting and optimizing energy, using systems and procedures so as to 

reduce energy requirements per unit of output while holding constant or reducing total costs of 

production of producing the output from these systems”(Energy Management and Audit – EM – ea.org; 

www.em-ea.org). Both of these definitions conclude that the objective of energy management is to attain 

and maintain optimum energy supply and utilization within an organisation and to minimise energy costs 

without affecting production and quality while simultaneously minimising environmental effects. 

2.2 Energy audit 

As per the Energy Conservation Act(2001), Energy Audit is defined as the “the verification, monitoring 

and analysis of use of energy including submission of technical report containing recommendations for 

improving energy efficiency with cost benefit analysis and an action plan to reduce energy consumption”. 

Energy audit attempts at balancing the total energy inputs and serves to identify all the energy streams in 

an organisation. Hence an industrial audit is used as a tool in defining and following an energy 

management program. 

2.2.1 Need for energy audit 

Energy, labour and materials are considered to be the three main operating expenses in any industry. 

Among these three, energy (electrical and thermal) will emerge as being the main priority for cost savings. 

As such an energy audit will help understanding the ways energy and fuel are consumed in the industry 

and help identifying waste minimisation areas and scope for improvement. Further an audit programme 

will also help to concentrate on variations which can occur in the energy costs, availability and reliability 

of energy supply, decide on appropriate energy mix, and identify energy conservation technologies and 

investment on energy conservation equipment. 

In general, Energy audit provides a bench-mark for managing energy consumption within an organisation 

and also provides the basis for planning a more effective use of energy throughout the organisation. As 

such ways for reducing energy consumption per unit product and lowering operating costs will be 

determined. 

2.2.2 Types of Energy Audit 

There are two types of energy audit, namely Preliminary Audit and Detailed Audit.Energy Management 

and Audit – EM – ea.org; www.em-ea.org). The factors determining the type of Energy Audit therefore 

depends on the following factors: 

- Role and nature of the industry 

- Depth to which the final audit is needed, and 

- Capability and magnitude of cost reduction desired 

2.2.3 Preliminary Energy Audit 

The preliminary energy audit, alternatively called a walk-through audit is the simplest and quickest type of 

audit. It involves a brief overview of the facility utility bills and other operating data and a walk-through 

of the facility to be familiar with the building operation and identifying areas of energy waste or 
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inefficiency. The methodology of such audit is as follows (Energy Management and Audit – EM – ea.org; 

www.em-ea.org): 

- Establishing energy consumption in the organisation 

- Estimating the scope for saving 

- Identifying the most likely and easiest areas for attention 

- Identifying immediate or low cost improvements and savings 

- Providing simple payback period. 

However where more in-depth details are needed before taking a final decision on implementing 

proposed measures, the need for a detailed audit is determined. 

2.2.4 Detailed Energy Audit 

This type of audit offers the most accurate estimate of energy savings and cost. It accounts for the energy 

us of all major equipment, interactive effects of all projects and hence detailed energy cost saving 

calculations. This is based on an energy balance of the system to calculate the energy use under the 

current operating conditions. This calculated use will finally be compared to the utility bill charges. 

Detailed Energy audit is carried out in three phases: 

2.2.4.1 Phase I – Pre Audit Phase 

This is the first step of the audit. It is a one day initial study of the site and involves the following 

steps”(Energy Management and Audit – EM – ea.org; www.em-ea.org): 

 Establishing a plan 

 Perform a walk-through audit 

 Conduct informal interview with production or plant manager 

 Conduct brief awareness program with all divisional heads and persons concerned 

2.2.4.2 Phase II – Audit Phase 

The second step is the audit phase and can take from several weeks to several months to be completed 

depending on the nature and complexity of the organisation. The audit will consist of the following steps 

(Energy Management and Audit – EM – ea.org; www.em-ea.org): 

 Baseline data collection and primary data analysis 

 Drawing a process flow diagram of all service utilities 

 Collection of annual energy bill and energy consumption pattern through manual, log sheet, 

name plate and interview) 

 Performing measurements which consist of motor survey, insulation and lighting survey with 

portable instruments for collection of more and accurate data. These data will then be compared 

to the design data. 

 Energy and material balance and energy loss/waste analysis 

 Conducting a cost benefit analysis to assess the technical viability and economic viability of 

energy conservation opportunities 

 Presentation of the report to top management 

2.2.4.3 Phase III – Post Audit Phase 

The last step of the audit phase is to assist and implement energy conservation opportunities 

recommendation measures and monitoring their performance. 
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3 The Process Industries Audited 

3.1 Esko& Co ltd 

  

Figure 3.1: Esko Co Ltd 

Esko & Co Ltd is one of the leading manufacturer of Sweets, Bubble gum, Chocolates, Biscuits, Wafers 

and Noodles. The company was established in the 1970‟s in Mauritius and the commitment of the group 

is to be one of the regional leaders in the food industry through innovation, diversification and expansion 

in food business. Esko group is currently exporting around 30% of its production to its neighbouring 

countries in the Indian Ocean and South and East Africa. 

 

Esko & Co ltd is also ISO 9001:2000 certified since 2004 and is presently working towards HACCP 

certification. In parallel the company wants to optimize its production process through an energy audit to 

assess the possibilities for energy savings. A detail analysis of the each unit in the factory is discussed 

below. 

3.1.1 Boiler 

The company have two boilers for the production of steam to be used throughout its manufacturing 

processes. One produces steam of 1.5 T/h while the second one (not in operation for the time being) can 

produce 0.48 T/h. Heavy fuel oil is used as combustible and water from the CWA used for the 

production of steam.  

 

Figure 3.2: HFO Boiler 
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The oil is conditioned by being preheated through three pre-heaters in order to have a complete 

combustion of the latter and hence improving the boiler efficiency. On the other hand the incoming 

water is also pre-heated from the return condensate. 

 

Figure 3.3: Oil pre-heater 1 

 

Figure 3.4: Feed water pre-heated by return condensate 

3.1.2 Compressor 

The compressed air used in the manufacturing process is supplied by two compressors having capacities 

of 1450 L/min and 2450 L/min. 

 

Figure 3.5: Compressor 
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3.1.3 Biscuit making 

Six types of biscuits namely Cream Sandwich, Delights, Shorties, Glucose, Butter cookies and 2-zero are 

manufactured using the same machine. The latter consists of four oven (using gas) set at the required 

temperatures.  The process flow chart is as shown in Figure 3.6. 

 

Figure 3.6: Biscuit making flowchart 

 

3.1.4 Wafers making 

 

Figure 3.7: Wafers making machine 

The wafers making process consists primarily of a paste preparation machine using electrical energy to 

run. The wafer making machine on the other hand uses gas for producing the required heat energy. There 

are two such types of machines producing two different sizes of wafers. The process flowchart is shown 

in Figure 3.8. 

Raw materials preparation

Mixing

Moulding

Baking (in oven 1,2, 3 & 4)

Cooling

Packaging
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Figure 3.8: Wafers making process flowchart 

 

3.1.5 Chocolate making 

The chocolate making firstly comprise of a chocolate melter which use electrical energy. The chocolate 

then sent for moulding, conditioning room and finally for packing. 

 

Figure 3.9: Chocolate making process flow chart 

3.1.6 Sweets making 

The sweets making process uses steam supplied by the HFO boiler at a pressure of 10 bars. The process 

also consists of a vacuum cooling unit. 
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3.1.7 Bubble gum making 

The process consists of preparing the latex and the latter blended with additional ingredients as per the 

required flavour. The latter is then cooled and seasoned before packing. In this process also steam is used 

for the preparation of the solution. The process flow chart is shown in Figure 3.10. 

 

Figure 3.10: Bubble gum making process flowchart 

3.1.8 Noodles 

The noodles manufacturing process consists firstly of the paste preparation where electrical energy and 

compressed air are used. Secondly we have the steamer process where steam is used for cooking the 

paste. Thirdly we have the dryer process. The fourth process depends on the type of noodles to be 

manufactured. For normal noodles, the cooked paste is directly sent to a conditioning unit. On the other 

hand for instantaneous noodles, the cooked paste is send to a fryer (see Figure 3.12) which uses mineral 

oil. The latter is being heated by steam in a heat exchanger (Figure 3.13). The fried noodles are the finally 

sent to a dryer which uses steam too. 

 

 

Figure 3.11: Noodles making process flow chart 
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Figure 3.12: Fryer 

 

 

Figure 3.13: Oil heat exchanger 

 

Figure 3.14: Noodles dryer 

3.2 The Message ltd 

Message Ltd is a newly installed company situated at Riambel and started its operation since two months. 

They are the sole manufacturer of the well known made in Mauritius “ÏV-Play Jeans” for adults. They 

have 22 employees working on an 8 hour day shift system from Monday to Friday and on Saturday from 

8:00 am to noon. Their operation consists of designing, „patronage‟, sample making and then bulk 

production of T-shirts. The bulk production is however being done by another company named 

„Compagnie Mauricienne de Textile Ltee (CMT Ltee)‟. The flowchart of Message Ltd is shown in the next 

section. 
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Message Ltd is now expanding their business to manufacture the same brand of T-shirts and trousers for 

kids. As such the company wants to optimize its production processes through an energy audit to assess 

the possibilities for energy savings and hence production cost reduction.  

3.2.1 Garment manufacturing process 

The first step in the garment manufacturing process is the design creation of the shirts and trousers. This 

is being done by their only sole designer. The patronage of the garment is then done and sent to the 

sample making department where a piece of design will be produced. The latter is sent for testing 

(washing and shearing) to an independent laboratory.  

Once the sample is being approved by the designer, the order is being planned. For instance the number 

of pieces concerning trousers and the approval sample sent to CMT ltee with the required deadline. 

However concerning the T-shirts, the order is done in-house. With respect to the number of pieces to be 

made as per the planned order, the fabrics are cut as per the Patronage. Then we have the make-up stage 

which consists of mounting the pieces again as per the approved sample. 

 

Figure 3.15: Production floor 

Once the garment make-up is over, they are sent to the printing department where the serigraphic 

printing is done on the shirts. 

 

Figure 3.16: Fabric printing department 

The printed shirts are then sent for drying, dressing and finally to the packing department before being 

despatched to the respective shops. 
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Figure 3.17: Finished garments 

 

The whole process is summarised in Figure 3.18. 

 

Figure 3.18: The Message Ltd production flowchart 
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3.3 Cuttings Ltd 

 

Figure 3.19: Cutting Ltd 

Cuttings Ltd, manufacturer of top grade products using the best possible gemstones for the jewellery 

grade is now expanding their business to market their products locally and has thus opened a shop since 

2004. They have 10 employees working on an 8 hour day shift system. Seven employees work in the 

manufacturing section from Monday to Friday whereas the remaining three employees work in the shop 

from Monday to Saturday. In order to be more productive, the company wants to optimize its production 

processes through an energy audit to assess the possibilities for energy savings and hence production cost 

reduction.  
 

3.3.1 Designing 

The first step in the process is the design, either a rough sketch or a detailed drawing for use by the 

craftsman. Good design is always important to produce good jewellery, but it is equally a crucial and 

significant factor when used as a basis for manufacturing mass produced jewellery. Any design mistakes 

or failure to produce a design which is good enough to market can prove to be a very costly exercise, 

both in terms of labour and tooling cost.  

