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Abstract 
The Republic of Mauritius comprises a main island of an area of 1870km2 at latitude 200 south and longitude 580 
east and several outer islands, all of volcanic origin. Mauritius has no known oil, natural gas or coal reserves and is 
therefore heavily dependent on imported energy sources. In 2012, some 458 ktoe of energy were used for 
transportation, representing an increase from 391 ktoe in 2009 and 418 ktoe of energy in 2010. The consumption of 
gasoline increased from 121 ktoe to 128 ktoe (+5.8%) and that of diesel oil from 155 ktoe to 162 ktoe (+4.5%). The 
consumption of aviation fuel increased from 110 ktoe in 2009 compared to 123 ktoe in 2010 (+11.8%) to 146 ktoe 
in 2012. In Mauritius the transport sector is the heaviest energy consumer, accounting for 48% of total energy 
imports and pollution problems in term of vehicular emissions which are more acute in towns where there is heavy 
vehicular traffic. Mauritius as an island state cannot have the benefit of interconnection facilities and the reliance on 
fossil fuels can only impact severely on the island in case of crisis 

In 2006, a comprehensive set of strategies regrouped under the Multi Annual Adaptation Strategy (MAAS) was thus 
prepared jointly between the Government of Mauritius and the stakeholders in the sugar sector with the objective to 
investigate the environmental challenges and considerations to produce a comprehensive set of strategies to maintain 
the commercial viability and sustainability of the sugar sector. The plan that emerged from the MAAS comprised 
several measures including the transformation of the sugar industry into a sugarcane cluster coupled with the 
production of a minimum of 30 million litres of ethanol annually. One local ethanol manufacturer is exporting 
ethanol on regular basis to foreign markets. Export of ethanol has the added advantage of bringing foreign currency 
to the country and would be encouraged. 

In line with the Maurice Ile Durable project, to provide with a long-term strategy to progressively reduce the 
country’s dependence on fossil fuel, the implementation of an ethanol plant in the south of the island, after 
centralization of the sugar factory activities, has been considered. A case study has been carried out for setting up a 
15 million liters dehydrated ethanol plant annexed to the sugar factory.  The cost analysis showed that the annual 
revenue from the ethanol plant will be $17, 250, 000 and that the payback period will be of 2.9 years. 

It has been concluded that centralization of sugarcane industry provides with feedstock, with steam and power and 
minimize transportation costs, thereby increasing the operational and economical cost of ethanol production plant. 
The amount of molasses that will be produced at each cluster will be some 45 000 tons of molasses and for 
optimized operating plant, producing more than 20 million liters of dehydrated ethanol, final molasses will have to 
be outsourced from the other sugar factories on the island. 
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1 Chapter one 

1.1 Introduction 
The aim in this report is to assess the main factors influencing the implementation of an Ethanol 
Distillation Plant from Molasses in Mauritius. The constraints identified during the study are mainly 
technical viability which relates to the availability and reliability of the relevant technologies associated 
with the production and use; the suitability of the feedstocks, the location of the Ethanol Distillation Unit 
and the implication of waste disposal namely vinasse production. A mass-balance of the different 
components of the distillation unit and its associated cost analysis were assessed during the study. 
 

1.2 Definition of Ethanol 
Ethanol, also known as ethyl alcohol or grain alcohol is a high-octane, water-free alcohol produced from 
the fermentation of sugar or converted starch. It is a colourless clear liquid with mild characteristic odour 
that boils at 78oC and it has no basic or acidic properties and can therefore be used as liquid fuel in 
internal combustion engines either on its own or blended with petroleum products. The largest single use 
of ethanol is as a motor fuel and fuel additive. Fuel ethanol can be blended with gasoline in at as little as 
10 percent and as high as 85 percent, commonly known as E10 or E85 respectively. 
The use of ethanol as fuel contributes markedly to the reduction of carbon dioxide emissions into the 
atmosphere. Air quality being of major environmental importance in Mauritius; the ethanol industry is to 
become one of the major role players in the fuel-economy in the near future. In addition, ethanol blends 
have other benefits that are detailed below: 
 
• It provides high octane rating at low cost as an alternative to harmful fuel additives 
• Biodegradable without harmful effects on the environment 
• Reduces greenhouse gas emissions, moreover it burns more efficiently thus other pollutant species are 

also significantly reduced, e.g. unburned hydrocarbons  
• High volumetric flame efficiency and burns cooler than straight gasoline helping to keep valves cool 

which contributes to increase in power 
• It expands the markets for farmers, particularly the sugar sector therefore enhancing rural economic 

development 
• Pure bioethanol can replace gasoline in modified spark-ignition engines, or it can be blended with 

gasoline at up to thirteen percent concentration (13%) to fuel unmodified gasoline engines 
• In the case of Mauritius, locally produced ethanol reduces the country’s dependence on costly 

imported fuel and allows the sugar industry to develop a new domestic fuel industry. On the national 
level, ethanol production can improve balance of payments by displacing imported petroleum with 
domestically produced fuel. 
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1.3 Objective 
The primary objectives of this study are to develop a greater understanding of the potential for ethanol 
production for the use in the transport sector, and thus: 
• to evaluate the amount of molasses that can be produced from 425 ton/day of cane sugarcane factory 

in Mauritius 
• to study the potential of setting up a distillation plant annexed to a sugarcane factory in Mauritius  

1.3.1 Specific Objectives 

• To use molasses, a by-product of the sugarcane industry, as a valuable resource for the production of 
ethanol, thus allowing the sugarcane plant to operate at optimum efficiency.  

• To provide the mass balance and the energy balance of a proposed ethanol plant. 
• To determine the pay-back time of the proposed ethanol plant.  

 

1.4 Method of Study 
The feasibility of the project was assessed through the following procedures: 

• Literature review and brainstorming sessions were carried out to find out whether such systems exist 
and are in commercial operation. 

• The distillation plant manufacturer pamphlet and discussion with ethanol consultant were used to get 
precise information on the various possibilities, constraints and salient data of benchmarking for 
setting up the distillation plant. 

• The above information was used to carry out relevant studies (calculations, energy balance analysis, 
cost analysis, etc.) to see whether the set objectives can be achieved. 

• Potential constraints and impacts of the proposal were identified. 

 

The overall study basically involved the following steps:  

a. Data collections and analysis 
b. Mass Balance and Heat Balance Analysis;  
c. Design and cost benefit assessment;  
d. Report writing and finalization.  
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2 Chapter two 

2.1 What is ethanol made of 
Ethanol is manufactured by the fermentation of a wide variety of biological materials namely grains such 
as wheat, barley, corn, wood and saccharine raw materials. Saccharine raw materials are sugar cane or 
sugar beet juice, high test molasses, black-strap molasses, fruit pulp and juice wastes, cane sorghum and 
whey. Molasses is a process residue produced after repeated crystallization of sugar and is characterized as 
the waste syrup from which no further sucrose can be extracted. Molasses is typically 3.02% by weight of 
cane and is composed of water, fermentable sugars mainly sucrose, glucose and fructose, nitrogenous 
compounds namely crude protein and amino acids, ash (oxides of potassium, calcium, magnesium, silica, 
sodium, iron and aluminum and sulphite, chloride and phosphorus), lipids and trace pigments and 
vitamins.  

2.2 Bioethanol feedstocks 
Bioethanol feedstocks are referred to as the first and second generation feedstock. The majority of the 
first generation of feedstock for bioethanol production includes those which are grown or used for food 
and animal feed namely: 

• First Generation Feedstocks 
o Saccharine (Sugar Containing Materials) 
o Starchy Materials 

• Second Generation Feedstock 
o Cellulose Materials 

Saccharine (Sugar Containing) Materials are easiest to convert to ethanol and include sugarcane, sugar 
beet, sweet sorghum and fruits.  

The average fermentable sugar content of some saccharine feedstocks is given in the table below: 

Table 2.2.1: Average fermentable sugar content of some saccharine feedstocks 

Feedstocks Average Fermentable Sugar Content (%) 

Fruits 

Grapes 

Bananas 

Apples 

Pineapples 

Pear 

Peaches 

Oranges 

Sugar beets 

Sweet sorghum 

Sugar cane 

Molasses 

 

15.0 

13.8 

12.2 

11.7 

10.0 

7.6 

5.4 

15.0 

14.0 

10.0 – 15.0 

50.0 – 55.0 
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Starchy Materials contain complex sugar and they are in form of grains and tubers including cereals such 
as corn (Maize), Guinea Corn (Sorghum), Millet, Wheat, Rice, Barley and Cassava and Potatoes.  

Cellulose materials include a much more complex sugar polymer found in plant materials crystalline in 
structure (lignin) and resistant to hydrolysis. Roughly, two-thirds of the dry mass of woody plants is 
present as cellulose and hemicelluloses. Lignin makes up the bulk of the remaining dry mass. 

The cellulose materials used as feedstock include: 

• Agricultural plant wastes e.g. corn cobs, corn stalk, straws, sugar cane bagasse, cotton wastes 
• Plant wastes from industrial processes e.g. paper pulp 
• Forest wastes e.g. chips and sawdust from lumber mills, dead trees and trees branches 
• Energy crops grown specifically for fuel production such as switchgrass, Miscanthus, Poplar  
• Municipal Solid Waste e.g. old newspapers 

 

2.3 Bioethanol fuel production cost 
The bioethanol fuel product cost varies depending on the source of the feedstock. The several issues that 
will determine the production cost are chemical composition of the biomass, cultivation practices, 
availability of land and land use practices; use of resources, energy balance, emission of greenhouse gases, 
acidifying gases, ozone depletion gases, absorption of mineral to water and soil, injection of pesticides, soil 
erosion, contribution to biodiversity and landscape value losses, farm-gate price of the biomass, logistic 
cost namely transport and storage of the biomass, direct value of the feedstocks taking  into account the 
co-products and creation or maintain of employment. 

The typical bioethanol production cost given by Gnansouno & Dauriat (2005) is summarized in Table 
2.3.1: 

Table 2.3.1: Synthesis on typical bioethanol fuel production cost 

Reference Feedstock Country 
or 

Region 

Range of sizes 
Million litres 

per year 

Production 
cost US$ 

(2000)/litre 
 
Walker (2005) 
ASIATIC(Gnansounou, 
2005) 
ASIATIC 
F.O. Lichts (2003) 
F.O. Lichts 

Sweet juice 
Sugarcane 
Molasses 
 
Sweet sorghum 
Sugar beet 
Sugar beet 

 
Brazil 
China 

 
China 

Germany 
Germany 

 
- 

125 
 

125 
50 
200 

 
0.17-0.19 

0.30 
 

0.27 
0.88 
0.77 

 
F.O. Lichts 
ASIATIC 
ASIATIC 
F.O. Lichts 
F.O.Lichts 

Starch 
Corn 
Corn 
Cassava 
Wheat 
Wheat 

 
USA 
China 
China 

Germany 
Germany 

 
53 
125 
125 
50 
200 

 
0.32 
0.31 
0.23 
0.55 
0.48 

 
NREL (Wooley,1999) 
NREL (Aden, 2002) 
ASIATIC 

Lignochellulose 
Yellow poplar 
Corn stover 
Bagasse of sweet sorghum 

 
USA 
USA 
China 

 
197 
262 
125 

 
0.38 
0.28 
0.30 

Source: Gnansounou E, Bedniaguine D, Dauriat A, Promoting Ethanol Production through Clean Development 
Mechanisim: Findings and Lessons Learnt from ASIATIC Project 
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The reference scenario projection of bioethanol competitiveness of the “World Energy Outlook” (IEA, 
2004) is given in Table 2.3.2. 

Table 2.3.2: Bioethanol competitiveness in 2010 

Biomass Ethanol 
production 
cost 

Equivalent of 
gasoline gate 
cost 

Required 
subsidies for 
a gasoline 
gate cost of 
25 €/barrel 

CO2eq 
emissions 
abatement 
per litre of 
ethanol 

Corresponding 
cost of CO2eq 

emission 
reduction 

 €/l €/bbl €/l kg/l €/t CO2eq 

Cassava 0.194 30.8 0.038 2.32 16 

Sorghum juice 0.235 37.4 0.078 1.90 41 

Sugarcane 0.308 48.9 0.150 2.61 58 

Sugarcane 
molasses 

0.253 40.2 0.095 1.92 49 

Corn 0.266 42.3 0.109 2.51 43 

Sorghum bagasse 0.338 53.7 0.181 2.88 63 

Source: Gnansounou E, Bedniaguine D, Dauriat A, Promoting Ethanol Production through Clean 
Development Mechanisim: Findings and Lessons Learnt from ASIATIC Project 

 

From the Table 2.3.2, it can be inferred that at a gasoline gate cost of 25€/ barrel in 2010, no biomass to 
ethanol route could be considered competitive with gasoline. The production of ethanol from sugarcane 
molasses ranks third, cassava and sweet sorghum juice being cheaper. 

The economic feasibility of ethanol production from sugar in the United States published in July 2006 
provided a comparison of estimated ethanol production cost for various feedstocks as shown in Table 
2.3.3 below.  Feedstock costs were estimated using the quantity of each feedstock needed to produce one 
gallon of ethanol and the 2003-2005 average market prices for molasses and raw and refined sugar.  

 

Table 2.3.3: Comparison of estimated ethanol production costs for various feedstocks ($/gal.)1/ 

Cost  
Item 

U.S 
Corn 
wet 
milling 

U.S 
Corn 
dry 
milling 

U.S 
Sugar 
cane 

U.S 
Sugar 
beets 

U.S 
Molasses 
3/ 

U.S  
Raw 
Sugar 
3/ 

U.S 
Refined 
sugar 
3/ 

Brazil 
Sugar 
cane  
4/ 

E.U. 
Sugar 
Beets 
4/ 
 

Feedstock 
cost 2/ 

0.40 0.53 1.48 1.58 0.91 3.12 3.61 0.30 0.97 

Processing 
costs 

0.63 0.52 0.92 0.77 0.36 0.36 0.36 0.51 1.92 

Total cost 1.03 1.05 2.40 2.35 1.27 3.48 3.97 0.81 2.89 
1/ Excludes capital costs 
2/ Feedstock costs for U.S corn wet and dry milling are net feedstock costs; feedstock costs for U.S 
sugarcane and sugar beets are gross feedstock costs 
3/ Excludes transportation costs 
4/ Average of published estimates  
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2.4 Why is there a renewed interest for bio-ethanol use in 
Transportation 

Many factors have contributed to a renewed interest in the ethanol-based transportation fuel. At the world 
level, the use of liquid fossil fuel in car transportation sector is increasing very rapidly thereby being a 
source of oil depletion, greenhouse gases emissions and air pollution especially in urban areas. 
Gnansounou et al state that regarding car consumption, no solution other than carbonated liquid or 
gaseous fuels will be available for large consumption before 2020, among these biogas and liquid biofuels 
are the only ones to reduce the greenhouse gases emissions. With the changing global environment, the 
current means of fuel for transportation will not be viable and alternate renewable resources are being 
considered.  

Global climate change mitigation policies call for increasing use of renewable substitutes to fossil energy 
resources. Quantified targets for biofuels introduction in to the market exist in the United States, the 
European Union and a number of developing countries. In this context, mixing biologically produced 
ethanol with conventional gasoline represents an attractive technical option allowing for reducing 
emissions of greenhouse gases and lessening the dependence on non-renewable petrol in the 
transportation sector (Gnansounou E, Bedniaguine D, Dauriat A. 2010).  Because of unequal distribution 
of primary energy resources, especially in the case of oil and natural gas, the energy deficient countries 
tend to be vulnerable in the face of eventual market disruptions and price hikes. The second obstacle is 
the exhaustion of crude oil reserves that necessitate finding adequate substitutes to the conventional 
petroleum products among fossil and renewable alternative. Furthermore, the carbon emissions due to 
combustion of fossil fuels should not be neglected owing to their contribution to the global warming. 

