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Abstract 

Historically, the production and exportation of sugar have been of immense significance for 
Cuba and although sugar remains to be the product of most vitality in the mills the diversification 
of sugar cane usage is now of a greater extent. This development has resulted in an increased 
production and consequently the mills provide by-products in a more considerable degree. The 
by-product of concern in this report is the sugar cane bagasse, which is used to fuel the boilers in 
the cogeneration unit in order to provide the electricity and heat needed for processing sugar. 
However, depending on the level of technological development within the mills, excess bagasse is 
being produced and by traditional terms causing a disposal problem. Conversely, the bagasse has 
vast potential within numerous different applications.   
 

Carlos Baliño is situated in the province of Villa Clara and it is the only mill in Cuba that 
produces organic sugar. The mill is completely self-sufficient in its energy needs and moreover 
the mechanical steam turbines for the crushing and milling section have been exchanged to 
electrical drives and a bagasse boiler has been replaced by a more efficient one. These 
technological developments have resulted in excess bagasse being produced in a significant scale. 
The aim of the study presented in this report is to provide a suggestion of a suitable application 
of the excess by overlooking different ways of storing bagasse; pelletizing is one option that will 
be analysed. As the production of sugar and thereby bagasse is seasonal and the harvesting 
seasonality causes variations in the production the suggestion requires a numerical model that 
describes the nominal amount of excess bagasse in relation to the practical amount, based on the 
flows in the sugar mill. Furthermore, an economic evaluation of the chosen application with the 
aim of elucidating the potential of the stored bagasse as a source of income is presented in the 
report as well as an analysis of how the ash content affects the value of the bagasse.   
 
Results showed that pelletizing is a suitable application for the excess bagasse at Carlos Baliño. 
The cost of capital for the considered pellet plant investment has been determined to 3,3 million 
USD and the breakeven investment cost to 4,7 million USD. Yet the economical calculations 
regarding the pellet plant investment have been based on a modest scenario it is profitable. 
Considering the vast difference between the nominal and the practical amount of excess bagasse 
Carlos Baliño has a great potential in increasing the amount of pellets produced as well as the 
financial gain.   
 
Future work should suggestively focus upon improving the circumstances in which Carlos Baliño 
will produce and sell pellets in order to moreover enlarging the commercialisation scale of Cuban 
bagasse pellets. This report states the potential and the possibilities within the investigated market 
and can furthermore constitute the foundation upon which future studies regarding possible 
optimizations within the frames of the cogeneration unit with focus on the boiler efficiency, 
unplanned production stops as well as revenue based production optimization.   
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Sammanfattning 

Produktion samt export av socker har på ett historiskt plan haft en oerhörd betydelse för Kuba. 
Trots att socker är den dominanta produkten vid vilken fabrikerna lägger störst vikt så är numera 
användandet av sockerrör diversifierat i en bredare omfattning. Denna utveckling har resulterat i 
en ökad produktion och således produceras även restprodukter i en mer betydande skala. I denna 
studie ligger fokus vid restprodukten bagasse, vilken används som bränsle för att producera den 
elektricitet och värme som krävs av processerna i fabriken. Beroende på graden av teknisk 
utveckling inom fabriken så produceras även överskottsbagasse vilken ur traditionella perspektiv 
ses som ett avfallsproblem ur hanteringssynpunkt. Emellertid har bagasse en stor potential och 
kan appliceras inom flera olika områden.  

 

Carlos Baliño ligger i provinsen Villa Clara och är den enda sockerfabriken i Kuba som 
producerar organiskt socker. Fabriken är helt och hållet självförsörjande i sitt energibehov och 
har vidare bytt ut de mekaniska ångturbinerna för kross- och kvarnsektionen till elektriska 
motorer och en ångpanna för förbränning av bagasse är utbytt mot en mer effektiv. Dessa 
tekniska utvecklingar har resulterat i att överskottsbagasse produceras i en ansenlig omfattning. 
Målet med studien som är presenterad i denna rapport är att utforma ett förslag på en lämplig 
applikation av överskottsbagassen genom att undersöka olika sätt att nyttja denna; pelletering är 
ett alternativ som har analyserats. Eftersom produktionen av socker och följaktligen också 
bagasse är säsongsbaserad och med anledning av variationer i skörden krävs en numerisk metod 
vilken beskriver den nominella mängden av överskottsbagasse i relation till den praktiska 
mängden, baserat på flödena i fabriken. Vidare presenteras en ekonomisk analys av den 
föreslagna applikationen i syfte att framhäva potentialen av bagasse som inkomstkälla. Med avsikt 
att diskutera hur värdet av bagasse kan påverkas av dess innehåll av aska har också en analys av 
askans effekter utformats.   

 

Studiens resultat visar på att en lämplig applikation för överskottsbagassen på Carlos Baliño är 
pelletering. Kapitalkostnaden för investeringen vilken avser pelletsproduktion bestämdes till 3,3 
miljoner USD och jämviktskostnaden för investeringen till 4,7 miljoner USD. Trots att de 
ekonomiska uträkningarna baserades på ett modest scenario visar resultaten på ekonomisk 
lönsamhet. Vidare finns för Carlos Baliño en stor potential i att öka mängden producerad pellets 
och vidare också den ekonomiska vinningen. Denna potential utgörs av den betydande skillnaden 
mellan nominell och praktisk mängd av överskottsbagasse.  

 

Framtida arbete borde förslagsvis fokusera på att förbättra de omständigheter under vilka Carlos 
Baliño kommer producera och sälja pellets. Detta i syfte att sedermera öka 
kommersialiseringsskalan av kubansk bagassepellets. Denna rapport visar på potential och 
möjligheter inom den undersökta marknaden och utgör vidare grunden till framtida studier 
rörande möjliga optimeringar inom ramarna för förbränningseffektivitet, oplanerade 
produktionsstopp och vinstbaserad produktionsoptimering.   
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Nomenclature 