3.3.2 Production Methods 

There are three basic methods of making jewellery, it is either handmade, manufactured by die stamping 

and jib assembly or made by casting, either whole or in components. Once a piece is made up, by 

whatever method, it is passed to a finisher for smoothing and polishing and then finally to the setter to 

complete the gem settings. Depending on what is to be made, jewellers may use one or a combination of 

all three types of component manufacture, in order to achieve a desired quality within a price range at 

maximum efficiency. 

3.3.3 Hand made jewellery 

Mounters are responsible for making up the piece of jewellery from the raw materials. They will normally 

use ready formed metals, in the form of sheets, wires, tubes and 

findings. Even solder needs to be in gold, silver or platinum alloy. 

Jewellers will use the old age tools of the traditional smith, such as 

hammers, drills, punches, gravels and files and of course the essential 

heat source. With these, they will fashion and assemble the piece of 

jewellery, which will then be passed on the finisher and setter in the 

normal way. 

3.3.4 Machine production 
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The use of mass production tool room techniques for the manufacture of jewellery has now been 

adopted on a large scale and is replacing, more and more, the traditional role of the craftsman. New 

precision engineering techniques are now capable or producing 

high-quality jewellery, which can be hard to distinguish from 

traditionally handmade jewellery. The basic method of mechanical 

production is for components to be cut and stamped with the use 

of individual dies. The dies need to be carefully manufactured for 

each component of each individual item of jewellery. Once the 

individual components have been manufactured, their assembly is, 

once again, almost wholly done by mechanical methods. 

Components are fitted on jigs for the final assembly process which 

can be completed by semi-skilled operatives. In order to be cost 

effective, a large quantity of the same item needs to be 

manufactured. 

 

The whole process of Cuttings Ltd is summarised in Figure 3.20. 

 

Figure 3.20: Cuttings Ltd process flowchart 
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4 Methodology 

4.1 Introduction 

This chapter aims at describing how the energy management program was broken down in a step-by-step 

manner.  

4.2 Literature Study 

A literature study was firstly conducted on energy management and energy auditing to better understand 

the concept and the way forward. Books, previous reports, published paper, national and international 

report on energy audit as well as the internet were used to gather the necessary documentation. 

4.3 Companies selection for auditing 

With respect to the aim of this project, three companies were selected based on their size (large, medium 

and small) of operation. Esko& Co Ltd was considered as the largest enterprise with several unit 

operations and energy consumption units. On the other hand, the Message Ltd and Cuttings Ltd were 

considered as medium and small enterprise respectively based on their scale of production and energy 

consumption units. 

4.4 Audit planning 

The audit was planned as per Figure 4.1. 

 

 

Figure 4.1: Flowchart of the audit planning 
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A plan of work was firstly established with each customer through their Production Manager. After the 

plan of work, a site visit was scheduled in different factories on a day that was convenient to the officer in 

charge. During the site visit, an introductory meeting was first held with utility/facility manager and 

supervisors in order to briefly discuss on the purpose of the audit and indicate the kind of information 

that was needed. A copy of all the utility was requested together with the rate they are being charged. 

After the meeting, a walk through audit was carried out. The process was studied and necessary 

information is gathered namely the cost of fuel consumed, the amount of electricity consumed, and the 

possible source of heat loss were identified. 

Once the necessary information were collected, the possible energy losses are computed and the same 

were expressed in terms of amount of saving they cost. Potential measures were then proposed together 

with the amount of savings. 

4.5 Data Analysis 

The collected data were then assessed, analysed and tabulated. The data consisted of the energy 

consumption, monthly and daily production figures. A second visit was done in case missing information 

was found.  

Energy saving measures was identified. The possible losses by comparing the actual and theoretical values 

for energy consumption were calculated. Investigation of losses for heat and electrical energy were also 

carried out. 

An economic assessment was done on each energy saving option. 

4.6 Recommendations and conclusion of the audit 

Sustainable ways for minimising the potential losses was found out and the revenue/profit the company 

will gain calculated. The best technically and economically options were recommended. 
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5 Data collections 

5.1 Data collections at Esko Co Ltd 

During the site visit at the factory, all equipments were inspected and all processes were studied.. Data 

was collected through the different stages and unit operations of the manufacturing processes. 

5.1.1 Boiler 

The first unit being inspected was the boiler. The data collected on the latter are shown in Table 5.1 

below. 

Table 5-1: Boiler data at Esko & Co Ltd 

Boiler 1   

 Ecoflam - Italy 

Fuel HFO 

Capacity - kg/h min 60, max 122 

Power – kW min 682, max 1395 

Fuel Preheaters (electric)   

1st Pre-heater  Set temp 30 - 40 oC 

2nd Pre-heater  Set temp 70 oC, press 1.5 bar 

3rd Pre-heater Set temp 130 oC, press 10 bar 

Feed water pump   

Make  Grundfos 

Frequency 50 Hz 

Revolution 2899 per min 

Flow rate, Q 3 m3/h 

Power 2.2 kW 

Hmax 166m 

Pmax 25 bar 

Tmax 120 oC 

Steam Pressure 10.6 - 10.8 bar 
    

 

The boiler manufacturer is Ecoflam from Italy with a capacity of 60 – 122 kg/h using HFO as fuel. 

5.1.2 Compressor 

There were two compressors of the same manufacturer (Bottarini) but of different types KS 18 and KS 

28. They are of different capacity, 1450 L/min and 2450 L/min respectively. Table 5.2 shows the data 

collected from the compressors. 
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Table 5-2: Compressor Data at Esko Co Ltd 

Compressor 1   

Make Bottarini 

Type KS 18 

Max Pressure 10 bar 

Flow rate, Q 1450 L/min 

Weight 186 kg 

Power 11 kW 

Volt 400 V 

Ampere 25 A 

Compressor 2   

Make Bottarini 

Type KS 28 

Max Pressure 10 bar 

Flow rate, Q 2450 L/min 

Weight 340 kg 

Power 18.5 kW 

Volt 400 V 

Ampere 36 A 

5.1.3 Wafer baking machine 

The Wafer baking machine is a big unit using LPG as gas fuel at a pressure of 2-10 kPa. It has 

compressed air connected to it with a consumption rate of 12 m3/h. The exhaust gas is sucked out at a 

flow rate of 4.2 m3/h as a maximum by using a fan. 

Table 5-3: Data of the Wafer making machine 

Gas Connection   
Type of Gas LPG - Propane/Butane 
Gas Pressure 2 - 10 kPa 
Gas connection rating 200 KW 
  i.e7 m3/h = 16.5 kg/h LPG 

Electrical connection   
Voltage 220 V/380 V  
Frequency 50 Hz +/- 2% 
Power input approx. 7.5 kW 
Rated current 19 A 
Fuse rating 25 A 

Compressed air connection for air blast unit   
Air pressure 0.6 - 0.8 MPa 
Air consumption rate approx. 12 m3/h 

Fresh water connection   
Connection 3/4 " external thread 

Exhaust gas and vapour suction with fan   
Exhaust gas connection two pipes with diameter 250 mm 
Exhaust gas temperature max. 30 oC 
Vapour suction connection one pipe with diameter 250 mm 
Vapour temperature max. 150 oC 
Fan suction side one pipe with diameter 256 mm 
Fan pressure side 229 mm x 229 mm 
Delivery pressure max. 10 mbar 
Flow rate max. 4.2 m3/h 
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5.1.4 Biscuit Oven 

There are four ovens for the baking of biscuits. In each oven we have three set points of temperatures; the oven, top and bottom temperatures. The set 

temperatures for each type of biscuits are as shown in Table 5-4. 

Table 5-4: Temperature settings of the biscuit making ovens 

Types of 
Biscuits 

Oven 1 Oven 2 Oven 3 Oven 4 

Oven 
Temp/oC 

Top 
Temp/oC 

Bottom 
Temp/oC 

Oven 
Temp/oC 

Top 
Temp/oC 

Bottom 
Temp/oC 

Oven 
Temp/oC 

Top 
Temp/oC 

Bottom 
Temp/oC 

Oven 
Temp/oC 

Top 
Temp/oC 

Bottom 
Temp/oC 

Cream 
Sandwich 

275 270 225 275 270 225 235 230 130 235 230 130 

Delights 275 270 225 275 270 225 250 245 160 245 240 160 

Sorties 275 270 225 275 270 225 250 245 150 250 245 150 

Glucose 275 270 225 275 270 225 230 225 130 230 225 130 

Butter 
Cookies 

265 260 205 265 260 205 212 208 102 162 158 105 

2-Zero 275 270 225 275 270 225 250 250 150 250 250 150 



Chapter 5: Data Collections 
 

33 
 

5.1.5 Gas Consumption 

The gas consumption for year 2009 is shown in Figure 5.1. From the graph we noticed that the variation 

of the amount consumed and the cost per month are almost similar. This explains that the cost per kg of 

the gas has been more or less constant throughout the year. Table 0-1: Monthly Gas Consumption at 

Esko & Co LtdTable 0-1 in appendix II gives more details. 

 

 

Figure 5.1: Graph of monthly gas consumption and the associated cost for Esko and Co ltd. 

 

5.1.6 HFO Consumption 

The HFO consumption is shown in Table 5-5. Note that the company shifted on HFO from diesel since 

December 2009. 

Table 5-5: HFO consumption at Esko Co Ltd 

Month Litres Price (MUR/lt) Amount (MUR) 

Dec-09 5000 20.65 103,250.00 

Jan-10 5000 19.50 97,500.00 

Feb-10 5000 19.50 97,500.00 

Feb-10 5000 20.67 103,350.00 

TOTAL 20000  
401,600.00 

(Euro 10040) 
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5.1.7 Electricity Consumption 

The electricity consumption for the year 2009 is given in Table 0-2 in appendix III. Figure 5.2 shows the 

consumption trend of KVA and excess KVA consumed. We noticed that the excess KVA is always 

present and hence a permanent associated penalty fee. 

 

 

 

Figure 5.2: Graph of monthly KVA and excess KVA consumption by Esko& Co Ltd
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5.1.8 Fuel Consumption for Transportation 

The fuel consumption in litre for the year 2009 is given in Table 5-6. 