The three main factors that compel the governments to consider biofuel options are: 

Energy: The world consumption of oil per day in 2008 amounted to 86 million barrels with forecasts that 
demand for liquid fuels will increase to 118 million barrel by 2030 with most of the incremental fuel 
coming from OPEC and specifically from the Middle East. In the recent years, the world’s supply of oil 
has had difficulty keeping up with demand therefore the prices have skyrocketed to $140 per barrel and 
biofuels have emerged as a centerpiece of the international public policy debate and many countries have 
created transport biofuels targets. Policymakers, business representative, academic and members of civil 
society are pushing development of biofuels for different reasons. Liquid biofuels can provide a much 
needed substitute for fossil fuels used in the transport sector. They can be seen as a substitute for high 
priced petroleum either to ease the burden on consumers, to diversify the sources of energy supplies or to 
reduce escalating trade deficits. They can contribute to climate and other environmental goals, energy 
security, economic development and offer opportunities for private companies to profit. However, if not 
implemented with care, the biofuel production can put upward pressure on food prices, increase 
greenhouse gas (GHG) emissions, exacerbate degradation of land, forests, water sources, and ecosystems 
and jeopardize the livelihood security of individuals immediately dependent on the natural resource base.  

More than 60% of the oil consumed in the OECD countries is used for transportation. While there are 
many substitutes for oil in the heating and power sectors, this is not the case in the transportation sector.  

The use of E85 (85% ethanol and 15% gasoline by volume) achieves: 
• 73–75% reduction in petroleum use, 
• 14–19% reduction in GHG emissions, and 
• 34–35% reduction in fossil energy use. 
 
While the use of E95 (95% ethanol and 5% gasoline by volume) achieves: 
• 85–88% reduction in petroleum use, 
• 19–25% reduction in GHG emissions, and 
• 42–44% reduction in fossil energy use.1 
                                                      
1 (http://www.ethanol.org/) 
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Climate: Growing concern over global climate change has motivated growing interest in the biofuels 
industry. With transport contributing around 25% of global carbon dioxide (CO2) emissions and with very 
few viable alternative fuels available, biofuels have been presented as a potentially significant contributor 
to strategies for reducing net greenhouse gas emissions from the transportation sector. Biofuels can 
deliver substantially lower net greenhouse gas emission than fuel derived from fossil sources and this is 
confirmed considering the greenhouse gas intensive synthetic fuels produced from coal or oil shale that 
are one of the principal alternatives for the conventional liquid transport fuels. 

Economic Development: Biofuels could be an important source of export income for developing 
nations as participating in the global economy through export activity is a crucial part of the economic 
development process. The development of the biofuel industry can also encourage the extension of 
transportation networks and promote job creation. 

Unconstrained and reasonably cheap access to energy resources is the pledge for ensuring sustained 
economic growth and enhancing the quality of life in developing countries. The global consumption of 
fossil fuels augments rapidly over past decades and prices of most well-liked energy agents follow the 
same logic. 

In 2012, Mauritius imported 128 200 tons of gasoline and 228 800 tons of dual purposes kerosene of 
which 213 000 tons for aviation fuels. This dependency on foreign oil can have significant economic and 
social costs. One way to decrease our dependency on foreign oil is to increase the local production of 
ethanol and promote its use in transportation. Increasing our use of ethanol can decrease dependency on 
foreign oil and provide some price relief as the gasoline price rises.  

Considering that up to now the cost of bioethanol remains considerably higher than the cost of fossil 
gasoline supply, the government needs to enact special policies in order to encourage production and use 
of bioethanol in the transportation sector.  

The three main approaches that can be distinguished in the implementation of biofuels supporting policies 
and regulation are2: 

• Taxation-based policies 
• Agriculture-based policies/subsidies 
• Fuel mandates  

Taxation-based policies and agriculture-based policies/subsidies allow for keeping the price of biofuels 
paid by the consumers at the same level as the retail price of their fossil analogues. The main drawback of 
this regulation approach is that government revenues are likely to be reduced.  

Fuel mandates assumes that motor fuel should contain minimum percentages of biofuels prescribed by 
national standards and the burden of excess cost of the ethanol-gasoline mixture is transferred to the fuel 
end-user. 

The technical and economical barriers that prevent bioethanol from taking a larger market share are: 

• There is a potential competition for land and raw materials between ethanol and food/ feed 
production. The structure in agricultural production is very sensitive to the governmental policies 
and the market prices of final products 

                                                                                                                                                                      
 
2 Gnansounou E, Bedniaguine D, Dauriat A, Promoting Ethanol Production through Clean Development 
Mechanisim: Findings and Lessons Learnt from ASIATIC Project 
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• Also technical standards that prescribe certain rates of ethanol incorporation in gasoline blends 
and determine the possibility of using the fuels with high ethanol concentration in the internal 
combustion engines 

The economic and environmental performances of the bioethanol production and use will depend on 
technical performances of the whole production chain, gate price of gasoline, environmental performance 
of the whole chain, technological and operational learning. The production routes of ethanol is directly 
linked to the cost of the feedstocks, therefore the production costs of biomass are not robust enough for 
assessing their value. The main promoters for the implementation of bioethanol usage in a country must 
also consider the opportunity costs associated with the resources available. 

Regarding emission of greenhouse gases, all analyses show that bioethanol is better than gasoline and the 
replacement of one liter of pure gasoline with one liter of pure bio-ethanol in a vehicle could potentially 
offset 90% of the greenhouse gas emissions3. 

 

2.4.1 Energy in the transport sector 

The automobiles and petroleum fuels are to the 20th century what the railroads and coal were to the 19th 

century: catalysts for profound change in industry and society in general. The transportation sector’s 

energy consumption is shown in Figure 2.4.1.1 and the Ethanol Fuel overview in the Table 2.4.1.2. 

 

Figure 2.4.1.1: World Liquid Fuels Production and Consumption Balance 

Petroleum fuel prices recovered in 2009 from the late 2008 price plunge and the price of a gallon of 

gasoline was $2.00 per gallon for the first half of 2009 and near $2.90 per gallon in the last half of 2009. 

The transportation industry was hit especially hard in 2008 when economic problems were compounded 

by an oil shock thereby increasing the demand for bioethanol worldwide. 
                                                      
3 Gnansounou E, Bedniaguine D, Dauriat A, Promoting Ethanol Production through Clean Development 
Mechanisim: Findings and Lessons Learnt from ASIATIC Project 
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Table 2.4.1.1: Transportation Sector Energy Consumption 

Year Natural Gas 
Consumed by the 
Transportation 
Sector (Excluding 
Supplemental 
Gaseous Fuels) 

Petroleum 
Consumed by the 
Transportation 
Sector 
(Excluding 
Ethanol) 

Total Fossil 
Fuels 
Consumed by 
the 
Transportation 
Sector 

Biomass 
Energy 
Consumed by 
the 
Transportation 
Sector 

Total Primary 
Energy 
Consumed by 
the 
Transportation 
Sector 

 
(Trillion Btu) (Trillion Btu) (Trillion Btu) (Trillion Btu) (Trillion Btu) 

2000 672 25682 26354 135 26489 
2001 658 25412 26070 142 26213 
2002 699 25913 26612 170 26781 
2003 627 25987 26615 230 26845 
2004 602 26925 27527 290 27817 
2005 624 27309 27933 339 28272 
2006 625 27651 28276 475 28751 
2007 663 27763 28427 602 29029 
2008 692 26230 26922 826 27748 
2009 715 25375 26090 935 27025 
2010 719 25686 26405 1075 27479 
2011 732 25247 25979 1158 27137 
2012 764 24702 25466 1161 26627 
Source: U.S Energy Information Administration – August 2013 Monthly Energy Review – Table 2.5 
Transportation Sector Energy Consumption 

 

 

Table 2.4.1.2: Fuel Ethanol Overview 

Year Fuel Ethanol Production Fuel Ethanol Consumption 

 
(Trillion Btu) (Trillion Btu) 

2000 138 140 
2001 150 148 
2002 182 176 
2003 238 240 
2004 289 301 
2005 331 344 
2006 414 465 
2007 553 584 
2008 790 821 
2009 928 936 
2010 1127 1090 
2011 1181 1093 
2012 1127 1097 

Source: U.S Energy Information Administration – August 2013 Monthly Energy Review – Fuel Ethanol 
Overview  
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Bioethanol became extensively used in Germany during World War II and expanded to Brazil, the 

Philippines and the United States.  Presently in the world, there are 12 countries which produce and use a 

significant amount of bioethanol. In Brazil, one third of the country’s automobile fleet use pure 

bioethanol as fuel while the remaining two thirds use mixtures of gasoline and ethanol. The ten countries 

leading in the fuel ethanol production and the production growth trend for the several recent years are 

given in Table 2.4.1.3.  

 

Table 2.4.1.3: World Fuel Ethanol Production 

2012 2011 2010 2009 

Countries Millions 
of 
Gallons 

Countries Millions 
of 
Gallons 

Countries Millions 
of 
Gallons 

Countries Millions 
of 
Gallons 

North & 
Central 
America 

13,768 North & 
Central 
America 

14,401 North & 
Central 
America 

13,721 USA 10,600 

South 
America 

5,800 South 
America 

5,772 South 
America 

7,122 Brazil 6,578 

Brazil 5,577 Brazil 5,573 Brazil 6,922 European 
Union 

1,040 

Europe 1,139 Europe 1,168 European 
Union 

1,177 China 542 

Asia 952 Asia 890 Europe 1,209 Thailand 435 

China 555 China 555 China 542 Canada 291 

Canada 449 Canada 462 Asia 786 Colombia 83 

Australia 71 Australia 87 Canada 357 India 92 

Africa 42 Africa 38 Australia 66 Australia 57 

Source: RFA. F.O. Lichts 

 

 

The worldwide production trends of fuel ethanol from years 1993 through 2003 to 2013 are shown in 
Figure 2.4.1.2 below:  
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Figure 2.4.1.2: World Fuel Ethanol Progression – 1993 -2013 

Source: Dr. Christoph Berg, F.O Licht - World Fuel Ethanol –Analysis and Outlook  
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2.4.2 Global Economic Situation and Outlook 

 
Despite the unwinding and in some cases already the reversal, of fiscal policy stimulus measures, the 

global economic continued to firm up appreciably at the end of 2010. In fact, global industrial production 

and world trade has gained considerable momentum again by the end of 2010. The World ethanol prices 

increased by more than 30% in 2010 in the context of a new commodity price spike of ethanol feedstocks, 

mainly sugar and maize, and firm energy prices. This present situation contrasts with 2007/08 where 

ethanol price movement did not follow the pace of the commodity price increase and ethanol profit 

margins were reduced.  

 

  
 
 
 
 
 
 
 
 
 
 
 
 2000    2005          2010             2015                 2020 
 
        Biodiesel    Ethanol  
         
Source: Reproduced from OECO and FAO 
 
Source: Data from Ethanol prices: Brazil, Sao Paolo (ex-distillery) – 
http://www.agri-outlook.org/document/0/0,3746,en_36774715_36775671_47877696_1_1_1_1,00.html 
 
Figure 2.4.2.1: Biodiesel and Ethanol Price USD/hl 

 

In developed countries, the share of corn based ethanol over total ethanol produced should decrease from 

89% on average over the 2008-10 periods to 78% in 2020. Wheat based ethanol should account for 6% of 

ethanol production in developed countries compared to 3% over the base period, most of this 

development being in the EU. Sugar beet based ethanol should account for about 4% of ethanol 

production throughout the projection period. Cellulosic ethanol production is expected to become 

increasingly important in developed countries from 2017 to represent about 8% of total ethanol 

production by 2020. 

150 
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http://www.agri-outlook.org/document/0/0,3746,en_36774715_36775671_47877696_1_1_1_1,00.html
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Source: http://www.agri-outlook.org/document/0/0,3746,en_36774715_36775671_47877696_1_1_1_1,00.html#analysis 
Figure 2.4.2.2: Ethanol Production by Feedstock Used – Billion Litres 

 

In developing countries, more than 80% of the ethanol produced in 2020 is expected to be based on sugar 

cane which results from the dominance of Brazilian ethanol production. Ethanol based on roots and 

tubers such as cassava is projected to account for only about 4%. In the developing world, if the share of 

molasses in ethanol production reaches 40% of ethanol production, the shares of sugar cane based 

ethanol as well as coarse grains based ethanol should be of 17%.  

 

2.4.3 Road Transport Emissions 

Vehicle emissions contribute to the increasing concentration of gases that are leading to climate change 

with significance importance with carbon dioxide, methane and nitrous oxide being the principal 

greenhouse gases. Of the total greenhouse gas emissions from transport, over 85% are due to CO2 

emissions from road vehicles. According to the World Health Organization, up to 13,000 deaths per year 

children (aged 0-4 years) across Europe are directly attributable to outdoor pollution.  

European directives have been instrumental in reducing what are known as the regulated emissions which 

include carbon monoxide, nitrogen oxide, hydrocarbons and particulate matter less than 10 microns in 

size. In 2009, the European Parliament passed new car CO2 legislation that sets an emissions cap of 

130g/km averaged over all new vehicles produced by each manufacturer by 2015.  The EU emissions 

standards for passenger cars are provided in Table 2.4.3.1.  The 130 g/km average goal will be phased 

over three years: 

 

http://www.agri-outlook.org/document/0/0,3746,en_36774715_36775671_47877696_1_1_1_1,00.html#analysis
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• By 2012, 65% of each manufacturer’s newly registered car  

• By 2013, 75% of each manufacturer’s newly registered car 

• By 2014, 80% of each manufacturer’s newly registered car 

• By 2015, 100% of each manufacturer’s newly registered car. 

 

Table 2.4.3.1: EU emissions standards for passenger cars (in g/km)  
 

Euro 
Standard 

Implementation 
date* 

CO 
(g/km) 

THC 
(g/km) 

NMHC 
(g/km) 

NOx 
(g/km) 

HC=NOx 
(g/km) 

PM 
(g/km) 

Diesel 

Euro I July 1993 2.72 - - - 0.97 0.14 

Euro II January 1997 1.00 - - - 0.70 0.08 

Euro III January 2001 0.64 - - 0.50 0.56 0.05 

Euro IV January 2006 0.50 - - 0.25 0.30 0.025 

Euro V September 2010 0.500 - - 0.180 0.230 0.005 

Euro VI September 2015 0.500 - - 0.080 0.170 0.005 

Petrol 

Euro I July 1993 2.72 - - - 0.97 - 

Euro II January 1997 2.20 - - - 0.50 - 

Euro III January 2001 2.30 0.20 - 0.15 - - 

Euro IV January 2006 1.00 0.10 - 0.08 - - 

Euro V September 2010 1.000 0.100 0.068 0.060 - 0.005** 

Euro VI September 2015 0.100 0.100 0.068 0.060 - 0.005** 

* Market placement (or first registration) dates, after which all new engines placed on the market must 
meet the standard. EU emission standards also specify Type Approval dates (usually one year before the 
respective market placement dates) after which all newly type approved models must meet the standard. 
** Applies only to vehicles with direct injection engines. 
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3 Chapter three 

3.1 Project Rationale 

3.1.1 Geography and Demography of Mauritius 

The Republic of Mauritius consists of a main island of an area of 1870km2 at latitude 200 south and 

longitude 580 east and several outer islands, all of volcanic origin and encircled by fringing coral reefs 

enclosing lagoons of various sizes. The climate is sub-tropical with winter prevailing from May to 

September and summer from October to April. According to the Central Statistics Office, the population 

has been increasing at an average rate of 1% per annum over the past five years, and as per June 2011, the 

population stood at 1,275,323. The overall population density was around 625 persons per square 

kilometre as of May 2011. 

Mauritius is reliant on imported sources of energy to more that 90% and the consumption of fossil fuels 

by the emerging giants China and India are pushing the prices to higher and higher levels while the 

ongoing geopolitical situation in the Gulf States are having significant impacts on the price of oil. 

Mauritius as an island state cannot have the benefit of interconnection facilities and the reliance on fossil 

fuels can only impact severely on the island in case of crisis.  

3.1.2 Economic Overview 

For many years, the economy was based mainly on sugar cane. During the 1970’s the country’s economy 

was diversified with the flourishing market of the Export processing zone and the tourism sector. 

Mauritius is classified as a middle income country. In the 2013 Human Development Report, Mauritius 

achieved Human Development Indices of 0.737, ranking 80th out of 187 countries and territories. 

Mauritius has no known oil, natural gas or coal reserves and is therefore heavily dependent on imported 

energy sources. In the 1980’s more than 70% of the country’s electricity requirements were met from oil 

which made the country’s electricity supply highly vulnerable in view of volatility of the prices of oil 

products, more so during times of crisis such as during the last two Gulf wars. 