Symbol Description Unit 

𝑪𝒄𝒂𝒑𝒕𝒊𝒂𝒍 Cost of capital for pellet production process USD 

𝑪𝒔 Consumption of steam kg 

𝑪𝒔𝒆𝒂𝒔𝒐𝒏 Seasonal operation and label costs kWh/t 

𝑬𝒂𝒅𝒅 Electricity needed for additional equipment kWh/t 

𝑬𝒄𝒐𝒏𝒅 Electricity needed for conditioning kWh/t 

𝑬𝒄𝒐𝒐𝒍 Electricity needed for cooling kWh/t 

𝑬𝒅𝒓𝒚 Electricity needed for drying kWh/t 

𝑬𝒎𝒂𝒄𝒉 Total electricity needed for pellet production machinery kWh/t 

𝑬𝒎𝒊𝒍𝒍 Electricity needed for milling kWh/t 

𝑬𝒑𝒆𝒍𝒍 Electricity needed for pelletizing kWh/t 

𝑬𝒑𝒓𝒐𝒅 Excess electricity produced in sugar mill kWh/t 

𝑰𝒂𝒅𝒅 Investment cost of additional equipment USD 

𝑰𝒃𝒐𝒊𝒍 Investment cost of boiler USD 

𝑰𝒃𝒓𝒆𝒂𝒌𝒆𝒗𝒆𝒏 Breakeven investment cost USD 

𝑰𝒄𝒐𝒐𝒍 Investment cost of cooling equipment USD 

𝑰𝒅𝒓𝒚 Investment cost of drying equipment USD 

𝑰𝒎𝒊𝒍𝒍 Investment cost of milling equipment USD 

𝑰𝒑𝒆𝒍𝒍 Investment cost of pelletizing equipment USD 

𝑰𝒔𝒕𝒐𝒓𝒆 Investment cost of storing  USD 

𝑰𝒕𝒐𝒕 Total investment cost of pellet production USD 

𝒎𝒃,𝒄𝒐𝒎𝒑 Mass of bagasse for composting kg 

𝒎𝒃,𝑰𝒏𝒔𝒕𝒐𝒓𝒆𝒅 Mass of bagasse in storage building  kg 

𝒎𝒃,𝑶𝒖𝒕𝒔𝒕𝒐𝒓𝒆𝒅 Mass of bagasse stored outside kg 

𝒎𝒃,𝒔𝒐𝒍𝒅 Mass of sold bagasse  kg 

𝒎𝒄 Mass of cane kg 

𝒎𝒋 Mass of juice kg 

𝒎𝒏,𝒃 Nominal amount of bagasse kg 

𝒎𝒏,𝒃,𝒃𝒐𝒊𝒍 Nominal amount of bagasse burnt in boiler kg 

𝒎𝒏,𝒆,𝒃 Nominal amount of excess bagasse kg 

𝒎𝒑 Mass of pellets kg 
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𝒎𝒑,𝒃 Practical amount of bagasse kg 

𝒎𝒑,𝒃,𝒃𝒐𝒊𝒍 Practical amount of bagasse burnt in boiler kg 

𝒎𝒑,𝒆,𝒃 Practical amount of excess bagasse kg 

𝒎𝒑,𝒄 Practical amount of canes milled kg 

𝒎𝒑,𝒄,𝒔𝒆𝒂𝒔𝒐𝒏 Mass of pol in cane, season value kg 

𝒎𝒑,𝒋,𝒔𝒆𝒂𝒔𝒐𝒏 Mass of pol in juice, season value kg 

𝒎𝒃 Mass flow of bagasse kg/day 

𝒎𝒄 Mass flow of cane kg/day 

𝒎𝒊 Mass flow of imbibition water kg/day 

𝒎𝒋 Mass flow of juice kg/day 

𝒏 Lifetime of equipment Years 

𝑵 Amount of milling days Days 

𝒑𝒄 Purity of cane % 

𝒑𝒋 Purity of juice % 

𝑷𝒃 Price of bagasse USD 

𝑷𝒆 Price of electricity USD 

𝑷𝒑 Price of pellets USD 

𝑷𝑽 Present value factor  

𝒓 Discount rate % 

𝑹𝒃,𝒚𝒆𝒂𝒓𝒍𝒚 Yearly revenues from sold bagasse as a raw material USD 

𝑹𝒆,𝒚𝒆𝒂𝒓𝒍𝒚 Yearly revenue from sold excess electricity USD 

𝑹𝒑,𝒚𝒆𝒂𝒓𝒍𝒚 Yearly revenue from sold pellets USD 

𝑺 Daily salary for one employee USD 

𝑾 Number of needed employees  

𝒙𝒃/𝒄 Bagasse/cane-ratio % 

𝒙𝒃𝒓,𝒋 Brix content in juice % 

𝒙𝒇,𝒄 Fibre content in cane % 

𝒙𝒑,𝒄 Pol content in cane % 

𝒙𝒔,𝒃 Steam generation index % 

𝒙𝒔,𝒄 Steam consumption index % 

𝒙𝒘,𝒃 Water content of bagasse % 

𝜼𝒎𝒊𝒍𝒍 Milling efficiency % 
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1 Introduction    

The fact that the effects of the world’s climate change are being extensively highlighted has led to 
a more global approach in aspects of solving these problems. The higher awareness of the climate 
change combined with the knowledge about the correlation between sustainable energy 
production and the economical development and growth has motivated more countries to 
maintain a sustainable energy production. This is why energy constitutes such an essential 
element within development and growth in various countries, thus without energy, poverty 
cannot be reduced and economies cannot grow (Worldbank, 2014).  

Historically, the production and exportation of sugar have been of vast significance for Cuba. 
Since colonial times until the 20th century the whole Cuban economy was based on sugar and 
tobacco. The long history of sugar production has provided the workers at the sugar mills with 
significant knowledge, which have resulted in a wider usage of the sugar cane as a source. Besides 
the sugar, the by-products are used in areas such as chemical, pharmaceutical, and 
biotechnological industries. Although sugar continues to be the leading product in the mills, the 
diversification of the sugar cane usage is vast constitutes a constructive difference from how it 
was until the 20th century with the centralised Cuban economy. This change increased the 
production in the sugar mills and with higher production comes a more considerable amount of 
by-products, such as sugar cane bagasse (IPS, 2013). Today the bagasse is usually used in the 
production to fuel the boilers in the cogeneration unit of the mills. Depending on the design of 
the cogeneration unit, bagasse can be fully spent at a poor efficiency or partly spent, but then at a 
higher efficiency to produce the heat and power needed for the sugar processing. In case of the 
later, the excess bagasse constitutes a renewable energy resource, which needs to find a market 
application in order not to become a disposal problem.  