Table 5-6: Transport fuel consumption at Esko & Co Ltd 

Vehicle D/F Driver Jan-09 Feb-09 Mar-09 Apr-09 May-09 Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09 Total Average 

4938NV06 - Hyundai Atos F Elvis 55.00 50.00 135.00 150.00 125.00 120.00 159.00 140.00 130.00 115.00 120.00 140.00 1439.00 120 

2238MY98 - Nissan Cabstar D  Gaetan 225.00 215.00 225.00 300.00 115.00 230.00 240.00 245.00 250.00 305.00 285.00 230.00 2865.00 239 

968ZN97 – Enrico D  Enrico 385.00 325.00 400.00 390.00 390.00 430.00 406.00 390.00 349.60 273.71 165.00 349.00 4253.31 354 

838ZP97 - Ah Tat D  A Tat 235.00 175.00 280.00 220.00 290.00 245.00 235.00 245.00 255.00 260.00 250.00 305.00 2995.00 250 

3038ZS00 - J.Francois D  
J. 
Francois 300.00 255.00 270.00 290.00 315.00 190.00 260.00 290.00 275.00 360.00 280.00 310.00 3395.00 283 

238ZS99 –Ismet D  Ismet 260.00 190.00 240.00 240.00 190.00 235.00 240.00 235.00 175.00 180.00 230.00 170.00 2585.00 215 

2338JL95 - Nissan Cabstar D  Michel 258.69 221.20 275.00 311.00 270.80 295.00 339.00 234.75 288.39 305.00 225.00 330.00 3353.83 279 

2708JU01 – Hyundai D  P. Totoc 285.00 260.00 328.00 316.00 290.00 275.00 280.00 265.00 301.52 275.40 252.26 219.00 3347.18 279 

1955ZK98 – Toyota D  J. Alain 360.00 268.44 270.00 405.00 315.00 350.00 360.00 400.00 360.00 405.00 360.00 360.00 4213.44 351 

2098MY99 – Kia D  Spare 40.41 62.54 51.72 50.76 130.09 96.85 72.72 77.20 58.98 25.00 133.00 149.86 949.13 79 

TOTAL – Fuel     55.00 50.00 135.00 150.00 125.00 120.00 159.00 140.00 130.00 115.00 120.00 140.00 1439.00 120 

TOTAL – Diesel     2349.1 1972.18 2339.72 2522.76 2305.89 2346.85 2432.72 2381.95 2313.49 2389.11 2180.26 2422.86 27956.89 2330 
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5.1.9 Electrical Components 

The electrical components consist of fluorescent tube lights and air conditioners. The numbers 

of these in each department are shown in Table 5-7. 

Table 5-7: Electrical components at Esko & Co Ltd 

Departments 
Room 
Area - 

m2 

No. Of 
occupant

s 

Duration 
/ day 

Fluorescent 
Light 

Air Conditioner 

Single 
- 18W 

Double 
- 18 W 

2000
0 

BTU 

30000 
BTU 

60000 
BTU 

Ground Floor                 

Mess & Locker room 164.06     9         

Office – reception 103.88 3 8 4         

Office – Director 12.38 1 6 1   1     

Sugar Milling 45.38     3         

Store R/M 1 51.56     4         

W/Down Area 20.72     2         

Wafer Baking Room 232.03 4 8   11       

Refiner/Concher 141.38 4 8   5       

Biscuit moulding and 
oven 

320.63       4       

Corridor 1 87.19       3       

Corridor 2 213.75       4       

Corridor 3 84.09     5         

Corridor 4 (emergency 
exit) 

54.00     3         

Cutting, Packing & 
Cartooning 

487.69 30 8   45   2 7 

Store 72.66       2 2     

Store F/G 1 195.00 2 8   2       

Store F/G 2 47.25     1       1 

Store R/M 2 78.75     3       1 

Transformer room 11.81     1         

Main Panel room 15.75     2         

Store room 19.69     1         

Workshop 72.19     10         

Workshop office 22.31     4         

Boiler room 39.38     4   1     

Compressor room 26.25     4         

                  

First Floor                 

Store R/M 390.00     4         

Noodles making room 543.47 7   1 7       

Noodles cooling & 
packing 

165.66 4     4     2 

Soup Base room 55.22 1     2   1   

Bubble Gum making 
room 

185.25 5 8   4     2 

B. Gum wrapping 23.91 2     2       

B. Gum packing 28.13 4   2         

Sweets making room 112.13 4     4       

Sweets wrapping 152.25 6     6     3 

Corridor 1 396.00       6       

Corridor 2 80.16     6         

TOTAL       74 111 4 3 16 
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5.2 Data collections at The Message Ltd 

The data collected at the Message Ltd were while they were producing T-shirts. 

5.2.1 Fabric make-up machine 

There were different types of sewing machines namely plate, overlock, interlock, bartack and 

zig-zag used for the makeup of different types of garments. Table 5-8 shows the number of 

these sewing machines used for the make-up samples as well as for production.  

Table 5-8: Sewing machines used at The Message Ltd 

Machine 
Department 

Total 
Sampling Production 

Plate 1 9 10 

  

      

        

Overlock 1 6 7 

 

      

        

Interlock 1 3 4 

 

      

        

Bartack 1   1 

 

      

        

Zig-zag 1 1 2 

 

      

        

Dressing Table   1 1 
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5.2.2 Printing department 

After the serigraphic printing done on the T-shirts, the latter are dried using two types of dryer, 

a hand dryer and a machine one as shown in Table 5-9. 

Table 5-9: Dryers used in the printing department 

Hand Dryer Make Metabo 
  

Voltage 230 V 

  Current 9 A 

  Power 2000 W 

      

Machine Dryer Make   
  

Voltage 220 V 

  Current 9 A 

  Power 2000 W 

      

 

5.2.3 Electricity Consumed 

As per their last electricity bill, the printing unit consumed 452 kWh and was charged MUR 

2219 (Euro 55.5) while the production unit consumed 1050 kWh at a cost of MUR 5216 (Euro 

130.4). Note that the company has just started operation since two months and thus the last 

electricity bill only can be taken as representative of future consumption. 

5.2.4 Lighting and air conditioning 

The numbers of lighting and air conditioning units are as shown in Table 5-10. Note that the 

number of occupants can be considered as permanently 18 for the whole working day. 

Table 5-10: Lighting and air conditioning units at The Message Ltd 

Lighting   

Type Fluorescent Tubes 

Power 18 W 

Number 30 

    
Air Conditioning unit   

Type   

Cooling capacity  12000 BTU/h 

Power   

Number 3 
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5.3 Data collections at Cuttings Ltd 

5.3.1 Polishing machines 

The company has eight polishing machines out of which only four are in operation. These 

machines have motors of the following data: 

Voltage  - 220 V 

Revolution - 2840 rpm 

Power  - 0.75 kW 

5.3.2 Lighting and air conditioning 

There were two types of lighting namely Fluorescent tubes and lamp used. Only one air 

conditioning unit of capacity 24000 BTU/h was present.  These are shown in Table 5-11. 

Table 5-11: Lighting and air conditioning units at Cuttings Ltd 

Lighting 1   

Type Fluorescent Tubes 

Power 18 W 

Number 8 

Lighting 2   

Type lamp 

Power 15 W 

Number 8 

Air Conditioning unit   

Type   

Cooling capacity 24000 BTU/h 

Cooling rate 2531 W 

Heating rate 2471 W 

Number 1 

 

Note that the number of occupants can be considered as permanently 7 for the whole working 

day. 

5.3.3 Electricity Consumed 

As per the two electricity bills obtained from the customer, we found that the total units 

consumed per month can be averaged to 415 kWh and the cost being MUR 2100 (Euro 52.5). 
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6 Data Analysis 

6.1 Analysis of data collected at Esko & Co Ltd 

6.1.1 Boiler 

The first unit being analysed was the boiler. The actual amount of heat required for the 

production of 1 kg of steam was found to be 2624.56 KJ. Hence an amount of 0.0678 kg fuel / 

kg steam obtained. The calculation is shown below. 

Amount of heat required for producing 1 kg/s of steam in the boiler is given by: 

Qw = ∆H = ( hg @ Tsat – hf @ 38 oC )  -------- eqn 1 

Given: 

Inlet temperature of water to boiler, TWin  = 38   oC 

Enthalpy of saturated water @ 38 oC, hf  = 159.14 kJ/kg 

Pressure of saturated steam produced, Psat  = 10.6   bar 

Temperature of saturated steam produced, Tsat = 186.49  oC 

Enthalpy of saturated steam @ 182.464 oC, hg = 2783.7  kJ/kg 

     hfg =  1991.6  kJ/kg 

     hf = 792.1  kJ/kg 

In eqn 1, we have 

Qw = ( hg @ Tsat – hf @ 38 oC )   

  = 2783.7 – 159.14 

i.e Qw = 2624.56 kJ/kg steam. (answer 1) 

Conducting an energy balance for the combustion within the burner we will find the amount of 

fuel oil required to produce one kg of steam below. 

Hence, heat obtained from fuel burning for producing 1 kg steam = mfuel*LHVfuel * ƞ 

= 2624.56 kJ/kg, 

Assuming LHVfuel for HFO = 45.5 MJ/kg 

And boiler efficiency, ƞ  = 85% 

Therefore  mfuel  = 2624.56 / (LHVfuel* ƞ) 

i.e  mfuel  = 0.0678 kg fuel / kg steam (answer 2) 

6.1.2 Oil Heat Exchanger 

The second unit assessed was the oil heat exchanger. Here the condensate mass flow rate was 

calculated to be 1166 kg/hr. The calculations are as shown below. 

The condensate temperature is equal to the saturated steam temperature. 

i.eTcond = Tsat = 186.49 oC 

Heat gained by the oil, Qoil = moil * Cpoil * ∆T ---------- eqn 2 
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Assuming the oil is being heated from 110 oC to 125 oC 

Mass flow rate of oil, moil = density of oil * volumetric flow rate of oil 

i.e   moil = 915 * 90 

    = 82350  kg/h 

    = 22.875  kg/s 

In eqn 2, we have  

Qoil = 22.875 * 1.88 * (125-110) 

 = 645.075 kJ/s 

The heat gained by the oil is equal to the latent heat loss by the steam 

i.eQoil = mcond * (hg@Tsat – hfg @Tsat) 

 = mcond * (2783.7 – 792.1)  

This implies that condensate mass flow rate,  

mcond = 645.075 / (2783.7 – 792.1)  

= 0.32 kg/s (answer 3) 

= 1,166 kg / hr 

6.1.3 Flash Steam 

The amount of flash steam produced was found to be 190 kg/hr as shown below. 

The ratio of flash steam produced = ( hf @ 10.6 bar – hf @ 1 bar, 100oC ) 

      hfg @ 1 bar 

     = ( 792.1 – 419.04 ) 

      2257 

     = 0.165 kg steam / kg condensate (i.e 16.5%) 

The condensate mass flow rate, mcond = 0.32 kg/s (from answer 3) 

This implies the amount of flash steam generated, mflash = 0.165 * 0.32 

      mflash = 0.0528 kg/s(answer 4) 

       = 190 kg / hr 

6.1.4 Savings in fuel (HFO) through Flash Steam Recovery 

We can recover 2257 KJ of heat from 1 kg of flash steam by condensing it. 

Therefore, 

Possible heat that could be saved per hr = 190 * 2257 

     = 429,010 kJ 

The mass flow rate of fuel that can be saved through the flash steam recovery, 

mfuel saved  = 429,010 kJ / (LHVfuel* ƞ) 

= 429,010 kJ / (45500 kJ/kg*0.85) 

  = 11.09 kg of HFO / hr 
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i.e mfuel saved = 11.09 kgfuel/h (answer 5) 

Assuming density of HFO  = 0.96 kg/L 

Implies that the amount of fuel saved = 11.09 / 0.96 

     = 11.55  L / h 

Cost of HFO = 20.67 RsMUR/L 

Therefore, 

Savings on HFO, S1 = 20.67 * 11.55 

   = 238.8 MUR/h 

   = 1,911 MUR(Euro 47.8)/day (assuming 8 hrs operations per 

day) 

= 38,214MUR (Euro 955.35)/month (assuming 20 days operation 

per month) 

   = 458,572 MUR (Euro 11464.30)/year 

6.1.5 Heat Loss through the exhaust piping of Wafers 

machine 

The next unit assessed was the wafers machine. There was a potential heat loss through the 

exhaust piping. The latter was thus calculated as below. 