The Government of Mauritius is focused on diversifying the country’s energy supply, improving energy 

efficiency, addressing environmental and climate changes and modernizing our energy infrastructure in 

order to meet the challenges ahead but they are confronted with the challenge of making a rapid shift to a 

low carbon, efficient and environmentally benign system of energy supply.  

The total primary energy requirement, also known as Total Primary Energy Supply, is obtained as the sum 

of indigenous production (fuel wood, hydro, wind and bagasse) and imports (fossil fuel) less re-exports 

and bunkering, after stock adjustments. 

Final energy consumption is the total amount of energy required by end users as a final product. End-

users are mainly categorized into five sectors, namely manufacturing, transport, commercial and 

distributive trade, households and agriculture. 
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The primary energy requirement of Mauritius has increased steadily over the past decade, and is expected 

to continue its rise in the future, especially as the country seeks to increase its economic output. This rise 

in primary energy requirement has been supported mostly by fossil fuels while energy production from 

local sources has remained more or less constant as shown in Figure 3.1.2.1 below. 
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Figure 3.1.2.1:  Primary energy requirement, 2003-2012 

 

Mauritius’ dependence on imported fossil fuels, as shown in Figure 3.1.2.2 has increased steadily of the 

past decade and therefore places severe constraints on the current and future economic development of 

the country, especially at a time of rising fuel costs. Tables 3.1.2.1 and 3.1.2.2 summarize the breakdown 

cost by fossil fuel type for 2009 through 2012. The cost of gasoline increased by 52.5% in 2010 and the 

cost of coal by 27.8% thereby directly impacting on the national expenditure on imported fuel. The 

primary energy requirement of the country increased by 5.8%, from 1,347 ktoe in 2009 to 1,425 ktoe in 

2010, of which imported fuel accounted for 83% (1,183 ktoe) while locally available resources supplied the 

remaining 17.0% (242 ktoe).  

 

Figure 3.1.2.2: Dependency on imported fuels, 1993 -2007 
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Table 3.1.2.1: Demand and cost comparisons of various fossil fuels: 2009 -2010 
 
 

                  Energy source 

2009 2010 
Tonne 
(000) 

C.I.F value 
(Rs million) 

Tonne 
(000) 

C.I.F value 
(Rs million) 

               Gasoline   104.4 2,022.4 120.9 3,084.4 
               Diesel Oil   288.0 4,852.9 310.4 6,945.1 
               Dual Purpose Kerosene  208.8 3,656.4 241.6 5,619.5 
                  Kerosene   4.1 77.1 6.8 154.5 
                 Aviation Fuel  204.7 3,579.3 234.9 5,465.0 
               Fuel Oil   343.7 4,353.2 341.5 5,112.8 
               LPG   62.6 1,322.2 60.5 1,568.1 
               Coal   559.9 1,792.0 660.6 2,290.1 
          Total imports of energy sources  17,999.1  24,620.0 

Source: Data extracted from Energy and Water Statistics -2010, CSO 

 

Table 3.1.2.2: Demand and cost comparisons of various fossil fuels: 2011 -2012 
 
 

                  Energy source 

2011 2012 
Tonne 
(000) 

C.I.F value 
(Rs million) 

Tonne 
(000) 

C.I.F value 
(Rs million) 

              Gasoline   116.7 3,431.1 128.2 4,113.4 
               Diesel Oil   309.9 8,865.7 313.8 9,545.4.1 
               Dual Purpose Kerosene  230.7 6,299.4 220.0 6,816.5 
                  Kerosene   4.3 108.4 7.0 215.6 
                 Aviation Fuel   226.7 6,191.0 213.0 6600.9 
               Fuel Oil   434.8 8,022.1 401.2 8,233.9 
               LPG     66.3 1,894.5 67.9 2,152.1 
               Coal   660.2 2,641.3 729.3 2,559.3 
          Total imports of energy sources  30,973.9  33,420.6 

Source: Data extracted from Energy and Water Statistics -2012, CSO 

 

The dependence on oil for electricity generation (excluding transportation and industry) has been reduced 

to some 48% today through enhanced use of renewable energy sources such as more efficient use of 

bagasse and the use of coal as a complementary fuel to bagasse during the sugarcane off-crop season. The 

share of bagasse in total electricity generation is now about 15%, that of coal about 27% and hydro 5%. 

Unfortunately, Mauritius is totally dependent on oil in the transportation sector.  

 

3.1.3 Transport in Mauritius 

In 2010, some 418 ktoe of energy were used for transportation, representing an increase of 6.9% over last 

year’s figure of 391 ktoe. The consumption of gasoline increased from 121 ktoe to 128 ktoe (+5.8%) and 

that of diesel oil from 155 ktoe to 162 ktoe (+4.5%). The consumption of aviation fuel increased from 

110 ktoe in 2009 to 123 ktoe in 2010 (+11.8%) and the use of LPG in the transport sector in 2010 was the 

same as in 2009, that is, 5 ktoe. In Mauritius the transport sector is the heaviest energy consumer, 
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accounting for 48% of total energy imports and pollution problems in terms of vehicular emissions are 

more acute in towns where there is heavy vehicular traffic. The growth in the number of road vehicles in 

Mauritius from 2000 to 2009 is shown in the Table 3.1.3.1 hereto:  

Table 3.1.3.1: Number of Registered Vehicles 
 

Type of 
vehicle 

2000 2001 2002 2003 2004 2005 2006 2007 2008  2009 

Car 54,911 58,082 63,307 68,524 77,342 84,818 91,911 99,770 109,507 117,890 

Dual 
purpose 
vehicle 

34,912 36,984 38,129 39,384 40,667 42,026 43,221 44,635 46,021 47,146 

Heavy 
motor car 

916 923 944 958 1020 1045 1118 1223 1290 1275 

Motor cycle 24,523 25,104 25,723 26,744 28,646 30,927 33,936 36,969 40,804 44,222 

Auto cycle 91,955 94,849 97,078 98,858 100,854 102,503 104,238 105,637 107,184 108,713 

Lorry and 
truck 

10,485 10,888 11,236 11,501 11,774 12,047 12,272 12,536 12,726 12,950 

Van 18,807 20,694 21,750 22,496 23,326 23,989 24,522 24,934 25,334 25,622 

Bus 2,394 2,408 2,450 2,460 2,457 2,560 2,612 2,753 2,762 2,803 

Tractor and 
dumper 

2,645 2,683 2,683 2,877 2,935 2,982 3,001 3,025 3,045 3,102 

Prime 
mover 

322 335 349 369 388 412 436 452 505 558 

Trailer 1,726 1,776 1,770 1,772 1,771 1,765 1,756 1,795 1,809 1,823 

Road roller 100 100 101 100 99 96 96 96 96 97 

TOTAL 244,018 255,149 265,841 276,371 291,605 305,496 319,440 334,145 351,406 366,520 

Source: Data from Digest of Road Transport and Road accident statistics 2009 -CSO 

 

3.1.4 Ethanol Energy Strategy 

Mauritius has long recognized the need to diversify its energy mix in the electricity sector away from fossil 

fuels as far as possible. Mauritius presently produces about 22% of its electricity from local renewable 

resources namely hydro and sugarcane bagasse and as such is among the world leaders in renewable 

energy use.   

The import of petroleum products in Mauritius is increasing yearly. With the view of reducing dependence 

on the use of gas oil and to preserve the environment by reducing its effect on the ozone layer and 

greenhouse emissions, the government has agreed on a pilot project in 2006 for the testing of biodiesel in 

diesel engines, with very positive results. Biofuels can provide an opportunity for ACP countries to utilize 

their own natural resources and attract the necessary foreign and domestic investment to achieve 
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sustainable development goals. Promoting widespread use of biofuels would provide greater energy 

security, improved quality of life, economic development, opportunities for job creation and poverty 

alleviation. 

Mauritius already has a very valuable asset in the form of cane biomass. Sugar cane best absorbs solar 

energy with 55 tons of carbon dioxide fixed per 100 tons of cane produced per hectare.  

As far as sugar is concerned, in 2005 the European Union introduced the sugar reform, with a phase 

reduction of the price of sugar price paid to ACP countries starting with 5% in 2006 to culminate to 36% 

in 2009. In this context, the Government elaborated the Multi-Annual Adaptation Strategy (MAAS), an 

integral part of the Mauritian Government’s overall economic reform programme. The Adaptation 

Strategy aims at establishing a more competitive sugar sector through factory centralization, rightsizing of 

the labour force and optimizing the use of sugarcane byproducts for energy production, ethanol, refined 

sugar, rum and other products. 

In line with the Maurice Ile Durable project and the implementation of a long-term strategy to 

progressively reduce the country’s dependence on fossil fuels, State Trading Corporation has been 

approached for the implementation of an ethanol plant in the south of Mauritius and its management in 

August 2010, decided to take the lead for the introduction of E10 on the local market and collaborate to 

buy dehydrated ethanol to mix with gasoline to produce E10 fuel. 

 

3.1.5 Multi-Annual Adaptation Strategy (MAAS) 

In 1997, to improve the competitiveness of the Mauritian sugar milling sector, the Government of 

Mauritius introduced the legal and regulatory framework, namely the "Blueprint on the Centralization of 

Sugar Milling Operations in Mauritius". The Centralization of sugar factories has the main objective of 

improving the competitiveness of the Mauritian sugar milling sector through inter alia: 

• Reducing the number of mills from eleven to four; 

• Increasing the milling capacity of two important mills FUEL and OMNICANE (formerly Savannah) 

to accommodate additional cane supplies. 

In 2006, a comprehensive set of strategies regrouped under the Multi Annual Adaptation Strategy 

(MAAS)4 was thus prepared jointly between the Government of Mauritius and the stakeholders in the 

sugar sector with the objective to investigate the environmental challenges and considerations to produce 

a comprehensive set of strategies to maintain the commercial viability and sustainability of the sugar 

sector. The plan that emerged from the MAAS comprised several measures including the transformation 

of the sugar industry into a sugarcane cluster coupled with the production of a minimum of 30 million 

litres of ethanol annually. One local ethanol manufacturer is exporting ethanol on regular basis to foreign 

                                                      
4 Ministry of Agro-Industry & Fisheries: Multi Annual Adaptation Strategy (April 2006) 
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markets. Export of ethanol has the added advantage of bringing foreign currency to the country and 

would be encouraged. 

In this context, the establishment of an ethanol spot market similar to OPEC has been agreed during the 

recent US Brazil summit. This market will initially concern the Americas and Caribean region but will 

eventually spread worldwide.  

The governmental policy on biofuels is that in the current macro-economic reform context whereby 

subsidies on a variety of items are being retargeted or removed, any direct subsidy on production or use of 

ethanol would not be warranted except in the environmental context. Biofuels would therefore have to 

compete with other fuels on a level playing field with a minimum of price incentives. Their success would 

depend wholly on their quality, acceptance by consumers and their competitiveness. 

It is recognized that any switch to E10 will only occur when the government enact laws and provide 

incentives to help build and maintain a market for ethanol fuel and vehicles. The price of E10 must reflect 

its mileage performance and excise duties would ultimately reflect the overall competitive advantage which 

a shift to E10 would represent. 

As regards to the effective implementation of any E10 programme, all petrol stations should be required 

to install pumps servicing “E10 gasohol” so that the proposed blend can be effectively delivered to 

customers in the nearest future. 

In the respect of carbon credits, the revenues accruing for the sale of any possible Emission Reduction 

Units from biofuels use would accrue to governmental bodies which would be used to provide incentives, 

if any, to promote biofuels. 

Participation by both strategic partners and sugar industry stakeholders in the equity of ethanol companies 

will be a hallmark of the new set up to democratize the economy. The level of participation of the various 

parties in the equity of ethanol companies will be the subject of mutual agreement on terms and 

conditions that may be shaped by the specificities of molasses production. Equity participation in ethanol 

companies is also part of a global strategy which aims at establishing “an organic link between two key 

stakeholders of the industry’ and that would “ensure enhanced revenue and security to all stakeholders” as 

mentioned in the MAAS. 

 

3.1.6 The Way Forward 

In Mauritius, biofuels under consideration are of two types namely ethanol which can be locally produced 

from molasses and biodiesel made from coconut oil or from waste vegetable oil5.  

 

                                                      
5 Energy Efficiency & Renewable Energy Project : http://www.mrc.org.mu/EnergyRenewable.htm 

http://www.mrc.org.mu/EnergyRenewable.htm
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Biofuels have attracted attention since the country has embarked on the production of ethanol from 

molasses on a large scale. Until now, ethanol has been produced either for export or for use in 

manufacture of rum. With the flaring up of oil prices over the period 2004 to 2006, ethanol is becoming a 

viable alternative to gasoline for use in cars as evidenced by the successful experience of countries such as 

Brazil. 

In 2006, a Monitoring Committee was set up by the government to look into the cost effectiveness of 

using E10 in Mauritius following the initiative of a private promoter who proposed to test E10 in 25 cars. 

Experiments have been carried out using imported anhydrous ethanol to test the possibility of introducing 

a 10% mix of ethanol with gasoline in regular cars instead of 100% gasoline. This would effectively reduce 

the import of gasoline by about 10 000 tons annually. 

The strategies have been designed to achieve key objectives in the medium to long-term namely:  

• Reduce vulnerability with regard to imported fossil fuels and their volatile prices, 

• Promote economic growth and job creation, 

• Democratize energy supply, 

• Secure affordable energy to customers, 

• Ensure the financial sustainability of the electricity utility.  
 

3.1.7 Benefits of expanding the ethanol production market 

The key objectives of the developing the ethanol industry are to: 

• Limit the vulnerability of Mauritius to imported fossil fuels and their volatile prices 

• Promote economic growth and job creation 

• Secure affordable resources to consumers 

• Ensure the financial sustainability of production of ethanol for the transportation sector. 

 

Reasons for the shift to biofuel:  

• There has been a general recognition that humans are impacting on the planet in an unprecedented 

manner, and the main cause thereof has until now been the non-discriminate use of fossil fuels which 

is causing climatic change, global warming and the rise in sea level. There have been recent events and 

observations around the world that have triggered a new awareness amongst policymakers about the 

need to decrease the use of fossil fuels and increase the use of sustainable energies and accordingly 

have caused a general shift in the energy policies in both developed and developing countries. 

• The volatility of prices of oil, in particular the rise in the price of oil from an average of around 40 

USD to 80 USD from 2003 to 2006 and beyond 100 USD/barrel in 2012, caused many people to fear 

for the long-term price of energy supplies. Accordingly, a shift towards other sources of energy is 



-29- 
 

being emphasized and renewable sources have gained in importance, especially relevant to isolated 

and vulnerable countries such as Mauritius.  

• In Mauritius, there has been a series of economic reforms ensured against the backdrop of 

democratization of the economy and the emergence of a new economic model where the main pillars 

will be tourism, with a target of 2 million tourist arrivals by year 2015, information technology, 

seafood hub, a restructured sugar sector and the textile manufacturing. 

• Mauritius is reliant on imported sources of energy to more that 90% and the consumption of fossil 

fuels by the emerging giants are having significant impacts on the price of oil which can only impact 

severely on the island in case of crisis. 

• Greater investment in the ethanol market can only result in economic growth and job creation.  
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4 Chapter four 

4.1 Preliminary design of setting up an Ethanol production 
unit 

4.1.1 Design Justification 

The setting up of a distillery project is timely, since as a biofuel is a renewable energy and provides an 
economic viable alternative for a reduction in imported fossil fuels for our transport sector and is in 
conformity with the country strategy to produce alternative sources of primary energy.  The setting up of 
the distillery unit within the sugar cluster shall allow for the use of the thermal and electrical energy for 
ethanol production derived from the boiler unit of the Sugar Factory that utilize bagasse and the 
availability of the raw material, namely molasses, within close proximity. Table 4.1.1.1 shows the electricity 
export during the 2010 crop campaign from sugar industry IPP’s. Table 4.1.1.2 shows the molasses 
generated from the four targeted sugar clusters on the island. 

The setting up of the distillery unit within the sugar cluster can be considered as sustainable as the energy 
is derived from within the system itself. The choice of implementing a distillation unit within the sugar 
cluster is therefore governed by: 

• Sources of raw material, namely molasses,  
• Sources of steam and electricity from the power station,  
• Availability of industrial water supply.  
 