The aim of this project is to address the problem of excess bagasse and to evaluate and propose a 
suitable application to stimulate an effective financial growth as well as a higher awareness of 
sustainable energy production. Within the frames of such an examination, the matter of 
pelletizing the excess bagasse will be evaluated and compared to other applications such as 
utilizing the bagasse in paper and pulp production as well as producing electricity to moreover 
export to the national grid. This will furthermore be carried out by a case study in which Carlos 
Baliño, situated in rural Cuba, will be the sugar mil of examination.  
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1.1 Problem formulation 

Carlos Baliño is the only ecological sugar mill in Cuba, the production of organic sugar has been 
made possible through a modernization of the mill. The old mechanical steam turbines for 
milling and crushing section have recently been exchanged to electrical drives. Also, a bagasse 
boiler has been replaced by a more efficient one. The mill is completely self-sufficient in its 
energy needs by using bagasse as the only fuel. However, the modernization has led to excess 
bagasse being produced, resulting in a disposal problem. The amount of excess bagasse is 
difficult to determine due to variations in the production as well as agricultural circumstances. By 
utilizing the excess bagasse, sustainability as well as the financial growth can be achieved more 
efficiently and development within these frames can be reached. 

 

1.2 Aim 

The project aim is to determine the amount of excess bagasse at the Cuban sugar mill Carlos 
Baliño and identify as well as evaluate the potential of its different applications. Pelletizing is one 
option that will be analysed. By developing a simple model describing the practical amount of 
excess bagasse being produced, the foundation upon which the investigation of different ways of 
storing the bagasse will be made. A plan of action regarding the excess bagasse will be suggested 
and economic evaluation will be carried out. Furthermore, the ash content in the bagasse has 
great impact on the value of the bagasse as a fuel and will be sent for chemical composition 
analysis and considered in the economical evaluation. The expected results from the study are:  

• A numerical model that describes the nominal amount of excess bagasse in relation to the 
practical amount, based on the flows in the sugar mill. 

• A suggestion of a suitable application of the excess by overlooking different ways of 
storing bagasse. 

• An economic evaluation of the chosen application with the aim of elucidating the 
potential of the stored bagasse as a source of income. 

• An analysis of how the ash content affects the value of the bagasse. 
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2 Sugar cane industry  

In order to make a suggestion as useful as possible for Carlos Baliño concerning the application 
of the excess bagasse, it is crucial to understand the sugar cane industry as a whole. As the 
practical amount of excess bagasse is central when investigating the different applications it is 
also a necessity to consider the flows in the sugar mills and the production process in itself. 

2.1 Sugar cane production 

Figure 1 illustrates the processing of raw sugar, i.e. non-refined sugar (Erlich, 2009). The different 
processes are described below. 

 
Figure 1: Sugar production process, modified from Erlich (2009) 

2.1.1 Milling 

In the milling process the brix (the mass fraction of solid content in the juice) is obtained from 
the cane, the process also results in a great deal of water being extracted from the cane. From this 
procedure mixed juice is made, which flows through the following processes in the production 
(Bednarcik Abdulhadi and Larsson, 2014; Morandin et al., 2010). The milling process is the 
procedure that provides bagasse as residual. Even though the techniques and the machines vary 
between various factories, the bagasse moisture content remains between narrow limits (45%-
50%). In the case of moisture content of 45% one can consider the milling process being carried 
out successfully (Hugot, 1986). The bagasse being produced is used as fuel to the boilers and the 
juice enters the clarification and filtration process. If the factory also produces ethanol the juice is 
divided for the different types of production (Morandin et al., 2010).  

The milling process involves two main processes, which are cane preparation and extraction. The 
purpose of the cane preparation is to crush the cane into smaller pieces in order to feed the mills 
and also to separate the cells, without extracting juice. This process is vital for the overall 
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efficiency of the milling process. By investing in a combination of knives and shredders or by 
using a heavy-duty shredder, the percentage of cells being opened can be increased and thus also 
the efficiency (Thaval, 2012). When the cane has been shredded it enters the milling train where 
the pressure in the mills and the volume of imbibition water are crucial aspects concerning the 
milling efficiency. To enable the extraction of sucrose that was not extracted in previous milling 
unit, the pressure should increase as the shredded canes move along the milling train (Hugot, 
1986). Figure 2 illustrates a typical milling train. Before getting the final bagasse one can see that 
imbibition is carried out, this process is described further in the next part.     

 
Figure 2: Schematic diagram of milling train, from Thaval (2012) 

2.1.2 Imbibition 

Out of several factors the imbibition is the one that has the outmost impact on the milling 
efficiency. By adding water gained from evaporators, pans and heaters the imbibition process 
enables a larger quantity of sucrose being extracted from the cane (Hulett, 1970). As the 
imbibition allows a greater fibre content of the cane since more water is required in such a case, it 
is shown that the imbibition is vital in various perspectives regarding the milling efficiency 
(Hugot 1986). There are three different imbibition techniques used to increase the milling 
efficiency; simple imbibition, simple multiple imbibition and compound imbibition. The 
difference lies in where and how the water is added. Simple imbibition implies that water is only 
added at one mill, when using simple multiple imbibition the water is added at numerous mills 
and the third way is described as compound imbibition where the additional water flows through 
several mills (Hugot, 1986).  

When examining modifications in the mass flow of the imbibition water, there are several 
consequences that should be considered. An increase in mass flow of the imbibition water leads 
to a decrease of high-pressure steam, which is to be used for electricity generation. Also the 
hydraulic pressure increases in the mills as well as the energy demand in the factory (Hugot, 
1986). In this sense the traditional view where sugar mills generally concentrate upon maximizing 
the production of raw sugar is not necessarily always the most effective way of making business. 
The optimal mass flow of imbibition is thus traditionally a maximized flow in order to maximize 
the extraction of sugar. However, when considering the profitability, it is of great importance to 
also consider for example the fact that a greater amount of bagasse is needed to increase the 
production of high-pressure steam. In other words it is fundamental to consider all the sold 
products when examining an optimum mass flow rate of imbibition water (Peacock and Gale, 
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2009). Therefore the understanding of the imbibition process is vital when analysing the amount 
of bagasse needed in the factory and furthermore the amount of excess bagasse. 

2.1.3 Clarification and filtration  

As the juice that exits the milling process contains impurities, a clarification and filtration process 
is needed. In order to keep all the sucrose within the juice, it is heated to around 115°C to avoid 
“sugar inversion” (Bednarcik and Larsson, 2014). The impurities is then filtered and removed 
from the juice. Prior to this step lime and sulphuric acids are added to more thoroughly remove 
impurities from the juice (Morandin et al., 2010). However factories around the world generally 
do not add the sulphuric acids to the juice (Hugot 1986).  