The exhaust temperature, Texh = 185 oC 

Diameter of exhaust pipes, Dexh = 0.3 m (12 inch) 

Length of pipe, Lpipe  = 16  m 

Material of exhaust pipes assumed to steel 

Surrounding air temperature, Ts = 25  oC 

Heat loss by conduction and convection through the pipes 

is given by, 

Q  = U A (Texh – Ts)  

Where, 

U  = Overall heat transfer coefficient 

A  = heat transfer area of surface 

Assuming the temperature difference across the steel pipes to be negligible, implies that the heat 

loss through conduction can also be assumed to be negligible. 

1/U = 1/αA + 1/αB   

Where αA and αB heat transfer coefficients for the inside and outside of the pipe 

1/U = 1/1600 + 1/12 

 = 0.084 

i.e U = 11.91 

A = πd*Lpipe 
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= π(0.3)*16 

= 15.08 m2 

Therefore, 

 Q = 11.91* 15.08 * (185 – 25) 

 = 28.74 kW 

Heat loss by radiation is given by,  

Qrad = σ T4 A          

Where,  

σ  = 5.6703*10-8 (W/m2 K4) - The Stefan-Boltzmann Constant 

T  = absolute temperature Kelvin (K) 

A = area of the emitting body (m2) 

Implies that,  

Qrad = 5.6703*10-8 * (185+273)4 * 15.08 

 = 37.62 kW  

Therefore the total Heat Loss through the exhaust piping of the wafer machine is, 

Qloss = (Q + Qrad)  

= (28.74 + 37.62) kW 

= 66.36 kW 

6.1.6 Savings on HFO by using Heat loss from Wafers 

machine exhaust for heating feed-water 

A potential heat loss of 66.36 kW through the exhaust piping of the wafer machine was 

calculated. Hence the savings on HFO by using this heat loss for heating the feed-water to the 

boiler was calculated to be 108,578 MUR (Euro 2715)/year as shown below. 

Heat recovered from exhaust = heat absorbed by water 

    = heat Loss through the exhaust piping of the wafer machine 

i.e   Qrec1 = Cp (Twout – Twin) 

where, 

Cp = specific heat capacity of water at 38 oC 

 = 4.186 

Twout = temperature of water after being heated by exhaust gas 

Twin = inlet fed-water temperature 

 = 38 oC 

Therefore, 

66.36 = 4.186 (Twout – 38) 

Implies that, 
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Twout = 58.85 oC 

Hf@58.85oC = 246.3 kJ/kg 

The new heat required for producing 1 kg of steam is 

Qw1 = ( hg @ Tsat – hf @ 58.85 oC ) 

 = 2783.7 – 246.3 

i.eQw1 = 2537.4 kJ/kg of steam 

Amount of heat energy saved from pre-heating the feed-water from the boiler chimney exhaust 

is 

Qs1 = 2624.56 – 2537.4 

 = 87.16 kJ/kg of steam 

Amount of fuel saved is 

mfuel saved 1 = 87.16 / (LHVfuel* ƞ) 

  = 87.16 / (45500*0.85) 

  = 0.00225 kg fuel / kg of steam 

  = (0.00225/0.96) lt of fuel / kg steam 

i.e mfuel saved 1 = 0.00235 lt of fuel / kg steam 

Assuming the mass flow rate of steam = mass flow rate of the condensate 

     = 1,166 kg/h 

i.e mfuel saved 1 = 0.00235 * 1166 lt of fuel / h 

  = 2.7401 lt of fuel / h 

Therefore, 

Savings on HFO, S2 = 0.00235 * 20.67 

   = 0.0485 MUR / kg of steam 

   = 0.0485 * 1166  MUR/h 

   = 0.0485*1166*8(h/day)*20(days/month)*12(months/year) 

   = 108,578 MUR (Euro 2715)/year 

6.1.7 Heat recovered from Boiler Chimney 

Another possible option of heat recovering was found to be through the boiler chimney. The 

latter was calculated to be 110.32 kJ/kg of steam produced. The calculation is as shown below. 

 

Exhaust gas temperature leaving boiler, Texh1 = 250 oC 

Exhaust temperature leaving chimney, Texh2 = dew point temperature of flue gas 

      = 160 oC 

Heat recovered from chimney,  

Qrec = mfg * Cpfg * ∆T 

mailto:Hf@58.85oC
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Where, 

mfg = mass flow rate of flue gas 

 = mfuel + mair 

Assuming an air fuel ratio of 15 

Implies that, 

mair = 15 * mfuel 

Therefore, 

mfg = (1+15) mfuel 

 = 16 * 0.0678 

 = 1.0848 

Cpfg = specific heat capacity of flue gas 

 = 1.13 kJ/kg.K (assuming pure combustion gases) 

We have, 

Qrec2 = 1.0848 * 1.13 * (250 – 160) 

 = 110.32 kJ/kg of steam produced 

6.1.8 Savings on HFO when using of Heat recovered from 

Chimney for heating feed-water 

Again a saving on HFO could be obtained by using the heat recovered from the boiler chimney 

for heating the feed-water. The latter was calculated to be 137,457 MUR (Euro 3436)/year. 

 

Heat recovered from chimney = heat absorbed by water 

i.e Qrec2 = Cp (Twout – Twin) 

Where, 

Cp = specific heat capacity of waterat 38 oC 

 = 4.186 

Twout = temperature of water after being heated by exhaust gas 

Twin = inlet fed-water temperature 

 = 38 oC 

Therefore, 

 110.32 = 4.186 (Twout – 38) 

Implies that, 

Twout = 64.35 oC 

Hf@64.35oC = 269.34 kJ/kg 

The new heat required for producing 1 kg of steam is 

Qw2 = ( hg @ Tsat – hf @ 64.35 oC ) 

 = 2783.7 – 269.34 

mailto:Hf@64.35oC
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i.e Qw2 = 2514.36 kJ/kg of steam 

Amount of heat energy saved from pre-heating the feed-water from the boiler chimney exhaust 

is 

Qs2 = 2624.56 – 2514.36 

 = 110.2 KJ/kg of steam 

Amount of fuel saved is 

mfuel saved 2 = 110.2 / (LHVfuel* ƞ) 

  = 110.2 / (45500*0.85) 

  = 0.002849 kg fuel / kg of steam 

  = (0.002894/0.96) Lt of fuel / kg steam 

i.e mfuel saved 2 = 0.00297 Lt of fuel / kg steam 

Assuming the mass flow rate of steam = mass flow rate of the condensate 

     = 1,166 kg/h 

i.emfuel saved 2 = 0.00297 * 1166 Lt of fuel / h 

  = 3.46302 Lt of fuel / h 

Therefore, 

Savings on HFO,S3 = 0.00297 * 20.67 

   = 0.0614 MUR / kg of steam 

= 0.0614 * 1166 MUR/h 

   = 0.0614*1166*8(h/day)*20(days/month)*12(months/year) 

   = 137,457 MUR (Euro 3436)/year 

6.1.9 Condensate Trap from oil heat exchanger 

The section of pipeline downstream of the trap will carry both condensate and flash steam at 

the same pressure and temperature. This is referred to as two-phase flow, and the mixture of 

liquid and vapour will have the characteristics of both steam and water in proportion to how 

much of each is present. It follows that the two-phase fluid in the trap discharge line will have 

much more in common with steam than water, and it is sensible to size on reasonable steam 

velocities rather than use the relatively small volume of condensate as the basis for calculation. 

If lines are undersized, the flash steam velocity and backpressure will increase, which can cause 

water-hammer, reduce the trap capacity, and flood the process. Steam lines are sized with 

attention to maximum velocities. Dry saturated steam should travel no faster than 40 m/s. Wet 

steam should travel somewhat slower (15 to 20 m/s) as it carries moisture which can otherwise 

have an erosive and damaging effect on fittings and valves. Trap discharge lines can be regarded 

as steam lines carrying very wet steam, and should be sized on similarly low velocities. 

 

From previous calculations, we found that the condensate flow rate, mcond = 1166 kg/hr with a 

pressure of 1 bar and Tsat=100 oC. The actual size of the pipe is 2 inch (50.8 mm). 
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From Figure 6.1, for a condensate pressure of 0 bar g (assumed) after the trap, and mcond = 

1166 kg/hr, we have a condensate pipe size of 22.2 mm. 

This implies that the actual pipe is actually twice the calculated dimension. 

 

 

Figure 6.1: The condensate pipe sizing chart – (TI-GCM-11_Spirax Sarco Limited, Siprax Sarco 
(2007)) 

 

1166 22.2 
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6.1.10 Savings on Electrical components 

6.1.10.1 Lighting 

A saving can be made in substituting the fluorescent lights by electric saving lamps known as T8 

lamps. The single 18W lamp will be replaced by 9W-T8lamp while the double 18Wlamps (i.e 

36W in total) by 28W-T8 lamps. The investments as well as the payback are shown in Table 6-1. 

Table 6-1:Savings on electrical components at Esko Co Ltd 

No. of fluorescent lights - single 18W 74 

No. of fluorescent lights - double 18W (i.e total 36 W) 111 

No. Of 9W-T8 lamps required 185 

Cost of one 9W-T8 lamp / MUR 200 

Total cost for replacing the 18W lamp by 9W-T8 lamps / MUR 37000 

Total investment costs for substituting the fluorescent lights by electric 

saving lamps / MUR 37000 

    

Energy saved by the 9W-T8 lamps, W 9 

Hours of operation per day 10 

Hours of operation per week 54 

No. Of weeks per year 52 

Hours of operation per year 2808 

Energy saved per year by the 9W-T8 lamps / Wh 4675320 

Total energy saved per year / kWh 4675.32 

    

Rates per kWh / MUR (as per electricity bill) 2.84 

Savings per year / MUR 

13277.9 

(Euro 332) 

Payback in yrs 2.8 

 

6.1.10.2 Power Factor Corrector 

The power factor of an electric power system is defined as the ratio of the real power flowing to 

the load to the apparent power. Real power is the capacity of the circuit for performing work at 

in a particular time while apparent current is the product of current and the voltage of the 

circuit. In an electric power system, a load with low power factor draws more current than a 

load with a high power factor for the same amount of useful power transferred. The higher 

currents increase the energy lost in the distribution system and require larger wires and other 
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equipments. Because of the costs of larger equipments and wasted energy, electrical utilities will 

charge a higher cost to industrial customers where there is a low power factor. 

For the case of Esko Co ltd, we can notice from Table 0-2 that an average of MUR 3200 (Euro 

80) is being charged excess KVA. Therefore it is desirable for them to invest on an Automatic 

Power Factor Correction Unit. The payback is calculated as per Table 6-2 below. 