Moreover, such selection will allow further optimization of the existing infrastructure such as industrial 
water, electricity, wastewater treatment that caters for the sugar cluster in general.  
 

Table 4.1.1.1: Electricity export during Crop 2010 from sugar industry IPP’s6 

Factory/ MWh 

Power Plant Bagasse Coal 

Medine 7613 - 

Belle Vue 88066 265280 

Mon Loisir 12337 - 

F.U.E.L. 54281 112240 

Beau Champ 50977 62254 

CT Savannah 114661 331097 

CTDS(Union SA) - 195712 

Total IPP 342776 966583 

IPP% Island 
Total 

14.7 41.3 

 

 

                                                      
6 MSIRI– Annual Report - 2010 
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Table 4.1.1.2: Molasses Production and Sales (TonsTel Quel)7 

Production 2007 2006 

North   

Belle Vue 20991 23941 

Cie Usiniere de Mon Loisir 3036 11798 

Total North 24027 35739 

South   

Mon Tresor - 9428 

Riche-En-Eau - 9984 

Savannah 31290 12976 

Union St Aubin 14238 12723 

Total South 45528 45111 

East   

Beau Champ 16723 17784 

F.U.E.L 19389 16145 

Total East  36112 33929 

West   

Médine 12909 13139 

Centre   

Mon Désert Alma 12341 11703 

Island of Mauritius 130917 139621 

 

 

Table 4.1.1.3: Producer Price of Molasses 1997 to 2007 

Year Rs per tonne, 86o Brix  Year Rs per tonne, 86o Brix 

 
1997 

 
597.12 

  
2003 

 
419.05 

1998 230.34  2004 911.57 
1999 144.52  2005 1563.31 
2000 456.18  2006 1898.18 
2001 901.55  2007 1361.69 
2002 599.40    

Source: Producer Price of Molasses 1997 to 2007 – Mauritius Chamber of Agriculture – Statistical Bulletine 
2007/2008 – By Products of the Sugar Industry 

 

                                                      
7Mauritius Chamber of Agriculture – Statistical Bulletin 2007/2008 – By products of the Sugar Industry 
(http://www.mchagric.org/images/pdf/Table%2036-39%20By%20products.pdf) 



-32- 
 

4.1.2 Distilleries in Mauritius 

Several distilleries are operating on the island of Mauritius. Medine and the Beau Plan are the two main 

distillation units on the island as at end of December 2013. Alcodis Ltd operated a distillery in Rose Belle 

since 2004 that has been the object of two environmental impact assessments, namely: 

• In 2002, for the construction and operation of the distillery; and 
• In 2005, for the installation of a fuel oil boiler, Vinasse treatment, Effluent treatment and Fertilizer 

manufacturing.  

In early 2010, the Alcodis Ltd at Rose Belle stopped its operations. The Alcodis Distillery operated on 

imported fossil fuel (Heavy fuel oil) that was a disadvantage both on the economics of product costs as 

well as on the environment due to emission of carbon dioxide.8  Omnicane Ethanol Holding Limited has 

been set up to acquire control of the Alcodis Ltd to produce ethanol in Mauritius.9 The existing distillery 

equipment of Alcodis Ltd from Rose Belle has been relocated within La Baraque’s sugar production in the 

south of Mauritius. The fermentation section has been replaced and a new effluent treatment plant has 

been built to ensure strict adherence to the national environmental standards pertaining to effluent release. 

Omnicane Ethanol Holding Limited’s ethanol plant has been commissioned in April 2014 and is not 

officially operating yet (as of the time of writing this report).  

Other distilleries of the rhum agricole types are: 

• L’Exile Ltee at Chamarel produces about 2105 litres of rhum agricole per day from fermentation of 
sugar juice,  

• Compagnie Agricole de Labourdonnais Limited – 247 litres per day from fermentation of sugar juice. 

 
Figure 4.1.2.1: Location of Distilleries in Mauritius 

 

                                                      
8 EIA- Installation and Operation of a Distillery and a CMS Fertilizer Blending Plant at La Baraque 
9 Ethanol Distillery : http://www.omnicane.com/index.php?tid=70 
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4.1.3 Preliminary Design of an Ethanol production Plant 

The preliminary design will be carried out for an ethanol production plant annexed to a sugar factory, with 

an operating time of 8000 hours annually, with the intended yearly production of nominal capacity of 15 

million liter of fuel grade ethanol at 99.9 o G.L of pure anhydrous alcohol for blending with gasoline as 

octane enhancer and as an oxygenate to reduce harmful vehicles emissions.  

The raw material for ethanol production consists of final molasses which is a by-product of the existing 

sugar factory. 

4.1.4 Distillation Unit Main Components 

The main components of the distillery plant are: 

• The molasses storage (feedstock handling) 
• The pasteurizer unit 
• The pre-fermentation and fermentation units 
• The distillation 
• The alcohol production storage 
• The Molecular Sieve Dehydration Unit for the production of anhydrous ethanol 
• The denaturation tank 
 

The detailed process flow chart of the hereby proposed and evaluated distillery plant is provided in Figure 

4.1.4.1 below: 



-34- 
 

` 
       Active dry yeast   Acid   Nutrient                  Carbon dioxide 
 1                                 6       7       8                   10                                              Splitter 
              17           21                 23       24       22     
Feed 
                                                                                       9                                                                                                                                                   
 
        Mash                                                                                                                                     25 
                  2   Molasses                                                                                          Pre-heated beer           
              15                   
                                  11     Fermented                                       
      3    5      Pasteurized            Mash 
            Molasses                  26     Fusel oil 
Water            13                                                    
                                                                                                                                                                                                                           
                Clarified 
       4   Diluted Molasses               Beer     14 Beer           20     Spent lees 
                                                                                                   12 Slurry       16         19 
                                    4C                                 4D                                                                                                                18                       
4A 
                                                                        Cooling water                        Vinasse to treatment                                                                                               
Steam                                                                       

          Pasteurizer Unit 
                  35     Gasoline                   Condensed Steam 
         4B    Condensed steam      4E    Cooling water return             
                   33   Water         28  
   
             37   36                       34                                31                             29           
                     
           Denatured                           Ethanol             Ethanol  
                Ethanol                       99%     96% 
                                 32   Water                   30   Water      27   Steam 

Figure 4.1.4.1:  Process Flow Diagram of the Distillery Plant                    
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4.1.4.1 The Molasses Storage Tanks 

Aboveground carbon steel with fixed roofs bolted tanks shall be used to store the molasses produced by 

the sugar factory and will have an effective storage capacity of 900 tonnes. The rolled tapered panel tank 

provides highest quality bolted design in the storage industry and cost 20% less than welded tanks. 

Molasses will be pumped from the storage tank to the molasses buffer storage tank, from the latter the 

molasses is pumped to be further processed.  

Molasses will be used as the main raw material for the distillery. Molasses is a process residue resulting 

after repeated crystallization of sugar and characterized as the waste syrup from which no further sucrose 

can be extracted. The annexed sugar factory working on a 24-hour basis has a maximum crushing rate of 

425TCH10 and operates during the crop season for a milling operation of approximately 150 days between 

June and December. 

The typical molasses characteristics that will be used to feed the Distillery are given below: 
 

Table 4.1.4.1: Typical Molasses Characteristics 
 

Parameters Value 
Fermentable Sugars 50% (w/w) 
Total Solids 85% (w/w) 
Total inorganic 8-10% (w/w) 
F:N ratio 1.4 
Volatile acids Max. 4500ppm 
Butyric acid Max. 100ppm 
Total viable count Max. 1000 cfu/gm 
Free assimilable Nitrogen content Min. 1500ppm 
Sludge content Max. 2% (w/w) 
Caramel in terms of colour 0.3 Optical density at 375nm 

 

 

4.1.4.2 The Dilution Tank 

Molasses with a brix of 87oBx, owing to the strong concentration of sugar, does not support direct yeast 

fermentation. According to Paturau JM, molasses is diluted with water to about 14-18% sugar 

concentration. For the purpose of the design, molasses from the storage unit is pumped to the dilution 

mixing tank and is diluted with filter tap water, free from suspended solids such that the concentration of 

fermentable sugars reaches 16%. The quality of the dilution water is crucial so as to minimize losses of 

fermentable sugars via side fermentation. It also controls the ratio of non-sugars to sugars in the mash, 

which can have detrimental effects on the zymogenic activities of the yeast. 

 

                                                      
10 EIA-Installation and Operation of a Distillery and Concentrated Molasses Solids (CMS) Fertilizer Blending Plant 
at Omnicane Sugar Cluster, La Baraque 
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4.1.4.3 Pasteurization Unit 

Flash pasteurization is the process involving high temperature over a short-time treatment for the 

destruction of microorganisms that are detrimental to a proper fermentation process. It limits by-product 

formation such as glycerol and acetic acid production during alcohol production. In this process, the 

diluted molasses is fed into two or three plate heat exchangers, with hot water or condensing steam as the 

heat media, in a controlled, continuous flow and subjected to a stable elevated temperature.  

Pasteurization will not affect the composition of the diluted molasses, it only destroys harmful 

microorganisms. 

 

4.1.4.4 The Pre-fermenter Unit 

The pre-fermenter unit is a mixing unit where the active dry yeast is incorporated into the pasteurized 

molasses, together with the nutrient requirement and necessary pH adjustment, by means of ammonium 

sulphate and sulphuric acid respectively. 

Yeast saccharomyces cerevisiace which is tolerant to variation in pH and resistant to alcohol is used for 

the alcoholic fermentation. Active dry yeast is activated with warm water and the strain can be added 

directly to the mash (Mathewson S.W, 1980) as follows: 

• Two pounds of active dry yeast is added for 1000 gallons of mash 

• The yeast can be rehydrated for 15 minutes prior to use at 100-105 deg Fahrenheit (37 - 40 oC) or 

it can be added dry to the fermentation tank prior to filling. 

The yeast strains require an abundance of oxygen for growth and the aerobic condition is controlled using 

the mixing effect of the agitator, however, it should be noted that in conditions of excess oxygen and in 

the presence of acetobacteria, the alcohol can be oxidized to form acetic acid. 

The pH of the mash is adjusted between 4.5 and 5.0 by the addition of sulphuric acid – between one and 

two litres per 1000L of mash (Patureau JM, 1989).  The acid decreases the activity of other bacteria which 

may infect the solution. The principal contaminants in a distillery are those that form lactic acid which is 

repressed at ph values under 5.0. The optimum pH range is between 4.5 to 5.0 as lower values are 

detrimental to the fermentation process. 

The pH range can also be adjusted by the addition of the naturally acid residues left from the previous 

distillation by the process of back slopping. 
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4.1.4.5 Fermentation Unit 

The fermentation process operates in batch mode and converts the fermentable sugars in the feed stock 

into alcohol using yeast.  It can be defined as a process in which chemical changes are brought about in 

the organic substrate through the action of biochemical catalysts, called enzymes, elaborated by specific 

types of living microorganisms (Paturau MJ, 1989). 

Mash from the pre-fermenters is transferred to the fermenter where the temperature is kept constant at 

33oC by forced recirculation flow of mash through mash coolers for fermenters using fermented 

recirculation cum transfer pumps. The maximum rate of temperature rise is of order 0.75 -1oC/ hour 

(Shukla and Pandey, 1979). The optimum temperature for fermentation process is between 25-35 oC and it 

is not desirable to let the temperature go much above 32-33 oC (Paturau MJ, 1989). Fermentation is 

characterized by:  

• Incomplete oxidation 

• The transformation of large amounts of substances by comparatively small amounts of organisms. 

During fermentation, yeast changes the sugar to alcohol in the absence of air and carbon dioxide gas 

escapes to the atmosphere after being scrubbed while the ethanol-laden beer is produced.  

                                     Invertase 

C12H22O11   +   H2O                                 2C6H12O6                                       (1) 

 Sucrose                                                     Glucose                               (Meade-Chen) 

   342 g             18g                                      360 g 

 

                        Yeast 

C6H12O6                                     2C2H5OH +    2CO2                               (2) 

Glucose                                          Ethanol         Carbon Dioxide         (Meade-Chen) 

 180 g                                              92 g                 88 g 

 

The fermentation is complete when the mash ceased bubbling and the yeast cake, which forms on top, 

sinks to the bottom. The total cycle time is usually of 32 hours after which the fermented beer is 

transferred to the beer tank to be sent for distillation. 

During the fermentation process, care should be taken to prevent oxygen from getting into contact with 

the ethanol which would otherwise oxidize to acetic acid. Furthermore, in the presence of oxygen, yeast 

would undergo aerobic respiration to produce carbon dioxide and water without the production of 

ethanol.  

The fermenters are equipped with controls for pH, air spargers, anti-foam dosing, nutrient dosing and 

temperature (Buchanan, 2002). 
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4.1.4.6 Material balance for the Fermentation Process 

A material balance for the fermentation process is given in Table 4.1.4.6.1. 

Table 4.1.4.6.1: Material Balance for the fermentation process 

MATERIAL INPUT OUTPUT 

Molasses 172 tonnes/day  

Chemicals   

DiAmmonium phosphate 4.5731 kg/hr  

Sulphuric Acid 98% 0.0095354 kg/hr  

Phosphoric Acid 50% 30 L/d  

Magnesium sulphate  0.25 kg/d  

Activated dry yeast 4.6648 kg/hr  

Antifoam (Bevaloid) 25-30 kg/d  

Process Water 14415.95 kg/hr  

Energy consumption 230-250 kWh/hr   

Products   

Fermented Beer (9 - 10% v/v 

alcohol) 

 1490.1 kg/hr 

Carbon dioxide (CO2)  1282.8 kg/hr 

 

4.1.4.7 Ethanol Decanter Centrifuge 

The ethanol decanter centrifuge is divided into four sections: 

• Inlet section  - where the feed enters the decanter 

• Screw Conveyor – which conveys and separates the solid phase from the liquid phase 

• Solids Discharge Section – from where the solid cake exit the unit 

• Liquid discharge section – from which the liquid is discharged 

Centrifugal force presses the solid particles outside against a rotating bowl, while the beer being less dense 

forms a concentric inner layer. The solid particles are continuously removed by a screw conveyor which 

rotates at a different speed that the bowl. The solids are compacted and discharged from the bowl. The 

beer from the centrifuge is sent to the heat exchanger. 
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4.1.4.8 Distillation Column  

The distillation process is a multiple stage distillation process that consists of a stripping column, a 

rectifying column with a pre-heater, reboiler, condenser units to produce a product with higher alcohol 

concentration.  

Fermented beer from the equalization tank is pumped via the beer pre-heater to the stripping column 

where the alcohol from the beer is stripped. The main alcohol vapour from the stripping column flows to 

the rectifying column where it is further concentrated. Vinasse is collected at the bottom of the stripping 

column and is re-circulated into the reboiler. The heated vinasse flashes and the vapour produced are used 

for heating the stripping column. Ethanol lost in vinasse is assumed to be negligible. The congeners are 

removed along the rectifying unit. Excess vinasse from the reboiler overflows and is sent to the evaporator 

unit to concentrate the vinasse from about 15-17 brix to about 55 brix. The solid concentration increases 

from 5% (vinasse) to approximately 50% concentrated molasses solids through the evaporation process. 

The quality of concentrated molasses solids is summarized below:  

Table 4.1.4.8.1: Quality of concentrated molasses solids 

Parameters Units Values 

pH  4.7-5.2 

Specific Gravity  1.25-1.31 

Viscosity cSt at 25oC 3000-3500 

Total Solids % 50.0 

Organic Matter  % 36.0 

Nitrogen % 0.9 

Phosphorus % 0.2 

Potassium % 5.0 

Sulphur % 1.1 

Calcium % 0.9 

Magnesium % 0.6 

Sodium % 0.3 

Chlorine % 3.2 

Cobalt mg/kg 1.0 

Copper mg/kg 10.0 

Iron mg/kg 150.0 

Manganese mg/kg 45.0 

Zinc mg/kg 9.0 

Silicon mg/kg 3.0 

Source: EIA Installation and Operation of a Distillery and a CMS Fertilizer Blending Plant at La Baraque 
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From literature, ¾ of the alcohol vapour obtained from rectifying section goes to the condensers and is 

returned to the rectifying section. The remaining ¼ of the vapour condensed is removed as distillate 

(http://www.ces.perdue.edu).  