2.1.4 Evaporation    

The juice entering the evaporators is purified from the clarification and filtration process and 
thick syrup is now produced by evaporation of the water content in the juice (Hugot 1986). To 
achieve multiple-effect evaporation, the evaporator station typically consists of a set of connected 
vessels. The heating source for the first vessel in the set is low-pressure steam from the 
cogeneration unit whereas the second vessel uses the vapour from the juice in the first vessel as 
heating source. This procedure then continues throughout the whole set of vessels. For this 
procedure to work, a temperature difference is required as a driving force for heat transfer. 
Therefore, the temperature of the vapour at the outlet of each vessel will continuously be lower 
than at the inlet, this applies to both the low-pressure steam and the vapour used as heating 
source at the inlets (Pennisi et al., 2003). In order to use the vapour from the previous vessel as 
heat source, the pressure in each vessel needs to be lowered so that the boiling point of the juice, 
corresponding to the pressure in that point, is low enough. If the pressure in each vessel would 
not be lowered, the difference in temperature between the juice and the vapour from previous 
vessel would not be enough to boil the juice (Hugot, 1986).  

The condensate generated by the first vessel is of a pure character; therefore it can be utilized as 
boiler feed water. Furthermore, the condensate generated by the other vessels in the set comes 
from water containing parts of solids (sugar) and is thus not clean enough to use as boiler feed 
water (Hugot, 1986).  

2.1.5 Crystallization 

The crystallization is the stage where the extraction of a solute is attained from a saturated 
solution. From the first stage to the last stage in the crystallization process, a required decrease in 
purity is achieved (Pennisi et al., 2003). The syrup from the evaporation station is led to low-
pressure vacuum pans. As a result of the pressure level in the pans being lower than the pressure 
in the evaporators, the syrup can be boiled by using only the steam from the evaporators, in 
accordance with simple heat transfer laws. Crystals are now formed and developed further so that 
the amount of liquid between them is minimized (Hugot, 1986).  

The crystallization efficiency partly depends on the sucrose content of the mixture when it is led 
to the vacuum pans. The existence of crystallization efficiency implies that the process fails to 
crystallize all the sucrose, the impurities that remains in the mixture content is thus vital to 
consider when examining the efficiency as it has an impact on the solubility of the sucrose in the 
water. A higher rate of solubility results in a greater amount of sucrose being liquefied in the 
viscous by-product of the process, molasses. Consequently, the amount of sucrose that fails to be 
crystallized flows out as a part of the molasses, which together with evaporated water are the 
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outputs of the crystallization process (Hugot, 1986).  The crystallization is a batch process, and 
the syrup has different residence times in the different pans (Sheikzadeh et al., 2008). 

2.1.6 Centrifugation  

In order to obtain sugar, centrifugation is carried out to separate the mix of molasses and crystals. 
As the molasses that has been centrifuged still holds crystallisable sucrose, this separated 
molasses is led back to the vacuum pans. The procedure is carried out repeatedly in order to 
crystallize as much sucrose as possible but as the final output of molasses still includes fragments 
of sugar there are a losses of sugar in the process (Hugot, 1986). However, the molasses 
emphasizes the possibility of shifting from coal to ethanol as part of reducing the use of fossil 
fuels as the molasses are often used for ethanol production. In this sense the molasses are an 
important part of utilizing biomass as an energy source (Pérez Gil et al., 2013; Nguyen et al., 
2009)  

2.1.7 Drying 

As the moisture content of the sugar is 0.5-2% when leaving the centrifugation process, it 
requires drying to reach the upper limit of 1% moisture. When this level of moisture is achieved 
the final product, raw sugar, is obtained. The drying process is of a vital character as the moisture 
content is crucial when storing a great amount of sugar (Hugot, 1986). Furthermore there are 
different qualities of sugar, which can be defined by the figure of pol. For example raw sugar 
usually has 96% pol, this is known as brown sugar. Very high pol raw sugar has almost a white 
colour and a range of 98.9%-99% pol. Moreover refining the raw sugar makes white sugar, this 
can either by done within the factory or by an external refinery (Alonso Pippo et al., 2007).   

2.1.8 Cogeneration 

The sugar cane industry has proven development with environmental values by implementing 
cogeneration processes with bagasse used as fuel. This process generates heat and electricity to 
the mill with the benefits of being both inexpensive and environmentally valuable in comparison 
with fossil fuels (Pérez et al., 2013). The minimizing of environmental impacts made by the 
industry is now showing in a greater extent and the cogeneration process is a central unit for this 
development. Reduced usage of fossil fuels and reduction of emissions related to combustion are 
two outcomes of practicing cogeneration with bagasse as a fuel. Moreover the great interest 
comes when the mills are able to provide excess electricity for use outside the mills. Also the 
conversion of molasses into ethanol plays a role of importance regarding lowering the 
environmental impacts.  These outcomes can directly be linked to preventing global warming. 
However, an efficient cogeneration process requires numerous of technical improvements such 
as efficient motors, pumps and equipment for heat recovery (Ramjatun et al., 1999).  These 
actions would increase the amount of excess bagasse if not the mill at the same time is equipped 
with a larger power generating unit for export power. Then again, the excess bagasse has in many 
studies been considered as a disposal problem of improper character partly because of the fact 
that it requires very large facilities for storing if it were not to be used for other purposes than as 
fuel for the mill (Van den Broek et al., 2000; Ensinas et al., 2007). Nonetheless, the traditional 
view of bagasse as a disposal problem has over time developed into seeing possibilities to recover 
significant energy in developing countries. Thus, it is of vitality to not only involve efficiency 
within the unit but also the flows that are essential for examining the quantity of excess bagasse 
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and furthermore the possible quantity of energy which can be recovered. (Pippo and Luengo, 
2013).  

In Table 1 below the differences in development between numerous Cuban sugar mills is 
presented. The mills in the first group in Table 1 import electricity from the national grid to meet 
their energy demand. The second group contains mills that are self-sufficient and export small 
quantities of electricity to the national grid. Lastly the third group in Table 1 contains only self-
sufficient mills that all export some electricity to the national grid. In Table 1 it is illustrated at 
which pressure the boilers work at, from this it is seen that the third group, which is the only 
group to export more than only a small amount of electricity, works at a higher pressure. The 
numbers of mills for each group are also stated as well as how much they represent of the 
national sugar cane milling capacity. Furthermore the kWh/ton for cogeneration of milled cane is 
also stated.    