Table 6-2: Payback of opting for an Automatic Power Factor corrector 

Average excess KVA per month 39.6 

Rates per excess KVA  / MUR 81 

Expected savings with Power Factor Corrector / MUR 145926 

Estimated cost of a Power Factor Corrector / MUR 
400000 (Euro 

10000) 

Payback in yrs 2.74 

 

The detailed calculation is as shown in overleaf. 
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Table 6-3: Power factor calculation 

Table 6-3: Power factor calculation 

corrugated carton -tariff313 

  kWh  Component  Actual kVA Component  kVA  Component with  pf-
corrector- target pf of .95 

Month  
Consu
mption  

unit 
/rate 

Total  
- kWh 
Charge  

Actual 
kVA 

demand 

Highest 
kVA 

demand 
within 6 
precedin

g 
months  

unit 
/rate 

Charge 
for kVA 

compone
nt  KVAh 

Actual 
Power 
Factor 
(kWh 

/ 
kVAh) 

Actual 
Power 
Factor 

Target 
pf by 
CEB 

kVA 
at  

CEB 
targe
t pf 

Exce
ss 

kVA 

Price 
/ 

unit 
of 

exce
ss 

kVA  

Penalt
y 

charge 
for 

excess 
kVA 

Total 
Charge 
for kVA 

compone
nt  

kVA with  
pf-

corrector 
at target 
pf of .95 

Charge 
for 

kVA 
compo

nent  
with pf 
correct

or  

Savings 
with pf 
Correct

or  

  kWh 

MU
R / 
kWh MUR kVA kVA 

MU
R / 
kVA MUR kVAh       kVA  kVA  

MU
R   MUR       

Jan-09 58396 2.84 165,845 406.22 422.25 144 60804 71462 0.82 0.82 0.9 369 37 81 3029 63,833 363 52,302 11531 

Feb-09 58583 2.84 166,376 419.58 422.25 144 60804 72867 0.8 0.8 0.9 375 45 81 3626 64,430 357 51,458 12973 

Mar-09 60618 2.84 172,155 408.74 422.25 144 60804 74935 0.81 0.81 0.9 367 41 81 3350 64,154 360 51,776 12378 

Apr-09 65209 2.84 185,194 409.28 422.25 144 60804 80082 0.81 0.81 0.9 370 39 81 3158 63,962 362 52,117 11844 

May-09 56468 2.84 169,369 397.51 422.25 144 60804 69948 0.81 0.81 0.9 357 41 81 3317 64,121 359 51,670 12451 

Jun-09 56275 2.84 159,821 370.57 422.25 144 60804 70946 0.79 0.79 0.9 327 44 81 3562 64,366 353 50,769 13597 

Jul-09 56056 2.84 159,199 350.93 419.58 144 60420 70156 0.8 0.8 0.9 312 39 81 3189 63,609 353 50,817 12792 

Aug-09 51044 2.84 144,965 332.17 419.58 144 60420 63214 0.81 0.81 0.9 298 34 81 2766 63,185 357 51,355 11830 

Sep-09 55211 2.84 156,799 377.7 409.28 144 58936 68412 0.81 0.81 0.9 339 39 81 3160 62,096 348 50,067 12029 

Oct-09 59660 2.84 169,434 370.03 409.28 144 58936 73741 0.81 0.81 0.9 333 37 81 3029 61,965 349 50,192 11773 

Nov-09 56201 2.84 159,611 382.82 397.51 144 57241 69107 0.81 0.81 0.9 346 37 81 2989 60,230 340 49,001 11229 

Dec-09 55762 2.84 158,364 402.62 402.62 144 57977 68575 0.81 0.81 0.9 364 39 81 3147 61,124 345 49,626 11499 

    Average kVA  416   Average pf 0.81        Total Savings =  145,926 

  pf corrector   required  =  416 *0.81 { Tan  Cos -1   0.81      -  Tan  Cos -1  0.95}  =  416*0.81( 0,72 - 0.33)=132  kVAr         

  Estimate for investment  - pf  controller , capacitor banks , installation  = MUR  400,000 (Euro 10000)        
  Payback = 2.74 Yrs                               
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6.1.10.3 Air Conditioner 

The power consumed by the air conditioning units throughout the plant is as shown inTable 

6-4. 

Table 6-4: Power consumed by the air conditioning units at Esko Ltd 

Type of AC, BTU/h 20000 30000 60000 

No. Of AC 4 3 16 

Operating  per day 8 8 8 

Hours of operation per day 6 6 6 

Hours of operation per week 30 30 30 

No. Of weeks per year 32 32 32 

Hours of operation per year 960 960 960 

        

Annual cooling output by each type of AC 
per year, BTU 76800000 86400000 921600000 

Seasonal energy efficiency (assumed) 10 10 10 

Electrical energy consumed, kWh 7680 8640 92160 

        

Total electrical energy consumed for Air 
conditioning per year 108480     

Total electrical energy consumed per year 
(year 2009) 689483     

% of electrical energy consumed by 
AC 15.73     

 

This is a significant proportion of the total electricity bill that requires attention as well. As 

explained earlier above that it is possible to see certain room temperatures dropping after 

insulating the wafers machine exhaust pipes. 

At the same time, if we can afford to reduce the temperature set point by 1 – 2 degrees we can 

expect significant savings. Studies have shown that for every increase of set point temperature 

by 1 oC the power consumption can be decreased by 3 – 5 %. 

Therefore in this case if we can see an improvement of room air conditioning by 2 oC, either by 

a lower ambient temperature or increasing the set point by 2 oC, we can expect to see a 

minimum of 6 % savings on the electricity bill.  

This amount to approximately = 0.06*0.1573*MUR1958131  

    =18485 MUR (Euro 464)/year 

This require no direct investment, just a trial by raising the set point by 2 oC or this 

improvement may come by an indirect effect by insulating the wafers machine exhaust pipe. 
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6.1.11 Avoided emission of Greenhouse Gases 

The earth is surrounded by a layer of greenhouse gases (GHGs) that trap heat energy within the 

atmosphere. This heat energy is sufficient and vital to maintain a temperature at which the 

entire ecosystem is in equilibrium with each other. Nevertheless, several factors have 

exacerbated the equilibrium between man and its environment since the early days of the 20th 

century. These include demographic explosion, deforestation, heavy industrialisation, and over 

exploitation of fossil fuels to satisfy fast growing energy demands. 

Today, there is growing evidence that the levels of greenhouse gases in the atmosphere, mainly 

carbon dioxide (CO2) is increasing with the result of an overall rise in the air temperature. 

Measurements have demonstrated that the levels of CO2 have increased from 315 ppm to 375 

ppm over the last 50 years. 

The impacts of global warming are today being felt everywhere on the planet through the 

melting of glaciers, sea level rise, extreme droughts and floods.  

If nothing is done to cut down the emission of GHG it will be a serious threat to third world 

countries and small island states in the first place as they are the most vulnerable. However, on a 

planetary scale it is the very survival of mankind that is at stake.  

Avoided emissions are defined as the difference between the replaced emissions from 

alternative electricity and heat generation and the current emissions. Hence from the different 

saving options in HFO found in section 6.1.4, 6.1.6. and 6.1.8 before, the avoided emission of 

GHG can be calculated using the national-gtreenhouse-factors-june-2009 report of the IPCC 

guidelines 2006. The following formula was used:                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
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The results are as shown in Table 6-5. 

Table 6-5 : Avoided GHG emissions for HFO savings at Esko Ltd 

Options 

Quantity of fuel 
saved 

EC of 
HFO, 
GJ/kL 

Emission factor,                   
kg CO2-e/GJ 

l/h kl/h   CO2 CH4 N2O 

1. Flash steam recovery 11.55 0.0116 40 72.9 0.03 0.2 

2.Heat recovery from Wafers m/c 
exhaust 

2.74 0.0027 40 
72.9 0.03 0.2 

3. Heat recovery from chimney exhaust 3.46 0.0035 39.7 72.9 0.03 0.2 

  

Options 

Emission of gas from fuel,                 kg 
CO2-e/h 

Emission of 
gas from 

fuel, kg CO2-
e/year CO2 CH4 N2O Total 

1. Flash steam recovery 0.033427 0.000014 0.000092 0.033533 64.38 

2. Heat recovery from Wafers m/c 
exhaust 0.007930 0.000003 0.000022 0.007955 15.27 

3. Heat recovery from chimney exhaust 0.010022 0.000004 0.000027 0.010054 19.30 

       Total 98.96 

 

6.2 Analysis of Data Collected at The Message Ltd 

6.2.1 Savings on Lighting 

A saving can be made in substituting the fluorescent lights by electric saving lamps known as T8 

lamps. The single 18W lamp will be replaced by 9W-T8lamp. The investments as well as the 

payback are as shown in Table 6-6. 

Table 6-6: Savings on lighting at The Message Ltd 

No. of fluorescent lights - single 18W 30 

No. Of 9W-T8 lamps required 30 

Cost of one 9W-T8 lamp / MUR 200 

Total cost for replacing the 18W lamp by 9W-T8 lamps / MUR 6000 

Total investment costs for substituting the fluorescent lights by 
electric saving lamps / MUR 

6000 

Energy saved by the 9W-T8 lamps, W 9 

Hours of operation per day 10 

Hours of operation per week 54 

No. Of weeks per year 52 

Hours of operation per year 2808 

Energy saved per year by the 9W-T8 lamps / Wh 758160 
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Total energy saved per year / kWh 758 

Rates per KWh / MUR (as per electricity bill) 4.9 

Savings per year / MUR 3715 

Payback in yrs 1.6 

 

6.2.2 Air Conditioning Unit 

The power consumed by the air conditioning units throughout the plant is shown inTable6-7. 

Table 6-7: Power consumed by the air conditioning units at The Message Ltd 

Type of AC, BTU/h 12000 

No. Of AC 3 

Operating  per day 10 

Hours of operation per day 8 

Hours of operation per week 54 

No. Of weeks per year 52 

Hours of operation per year 2808 

    

Annual cooling output by each type of AC per year, BTU 101088000 

Seasonal energy efficiency (assumed) 10 

Electrical energy consumed, kWh 10108.8 

    

Total electrical energy consumed for Air conditioning per year 10109 

Total electrical energy consumed per year (extrapolated) 13200 

% of electrical energy consumed by AC 76.6 

 

6.3 Analysis of Data Collected at Cuttings Ltd 

6.3.1 Savings on Lighting 

A saving can be made in substituting the fluorescent lights by electric saving lamps known as T8 

lamps and the 15 W lamps by 7 W economic lamps. The investments as well as the payback are 

shown in Table 6-8. 
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Table 6-8: Savings on Lighting at Cuttings Ltd 

No. of fluorescent lights - single 18W 8 

No. Of 9W-T8 lamps required 8 

Cost of one 9W-T8 lamp / MUR 200 

Total cost for replacing the 18W lamp by 9W-T8 lamps / MUR 1600 

Total investment costs for substituting the fluorescent lights by electric 
saving lamps / MUR 

1600 

    

No. Of 15 W lamp 8 

No. Of 7 W lamps required 8 

Cost of one 7 W economic lamp / MUR 270 

Total cost for replacing the 15 W lamp by the 7 W economic lamps / MUR 2160 

Total investment costs for substituting the 15 W lamp by electric saving 
lamps / MUR 

2160 

Total investment costs in using electric saving lamps to replace the 
fluorescent lamps & 15W lamps/MUR 

3760 

    

Hours of operation per day 8 

Hours of operation per week 40 

No. Of weeks per year 52 

Hours of operation per year 2080 

Energy saved per year by the electric savings lamps / Wh 282880 

Total energy saved per year / kWh 283 

    

Rates per kWh / MUR (as per electricity bill) 4.9 

Savings per year / MUR 1386 

Payback in yrs 2.7 

 

6.3.2 Air Conditioning Unit 

The power consumed by the air conditioning units throughout the plant is shown in Table 6-9. 