From a thermodynamic viewpoint, a typical thermodynamic efficiency of a distillation system is about 

10% (Kister H.Z , 1992) and as a result the ethanol is distilled up to 96% as it cannot be separated into 

higher purity as it makes an azeotropic mixture with water.  

The top of the rectifying column is connected to a condenser to cool the vapours back into the liquid 

form thereby increasing the amount of reflux.  

The distillate is sent to a superheater, where the ethanol-water mixture is converted to a superheated 

vapour of 150oC and at a pressure of 7 bar.  This vapour has a moisture content of 0.04%. 

The distillate vapour is then sent to the molecular sieve to achieve a 99% purity of ethanol. 

The quality of neutral alcohol produced from the distillation column is given below: 

 

Table 4.1.4.8.2: Quality of neutral alcohol after distillation 

Parameters Units Neutral* 

Density at 20oC g/cm3 0.8066 

Strength at 20oC %v/v 96.2 

Aldehyde ppm 0.23 

Ethyl acetate ppm 0.07 – 0.09 

Methanol ppm 6 

n-Propanol ppm 3 

Iso-Butanol ppm 0.01–n.d. 

n-Butanol ppm n.d. 

Iso-amyl Alcohol ppm 0.17-0.18 

*Source: NCP analysis of Alcodis samples of 28 January 2008 

n.d.: not detected 

Source: EIA Installation and Operation of a Distillery and a CMS Fertiliser Blending Plant at La Baraque 

 

 

 

 

http://www.ces.perdue.edu/
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4.1.4.9 Material Balance for the Distillation Unit 

A material balance for the Distillation Unit is shown in Table 4.1.4.9.1. 

Table 4.1.4.9.1: Material Balance for the Distillation Process (hydrated Alcohol) 

MATERIAL INPUT OUTPUT 

Fermented Beer (9-10 % v/v 
alcohol 

25 910.72 L/hr  

Steam 5625 kg/hr  

Process water for dilution 24071.1 kg/hr  

Energy requirement 1500 kWh/hr  

Products   

Neutral alcohol (96% v/v 
alcohol) 

 7620.8 L/hr 

Fusel oil  914.496 L/hr 

By-products   

Spent lees (vinasse)  228.624 L/hr 

 

4.1.4.10 Dehydration Unit 

Ethanol is dried using the pressure swing regeneration as opposed to a heating or thermal swing. The wet 

ethanol containing about 94.68- 95% (v/v) alcohol is fed to the molecular sieve dehydration unit which 

will remove the water content of the wet alcohol to produce the anhydrous ethanol of strength of not less 

than 99.9%. The dehydration unit consists of two fixed adsorption beds which operate in alternative, that 

is, while one bed is dehydrating, the other one is regenerating. Molecular sieves are synthetic zeolites 

(crystalline aluminosilicates) that have strong affinities for water. The zeolites adsorb water at low 

temperature conditions and they desorb the water molecules when heated. The complex crystalline 

structure of the zeolites give the material the ability to adsorb or reject materials based on their molecular 

sizes. The ethanol-water mixture passes over the zeolite beads and the pressure forces the water into the 

sieve pores where it adsorbs to the walls of the internal cavities. The ethanol molecules, being too large to 

enter the pores, pass over the beads and through the bed leaving the water behind. The purified ethanol 

vapour is passed through a condenser where it is condensed with the help of cooling water. Condensed 

ethanol is collected in the product receiver. 

The anhydrous ethanol must conform to the following specifications:  
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Table 4.1.4.10.1: Specification of anhydrous ethanol 

Parameters Units Specification Limit 
Appearance  The material shall be clear, 

colourless and free from 
suspended matter 

Proof Strength % Proof 175,2 (Min) 
Alcohol Content % v/v at 20oC 99.9 (Min)  
Odour  Having no extraneous odour 

other than a trace odour of the 
raw material 

Density at 20oC kg/m3 790,0 (Max) 
Density at 25oC kg/m3 785,8 (Max) 
Relative density g/m3 0.790-0.793 
Residue on Evaporation ppm (m/v) 25 (Max) 
Water content % (m/m) 0.15 (Max) 
Esters ppm (m/m) as ethyl acetate 30 (Max) 
Acidity ppm (m/m) as acetic acid 25 (Max) 
Aldehydes  ppm (m/m) as acetaldehyde 10 (Max) 
Aromatics ppm (m/m) as benzene Nil 
Hydrocarbon ppm (m/m) as cyclohexane 5(Max) 
Higher Alcohols ppm (m/m) as N-Propanol, Iso-

Butanol, N-Butanol and Iso-
Amyl alcohol 

25 (Max) in total 

Absorbance  The aborbance curve is smooth; 
0.4 (max) @240 nm 
0.3 (max )@ 250 nm to 260nm 
0.1 (max) @ 270nm to 340 nm 

Source: EIA Installation and Operation of a Distillery and a CMS Fertilizer Blending Plant at La Baraque 

 

 

4.1.4.11 Material balance for the Molecular Sieve Dehydration Unit 

A material balance for the molecular sieve dehydration unit is summarized below. 

Table 4.1.4.11.1: Material Balance for the Molecular Sieve Dehydration Unit 

MATERIAL INPUT OUTPUT 

Neutral Alcohol 95% (v/v) 1905.2 L/hr  

Steam  0.55 kg steam/litre of ethanol at 
1.5 bar (g) 

 

Power requirement 100 to 120 kW  

Product Output   

Anhydrous alcohol of max. 
0.5% (v/v) moisture 

 1838.2 L/hr 

Spent lees         67 L/hr 
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4.1.4.12 Denaturation Tank 
 

The Bureau of Alcohol, Tobacco and Firearms (BATF) requires that ethanol be denatured or rendered 
unfit for human consumption. Approved denaturants are 2 gallons or more per 100 gallons of alcohol as 
follow:  

• Unleaded gasoline 
• Kerosene 
• Deodorized kerosene 
• Rubber hydrocarbon solvent 
• Methyl isobutyl ketone 
• Mixed isomer of nitropropane  
• Heptanes.  
 
For the hereby evaluated project, gasoline is going to be applied to the ethyl alcohol fuel to denature the 
alcohol and render it unfit for human consumption.  
 

4.1.4.13 Vinasse Disposal 

The Multi-Annual Adaptation Strategy for Mauritius sugar cane cluster (2006-2015) states that the 
production of 30 million litres of ethanol annually from molasses will generate approximately 350,000m3 

of vinasse. From the mass balance calculation, the volume of vinasse generated is 22862.4 L/hr. 
Therefore, some 180,000 m3 of vinasse will be generated annually from the 15 million litres ethanol plant. 

MAAS states that vinasse can be safely applied on sugar cane fields at rates of 12,000 to 15,000 liters per 
ha. Higher rates, e.g 100m3 per ha have also been found to be harmless to sugarcane and environmental 
consequence are being studied by Mauritius Sugar Industry Research Institute.  
 

Table 4.1.4.13.1: Area under Sugarcane (hectares) (2007-2008) 

 
Cultivated area (hectares) in 2007 

 
Cultivated area (hectares) in 2008 

Estates 
Miller-
Planters Planters Metayers Total Estates 

Miller-
Planters Planters Metayers Total 

NORTH 
    

NORTH 
    Belle Vue 2907 7768 

 
10675 Belle Vue 3347 9381 

 
12728 

Mon Loisir 1981 3214 
 

5195 
      

SOUTH 
    

SOUTH 
    Savannah 2348 11501 48 13897 Savannah 9343 4946 45 14334 

Union  
St Aubin 2793 3760 497 7050 

Union  
St Aubin 2401 2938 449 5788 

 
EAST 

    
EAST 

    Beau Champ 3524 4928 184 8636 Beau Champ 3410 4742 185 8337 
F.U.E.L 4820 3397 235 8452 F.U.E.L 4745 10972 228 15945 
 
WEST 

    
WEST 

    Medine 3462 1501 
 

4963 Medine 3326 1566 
 

4892 
 
CENTRE 

         Mon Desert 
Alma 2524 3865 

 
6389 

      
ISLAND 24359 39934 964 65257 ISLAND 26573 34545 907 62025 

Source: Mauritius Chamber of Agriculture  
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Table 4.1.4.13.2: Area under Sugarcane (hectares) (2009-2010) 

 
Cultivated area (hectares) in 2009 

 
Cultivated area (hectares) in 2010 

Estates 
Miller-
Planters Planters Metayers Total Estates 

Miller-
Planters Planters Metayers Total 

NORTH 
    

NORTH 
    Belle Vue 3337 5802 

 
9139 Belle Vue 3228 5741 

 
8969 

Mon 
Loisir 2092 2724 

 
4816 

Mon 
Loisir 2024 2513 

 
4537 

 
SOUTH 

    
SOUTH 

    Omnicane 12461 6268 437 19166 Omnicane 11968 6078 421 18467 
 
EAST 

    
EAST 

    Beau 
Champ 3444 4756 183 8383 

Beau 
Champ 3506 4649 177 8332 

F.U.E.L 4895 9059 187 14141 F.U.E.L 4883 8714 214 13811 
 
WEST 

    
WEST 

    Medine 3271 1463 
 

4734 Medine 3203 1368 
 

4571 

          ISLAND 29500 30072 807 60379 ISLAND 28812 29063 812 58687 
Source: Mauritius Chamber of Agriculture 

 

Table 4.1.4.13.3: Land under sugarcane cultivation (hectares) 

 
Summary hectares  

YEAR 2007 2008 2009 2010 
NORTH 15870 12728 13955 13506 
SOUTH 20947 20122 19166 18467 
EAST 17088 24282 22524 22143 
WEST 4963 4892 4734 4571 

ISLAND 65257 62025 60379 58687 
 

From the Table 4.1.4.13.3, it can be noted that there exists a decreasing trend in the extent of land under 
sugarcane cultivation on the island of Mauritius and the direct application of vinasse to the cane field will 
not provide a long term solution. With an application rate of 15,000 Litres per hectare of vinasse and the 
centralization of sugarcane cluster targeted by the government, excess vinasse will remain and require 
treatment prior to disposal. Two possible means of disposal of vinasse includes, firstly the direct 
application of the vinasse to the land in the immediate sugar cluster and the excess vinasse can be used on 
other sugarcane fields elsewhere in the different areas of the island.  

Alternatively, the vinasse generated from the ethanol distillation plant can be concentrated in 
Concentrated Molasses Solids (CMS).  The vinasse is collected and sent to an evaporator unit to 
concentrate the vinasse from about 15-17 brix to about 55 brix. The solid concentration increases from 
5% (vinasse) to approximately 50 % CMS through the evaporation process. The CMS is pumped to the 
CMS Fertilizer Blending Plant to increase its nutrient content. The required tonnage of granular or powder 
fertilizer is added to make up for the deficiency in nitrogen, potassium and phosphorus and the admixture 
is stirred until a homogenous blend is obtained. The blend is then pumped to the finish product storage 
tanks where it is distributed for transportation and application in sugar cane fields.  
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The expected quality specification of concentrated molasses solids (CMS) produced from the vinasse is 
summarized in the table below:  

 

Table 4.1.4.13.4: Quality of Concentrated Molasses Solids (CMS) 
 

Parameters Unit Values 

pH  4.7 – 5.2 

Specific Gravity  1.25 – 1.31 

Viscosity cST at 25 oC 3000 – 3500 

Total Solids % 50.0 

Organic Matter  % 36.0 

Nitrogen % 0.9 

Phosphorus % 0.2 

Potassium % 5.0 

Sulphur % 1.1 

Calcium % 0.9 

Magnesium  % 0.6 

Sodium % 0.3 

Chlorine % 3.2 

Cobalt mg/kg 1.0 

Copper mg/kg 10.0 

Iron mg/kg 150.0 

Manganese mg/kg 45.0 

Zinc mg/kg 9.0 

Silicon mg/kg 3.0 

Source: EIA Installation and Operation of a Distillery and a CMS Fertilizer Blending Plant at La Baraque 
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4.1.5 Summary of main results from the Material Balance 

For an annual production of 15 million liters of dehydrated ethanol and an operating time of 8000 hours, 

7190 kg/hr of final molasses must be processed in the pre-fermentation section of the ethanol plant. The 

individual stream flows are detailed below: 

Table 4.1.5.1: Summary of main results from the material balance 

Stream 
No 

2 3 4 5 6 7 8 9 

Stream 
name 

(kg/hr) 

Molasses  Water Diluted 
molasses 

Pasteurized 
molasses  

Yeast Acid Nutrient Mash 

Sucrose  2415.84 - 2415.84 2415.84 - - - 2415 

Reducing 
Sugars 
(RS) 

891.56 - 891.56 891.56 - - - 891.5 

Ash 862.8 - 862.8 862.8 - - - 862.8 

Water 934.7 13481.25 14415.95 14415.95 - - - 14415 

Inert 2085.1 - 2085.10 2085.10 - - - 2089 

Nutrient - - - - - - 4.5731 - 

Acid - - - - - 0.0953 - - 

Active 
dry yeast  

- - - - 4.6648 - - 4.66 

TOTAL   7190 13481.25 20671.25 20671.25 4.6648 0.0953 4.5731 20680 

 

 

Stream 

No 

15 17 18 20 22 26 28 34 35 36 

Stream 

name  

(L/hr) 

Beer To 

Rectifier 

Vinasse Spent 

Lees 

Distillate Fusel 

Oil 

Water Dehydrated 

Ethanol 

Gasoline Final 

Product 

TOTAL  25,910/72 3048.32 22862.4 228.624 7620.8 914.496 67 1838.2 36.8 1875 
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5 Chapter five 

5.1 Thermal and Electrical Requirements 
The main units which have been considered for the energy consumption of the whole ethanol plant are: 

1. Pasteurization unit 

2. Heat exchanger (preheater) 

3. Reboiler at the distillation unit 

4. Superheater 

5.1.1 Thermal Power Requirements 

The total steam requirement for the whole ethanol plant is given by:  

Table 5.1.1: Steam requirements per component 

Steam Requirement 

total (kg/h) 

Pasteurization unit Preheater Reboiler Superheater 

9392.4 933.8 2687.72 5625 145.86 

 

The Distillery will require roughly 9.4 tons of steam per hour at 3.5 bar 11for the distillation process. 

 

5.1.2 Energy Balance around Regeneration Stage 

 
Brix Balance around dilution unit: 

87 * F2= B * F4 

B= (87 * F2)/ F4 

B= (87 * 7190)/ 20671.25  

  = 30.26 0BX 

Determination of the maximum temperature, TR, reached in regeneration section 

Cold diluted molasses from stream 4, at a temperature of T4 = 20oC, is fed to the regeneration unit and 

heated to pasteurization temperature of T4C = 90 oC flowing in stream 4C. 

The specific heat of molasses is assumed to be specific heat of a sucrose solution (Chen J.C.P, 1985) and 

the specific heat of molasses have been determined using the sugar engineer’s library 

(http://www.sugartech.co.za/heatcapacity/index.php) as provided in the table 5.1.2.1 below: 

 

 
                                                      
11 EIA Installation and Operation of a Distillery and a CMS Fertiliser Blending Plant at La Baraque 

http://www.sugartech.co.za/heatcapacity/index.php
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Table 5.1.2.1: Specific heat capacities of molasses streams at T4 and T4C 

Temperature (oC) Specific heat (kJ/kgoC) 

T4 = 20 Cp4 = 3.33 

T4C = 90 Cp4C = 3.49 

    

It is also assumed that there is 92% heat regeneration in the regeneration stage (IDD, 1999) and a steady-

state condition is observed. 

Let ∆T4 = T4A - 20 chem 

      ∆T4C = 90 - T4D 

Energy balance on system 

F4 * Cp4 * ∆T4 = 0.92 [F4C * Cp4C * ∆T4C] 

But TR = T4A = T4D 

20671.25 * 3.33 * (TR - 20)= 0.92 [20671.25 * 3.49 * (90 - TR)] 

288.9720 - 3.2108TR = 3.33TR - 68.6 

6.5408TR = 355.5720 

TR = 54.3622 oC 

Energy required to heat the molasses from TR to pasteurization temperature T4C 

Assumptions 

Specific heat capacity of molasses, at temperature TR = 54.3622 oC, Cp4C = 3.41 kJ/kgoC (Sugar engineer’s 

library, http://www.sugartech.co.za/heatcapacity/index.php). 