Main cogeneration characteristic of Cuban sugar mills until 2001 

Group Boiler pressure 
work (MPa) 

Number of 
sugar mills 

% Of national 
sugarcane 
milled capacity 

% Of national 
power cogeneration 
installed capacity 

Cogeneration 
kWh/ton of 
milled cane 

1st 1,0-1,2a 79 31 26 8-14 

2nd 1,8b 62 51 50 25 

3rd 2,3-2,8c,d 15 18 24 38-45e 

Total - 156 100 100 - 
a The energy demand for the mills in this group is achieved by electricity from the National Electric System (NEES) 
b 21 mills in this group are self-sufficient and export a small amount of electricity to the grid. 30 mills in this group have a capacity of milling 
corresponding to between 4 600 and 14 000 ton/day 
c 8 mills in this group are built after 1959. All mills in this group export some electricity to the NEES and they are all self-sufficient 
d 16 mills in this group have semi-automatic control in their energetic block and 31 mills have full automatic control 
e Potential capacity 

Table 1: Cuban sugar Mills' cogeneration characteristics modified from Alonso-Pippo et al. (2008) 

2.1.9 Cogeneration unit 

Typically, the electricity required in sugar mills is generated by steam produced in the bagasse 
boilers, which is led to backpressure turbines (Erlich, 2009). The sugar cane is normally of such 
nature that its fibre content is enough to qualify the bagasse that is produced by the mill as fuel to 
utilize in the boilers. A normal fibre content is 12-14 % of the cane mass and depending on the 
how far the factory has developed technologically, this fibre content is sufficient to both supply 
the turbines with needed steam to power the factory as well as produce valuable remains in 
addition (Hugot, 1986). The remains, excess bagasse or steam, have proven to be valuable in 
order to supply electricity to the national grid where the industry is of sufficient size for such 
benefits (Barreda del Campo, 1998). However, when designing the mills and its processes the 
matter of excess energy that can be used to power the national grid has not necessarily been 
taken into consideration (Erlich, 2009). This is because of the fact that the sugar industry differs 
in its productivity as a result of seasonal differences, which affect the heat balance parameters of 
the mills (Birru, 2007; Erlich, 2008). Additionally, the location of the mills indicates further 
limitations as the mills are located near the sugar fields in distant regions, where the possible 
absence of connection to the grid becomes an ineluctable problem (Erlich, 2009).  
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Regarding the boilers drawn in Figure 3, which quantity usually varies depending on the size of 
the sugar mill the moist content of the bagasse is critical for the efficiency of the boilers. A lower 
moist content gives higher boiler efficiency as this value determines how much heat that can be 
released from the bagasse for efficient use in the boiler i.e. how much heat in the bagasse that is 
transferred to steam. The loss of efficiency is a result of the fact that a greater deal of the energy 
content in the boiler is needed to vaporize the water when burning bagasse that is wet (Hugot, 
1986). 

 
Figure 3: Cogeneration unit, from Erlich (2009) 

The efficiency of the cogeneration process can reach 85% and even higher values and these 
values are thus depending on the type of combustion boiler being used as well as the moisture 
content of the bagasse among others. By introducing bagasse drying, the efficiency is further 
increased and higher revenue for a sugar plant is enabled by increased possibilities of supplying 
electricity to the grid or use the bagasse within for example the area of energy recovery 
(Premalatha et al., 2008).  

The type of boiler used in the cogeneration unit is of great importance and highly affects the 
efficiency of the entire cogeneration unit. Implied by the name, the boilers main task is to 
transform water in liquid form into steam, i.e. convert the fuels internal chemical energy into heat 
energy in steam (Rayaprolu, 2009). Thus, the type of boiler applied in the cogeneration process 
determines how much energy is gained from the fuel, and therefore also determines the overall 
efficiency of the unit. Although there are many different types of boilers only the most common 
in the sugar industry will be described in this report. There are three different models of boilers 
generally being used today in the sugar industry; damping grate boiler, pinhole boiler and 
fluidized bed boiler (Rodriguez M. R., 2015). The big difference between these three boilers is 
their efficiencies. With the fluidized bed boilers the efficiency can be as high as 80%-82% in 
comparison to the pinhole grate boiler, which has efficiency in the interval of 75%-78%, and the 
damping grate boiler with the lowest efficiency of only 65%-75%. Although the efficiency rate 
differs this much, other circumstances like production variety, production stops and investment 
costs plays a big role in which boiler eventually is being used.   
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Damping grate boiler 
The damping grate boiler is the most traditional method of burning fuels. The fuel inside the 
boiler is combusted in the centre of the burner on grates that are movable. Hence continuous 
removal of ash is possible and thus the boiler can operate relatively continuously. The fuel in a 
damping grate boiler is spread with airflow onto the grate and combusted in a relatively low 
boiler efficiency of 65%-75% (UNEP, 2007).  

Pinhole grate boiler 
The pinhole grate boiler is of similar structure as the damping grate but as the name implies, it 
consists of pinholes so the airflow is much higher than in a damping grate and therefore also the 
efficiency of the boiler, which can be around 80% (UNEP, 2007). 

Fluidized bed boiler 
The fluidized bed boiler is a type of steam generator that uses a firing technique to burn the fuel 
in a bed or suspension of hot, non-combustible solid particles. This technique is a special 
hydrodynamic condition called the fluidized state. The boiler consists of a bed, which generally is 
0.5 to 1.5 m deep (Basu et al., 2000). It is in this bed the fuel is burnt in the hot (800-900°C) non-
combustible solids, usually sand, ash or limestone. By blowing air through the bottom grate the 
bed of solids is created and it is in this stage the chemical energy of the fuel transforms into heat 
energy in the steam. The efficiency of a fluidized bed boiler is by far highest and can reach values 
over 90% (Basu et al., 2000; Erlich, 2015).  