Table 6-9: Power consumed by the air conditioning units at Cuttings Ltd 

Type of AC, BTU/h 24000 

No. Of AC 1 

Hours of operation per day 8 

Hours of operation per week 40 

No. Of weeks per year 52 
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Hours of operation per year 2080 

    

Annual cooling output by each type of AC per year, BTU 49920000 

Seasonal energy efficiency (assumed) 10 

Electrical energy consumed, KWh 4992 

    

Total electrical energy consumed for Air conditioning per year 4992 

Total electrical energy consumed per year (extrapolated) 863200 

% of electrical energy consumed by AC 0.6 
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7 Energy Conservation Opportunities (ECO) 

Energy conservation is the practice of decreasing the quantity of energy used. It may be 

achieved through efficient energy use, in which case energy use is decreased while achieving a 

similar outcome, or by reduced consumption of energy services. Energy conservation may result 

in increase of financial capital, environmental value, national security, personal security, and 

human comfort. Organisations that are direct consumers of energy may want to conserve 

energy in order to reduce energy costs and promote economic security. Industrial users want to 

increase efficiency and thus maximise profit. 

7.1 ECO for Esko & Co Ltd 

After analysis of all the data collected from the company, the energy conservation opportunities 

that can be implemented are discussed in the subsections below. 

7.1.1 Recovery of Flash Steam 

The above loss from the condensate return line can be recovered by a simple modification in 

the pipeline. Presently the condensate return line enters the feed-water tank at the top and the 

flash steam is being lost to the atmosphere. 

By running the pipe into the tank as shown in Figure 7.1, all the flash steam will be recovered 

and we can easily save the amount of money calculated above. 

 

 

 

Figure 7.1: Flash steam recovery installation–(Spirax Sarco, 2007) 

 

7.1.2 Steam Trapping Details 

It is recommended to fix steam traps on the main line, as shown in Figure 7.2. 

Condensate 

Return Line 
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Figure 7.2: Steam Trap (Spirax Sarco, 2007) 

This allows any water in the main line (due to condensation) to be drained properly so that the 

steam entering the heat exchanger remains dry. 

Wet steam reduces steam heating capacity and gives rise to water hammering problems in the 

line. 

7.1.3 Steam Trap Size from Shell and Tube Heat Exchanger 

As seen in Figure 7.3 below, the condensate return line from the oil heat exchanger is a tube 

with 2” pipe diameter – same as the steam line entering. 

 

Figure 7.3: Steam Trap of Oil Heat Exchanger 

This condensate pipe is oversized and since the same diameter steam trap is used, with a by-pass 

valve steam leaks through the trap is going to be very high. It is actually quite common to see 

steam leaking through the by-pass valves or even the steam trap. 

It is recommended to replace this trap by a smaller size one. Based on the calculated value of 

1166 kg/hr above, a trap of size 22 – 25 mm is recommended (referring to figure 6.1). The 

nominal diameter available is a 2” (or DN 25) trap. 

The recommended type will be a ball float type as shown in Figure 7.4.

 

Figure 7.4: Ball Float Steam Trap-; Spirax Sarco, 2007) 

2” Steam 

Trap 
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7.1.4 Reducing Heat Dissipation from the Wafers exhaust 

machine 

As calculated above the heat dissipated to the surroundings by the hot exhaust pipe from one 

wafer machine is approximately 66.36 kW. 

There are 3 such pipes. We therefore have a total of 199.71 kW of additional heat dissipated 

into the room. This is adding on the air condition load. By insulating these pipes we can reduce 

this amount of heat to: 

Calculations: 

Assume surface temperature on insulated pipe becomes 50oC. 

Heat dissipated by convection = 12*15.08*(50-30) 

    = 3619 W (or 3.62 kW) 

And by radiation   = 5.6703*10-8 * (50+273)4 * 15.08 

    = 9307 W (or 9.3 kW) 

Total Heat dissipated   = 12.92 kW 

Effective Reduction is from 66.36 kW to 12.92 kW 

This represents a percentage reduction of about 80% on air condition load which will result in a 

comparative reduction in electricity consumption. 

 Although that particular room is not air conditioned but it is connected to the other rooms 

which are and the doors are opened and closed several times a day plus there are leaks which 

eventually causes heat to flow from the wafers room into the others. 

Furthermore insulating the pipes will improve the working environment around the machine 

especially during the summer season as requested by the customer. From the table below, three 

desired temperatures were considered 60, 50 and 30 oC. The heat that can be captured by using 

mineral wool as insulating material, which is the best for such temperature, was calculated as per 

Table 7-1 below. 

Table 7-1: Insulation calculation 

Description Unit       

Length of pipe, L m 20 20 20 

Bare pipe outside diameter, dl mm 250 250 250 

Bare pipe surface area, A m2 15.71 15.71 15.71 

Ambient temperature, Ta 
oC 25 25 25 

Bare pipe wall temperature, Th 
oC 185 185 185 

Desired wall temperature with insulation, Tc 
oC 60 50 30 

Material of Insulation   Mineral Wool 

Mean temperature of insulation, Tm =(Th +Tc)/2 0C 122.50 117.50 107.50 

Specific conductivity of Insulation material, K W/m oC 0.04 0.04 0.04 

Surface emissivity of bare pipe (steel),ε   0.15 0.15 0.15 

Surface emissivity of insulation cladding (Aluminium)   0.13 0.13 0.13 

Surface Heat Transfer coefficient of hot bare surface, h = 
(0.32+0.005(Th-Ta))*10 (for horizontal pipe) W/m oC 11.20 11.20 11.20 
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Table 7-2 (continued) 

Surface Heat Transfer coefficient after insulation, h' = 
(0.31+0.005(Tc-Ta))*10  W/m 0C 4.85 4.35 3.35 

Thermal Resistance, Rth = (Th-Tc)/[h'*(Tc-Ta)] oCm2/W 0.74 1.24 9.25 

Thickness of insulation, t = K*Rth mm 29.46 49.66 370.15 

r1=outer diameter/2 mm 125.00 125.00 125.00 

Equivalent thickness of pipe, teg = r2*ln(r2/r1) = t mm 29.46 49.66 370.15 

Outer radius of pipe with insulation, r2 mm 151.75 181.95 354.80 

Thickness of insulation = r2-r1 mm 26.75 56.95 229.80 

Insulated pipe area ,A' m2 19.08 22.87 44.60 

Total heat loss from Bare Surface, Q = h*A*(Th-Ta) kW 34.19 40.99 79.93 

Total heat loss from Insulated Surface, Q' = h'*A'*(Tc-Ta) kW 3.24 2.49 0.75 

Power Saved by providing Insulation, P = Q-Q' kW 30.95 38.50 79.18 

 

It can be seen from Table 7-1that the desired wall temperature with insulation is mostly 

favourable to be 50 oC as the thickness of insulation required is 57 mm which seems most 

economically feasible. 

7.1.5 Potential Savings from Wafers Exhaust 

It is also possible to recover some of the heat from the exhaust pipes from the wafers machine. 

By connecting the 3 exhaust pipes together into one and directing the hot gases through an air / 

water heat exchanger, we can preheat some of the feed water that will be used in the boilers. 

7.1.6 Heat Recovery from Boiler Exhaust 

Similarly the exhaust gases from the boiler can run through an economiser and preheat the feed-

water in counter flow. Below is a typical schematic drawing to show how an economiser can be 

mounted. 

 

Figure 7.5: Economiser on Exhaust pipe (Miscellaneous Boiler types, Economisers and  
Superheaters; Spirax Sarco, 2007) 

Limitations 

There is however, a limitation in this system. Heavy Fuel Oil contains a fair amount of sulphur 

(up to 6%). Because of the possibility of cooling the exhaust gases below the dew point of SOx, 
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formation of sulphuric acid is expected within the chimney and corrosion will follow. Therefore 

this measure is not recommended at this stage. If, however, the company decides to run on 

diesel in the future then this option can be considered as the percentage sulphur in diesel will 

have a negligible effect. 

Some further investigation has to be conducted to find out the exhaust gases content and 

suitability of materials for a heat exchanger. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

We will also require the exhaust volume flow rate from the machines to calculate the potential 

savings. It is quite possible that significant savings can be obtained, however it also depend on 

how much pre-heated feed water is required which is in turn dependant on the amount of steam 

required. If the steam requirements are not significant enough then this investment might not 

be viable. 

7.2 ECO for The Message Ltd 

7.2.1 Lighting 

The first and most promising area where a saving can be made is on the electricity bill by 

replacing the existing fluorescent tubes (18W) by 9W-T8 lamps. From the calculations in Table 

6-6 before, we found that a saving of around MUR 3700 (Euro 92.5) per year will be achieved 

with a payback of 1.6 years. 

7.2.2 Air Conditioning Unit 

To reduce the power consumption by the air conditioning unit, a variable speed drive (VSD) 

shall be installed to regulate their working capacity. But unfortunately these drives are very 

costly and hence won‟t be cost effective for the company to invest on. However we can 

propose the following to ensure proper running of the air conditioning units: 

1. Keeping the door of the working area always closed or installing a wind curtain at the 

doorstep. (See Figure 7.6). 

 

 

 

Figure 7.6: Air Conditioning unit and opened door 

Air Conditioning 

Unit 

Opened Door 
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2. Shading of the window panes of the working area will help to reduce the working load 

of the air conditioning unit. (see Figure 7.7) 

 

 

 

 

Figure 7.7: Incoming Sunlight in Working Area 

7.3 ECO for Cuttings Ltd 

7.3.1 Lighting 

Just like The Message Ltd, the area where a considerable saving can be made is on the electricity 

bill by replacing the existing fluorescent tubes (18W) by 9W-T8 lamps and the 15 W lamps by 

economic lamps of 7 W. From the calculations in table 6-6 before, we found that a saving of 

around MUR 1386 per year can be achieved with a payback of 2.7 years. 

7.3.2 Air Conditioning Unit 

Again just like The Message Ltd, investing on a variable speed drive (VSD) to regulate the 

running of the air conditioning unit will not be cost effective for a small company like Cuttings 

Ltd to invest in. 