Now, Q = m4 Cp4C ∆T4(C-R) 

Where:   

m4 = F4 = F4C  

∆T4(C-R) = (T4C - TR) = 90 – 54.3622 = 35.6378 oC 

Thus, Q = 20671.25 * 3.41 * 35.6378 

              = 2512071.548 kJ/h  or  Q = 697.8 kW 

Amount of steam needed for heating 

From steam table: At a temperature of T4A = 110 oC and pressure P4A = 143.27 kPa, specific latent heat of 

vaporization, Lsteam= hfg= 2228.6 kJ/kg. 

The total heat provided by condensing steam is absorbed by the pre-heated molasses in steady-state 

conditions.  

 

http://www.sugartech.co.za/heatcapacity/index.php
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Energy balance on system  

F4A * Lsteam= F4 * Cp4C * ∆T4(C-R) 

F4A = (F4 * Cp4C * ∆T4(C-R))/Lsteam 

      = 2512071.548/ 2228.6 

      = 1127.2 kg/h  

 

5.1.3 Energy Balance around the Preheater 

The heating agent is Steam at a temperature of 106 °C and a pressure of 1 bar, with an enthalpy value of 

hs = 2686.9 kJ/kg, condensing to saturated water at hw = 417.5 kJ/kg.  The assumptions made over the 

heat exchanger are that: 

• The stream flow rate is constant. 

• All physical parameters of the beer components are independent of temperature changes. 

• The specific heat of the beer is approximately equal to that of a binary liquid of water and ethanol. 

Beer properties 

Mass flow rate of beer, mbeer = 25 561.2 kg/h 

Mass fraction of water in beer = (24 071.1/25 561.2) = 0.942 

Mass fraction of ethanol in beer = (1490.1/25 561.2) = 0.058 

Specific heat capacity of beer 

≈ (mass fraction of water * specific heat capacity of water) + (mass fraction of   ethanol * specific 

heat capacity of ethanol) at 30 °C 

Specific heat capacity of water = 4.18 J/g °C 

Specific heat capacity of ethanol = 2.615 J/g °C  

Therefore,  

Cp(beer)  = (0.942 * 4.18) + (0.058 * 2.615) 

 = 4.09 kJ/kg °C 

The beer has to be heated from 30 °C to 98.5 °C before being sent to the distillation unit. 

ΔT  = (98.5 – 30)= 68.5 °C 

mbeer * Cp(beer) * ΔT = msteam * (hs – hw) 

msteam  = 3155.62 kg/h 

 = 3.156 T/h 
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DEHYDRATION 
UNIT 

5.1.4 Energy Balance around the Distillation Unit 

The steam requirement at the distillation unit is an approximation of the steam consumption at the 

distillation unit through the standard steam demand to ethanol content produced ratio as stated by Paturau 

(1982).  About 2.4 - 3.0 kg of steam is required per liter of 94 wt% alcohol product. The production rate 

of the hereby considered ethanol plant is roughly 1875 L/h. 

Therefore, the amount of steam required is 5625 kg/h, in the least efficient scenario.  

 

5.1.5 Energy Balance around the Dehydration Unit 

The thermal energy required in the dehydration stage of production is consumed by the superheaters to 

heat the distillate leaving the distillation column to produce superheated vapours. 

The method of calculation is the same as for evaporators.  

                                                                                            Water vapour 
      
         mv= 54.78 kg/h 
      
          hg= 2683.8 kJ/kg 
                      
 
  
 steam  
           
           T = 106 °C     
                condensate  
 ms           ms  

 hs = 2686.9 kJ/kg       hw = 417.5 kJ/kg  
    
  

alcohol                         superheated alcohol 
mf = 1557.69 kg/h   mp = 1502.91 kg/h 

 Tf = 76 °C    Tp = 150 °C 
 Cpf =2.968 kJ/kg/°C   Cpp = 2.638 kJ/kg/°C 
 

 

The working pressure of the superheater is 7 bar. 

Cpf  and Cpp are calculated in the same way as for the specific heat capacity of beer, that is, as a binary 

liquid consisting of water and ethanol.  

Volume of alcohol entering the unit = 1905.2 L/h 

Mass of alcohol entering the unit  = (0.96 * 1905.2 * 0.81) + (0.04 * 1905.2 * 1) 

   = 1557.69 kg/h 

Volume of superheated alcohol leaving the unit   = 1838.2 L/h  
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Mass of alcohol leaving the unit  = (0.995 * 1838.2 * 0.81) + (0.005 * 1838.2 * 1) 

   = 1502.91 kg/h 

Cpf  = (mass fraction of ethanol * specific heat capacity of ethanol) + (mass fraction of   

    water * specific heat capacity of water) 

= 2.968 kJ/kg °C 

Similarly, 

Cpp = 2.638 kJ/kg °C 

Energy balance:   

On the steam side,   qs = ms * (hs – hw) 

On the liquid side,   qs = (mv * hg) + (mp * Cpp * Tp) – (mf * Cpf * Tf) = 390355.03 kJ/h 

Therefore, on the steam side,  ms = qs /(hs – hw) = (390355.03 / 2269.4) = 172 kg/h  steam mass flow 

necessary for delivering thermal energy to the ethanol dehydration unit.  

 

5.1.6 Electricity Requirement 

The total electrical load for the different components of the ethanol distillation plant has been estimated 

to be summing up to 1680 kW, based on data provided by the EIA – Installation and Operation of a 

distillery and a CMS fertilizer blending plant at La Baraque. 
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6 Chapter six 

6.1 Economic Feasibility Study 
 

6.1.1 Total Capital Investment 

 

Before the ethanol plant starts its operation, a large sum of money must be supplied to purchase and 

install the necessary machinery and equipment as well as other necessary facilities. The capital needed to 

supply the necessary plant and manufacturing facilities is termed the fixed-capital investment, while that 

for the operation of the plant is called the working capital. The sum of the fixed capital investment and 

working capital is known as the total capital investment. (Peter M.S and Timmerhaus K.D, 1991). 

 

6.1.2 Fixed Capital Investment 

 

Fixed capital investment can be subdivided into   

Direct costs cover the material and labour involved in the actual installation of the complete facility, 

namely:  

• Purchased equipment 

• Installation and controls, installed 

• Instrumentation and controls, installed 

• Piping, installed 

• Electrical, installed 

• Buildings, process and auxiliary 

• Service facilities and yard improvements 

• Land 

Indirect costs cover the expenses which are not directly involved with material and labour of actual 

installation of complete facility, namely: 

• Engineering and supervision 

• Project planning, construction expense, permissions and contractor’s fee  

• Contingency 
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6.1.3 Estimation of other costs 

All costs will be based on that of purchased equipment. The cost estimation for major equipment has been 

provided by courtesy of Dr. Alan Sam-Soon as shown in the Table 6.1.3.1 hereto: 

Table 6.1.3.1: Summary of Costs in USD 

Equipment type     Price ($) 

Part I: Fermentation Section 

Including design and engineering, procurement, fabrication and supply of equipment, raw 

material for site fabrication equipment for fermentation section with its instrumentation & 

control system, electrical, associated piping & fittings, valves and structures 

2,210,000 

Part II-A: Distillation Section 

Including design and engineering, procurement, fabrication and supply of equipment, raw 

material for site fabrication equipment for distillation section with its instrumentation & 

control system, electrical, associated piping & fittings, valves and structures 

2,500,000 

Part II-B: Distillation Section – Stripper Column 

Including design and engineering, procurement, fabrication and supply of equipment, for this 

specific scope with its instrumentation & control system, electrical, associated piping & 

fittings, valves and structures 

140,000 

Part III: Molecular Sieve Dehydration Unit with Fuel Ethanol Receivers & Storage 

Including design and engineering, procurement, fabrication and supply of equipment, raw 

material for site fabricated equipment for MSDH and Fuel Ethanol Receiver with Storage 

Section with its instrumentation & control system, electrical, associated piping & fittings, 

valves and structures 

1,220,000 

Part IV: Process Condensate & Spent Lees Polishing Unit 

Including design and engineering, procurement, fabrication and supply of equipment, raw 

material for site fabricated equipment for process condensate & Spent lees polishing unit  with 

its instrumentation & control system, electrical, associated piping & fittings, valves and 

structures 

830,000 

Part V: Electrical & Instrumentation 

Control System & Instrumentation and electrical works for existing evaporation and alcohol 

storage section  

520,000 

Total purchased equipment cost   7, 420, 000 

Note: Installation costs, including insulation and painting, instrumentation and controls, and piping are included in the Total 
Purchased Equipment Cost. 
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Table 6.1.3.2: Estimation of Total Capital Investment in USD 

Type of Cost Percentage  Justification Cost ($) 

Buildings, process and 

auxiliary 

45% of 

Purchased 

equipment 

Since grass-root project, type 

of process plant mainly fluid 

0.45 * 7,420,000 

= 3,339,000 

Service facilities and 

yard improvements 

70% of    

Purchased 

equipment 

Average value, since no 

additional data 

0.70 * 7,420,000 

= 5,194,000 

Land 4% of 

Purchased 

equipment 

The plant will be situated in a 

rural region 

0.04 * 7,420,000 

= 276,000 

Total direct costs  Summation of all above 16,229,000 

Engineering and 

supervision 

8% of total 

direct costs 

Typical percentage for 

chemical plant 

0.08 * 16,229,000 

= 1,298,320 

Construction expense 

and contractor’s fee 

10% of total 

direct costs 

Typical percentage for 

chemical plant 

0.10 * 16,229,000 

= 1,622,900 

Contingency 8% of total 

fixed capital 

investment 

Considered a fair average value 0.08 * TFI 1) 

Working Capital 15% of total 

capital 

investment 

Considered a fair average value 0.15 * TCI 2) 

Notes: 
1) TFI = Total direct costs + Engineering and Supervision Cost + Construction expense and contractor’s 
fee + 0.08TFI 

TFI = $16,229,000 + $1,298,320 + $1,622,900 + 0.08TFI 

0.92 TFI = 19,150,220 

TFI = $20,815,456.52  
 

2) TCI = TFI + working capital 

TCI = $20,815,456.52 + 0.15 TCI  

Total Capital Investment TCI = $ 24,488,772.38  
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6.1.4 Price Structure of Mogas and Oil 

In line with the objectives laid out in Section 4 of the State Trading Corporation Act of 1982, the State 

Trading Corporation in Mauritius imports all the country’s requirements for petroleum products. These 

products are sold to and stocked either individually or jointly by the local oil companies. The products are 

then marketed and distributed to the retailers and end users. As per the regulation 3(1) the components of 

the price structure are as follows: 

Table 6.1.4.1: Price structure of mogas and oil 

 Mogas Gas Oil 

Reference Price (Platts) – US$ per Metric Ton 960.07 - 

Reference Price (Platts) – US$ per Barrel - 120/57 

CIF – US$/Litre 0.7797 0.8070 

Exchange Rate – Rs/US$ 30.50 30.50 

 Rupees per litre: 

CIF 23.7809 24.6135 

Excise duty 10.8000 3.3000 

Maurice Ile Durable levy 0.3000 0.3000 

Contribution to Road Development Authority 1.8500 1.7500 

Contribution to Rodrigues transportation and storage 0.0500 0.0500 

Hedging 1.2500 1.5000 

Contribution to subsidy on LPG, Flour and Rice 1.5000 1.5000 

STC’s operational expenses  0.3500 0.4000 

Adjustment 0.0000 0.0000 

Price Stabilisation Account 0.0000 0.0000 

Rounding of figures 0.0047 0.0046 

Transfer Price to Oil Companies 39.8856 32.9181 

Oil Companies’ operational expenses and wholesale margin 1.4700 1.4200 

VAT (15%) 6.4304 5.3739 

Wholesale Price 47.7860 39.7120 

Retail margin (Filling station’s margin) 1.5140 1.4880 

Retail Price* (Price at Filling Station) 49.30 41.20 

*Retail price of Mogas and Gas Oil shall be rounded to the nearest higher multiple of 5 cents 

 

Source: Price Structure - State Trading Corporation - 
http://stc.intnet.mu/index.php?option=com_content&view=article&id=120&Itemid=105 

 

 

http://stc.intnet.mu/index.php?option=com_content&view=article&id=120&Itemid=105
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6.1.5 Cost Estimation of Ethanol 

Tate & Lyle Ltd which is a major shareholder of the Mauritius Molasses Company Ltd and which is 

responsible for the export and marketing of molasses brought from that company stated that the price of 

molasses increased from 50 US$ (Rs 1,500) to 59 US$ (Rs 1,800) per tonne as from crop 2007. 

The amount of molasses required is 7190 kg/h therefore the total amount of molasses required for 8000 
hours is 57,520 tonnes. 

The cost of molasses is therefore 3,393,680 US$ per annum for the production of 15 million liter of 
ethanol. 

The cost of producing ethanol is estimated at about $ 0.81 per gallon.  

Given that 1 US gallon is equivalent to 3.78541178 litres; the amount of ethanol produced annually from 
15 million litres is 3.96 millons gallons of ethanol. 

The cost of producing 15 million litres of ethanol is therefore US$ 3,209,690.44. 

The total cost for 15 million litres of ethanol is US$ 6,603,370.44 

The total production cost of ethanol per liter is US$ 0.44 

Given the transfer price to oil companies of mogas is Rs 39.8856 (1.3 US$), and if the selling price of 

ethanol is estimated to be Rs 35 (1.15 US$), the total revenue per annum is given by selling price per liter 

multiplied with production volume = $1.15 * 15,000,000/yr = $ 17,250,000/year.  

 

6.1.6 Pay-Back period 

Simple pay-back is defined as the minimum amount of time theoretically required to recover the original 

capital investment in the form of net cash flow. It must be noted that the time value of money has been 

neglected and that it is assumed that net cash inflow for each year will be constant. 

Pay-back period (years) = Total capital investment/ net cash inflow per year 

 

6.1.7 Depreciation  

If the fixed assets have a total service life of 10 years and after the 10 years, salvage value zero, using the 

straight line depreciation method: 

Depreciation = (Total fixed capital investment – salvage value)/10 

  = $(20,815,456.52 - 0)/10 = $2,081,545.652/ yr 

Net cash inflow per year = Revenue – (total production cost + depreciation) 

    = $ 17,250,000 – [($0.44 * 15,000,000) + 2,081,545.652)] 

    = $ 8,565,083.908 / yr 

The simple payback period is given by = $ 24,488,772.38 / 8,565,083.908/yr = 2.9 years.
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6.1.8 Comparison between increase in the ethanol production with cost 

Table 6.1.8.1: Comparison between increase in the ethanol production (litres) with cost (US$) 

Amount of ethanol 
produced (litres) 10,000,000 11,000,000 12,000,000 13,000,000 14,000,000 15,000,000 16,000,000 17,000,000 

Amount of molasses 
(kg/h) 4793.333333 5272.666667 5752 6231.333333 6710.666667 7190 7669.333333 8148.666667 

Operating hours 8000 8000 8000 8000 8000 8000 8000 8000 

Total amount of 
molasses (tonnes) 38344 42176 46016 49848 53680 57520 61352 65184 

Price of molasses (US$) 59 59 59 59 59 59 59 59 

Cost of molasses (US$) 2262296 2488384 2714944 2941032 3167120 3393680 3619768 3845856 

Cost of production of 
ethanol 

(US$ per gallon) 
0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 

From 1 US gallon is 
equivalent to litre 3.78541178 3.78541178 3.78541178 3.78541178 3.78541178 3.78541178 3.78541178 3.78541178 

Gallons of ethanol 
produced ( gallons) 2641720.526 2905892.579 3170064.632 3434236.684 3698408.737 3962580.79 4226752.842 4490924.895 

Cost of production of 
ethanol  (US$) 2139793.626 2353772.989 2567752.352 2781731.714 2995711.077 3209690.44 3423669.802 3637649.165 

Total cost of 
production (US$) 4402089.626 4842156.989 5282696.352 5722763.714 6162831.077 6603370.44 7043437.802 7483505.165 

Specific production 
cost of ethanol  per litre 

(US$) 
0.4402247 0.4402247 0.4402247 0.4402247 0.4402247 0.4402247 0.4402247 0.4402247 
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Continued:  

Amount of ethanol 
produced (litres) 18,000,000 19,000,000 20,000,000 21,000,000 22,000,000 23,000,000 24,000,000 25,000,000 

Amount of molasses 
(kg/h) 8628 9107.333333 9586.666667 10066 10545.33333 11024.66667 11504 11983.33333 

Operating hours 8000 8000 8000 8000 8000 8000 8000 8000 

Total amount of 
molasses (tonnes) 69024 72856 76696 80528 84360 88200 92032 95864 

Price of molasses (US$) 59 59 59 59 59 59 59 59 

Cost of molasses (US$) 4072416 4298504 4525064 4751152 4977240 5203800 5429888 5655976 

Cost of production of 
ethanol 

(US$ per gallon) 
0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 

From  1US gallon is 
equivalent to litre 3.78541178 3.78541178 3.78541178 3.78541178 3.78541178 3.78541178 3.78541178 3.78541178 

Gallons of ethanol 
produced ( gallons) 4755096.947 5019269 5283441.053 5547613.105 5811785.158 6075957.211 6340129.263 6604301.316 

Cost of production of 
ethanol  (US$) 3851628.527 4065607.89 4279587.253 4493566.615 4707545.978 4921525.341 5135504.703 5349484.066 

Total cost of 
production (US$) 7924044.527 8364111.89 8804651.253 9244718.615 9684785.978 10125325.34 10565392.7 11005460.07 

Specific production 
cost of ethanol per litre 

(US$) 
0.4402247 0.4402247 0.4402247 0.4402247 0.4402247 0.4402247 0.4402247 0.4402247 
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6.1.9 Cost Analysis with increasing production of ethanol 

Figure 6.1.9.1 below shows the trend of growing revenues with the variation of total production cost 
between 4,402,089.626 US$ and 11,005,460.07 US$, for the growing ethanol production from 10 million 
litres to 25 million litres of ethanol, respectively.  