2.2 Cuban sugarcane industry situation  

Agricultural production has until the middle of the 20th century been Cuba’s most important 
element economically. The economy was in fact almost completely based on it and the only 
industrial development was restricted to the sugar industry (Pérez and Berdellans, 2008). The 
sugar production in Cuba has since the 1600’s been the greatest source in the world, also the 
exportation of sugar has been the largest, and still was in the first half of the 20th century. 
However, a strong turning point for the industry was undesirably reached after the crisis 1990. 
Oil-dependent Cuba had before the crisis been able to export sugar to non-market prices to 
Soviet in exchange for oil, the extent of the sugar export was of such a character that its existence 
was an important factor for the Cuban sugar industry as a whole. Therefore the factor of 
importance for Cuba regarding the crisis was the fact that the country could not gain nearly as 
much from exporting sugar when Soviet had fallen. The sugar cane agro-industry has since then 
weakened to such an extent that the sugar cane production has decreased from 82 Mton in 1990 
to 23.8 Mton in 2004 (Alonso-Pippo et al, 2012), while countries like Brazil has rapidly increased 
its production during the same period, being the world’s largest producer with 556 Mton in 2010 
(Moser, 2011). 

All Cuban sugar factories are owned by the Cuban government and managed by the Ministry of 
Sugar (MINAZ). It is clear that the Cuban government values the sugar industry, as structural 
changes have been made with purpose of getting the industry back on its feet. Significant changes 
such as institutional reforms have been implemented in the energy sector since 1996 up to 
present. One reform of great prominence in this sense is the creation of the national energy 
commission. Among other focuses, this initiative focuses on substituting fuel oil with bagasse in 
raw sugar production. Additionally, a tributary system was instigated in 1998 to support the 
recovery of the sugar cane industry in economical means. The system means a new fiscal process 
provided resulting in an allowance of doubling the price of sugar. Mentioned governmental 
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initiatives are only a few examples of many with the purpose of recovering the sugar cane 
industry (IAEA, 2008). 

The sugar cane industry could play an important role in the matter of meeting the domestic 
energy use in the country as the sugar cane biomass or bagasse is the main biomass utilized in 
Cuba (Vera, 2007). On the contrary, the sugar factories do not manage to assume any major role 
regarding meeting the demand of electricity in the country despite the use of cogeneration. As the 
bagasse traditionally is seen as a disposal problem it is commonly burned using low-efficiency 
boilers. Moreover the use of backpressure steam turbines in the cogeneration unit implies a 
process that in many mills does not produce energy efficiently as a result of low pressure at low 
temperature. However, backpressure steam turbines are very efficient when the heat requirement 
is constant and does not require a varying electricity production. Another factor of great 
importance in this matter is the fact that the harvesting is seasonal (about 120 days); this 
seasonality is understandably critical for the industry as a whole (Lopez and Valdes, 2000).  

2.2.1 Financial importance of the Cuban sugar trade 

Since 1962, Cuba has had a commercial blockade executed by the US government. In December 
2014 the American president Barack Obama and the Cuban president Raul Castro declared the 
first sign of easement between the governments in 50 years. The aim is to open embassies in both 
countries and resurrect normal diplomatic relations. Also some barriers concerning economic 
circumstances are to be discussed (Svahn, 2014). However, the US trade embargo has an overall 
net affect that can be described as starving Cuba of hard currency, credit and foreign investment. 
This has had a major destructive impact on the recovery of the sugarcane industry. The need of 
modernizing the sugar factories and development within sustainable power generation has, partly 
because of the embargo, not been able to meet. Therefore the country has not gotten as far as 
some other sugar producing countries in terms of energy recovery from bagasse, supplying the 
national grid with electricity as well as simultaneous production of sugar and ethanol (Alonso-
Pippo et al, 2008). Moreover, the ways for foreign investors to make business in Cuba is another 
reason for why development within the frames of sugarcane residues has not been as rapid as it 
possibly could. This can be explained by the lack of interest for investors, which comes with not 
being able to fully invest in a business, as half of any businesses must be governmentally owned 
(IAEA, 2008). 

2.2.2 Importance of residues 

With the purpose of seeing potentials in the sugarcane industry as well as factors that would 
speed up the process of increasing the extent of the sugar cane industry in Cuba, analysis about 
development within the frames of the sugar cane industry in other countries have been examined. 
In the matter of changing the view of bagasse as a disposal problem into seeing possibilities of 
economic and environmental value, the experience of sugar cane energy cogeneration in the 
Mauritius and Reunion islands is of great relevance for Cuba. This is because of the differences in 
level of development regarding recovering energy from bagasse as well as the similarities between 
the countries. Just like Cuba, Mauritius and Reunion are islands of small size and with limited 
energy resources. Furthermore, droughts and hurricanes are present in both areas and the 
production of ethanol in the sugar factories is not of a significant scale. Also, the economies in 
these countries are increasingly depending on tourism. Mauritius has just like Cuba suffered a 
crisis concerning the sugar industry but since then (1979), the industry has developed 
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considerably. The importance of the industry was increased partly by putting effort into 
developing cogeneration from sugarcane bagasse with the purpose of producing electricity to the 
grid. The greatest success within this matter was reached within less than a decade, from 1995 to 
2004. During this decade, as a result of progress, the focus shifted and the second key to 
Mauritius’s sugar section salvation was taking form. Through government support and strong 
policies, development within energy recovery from sugar cane bagasse was made. The extent of 
the sugar cane industry in the country has increased as result of the alternative focuses and a 
considerable factor for this development is the fact that the factories are given the opportunity of 
getting an increased profit (Deepchand, 2001;Elahee, 2011). 

In order for the Cuban sugar industry to develop in a way similar to the development in 
Mauritius, both technical progress and political instruments are required. As the lack of foreign 
currency and direct international investment limits the development within the industry, the 
solutions for financial support are few. One option regarding financial support seems to be the 
Clean Development Mechanism (CDM). In order to carry out a CDM project, it needs to focus 
on sustainable development. Within the frames of the sugar cane industry a vital key would 
therefore be substituting a greater amount of fossil fuel with bagasse cogeneration. Different 
types of energy recovery from sugar cane bagasse are hence of momentous importance in Cuba 
(Deepchand, 2002; Elahee, 2011). 

Because of lack of hard currency, among other explanations, Cuba has trouble getting the 
financial means required to modernize the mills to the extent needed to produce surplus bagasse 
or excess electricity. Development within the area of energy recovery from bagasse has thus not 
come as far as other countries within the industry. However, some mills have been modernized 
and development within a smaller scale of energy recovery gives a very current reason for 
examining other countries progress within the market for pellets from sugarcane bagasse 
(Alonso-Pippo et al., 2008). Even though there are differences in the Cuban economy in 
comparison with for example the great sugar producer Brazil, the fact that Brazil has achieved 
growth of its sugar industry possible partly through focusing on different solutions for energy 
recovery, such as pelletizing, examining the pellets market in Brazil is of relevance. The 
development within this area in Cuba has thus not reached very far in relation to Brazil but the 
progress in Brazil is a valid proof of concept regarding bagasse as an energy source in form of for 
example pellets, given the growth of the sugar cane industry in the country (Moser, 2011).  