7.4 Transport fuel optimisation 

Big manufacturing companies like Esko Co Ltd having ten Lorries for its product delivery 

consumes around 2330 litres of diesel monthly. With the rapid increase in transportation fuel, 

this area has also become important to be monitored and optimised. Some recommendations 

that can be put in place by the company management for transportation are as followed: 

 Smooth Driving -Aggressive driving can use as much as a third more fuel than safe 

driving. Avoid accelerating or braking too hard and try to keep your steering as smooth 

as possible.  

Incoming Sunlight 
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 Using Higher Gears -The higher the gear you drive in the lower your engine speed is, 

which can improve fuel efficiency. So change up a gear whenever you can, without 

labouring the engine.   

 Tune and Service Your Engine - A well tuned engine can improve fuel economy by 

up to 4%, so change your oil and follow your car manufacturer‟s recommendation on 

servicing.   

 Keep Your Tyres at the Right Pressure - Correctly inflated tyres are safer and last 

longer. A tyre that is under inflated by just 1psi can reduce fuel efficiency by as much as 

3%. An under or over inflated tyre is also more susceptible to failing. 

 Avoid Carrying Excess Weight - For every extra 100 lbs (45 kg) you carry your fuel 

efficiency can drop by 1-2%. So keep your boot or back seat clear of unnecessary items 

that just add weight to your vehicle.  

 Use the Correct Oil - Always use the recommended grade of motor oil. Using the 

manufacturer‟s recommended lubricant can improve fuel efficiency by 1-2%. Higher 

quality motor oils can help your engine operate more efficiently.   

 Fuel Matters - All fuels are not created equal. Fuel economy is maximised in the 

engine through a combination of good driving habits and using the right fuel…one that 

helps reduce friction and improves cleanliness in the engine, thereby improving fuel 

efficiency. 

 Avoid Excess Idling - Idling gets you nowhere but still burns fuel. Turn the engine 

off when you‟re in a queue, or waiting for someone, until you need it.   

 Plan Trips Carefully - Cutting down on the time spent in the car is the easiest way to 

conserve fuel. To reduce driving time, combine all your short trips and errands into a 

single journey.   

 Avoid High Speeds - The faster you go, the more wind resistance you‟ll encounter 

and the more fuel your vehicle will consume just to maintain speed. Driving just 5mph 

over the speed limit can affect fuel economy by up to 23%.   

 Use Air Conditioning Sparingly - Air conditioning puts added strain on the engine 

and uses fuel to operate, so limit use to particularly hot or cold days. When possible use 

the fan instead. 

 The Driver - By far the most important factor in the reduction of fuel consumption is 

you. This is good news, it is one part of the Fuel Economy equation you have control 

over. The rule is simply SLOW DOWN. There is no need to „stomp‟ the accelerator 

into the carpet to the next red traffic light. Remember this – It is possible to achieve 

the same speeds using far less fuel by simply being patient. If you‟re using your brakes 

unnecessarily you‟re essentially wasting energy. Try to anticipate traffic situations, it‟s 

safer TOO.  

 Accelerate Gradually: Maintain Consistent Speeds - Accelerate gradually when 

moving off. Fast starts burn a lot more fuel. Now, majority of countries roads are 

conducive to good fuel economy, with speed limits of 50 to 100 km per hour on most 

city roads and highways. Try to maintain consistent speeds, where the speed limit laws 

allow. 

7.5 Potentials for Utilisation of Renewable Energy 

Sources 

7.5.1 Use of renewable energy 

From a thermodynamic point of view, energy can neither be created nor destroyed but 

converted from one form to another.  However renewable energy is energy which comes from 
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natural resources that are naturally replenished. It is electricity and heat generated from solar, 

wind, ocean, hydropower, biomass, geothermal resources and bio fuel and hydrogen derived 

from renewable sources.  Renewable energy replaces conventional fuels in four distinct areas. 

For instance power generation, hot water heating, transport fuels and rural energy services.  

The increasing oil prices initiated a  wide growth of interest in renewable energy sources that 

could serve as substitute for oil and to be in line with the objectives of the MID fund awareness 

campaign on energy saving and the use of renewable energy. However for manufacturing 

companies like Esko Co Ltd, who don‟t have big boilers can instead think on the 

implementation of solar panels to produce its own energy. Wind energy won‟t be possible 

because of a lack of space. 

7.5.2 Solar Energy Utilisation 

7.5.2.1 Solar Power output monitoring 

There are two systems for power output monitoring, a grid connected or stand alone system. 

The choice is usually a tedious task for the decision maker. 

Grid connected systems 

The grid systems can be classified into two main categories: 

1. One which caters for the local need and the surplus is fed to the grid. In case of 

electricity shortage, electricity is drawn from the grid. 

2. Electricity from the grid connected system is fed to the central utility, that is, all the 

electricity produced is sent to the utility. 

Its features are as followed: 

3. It is attached to an electricity supply and distribution system. 

4. System may be designed in such a way so as to feed only the surplus to the grid or feed 

all the electricity produced to the grid. 

5. Can operate on a large scale catering having large capacity. 

6. The grid operates like a battery having unlimited storage capacity. 

Stand-alone systems 

The stand-alone system for power production can be used on an independent basis, that is, it 

can operate in such a way that it does not depend on the utility grid. This system is mostly 

attached with renewable energy sources and technologies such as solar and wind power 

technologies. 

Photovoltaic systems depend on an intermittent source of supply of energy. Thus, the peak 

demands cannot be met by the system alone. A battery storage system can help the photovoltaic 

system to be selfsufficient. This helps in energy management and at the same time makes the 

system more valuable. 

Its features are as followed: 

1. Usually used for small-scale applications and hence requires less resources. 

2. It requires energy storage during off-peak periods when load is small. 

3. It requires a battery. 

4. Operates at low plant load factors. It can be used for small households. 
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5. The capacity of a standalone system is directly dependent on the load. Thus it can be 

most conveniently used for small households which have smaller loads compared to 

other industrial applications. 

Advantages and disadvantages of both systems  

The advantages and disadvantages of the grid connected and stand alone system are shown in 

Table 7-3. 

Table 7-3: Grid connected versus Stand-alone systems 

Grid connected systems Stand-alone systems 

Advantages: 

1. Has a better overall efficiency than 

stand-alone systems since it has 

limitless storage capacity. Thus surplus 

of electricity will not be wasted. 

2. Ideal for locations close to the grid 

since costs associated with grid 

connections will be minimized. If we 

consider the case of Mauritius, which 

is a small island, it can be easily be 

covered by the grid system. 

Advantages: 

1. It can be used independently 

2. The system can be easily maintained 

 

Disadvantages: 

1. In situations of remote places, 

connection to grid becomes expensive.  

 

 

Disadvantages: 

1. It is associated with a high cost mainly 

due to the battery 

2. Batteries have a limited lifespan and 

have to be changed during the 

operation of the system with further 

add to the cost. 

3. It usually has a low capacity factor 

 

Because of the high battery cost in the case of a stand-alone system, the grid connected systems 

was found to be more economically viable. 

Components for the grid connected systems 

A schematic diagram of the grid connected system is as shown in Figure 7-8. 

 

 

 

 

Figure 7.8: Schematic diagram of a grid connected system 
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Inverter 

 Electricity from the PV panels are obtained in the form Direct current (DC) and needs to be 

converted to Alternating Current AC to meet local needs of an industry as well as to supply the 

excess electricity produced to the utility. The inverter is used to convert the (12 V or 24 V) 

direct current electricity from the PV modules to 240 V alternating current. An example is show 

in Figure 7.9. 

There are different types of inverters that are available. The inverters connected to the grid 

produce alternating current having the same waveform attributes and voltage as that of the 

utility. Grid connected inverters usually have a sine-shaped waveform. 

 

 

 

Figure 7.9: Inverter (Weatherisation works) 

 

The monitor, disconnect switch, and DC disconnect are attached to the inverter. The monitor 

displays the array‟s DC voltage and current output while the disconnect switch acts as a safety 

device and disconnects the inverter from the utility. The DC disconnect switch may also be 

equipped with a ground fault interrupter for the PV array protecting the arrays from any electric 

faults. 

DC disconnect   

 Array DC disconnects is an important feature for safely disconnecting the PV array from the 

inverter.  It stops the flow of electricity from the solar array. It helps for system maintenance 

and safety. 

AC breaker panel 

AC breaker panel is an important component which already exists in many industries.  In the 

case of a photovoltaic system, it connects the PV array and utility to the industry. 

Metering 

Meters can give an indication of the amount of electricity being supplied by the photovoltaic 

and that being used by the industry. When the solar photovoltaic system produces more power 

than the industrial needs, the excess electricity can be sold to the utility company.  

When electricity is supplied to the grid, the disc in the electric meter will spin backwards. On 

the contrary, when electricity is drawn from the utility grid, the meter will spin forward. For this 

purpose a bi-directional meter is used. 

Inverter 

Disconnect 

switch 

DC disconnect 

Monitor 
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Electric grid 

For a grid connected PV system, the grid can be regarded as having infinite storage capacity. It 

accepts the surplus of electricity from generated but the photovoltaic systems. It is usually 

governed by a utility company. 

 

Wiring system 

For the connection of the photovoltaic system to the household, properly sized wires matching 

code standards should be used.  

Principles of operation 

The solar panels generate electricity in the form of direct current. The inverter converts the DC 

into 240V 50Hz AC to be used by the industry. The surplus power produced is sent to the 

mains power grid. At times when energy is not available from the photovoltaic system, for 

example at night, electricity can be drawn from the grid and the consumer will be charged by 

the utility. 

Metering can be bi-directional, that is the meter will run backwards when electricity is being 

supplied to it or the consumer may be directly charged for the amount of electricity used. 

7.5.2.2 Cost evaluation of a grid connected system 

From the data obtained from the Mauritius Meteorological Services(the organisation found in 

Mauritius which collect, process and publicise meteorological observations in Mauritius, 

Rodrigues and the Outer Islands and over adjacent parts of the Indian Ocean), it is found that 

the island of Mauritius receives 6.5 to above 8 hours of bright sunshine daily. In summer 

months around 6.0 hours of bright sunshine are received over the high grounds, whereas the 

coastal regions are exposed to 7.5 to over 8.0 hours of bright sunshine. In winter months, the 

Central Plateau receives around 5.0 hours of bright sunshine whereas the coast receives above 

7.5 hours of bright sunshine.  

Table7.4: Average amount of sunshine received daily from 1971 to 2000 (Mauritius 
Meteorological Services, 2010) 

Month  Daily sunshine hours 

North South East West Centre 

January 8.1 7.7 7.0 7.5 7.3 

February 7.7 7.1 6.6 7.4 6.9 

March 7.6 6.9 6.7 7.3 7.3 

April 7.4 6.5 6.0 7.2 6.9 

May 7.6 6.6 6.3 7.8 7.4 

June 7.4 6.1 6.1 7.6 7.2 

July 7.6 5.5 6.1 7.6 7.3 

August 7.7 5.9 6.1 7.6 7.2 
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Table7.4 (continued)  

September 7.5 6.7 6.3 7.3 7.3 

October 8.2 7.6 6.8 7.8 7.6 

November 8.7 8.8 7.3 8.0 7.9 

December 8.0 8.4 7.0 8.0 7.2 

As shown in Table 7.4, it is assumed that the island receives an average daily sunshine of 8 

hours. 