 

 

Figure 6.1.9.1: Total Cost of production (US$) versus amount of ethanol produced (litres) 

From the economy results, for a selling price of 1.15 US$ per litre of ethanol, the estimated lapse of time 
needed to recover the initial total capital investment will decrease from 4.9 down to 1.6 years for a 
growing production volume from 10 million litres to 25 million litres of ethanol per annum, respectively.  
It can be seen that increasing the annual ethanol production to 20 million litres, which is deemed to be 
technically possible for the island of Mauritius, will lead to a decrease of payback time (as per the 
simplified estimation) to just around two years. Table 6.10.1.1 below refers to these calculations.  

The cost estimate would greatly vary accordingly with: 

• Management level decisions that influence selling price; 
• Annual revenue which is dependent on the total production cost, the depreciation cost and the 

corporate tax rates applied; 
• Key factors such as the fluctuating value of money, the depreciation of the rupee and the land value, 

the increasing prices of commodities and services, etc. 
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6.1.10 Payback Period (Years) with ethanol production (litres) 

 

Table 6.1.10.1: Payback Period variation (Years) with the growing annual ethanol production (litres) 

 

Amount of ethanol 
produced (litres) 18,000,000 19,000,000 20,000,000 21,000,000 22,000,000 23,000,000 24,000,000 25,000,000 

Total cost of 
production (US$) 7924044.527 8364269.223 8804493.92 9244718.615 9684943.31 10125168.01 10565392.7 11005617.4 

Revenue (US$) 20700000 21850000 23000000 24150000 25300000 26450000 27600000 28750000 

Depreciation (US$) 2081545.652 2081545.652 2081545.652 2081545.652 2081545.652 2081545.652 2081545.652 2081545.652 

Net cash inflow per 
year (US$) 10694409.82 11404185.12 12113960.43 12823735.73 13533511.04 14243286.34 14953061.64 15662836.95 

Payback period 
(Years) 2.3 2.1 2.0 1.9 1.8 1.7 1.6 1.6 

 

Amount of ethanol 
produced (litres) 10,000,000 11,000,000 12,000,000 13,000,000 14,000,000 15,000,000 16,000,000 17,000,000 
Total cost of 
production (US$) 4402246.96 4842471.656 5282696.352 5722921.048 6163145.744 6603370.44 7043595.136 7483819.831 

Revenue (US$) 11500000 12650000 13800000 14950000 16100000 17250000 18400000 19550000 

Depreciation (US$) 2081545.652 2081545.652 2081545.652 2081545.652 2081545.652 2081545.652 2081545.652 2081545.652 

Net cash inflow per 
year (US$) 5016207.388 5725982.692 6435757.996 7145533.3 7855308.604 8565083.908 9274859.212 9984634.517 

Payback period 
(Years) 4.9 4.3 3.8 3.4 3.1 2.9 2.6 2.5 
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7 Chapter seven 

7.1 Conclusions 
 

1 The Republic of Mauritius, a small island developing state, with no known oil, natural 

gas or coal resources has much to gain in investing in ethanol producing plant to supply its transport 

sector altogether promoting the reduction of greenhouses gases emissions, local job creation and fuel 

independence. As far as Mauritius is concerned, the government is focused on diversifying the 

country’s energy supply together with improving energy efficiency, addressing environmental and 

climate changes and modernizing the energy infrastructure as the primary energy requirement of the 

island has increased steadily over the past decade and is expected to continue its rise in the future.  

Mauritius is reliant on imported sources of energy to more that 90% and the consumption of fossil 

fuels by the emerging giants China and India are pushing the prices to higher and higher levels while 

the ongoing geopolitical situation in the Gulf States are having significant impacts on the price of oil. 

Mauritius as an island state cannot have the benefit of interconnection facilities and the heavy 

reliance on imported fossil fuels can only impact severely on the island in case of crisis. The 

production of ethanol from molasses by the local sugar industry is therefore in conformity with the 

sector policy as elaborated in the Multi Annual Adaptation Strategy.  

 

2 In the local context, tests have already been undertaken in 2006 by Alcodis Ltd in 

association with Total. Experiments have been carried out using imported anhydrous ethanol to test 

the possibility of introducing a 10% mix of ethanol with gasoline instead of 100% gasoline in cars 

that would effectively reduce the import of gasoline by about 10 000 tons annually. In 2010, some 

418 ktoe of energy were used for transportation, representing an increase of 6.9% over previous 

year’s figure of 391 ktoe. The consumption of gasoline increased from 121 ktoe to 128 ktoe (+5.8%) 

and that of diesel oil from 155 ktoe to 162 ktoe (+4.5%). The consumption of aviation fuel increased 

from 110 ktoe in 2009 compared to 123 ktoe in 2010 (+11.8%) and the use of LPG in the transport 

sector in 2010 was the same as in 2009, that is, 5 ktoe. In Mauritius the transport sector is the 

heaviest energy consumer, accounting for 48% of total primary energy imports. Pollution problems 

in terms of vehicular emissions are very acute in towns where there is heavy vehicular traffic. 
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3 With a yearly operating time of 8000 hours, the daily requirement of final molasses 

required for the proposed and evaluated ethanol production plant is summarized below:  

Amount of ethanol produced (million 
litres) 10 11 12 13 14 150 16 17 

Molasses Requirement Daily (Tonnes) 115 127 138 150 161 173 184 196 

         

Amount of ethanol produced (million 
litres) 18 19 20 21 22 23 24 25 

Molasses Requirement Daily (Tonnes) 207 219 230 242 253 265 276 288 

 

The sugar factory of 425 TCH crushing capacity produces around 45 528 tons of molasses yearly. 

The daily flow of molasses from the considered factory is roughly 130 tons, which will be sufficient 

to sustain an 11 million litre/year ethanol production plant with a payback period of 4.3 years. For an 

optimized production of ethanol, i.e, for more than 20 million litres annually, final molasses will have 

to be outsourced from the other sugar factories in Mauritius.  

 

4 From the economy calculations, with a selling price of US$ 1.15 per liter of ethanol, 

the annual revenue of the plant for an assumed production capacity of 15 million litres/year, is going 

to be $17,250,000 with a payback time of 2.9 years. The cost estimate varies accordingly with the 

production of ethanol which can be increased to 25 million litres with the relevant decrease of 

payback period as summarized below:  

 

Amount of ethanol produced (million 
litres) 10 11 12 13 14 150 16 17 

Payback Period (Years) 4.9 4.3 3.8 3.4 3.1 2.9 2.6 2.5 

         

Amount of ethanol produced (million 
litres) 18 19 20 21 22 23 24 25 

Payback Period (Years) 2.3 2.1 2.0 1.9 1.8 1.7 1.6 1.6 
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5 The main components that have been considered for estimating the energy 

consumption in the plant are the pasteurization unit, the heat exchanger, the reboiler at the 

distillation unit and the superheater. The thermal energy and electrical power requirements for the 

production of 15 million litres of ethanol are:  

• Total steam requirement of around 10 tons per hour, and ; 
• An electrical load requirement estimated to be 1680 kW for a typical ethanol production plant of 

the type and size considered in this study.   
 
This shall be obtained from the share of process steam utilized by the sugar factory.  
 
 

6 The conclusions from this study relative to the economic feasibility of molasses as 

feedstock for ethanol production in Mauritius are that it is economically feasible to make ethanol 

from molasses given the cost of molasses is low enough and it is a resource available on site. The 

challenges for having a large enough supply of molasses at a given location is made possible with the 

centralization of the sugar cane industry thus minimizing transportation costs thereby increasing the 

operational and economical cost of the ethanol production plant and the optimal use of molasses to 

produce ethanol would increase the revenue of planters. 
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Appendix A – Material Balance 

A.1 Sources of Raw Materials 

Molasses will be used as the main raw material for the distillery. Molasses is a process residue 

resulting after repeated crystallization of sugar and characterized as the waste syrup from which no 

further sucrose can be extracted. 

The annexed sugar factory working on a 24hour basis has a maximum crushing rate of 425TCH12and 

operates during the crop season for a milling operation of approximately 150 days between June and 

December. 

From the mass balance, the amount of molasses required per day is 7.190 x 24 = 172.56 Tonnes 

A.2 Distillery Plant Main Components 

The main components of the distillery plant are: 

• The molasses storage (feedstock) 

• The pasteurizer unit 

• The pre-fermentation and fermentation unit 

• The distillation 

• The alcohol production storage 

• The Molecular Sieve Dehydration Unit for the production of anhydrous ethanol 

• The denaturation tank 

The process flow chart of the distillery plant is provided hereto: 

                                                      
12 EIA-Installation and Operation of a Distillery and Concentrated Molasses Solids (CMS) Fertilizer Blending 
Plant at Omnicane Sugar Cluster, La Baraque 
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       Active dry yeast   Acid   Nutrient                  Carbon dioxide 
 1                                 6       7       8                   10                                              Splitter 
              17           21                 23       24       22     
Feed 
                                                                                       9                                                                                                                                                   
 
        Mash                                                                                                                                     25 
                  2   Molasses                                                                                          Pre-heated beer           
              15                   
                                  11     Fermented                                       
      3    5      Pasteurized            Mash 
            Molasses                  26     Fusel oil 
Water            13                                                    
                                                                                                                                                                                                                           
                Clarified 
       4   Diluted Molasses               Beer     14 Beer           20     Spent lees 
                                                                                                   12 Slurry       16         19 
                                    4C                                 4D                                                                                                                18                       
4A 
                                                                        Cooling water                        Vinasse to treatment                                                                                               
Steam                                                                       

          Pasteurizer Unit 
                  35     Gasoline                   Condensed Steam 
         4B    Condensed steam      4E    Cooling water return             
                   33   Water         28  
   
             37   36                       34                                31                             29           
                     
           Denatured                           Ethanol             Ethanol 
Figure 4.1.4.1:          Ethanol                       99%     96% 
Process Flow Diagram of the Distillery plant                                           32   Water                   30   Water      27   Steam 
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A.3 Summary of main results from the Material Balances 

For a yearly production of 15 million liter of dehydrated ethanol and an operating time of 8000 hours, 

7190 kg/hr of final molasses must be process in the pre-fermentation section of the ethanol plant. The 

individual stream flows are detailed below: 

Stream 

No 

2 3 4 5 6 7 8 9 

Stream 

name 

(kg/hr) 

Molasses  Water Diluted 

molasses 

Pasteurized 

molasses  

Yeast Acid Nutrient Mash 

Sucrose  2415.84 - 2415.84 2415.84 - - - 2415 

Reducing 

Sugars(RS) 

891.56 - 891.56 891.56 - - - 891.5 

Ash 862.8 - 862.8 862.8 - - - 862.8 

Water 934.7 13481.25 14415.95 14415.95 - - - 14415 

Inert 2085.1 - 2085.10 2085.10 - - - 2089 

Nutrient - - - - - - 4.5731 - 

Acid - - - - - 0.0953 - - 

Active dry 

yeast  

- - - - 4.6648 - - 4.66 

TOTAL   7190 13481.25 20671.25 20671.25 4.6648 0.0953 4.5731 20680 

 

 

Stream 

No 

15 17 18 20 22 26 28 34 35 36 

Stream 

name  

(L/hr) 

Beer To 

Rectifier 

Vinasse Spent 

Lees 

Distillate Fusel 

Oil 

Water Dehydrated 

Ethanol 

Gasoline Final 

Product 

TOTAL  25,910/72 3048.32 22862.4 228.624 7620.8 914.496 67 1838.2 36.8 1875 
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A.4 Mass Balance over Dilution Tank 

Figure A.1: Schematic Diagram showing the dilution unit 

      

      

      

      

      

      

      

      

      

      

      

       

Molasses from the storage unit is pumped to the dilution unit where it is mixed with dilution water so as 

to yield a diluted molasses. From Material balance in fermentation unit, F2 = 7190 kg/hr. 

From literature, Sucrose and RS compositions are 0.336 and 0.124 respectively 

F2sucrose= 0.336 F2 = 0.336 x 7190 = 2415.84 kg/hr 

F2RS= 0.124 F2 = 0.124 x 7190 = 891.56 kg/hr 

Average value for Ash %= 12.0 % (Paturau JM, 1989) 

 F2Ash= 0.12 F2= 0.12 x 7190= 862.8 kg/hr 

Brix is a defined as a measure of total dissolved solids. Assuming 100- Brix = Water 

Given that the Brix is 87.0 0BX, therefore equivalent water % is13.0 % 

 F2Water= 0.13 F2= 0.13 x 7190= 934.7/hr 

 F2Inert= F2- (F2sucrose + F2RS + F2Ash + F2Water) 

   = 7190 - (2415.84+891.56+862.8+934.7) 

   = 2085.1 kg/hr 

Dilution water Requirement 

According to Paturau JM, molasses is diluted to a sugar concentration of about 14-18 % 

Assuming sugar concentration to be 16 % in stream 4 

Total Sugar balance around unit 

0.46F2= 0.16F4 

    

                3   Water 

  

2  4
      

     Molasses                                      Diluted Molasses 
       Sucrose                        Sucrose 

Reducing Sugars (RS)  RS 
Ash   Ash 
Water   Water 
Inert   Inert

   
   
 

 

Dilution 
Unit 



-71- 
 

0.46 x 7190= 0.16 x F4 

F4= 20671.25 kg/hr 

 

Overall material balance around unit 

F2 + F3 = F4 

F3= F4 – F2 

    =20671.25 – 7190 

F3= 13481.25 kg/hr 

Water balance 

F2water + F3 = F4water 

934.7+ 13481.25= F4water 

F4water= 14415.95 kg/hr 

Sucrose balance 

F2sucrose= F4sucrose= 2415.84 kg/hr 

RS balance 

F2RS= F4RS= 891.56 kg/hr 

Ash balance 

F2Ash= F4Ash= 862.8 kg/hr 

Inert balance 

F2Inert= F4Inert= 2085.1 kg/hr 

Volume of diluted molasses  

Assuming specific gravity of molasses= 1.43 (Paturau JM, 1989) 

Therefore density of molasses= 1430 kg/m3 

Let density of water= 998.3 kg/m3 

Let volume of diluted molasses= volume of molasses+ volume of dilution water 

Volume of diluted molasses= (7190/1430) + (14415.92/998.3) = 19.46 m3/hr 

F4= 19.46 m3/hr 
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A.5 Mass Balance over Pasteurization Unit 

Overall material balance  

Figure A.2: Schematic Diagram showing the Pasteurization unit 

e A.2: Block Diagram showing the pasteurization unit 

   

  

 

      
      
      
      
      
      
      
      
      
      

F4=F5= 20671.25 kg/hr or 19.46m3/hr 

Sucrose balance 

F4sucrose= F5sucrose= 2415.84 kg/hr 

RS balance 

F4RS= F5RS= 891.56 kg/hr 

Ash balance 

F4Ash= F5Ash= 862.8 kg/hr 

Inert balance 

F4Inert= F5Inert= 2085.10 kg/hr 

Water balance 

F4water= F5water =14415.95 kg/hr 
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A.6 Mass Balance of Pre-fermenter Unit 

Calculation of amount of Active dry yeast 

Figure A.3: Schematic diagram showing the pre-fermenter unit 

 

 

 

 

 

 

 

 

 

 

 

 

 

From literature, 0.9072 kg of active dry yeast is needed per 3784.5 L of mash 

F5= 19.46 m3/hr 

Assume that only stream F5 contributes to make the bulk of the solution in the pre-fermenter, since 

compared to F5, other incoming streams, F6, F7 and F8 are negligible. 