When examining the Brazilian market for bagasse pellets it is clear that it depends on hard 
currency, which implies significant differences between the possibilities for development within 
this area in relation to Cuba. In 2011 the Green Energy Group was the most prominent company 
within the bagasse pellet market in Brazil and their business plan depended fully on international 
loans. The explanation for this lies in the high demand of bagasse pellets in the EU. However, 
the focus on exportation of bagasse pellets in Brazil has led to a weaker domestic market (Moser, 
2011). This indicates that the main costumers in Brazil, industries like dairy, textile and brewing 
that utilize the pellets for producing steam to turbines in the manufacturing process, have not 
fully adjusted their manufacturing processes to alternative fuels (Walzer, 2009). The situation in 
its whole has led to players within the pellet market questioning the focus on export. The CEO 
for the Green Energy Group, Diego Maurizio Zannoni, means that the better way of acting 
within the pellets market in Brazil is to gradually gain domestic customers by educating these. 
Another considerable factor is that the product in itself is relatively cheap but the transportation 
costs on the other hand can be big (Moser, 2011).  
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3 Bagasse 

Sugar cane bagasse is a by-product of the sugar industry. When milling the cane by heavy milling 
rollers and rotating knives to extract the juice the left overs of the crushed cane stalks become the 
by-product bagasse. The amount of bagasse being produced per cane stalk is about 30% (Bilba 
and Arséne, 2008). For every 10 tons of sugar canes being processed in the mills, approximately 3 
tons of wet bagasse is being produced (Wirawan et al. 2011). Currently sugar cane bagasse is 
mainly used as a fuel in sugar mill boilers (Hajiha and Sain, 2014). 

3.1 Characteristics 

Bagasse is a vegetable fibre composed of cellulose (which has a relatively high modulus), 
hemicellulose and lignin. The general dimensions of bagasse fibre are a diameter of 15 µm and a 
length of 1.2 mm (Luz and Goncalves, 2007). The sugar cane bagasse has a chemical composition 
in percentage of dry mass of approximately 50% cellulose, 25% hemicellulose and 25% lignin 
(Hajiha and Sain, 2014). However, studies on different types of bagasse have showed some 
variety in the chemical composition and some of these variations are listed in Table 2 and Table 3 
below. 

Cellulose Hemicellulose Lignin Ash Others* References 

40 24,4 15 5 13,7 Vazgueq et al. 1999 

40-43 28-30 9-11 5-6 11-18 Ramaraj 2007 

46 24,5 19,5 2,4 7,6 Mulinari et al. 2009 

69,4 21,1 4,4 0,6 4,5 Habibi et al. 2008 

55,2 16,8 25,3 1,1 1,6 Trindade et al. 2005 

56 6 29 7 2 Maldas and Kokta 1991 

In percentage of dry mass                                                              *Protein, Fat and Waxes, Saccharose, Silica & Glucose 

Table 2: Composition of different types of bagasse, modified from Hajiha and Sain (2014) 

 

Carbon Hydrogen Oxygen Ash Others* References 

44 6 48 2 - Tromp, 1938 

48,2 6 43,1 2,7 - Kelly, 1966 

49 7,4 41,8 1,8 - Gregory, 1944 

48,1 6,1 43,3 2,5 - Gregory, 1944 

47,4 5,9 44 2,5 0,29 Carlos Baliño, 2015  

In percentage of dry mass                                                              *Nitrogen, Sulphur, Chlorine 

Table 3: Chemical composition of dry bagasse 

The variety in the chemical composition of the sugarcane bagasse fibre showed in Table 2 and 
Table 3 is a result of different factors such as geographic location and agricultural techniques 
amongst others. The composition exposes the circumstances of the sugarcane plantation and can 
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affect the application as well as the value of the bagasse. When utilizing bagasse for paper and 
pulp production a high content of cellulose is important and thus, some of the types of bagasse 
presented in Table 2 are preferable. However, to evaluate the applicability of bagasse as fuel it is 
important to analyse the values presented in Table 3 as these elements decide both the heating 
values and the emissions.  

The ash-content of the bagasse is of big importance and, due to the fact that the bagasse is 
mainly used as fuel in the industries, affects the burning process. Ash-content is related to the 
amount of chemicals (biocide, insecticide and weed killer) being used in the farming process of 
the sugarcanes. Ecological farms growing sugarcanes strongly implies a much lower ash-content 
than the non-ecological farms using different types of chemicals in the farming process. 
Gasification tests show results that high ash-content bagasse has a longer adaption time in 
comparison to the lower ash-content bagasse (Erlich, 2009). This means that a higher 
combustion temperature is needed to burn high ash-content bagasse and lower combustion 
temperature for lower ash-content bagasse, hence low ash-content pellets is more energy efficient 
and have a higher market value.  

Generally the fibre content in the cane varies from 12-14%, the extreme values are close to 10% 
and 16%, respectively. The fibre content is of significant importance when determining the 
quantity of bagasse. This is because the relation between the weight of fibre entering the mill 
(fibre content in the cane) and the weight of fibre leaving the mill (fibre content of bagasse) 
(Hugot, 1986).  

3.2 Bagasse as fuel 

The fuel value is the heat energy released during combustion and is affected by the chemical 
composition of the bagasse in combination with the conditions of combustion (Payne J. H., 
1991). Three calorific values need to be calculated to evaluate the fuel value: 

Gross Calorific Value 
The gross calorific value is the total combustion heat in an oxygen calorimeter with an ending 
temperature of 20-35°C. This value, for dry and clean bagasse, is generally accepted to be 19.4 
kJ/kg (Payne J. H., 1991).  

Net Calorific Value 
The net calorific value is calculated by subtracting the necessary amount of heat to vaporize the 
water in combustion from the gross calorific value. This calculation is made with the aspects of 
constant atmospheric pressure at 20°C and under the condition that the water is in vapour form 
(Payne J. H., 1991). 

Actual Calorific Value 
The last of all the actual calorific value is calculated by subtracting the necessary amount of heat 
to the products of combustion, the excess water and to the air in the boiler from the net calorific 
value (Payne J. H., 1991).  