The solar capacity needed for each industry is estimated from their average monthly 

consumption over the year while assuming a 70 % efficiency of the system. The cost of the Pv 

modules as well as the cost for inverter, meter, and AC & DC breaker was obtained from 

affordable solar. Two costs at which the electricity could be sold to local grid (CEB) were 

considered. The first one (Tariff 1) was the price at which the industries were presently paying 

for their electricity consumed from the grid. The second one (Tariff 2) was the price at which 

normally independent power producers of island are presently selling their electricity produced 

to the local grid. 

Table 7-5: Payback calculation of a grid connected system 

    
Esko& Co 

Ltd 
Message 

Ltd 
Cuttings Ltd 

Average monthly consumption of electricity kwh 58000 1502 415 

Daily consumption (30 days a month) kwh 1933 50 14 

Average daily sunshine available hrs 8 8 8 

Daily production of electricity from Solar 
panels 

kw  242 6 2 

Solar capacity needed assuming a 70 % 
efficiency of the system 

kw 169 4 1 

Cell type   Polycrystalline 

Cell arrangements/module   60 60 60 

Dimension m2 0.064 0.064 0.064 

Power of one module W 230 230 230 

Number of modules needed   736 19 5 

Total surface area needed m2 47.3 1.2 0.3 

Roof surface area m2 2400 - - 

Weight of one module kg 20 20 20 

Total weight kg 14710 381 105 

Price of one module $ 441.83 441.83 441.83 

  MUR 12725 12725 12725 

Total cost of modules required MUR 9359112.00 242368.73 66966.06 

Inverter cost $/module 4.1 4.1 4.1 

  
$ for all 
modules 

3015.58 78.09 21.58 

  MUR 86848.70 2249.08 621.42 

Cost of meters $ 151.2 151.2 151.2 

  MUR 4354.56 4354.56 4354.56 
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Table 7-4 (continued) 

     

Cost of AC breaker $ 12.6 12.6 12.6 

  MUR 362.88 362.88 362.88 

Cost of DC circuit breaker $ 10.92 10.92 10.92 

  MUR 314.50 314.50 314.50 

TOTAL COST MUR 9450992.63 249649.75 72619.41 

Average monthly electricity bill MUR 226711 7435 2100 

Electricity sold to CEB, Tariff 1 MUR 2.84 2.84 2.84 

Electricity sold to CEB, Tariff 2 MUR 5 5 5 

PAYBACK as per monthly bill Years 3.5 2.8 2.9 

PAYBACK for Tariff 1 Years 4.8 4.9 5.1 

PAYBACK for Tariff 2 Years 2.7 2.8 2.9 

 

From the results obtained in Table 7-4, it was noticed that the paybacks obtained are all within 

five years. Therefore the company will have to negotiate with the local grid (CEB) on an 

agreement of terms and conditions and the cost at which the latter will buy the current. 
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8 Conclusions and recommendations for future 

work 

8.1 Esko & Co Ltd 

A potential direct savings on the fuel consumption was found to be done by recovering the heat 

loss through the Flash Steam for pre-heating the feed-water to the boiler as shown in section 

6.1. However the feed-water can also be further preheated by using the heat loss from the boiler 

chimney as shown in the installation from section 6.5. It was also found that another way of 

pre-heating the feed-water can be done by using the heat dissipated from the exhaust of the 

Wafers machine. But this option can be thought as a long term option view the distance from 

where the machine is situated and the feed-water tank to the boiler. On the other hand, the heat 

dissipated from the exhaust of the Wafer machines can be minimised by insulating the pipes 

and hence improving the working environment in that particular area which is the request of the 

customer. At the same time it is expected that the ambient temperature of adjacent rooms will 

be reduced and thus lowering the air conditioning load resulting in potential savings which can 

be seen after implementation. 

On the electrical side, it can be concluded that the replacement of the existing fluorescent tubes 

lights (18W) by 9W-T8 lamp can be considered as economically feasible. Also the investment in 

a Power Factor Corrector will help reducing the electricity bill as it represents an average of 27 

% of the total bill per month. 

8.1.1 Summary of Recommendations at Esko Co Ltd 

A summary of the recommendations is presented in Table 8-1. 

Table 8-1: Summary of recommendations at Esko Co Ltd 

Savings on Fuel     

Flash Steam     

Amount of Flash Steam produced 190 kg/h 

Savings in fuel (HFO) by Flash steam recovery 458,572 MUR(Euro11464)/year 

      

Wafer Machine exhaust     

Heat loss through exhaust piping of Wafer machine 66.36 kW 

Savings in Fuel (HFO) using heat loss from Wafers 
machine exhaust for heating feed-water 

105,578 MUR(Euro2639)/year 

      

Boiler exhaust     

Heat recovered from Boiler chimney 110.32 kJ/kg steam produced 

Savings in Fuel (HFO) using heat recovered from 
chimney for heating feed-water 

137,457 MUR(Euro3436)/year 

      

Savings on Electrical components     

Lighting     

Saving on lighting by replacement of 18W lamp by 9W-
T8 lamp 

13,278 MUR(Euro332)/year 
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Table 8-1 (continued) 
 

Payback on lighting 2.8 Years 

      

Power Factor     

Saving on installing an Automatic Power Correction 
Unit 

145,000 MUR(Euro3625)/year 

Payback on power corrector 2.74 Years 

      

Air Conditioner     

Total electrical energy consumed per year (year 2009) 689,483 kWh 

% of electrical energy consumed by AC 15.0 % 

 Potential Savings by increasing set point by 2 oC 
18,000MUR(Euro450)/year 

 

Others     

Steam Trap     

To replace the return condensate line from the oil heat exchanger by a smaller one and hence 
reducing steam leakage. It is not possible to calculate the savings as we cannot measure the leaks 
– however results will show in the fuel bills. 

      

Exhaust from Wafer Machine     

Insulating the exhaust pipes from the Wafer machine by using mineral wool of thickness 57mm 
will considerably decrease the heat dissipated to the surrounding by 80 % and hence improving 
the working environment around the machine since no air conditioner is found in that room. Air 
conditioning load in other rooms are expected to reduce and once again here it is difficult to 
conduct any calculations on how much can be saved. But by taking this measure the effects are 
immediately seen. 

 

8.2 The Message Ltd 

Message Ltd is a company which recently expanded its unit to do the make-up of their T-Shirts. 

Despite that, the company has no major energy consumption units like boilers or refrigeration. 

However some savings can be made on the electrical components by replacing the existing 

fluorescent tubes lights (18W) by 9W-T8 lamp which can be considered as economically 

feasible.  

The next major energy consumption unit is the air conditioning units. The company can invest 

on installing VSD to run these units in the future since it demands a high investment. 

8.3 The Cuttings Ltd 

Cuttings ltd just like Message Ltd is also a company expanding its business to sell its products 

on the local market since 2004. They also don‟t have major energy consumption units like 

boilers or refrigeration. However the savings that can be considered as economically feasible is 

again on the electrical components by replacing the existing fluorescent tube lights (18W)by 

9W-T8 lamp and the 15W lamps by 7W economic lights.  

 The company can also invest on installing VSD to run its air conditioning units in the future.  
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8.4 General Conclusion 

After the audit of these three local industries, we found that depending on the nature and 

magnitude of their business, energy savings options is omnipresent. Also to be in line with MID 

concept, we found that above energy savings within the industrial process of the industries, 

there are also practical measures that should be considered. For instance, in section 7.4 there are 

a list of good practice that could be put in place for optimising transport fuel consumption.  

Furthermore to substitute or rather eliminate pollution causing fuels, green technologies like 

solar energy can be opted. In section 7.5.2.2 we found that despite the high investment cost for 

installing solar panels, the return on investment can yet be recovered within five years by a 

proper negotiation with the CEB on the purchase of the electricity to be produced. 
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Appendix I – Data sheet of Wafer Baking Machine 
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Appendix II – GAS Consumption at Esko& Co Ltd 

Table 0-1: Monthly Gas Consumption at Esko & Co Ltd 

Month Kg Price (MUR/kg) Amount (MUR) 

Jan-09 1581 45.874 72,526.79 

Feb-09 2204 42.219 93,050.68 

Mar-09 3509 42.219 148,146.47 

Apr-09 4298 42.219 181,457.26 

May-09 2386 34.075 81,302.95 

Jun-09 4140 34.075 141,070.50 

Jul-09 2074 34.075 70,671.55 

Aug-09 3992 40.245 160,658.04 

Sep-09 4157 40.245 167,298.47 

Oct-09 4177 40.245 168,103.37 

Nov-09 1837 40.245 73,930.07 

Nov-09 2152 39.426 84,844.75 

Dec-09 3808 39.426 150,134.21 

TOTAL 40315  1,593,195.10 
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Appendix III – Electricity consumption at Esko’&Co Ltd 

Table 0-2: Monthly Electricity Consumption at Esko & Co Ltd 

Month Kwh Price Amt KVA 
6Mth 
KVA 

Price Amt KVAh 
Excess 
KVA 

Price Amt Rental Total 

Jan-09 58396 2.84 165844.64 406.22 422.25 144.00 60804.00 71462 36.1 81.00 2924.10 430.00 230002.74 

Feb-09 58583 2.84 166375.72 419.58 422.25 144.00 60804.00 72867 46.6 81.00 3774.60 430.00 231384.32 

Mar-09 60618 2.84 172155.12 408.74 422.25 144.00 60804.00 74935 40.9 81.00 3312.90 430.00 236702.02 

Apr-09 65209 2.84 185193.56 409.28 422.25 144.00 60804.00 80082 40.9 81.00 3312.90 430.00 249740.46 

May-09 56468 2.84 160369.12 397.51 422.25 144.00 60804.00 69948 39.8 81.00 3223.80 430.00 224826.92 

Jun-09 56275 2.84 159821.00 370.57 422.25 144.00 60804.00 70946 45.3 81.00 3669.30 430.00 224724.30 

Jul-09 56056 2.84 159199.04 350.93 419.58 144.00 60419.52 70156 39 81.00 3159.00 430.00 223207.56 

Aug-09 51044 2.84 144964.96 332.17 419.58 144.00 60419.52 63214 33.2 81.00 2689.20 430.00 208503.68 

Sep-09 55211 2.84 156799.24 377.7 409.28 144.00 58936.32 68412 37.8 81.00 3061.80 430.00 219227.36 

Oct-09 59660 2.84 169434.40 370.03 409.28 144.00 58936.32 73741 37 81.00 2997.00 430.00 231797.72 

Nov-09 56201 2.84 159610.84 382.82 397.51 144.00 57241.44 69107 38.3 81.00 3102.30 430.00 220384.58 

Dec-09 55762 2.84 158364.08 402.62 402.62 144.00 57977.28 68575 40.3 81.00 3264.30 430.00 220035.66 

      1958131.72         853445         2720537.32 
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Appendix IV – Electricity bill for Esko& Co Ltd 
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Appendix V – Layout of Esko& Co Ltd 
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Appendix VI - Electricity Bill for Cuttings Ltd 

 

 

 

 