Thus, amount of active dry yeast= (0.9072/3.7845) x 19.46 = 4.6648 kg/hr 

F6= 4.6648 kg/hr 

Calculation of mass of Sulphuric acid 

According to Paturau JM, range of pH= 4.5 to 5.0 

Assuming an average of pH= 5.0 

But pH = -log [H+]  

5.0= -log [H+] 

Therefore, Concentration of H+= 1.0 x 10-5 mol/L 

Sulphuric acid dissociates as follows: 

 
     Active dry yeast    Acid      Nutrient 
                6         7       8 
 
 
 
 

5   9
     
                                                                                                                            
Pasteurized Molasses       Mash 
 Sucrose                  Sucrose 
 Reducing Sugars (RS)        RS 
 Ash          Ash 
 Water    Water 
 Inert    Yeast 
    Inert 

Pre-fermenter 

Unit 
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H2SO4                2H+ + SO42- 

From balanced equation, 1 mole of H2SO4 yields 2 moles of H+ 

Assuming complete dissociation occurs, 

Amount of sulphuric acid= (1.0 x 10-5)/2 = 5.0 x 10-6 mol/L 

Relative molecular mass of sulphuric acid= 98 

Mass of sulphuric acid= (5.0 x 10-6) x 98 = 4.9 x 10-4 g/L of mash  

or = 4.9 x 10-4 g/ 10-3 m3 of mash 

For 19.46 m3/hr of mash, mass of sulphuric acid = [(4.9 x 10-4)/10-3] x 19.46 g/hr 

          = 9.5354 g/hr 

F7= 0.0095354 kg/hr 

 

Calculation of mass of Ammonium sulphate 

Amount of ammonium sulphate needed per 1000 L of mash ranges from 70g to 400g (Paturau JM, 1989). 

Assuming an average value of 235g per 1000L of mash is needed, that is, 0.235 kg/m3. For 19.46 m3/hr of 

mash,  

Mass of ammonium sulphate= (0.235/1) x 19.46 = 4.5731 kg/hr 

F8= 4.5731kg/hr 

Overall Material balance around unit 

F5 + F6 + F7 + F8= F9 

F9= 20671.25+4.6648+0.0095354+4.5731 

F9= 20680.49744 kg/hr 

Sucrose balance 

Assuming no sucrose or RS is fermented yet, since retention time is only two hours which is less than the 

required time for fermentation to occur. In other words, there are no significant losses in the 

concentration for fermentable sugars. 

F5sucrose= F9sucrose= 2415.84 kg/hr 

RS balance 

F5RS= F9RS= 891.56 kg/hr 

Ash balance 

F5Ash= F9Ash= 862.8 kg/hr 
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 Water balance 

F5water= F9water =14415.95 kg/hr 

Yeast balance 

F6= F9yeast = 4.6648kg/hr 

F9Inert= F9 – (F9sucrose + F9RS + F9Ash + F9water + F9yeast) 

       = 20680.49744- (2415.84+891.56+862.82+14415.95+4.6648) 

 = 2089.6626 kg/hr 

A.7 Mass Balance of Fermentation Unit 

 

Figure A.4: Schematic Diagram showing the Fermentation unit 

 

             Mash             9                                                                11           Fermented Mash 
                  
              Sucrose                                                                                                     Ethanol 
              RS                                 Water 
              Inert                    Solid ppts 
              Water                          Ash 
              Ash                         Yeast 
              Solid ppts    10                                             RS 
             Yeast                               Inert 
         Carbon dioxide            Congeners 
       
       
From previous calculation: 

W11ethanol F11   = 1490.1 kg/hr 

This represents theoretical yield of ethanol. 

In reality, true ethanol yield is about 90% of the theoretical. (Meade-Chen) 

True ethanol yield = 0.9 × theoretical yield 

                              = 0.9 × 1490.1 

                              = 1341.1 kg/hr 

Some ethanol produced during fermentation is entrained with the evolving CO2. But for calculation 

purposes, we assume that all ethanol goes along stream 11 (Fermented Beer) since the ethanol vapours 

going with the CO2 are trapped in fermentation locks and returned into the process. 

 

 

Fermenter 
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COMPOSITION OF MOLASSES / % 

Sucrose 33.6 

RS 12.4 

Inert 22 

Water 21 

Ash 11 

Table: Composition of Molasses (Meade-Chen, 1977) 

According to Meade-Chen, only 9% of RS represents glucose and it is only this 9% which is converted to 

ethanol in RS. The remaining 91% of RS are non-fermentable sugars. 

% compositions for sucrose and RS were given in the problem statement and that for inert, water and ash 

were obtained from Meade-Chen. 

• Assuming all glucose obtained from sucrose is converted to ethanol. 

• Assuming only 9% RS is converted to ethanol.  

 

Therefore, % composition of fermentable RS = 9 % × 12.4 % 

Ethanol is produced anaerobically according to the following equations:- 

                                 

              invertase 

C12H22O11   +   H2O                             2C6H12O6                                                                     (1) 

  Sucrose                                               Glucose                                               (Meade-Chen) 

    342 g                                                 360 g 

  

                        Yeast 

C6H12O6                                     2C2H5OH +    2CO2                                                              (2) 

Glucose                                       Ethanol         Carbon Dioxide                      (Meade-Chen) 

 180 g                                            92 g                 88 g 

From equation (1),  
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342 g of sucrose produce 360 g of glucose. 

Ratio of glucose to sucrose = 360/342 = 1.053 g of glucose/ g of sucrose 

% of glucose found in sucrose = (1.053 × 33.6 %) 

Total % of glucose (fermentable sugars) in molasses  

   = (% glucose in sucrose + % fermentable RS)  

   = (1.053 × 33.6 %) + (9 % × 12.4 %) 

Now considering equation (2), 

   92 g of ethanol is produced from 180 g of glucose 

Since our ethanol yield is 1341.1 kg/hr 

Therefore, the amount of glucose required to produce this 1341.1 kg/hr of ethanol is calculated as 

follows: 

1341.1 × (180/92) = 2623.9 kg/hr 

This means that the ethanol (1875L/hr) is produced from 2623.9 kg/hr glucose, which is found in the 

input molasses. 

Let the mass of molasses required be M kg/hr. 

(% glucose in molasses) × M = 2623.9 kg/hr 

[(1.053 × 33.6 %) + (9 % × 12.4 %)] × M = 2623.9 kg/hr 

M = 7190 kg/hr 

Therefore, mass of molasses required is 7.19 ton/hr 

According to Meade-Chen, 0.22 kg CO2 is produced from 0.45 kg of glucose. 

      Mass flow rate of CO2, F10 =    0.22        ×  2623.9        

            0.45 

 F10 = 1282.8 kg/hr 
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A.8 Mass Balance around Ethanol Decanter Centrifuge 

 

Figure A.5: Schematic Diagram showing the centrifugal 
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          Ash 
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The % composition of ethanol and water in stream 13 are computed as follows: 

W13 ethanol   =      W13 ethanol  F13              ×         100  

                                    F13 

                 =     1490.1             ×         100  

                       25,561.2 

W13 ethanol   = 5.83 % 

W13 water   =      W13 water   F13            ×         100  

                                    F13 

                 =     24,071.1             ×         100  

                       25,561.2 

W13 water   = 94.17 %  

 

Ethanol Balance around centrifugal: 

Assuming no ethanol is lost in the waste stream 12 

 

 

Centrifugal 
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Ethanol in stream 13 = Ethanol in stream 11  

Therefore, W13ethanol  F13 =   W11 ethanol  F11       

W11ethanol F11   = 1490.1 kg/hr 

This corresponds to the mass of ethanol produced per hour from the fermenter. 

Note: The water in stream 12 is not pure water but as mentioned earlier, it is in fact a mixture of water, 

inert, RS (non-fermentable ones) and congeners. But for calculation purposes, the four components are 

taken as water only. 

This assumption does not affect our values to a large extent since we are performing ethanol balance to 

find our flow rates and not water balance. 

A.9 Mass Balance around Stripping Column 

 

Figure A.6: Schematic Diagram showing the stripping unit of the distillation column 

 
                                                      17 

              Beer       15                                                                                  To Rectifier 
             Ethanol            

                Ethanol                                                                                                      Water 
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                18   

         Vinasse   
           Water 

      Inert 
   RS             

 
 

According to Luis Cortez (Int. Sugar Journal, 1998), 10-15 litres of vinasse are obtained per litre of ethanol 

produced. 

Assuming an average value, i.e. production of vinasse is 12.5 L/L of ethanol produced. 

Here, volume of ethanol produced is  W22 ethanol F22  (ethanol produced from rectifier) 

Therefore, volume of vinasse, F18 = 12.5 × W22 ethanol F22 

    F18 = 12.5 × 0.96 × 1905.2 

F18 = 22, 862.4 L/hr  

 

 

Stripping 
Column 
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Overall Material Balance around control volume of stripping section: 

F15 = F17 + F18  

F15 = 3048.32 + 22, 862.4 

F15 = 25, 910.72 L/hr 

In reality, some ethanol is lost in vinasse but for calculation purposes we assume that no ethanol is lost in 

vinasse. 

Ethanol Balance around control volume of stripping section: 

W15 ethanol  F15= W17 ethanol F17 

W15 ethanol   × 25, 910.72 = 0.6  × 3048.32 

W15 ethanol    = 0.071 

Therefore, ethanol % in F15 = 7.1 %  

The remaining components, i.e. water, congeners, inert and RS add up to 92.9%  

Note: Here we assume this 92.9% to be water only, i.e.    W15 water   = 0.929       

According to ‘Analar Standards for laboratory chemicals’, density of ethanol is 0.81 kg/L 

The density of water is 1kg/L and 1m3 = 1000 L 

With these above information, we can thus convert the volumetric flow rates of water and ethanol to mass 

flow rates. 

Volumetric flow rate of ethanol in F15 = W15 ethanol  F15  

                                                             = 0.071 × 25, 910.72   = 1839.66 L/hr 

Mass flow rate of ethanol in F15 = volumetric flow rate × density 

        = 1839.66 × 0.81   = 1490.1 kg/hr  (W15 

ethanol  F15  )             

Volumetric flow rate of water in F15 = W15 water F15  

                                                             = 0.929 × 25, 910.72   = 24,071.1 L/hr 

Mass flow rate of water in F15 = volumetric flow rate × density 

        = 24,071.1 × 1 

        = 24,071.1 kg/hr (W15 water F15 )            

The mass flow rate of stream 15is given by, 

F15 = 1490.1 + 24,071.1 
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F15 = 25, 561.2 kg/hr 

 

A.10 Mass Balance around Rectifying Column  

Figure A.7: Schematic Diagram showing the rectifying unit of the Distillation Column 

                                                         
                                                                     22           Distillate 
                                                                                    Ethanol 

                                                                                 Water 
                                                                                          
                                                                                             

From Stripping              17                                    26            
            

                        Ethanol 
                        Congeners       Fusel Oil 
                        Water                                Congeners 

 
20 
Spent Lees  
Water 

 
From the information gathered at Alcodis Ltd, the input of the rectifier consists of 60 % ethanol, 30 % 

congeners and 10 % water. 

W17 ethanol   = 0.6 

W17 congeners  = 0.3 

W17 water   = 0.1 

Roughly 2/3 to ¾ of the final liquid is returned to the rectifying section of the still as “reflux”. The 

remaining liquid flowing from the condenser which is about 1/3 to 1/4 of the total is the finished 

product. (http://www.ces.purdue.edu/extmedia/AE/AE-117.html) 

For calculation purposes, the upper limits values, i.e. ¾ of the output of the rectifier is condensed and 

refluxed back, and ¼ of the output of the rectifier is the distillate going towards the dehydration column. 

F22 L = ¾ F22 D;      F22 = ¼ F22 D 

Therefore, F22 D = 4 × F22   

                  F22 D =  4 × 1905.2 

F22 D  = 7620.8 L/hr 

F22 L = ¾ F22 D 

F22 L = ¾ × 7620.8 

F22 L = 5715.6 L/hr 

   

 

Rectifier 
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Overall Material Balance around control volume of rectifier: 

F17 = F22 + F26 + F20  

Ethanol Balance around control volume of rectifier: 

W17ethanol  F17= W22 ethanol F22  

0.6 × F17 = 0.96 × 1905.2 

 F17 = 3048.32 L/hr 

Since all congeners entering are gone in the fusel oil,  

 F26 = 0.3 × F17          

 F26 = 914.496 L/hr 

Water Balance around control volume of rectifier: 

W17 water F17= W20 water F20 + W22water F22 

0.1 × 3048.32 = 1 × F20 + 0.04 × 1905.2 

F20 = 228.624 L/hr 

 

A.11 Mass Balance around Dehydration Unit 

 

Figure A.8: Schematic Diagram showing the Dehydration unit 

    Water 
                                                                           
            28                         
      
              
 
 
                    (Distillate) 22          5   34 
    Superheated Ethanol        Dehydrated Ethanol 
 Ethanol                            Ethanol 
 Water    Water 
      
          
 
The dehydration process involves two columns and for mass balance calculations, a single block is used to 

represent the process. 

The Stream 18, F18 represents the total volume of water removed from the two columns every hour. 

 

Dehydration 
Column 
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The superheated ethanol is in fact distillate from the distillation column which has been superheated 

before the process of dehydration. Therefore, volume of distillate is the same as volume of superheated 

ethanol and they have the same composition as well. 

W34 ethanol = 0.995; W34 water = 0.005  

W22 ethanol = 0.96; W22 water = 0.04 

The compositions of the distillate from the distillation column are 96 % ethanol and 4 % water, explaining 

the above values. 

Ethanol Balance:- 

Ethanol In = Ethanol Out 

W22 ethanol  F22= W34 ethanol F34 

0.96 × F22     = 0.995 × 1838.2 

Therefore, F22  = 1905.2 L/hr 

Overall Material Balance:- 

  F22  = F28 +  F34 

F28 =  F22 – F34 

F28 = 1905.2 – 1838.2 

F28 = 67 L/hr 

 

A.12 Mass Balance around Denaturation Tank 

Figure A.9: Schematic Diagram showing the Denaturation Tank 
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The target annual production is 15 million litres of dehydrated ethanol with an operating time of 8000 hrs 

annually; this gives a production of 1875 L/hr of ethanol. 

F36 = 1875L/hr 

 

Denaturation 
Tank 
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From literature, the ethanol produced should be 99.5 % pure. 

Therefore, W36ethanol  = 0.995 

Given that 2 gallons of denaturants are used per 100 gallons of alcohol (ethanol)13 for denaturation 

purposes.  

This means the ratio of F34: F35 is 100: 2 

So, F34 / F35 = 100÷2 = 50 

Therefore, F34 = 50 F35  

Overall Material Balance:- 

F34 + F35   = F36   

50F35 + F35   = 1875 L/hr 

F35 = 36.8 L/hr 

F34 = F36 – F35 = 1875 – 36.8 = 1838.2 L/hr 

 

 

 

 

 

 

 

                                                      
13 www.myownfuel.com 
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