3.3 Storage of bagasse 

Bagasse is a very wet material (moisture content 50%) with a bulky density (big volume in 
proportion to its weight). For these reasons it is problematic to store. The locality in which the 
bagasse is stored needs to be very dry to avoid fermentation and decaying, which would result in 
a loss of value. This matter is a concern of great consequence since the eventual value loss applies 
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for all different applications of the excess bagasse, including using bagasse as a fuel. However, it 
can be stored in the open if this is a necessity. This requires a certain way of storing; it needs to 
be formed to a pyramidal or conical stack with a top sloping at least 30°. Furthermore, the 
bagasse should be compressed to avoid the costs of big buildings for storage (Hugot, 1986).   

The most common way to store the bagasse in Cuban sugar mills is to keep it in a storage 
building connected in different ways to the mill. This makes it possible to adjust the amount of 
bagasse needed in the production process in an efficient way (Rodriguez M. R., 2015). This is also 
the case for Carlos Baliño, as illustrated in the Figure 4 below, they store their bagasse in a large 
storage building connected to the mill. Despite the relative large storage building it is not big 
enough for the bagasse being produced at Carlos Baliño today; hence they regularly transport 
loads of bagasse and dump it nearby out in the open. Because of the risk of fire it is not ideal to 
store the bagasse outside, so the bagasse is also used in compost (Hallersbo and Onoszko, 2015).  

       
Figure 4: Storage of bagasse in the sugar mill “Carlos Baliño” 

4 Applications of bagasse 

The properties and the chemical composition of bagasse combined with the low cost have made 
it an interesting environmental friendly alternative option to the materials being used today in 
several applications. In countries with none or small wood industry, bagasse is an attractive 
alternative to wood when producing pellets. It is also being used as reinforcement in different 
kinds of composites, such as cement and concrete composites and plastic composites. It is also 
being used in paper and pulp production. These applications mentioned are to be considered in 
this project and are described below.  

4.1 General about biomass pellets 

Pellets are dried and firmly compacted cylinder-shaped biomass with a maximal diameter of 25 
mm (Larsson, 2008). The biggest difference between raw biomass and pellets is the benefit of its 
properties as a relatively homogenous fuel. It is a compact fuel with a much higher energy 
content that facilitates a more efficient storage and transport of the fuel (Porsö, 2010). 
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4.1.1 Pellet production process 

To get an overview of the process of producing pellet it can be described in five main steps (see 
Figure 5), considering fresh biomass as raw material (Erlich, 2009):  

 
Figure 5: Flow chart for a pellet plant production process, modified from Erlich (2009) 

4.1.1.1  Drying 

Raw biomass has in general a moisture content of 50% (Erlich, 2009), in pelletizing; the biomass 
is dried to a moisture content of 5-15% (Porsö, 2010). The direct heated rotary drum dryer is the 
most common drying equipment, which with hot exhaust gases reduces the moisture content of 
the fresh biomass. The dried biomass is then left to the milling process while the vaporized water 
leaves with the hot exhaust gases (Erlich, 2009). As the moisture content is related to the mass of 
the bagasse, the mass loss when drying bagasse from 50% to 15% moisture content is therefore 
35% of the total mass, hence the relation between the bagasse and the mass of pellet one can 
produce is simply calculated by multiplying the percentage loss of water with the origin mass of 
bagasse. 

4.1.1.2  Mill ing 

The next part of the pellet production process is the milling part where the dried material is 
grinded (Thek et al., 2004). This process is important due to the fact that smaller fractions of 
biomass provide better durability of the pellets (Näslund, 2003; Larsson, 2008). The grinded 
material size is recommended to be less than 3 mm (Erlich, 2009).  A hammer mill is often used 
as equipment (Zakrisson, 2002; Porsö, 2010; Erlich, 2009) to chop the material into smaller 
fractions. This kind of equipment has proven to be very efficient when fed with relatively small 
fractions, but more sensitive to large pieces (Näslund, 2003). The hammer mill unit is the second 
largest electricity consumer in the entire pellet production process (Thek et al., 2004). 

4.1.1.3  Condit ioning 

With the aim of reducing the energy use, as well as the wear on the equipment, the conditioning 
step is important prior the pelletizing to make the biomass softer (Porsö, 2010). This procedure 
normally means passing steam through the biomass but other substances such as water and lignin 
can also be applied (Näslund, 2003; Porsö, 2010). As the material is softened in the conditioning 
step it is optimally prepared for the densification in the pelletizing step (Näslund, 2003).  

Drying 

Milling 

Conditioning 

Pelletizing 

Cooling 
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4.1.1.4  Pel le t izing 

The main part of the pellet process is when the raw material is densified and shaped to the 
characteristic cylinder shape (Porsö, 2010). This step is carried out inside a vertical pelletizer with 
a rotating die and one or more rollers (Larsson, 2008). The raw material is compressed and 
forced into the die channels by the rotating roller (Figure 6). Heat is generated out of the friction 
in the compression step, which enables the substances of lignin and water to have a binding 
effect in the biomass creating the cylinder shaped pellets (Erlich, 2009). When the rotating rollers 
compress the biomass the moisture content is an important parameter to keep the friction 
between the biomass and the die low (Arshadi et al., 2008). Dry biomass will result in an 
increased power consumption of the pelletizer and in worst-case jam the die channels (Arshadi et 
al., 2008). 

 
Figure 6: Schematic representation of a vertical pelletizer with rotating die and one roller, from Erlich (2009) 

4.1.1.5  Cool ing 

A cooling step initiated immediately after the pelletizing is necessary to harden the pellets. The 
biomass is compressed and formed in the die channels at temperatures up to 120°C (Erlich, 
2009) and combined with the moisture content the biomass exits the pelletizer in a relatively soft 
condition, hence a step where the pellets gets hardened is crucial for storing and transportation. 
The cooling system usually consists of an airstream decreasing the pellet temperature to 
approximately 5°C above ambient temperature (Erlich, 2009). 

4.1.2  Economic aspects of pelletizing 

The focus of significance when mapping costs drivers and sources of income within the frames 
of production of pellets can in an overall way be described as techno-economical. This as the 
techniques used in the production and in the manufacturing are of immense importance 
concerning the economical perspectives. Conversely, the interests within the market as well as the 
structure of the market are of equal prominence when overlooking the economics of pelletizing 
(Pirraglia et al., 2010). These areas are described further within the parts below.  

4.1.2.1  Market 

The pellets market and the pelletizing process has been evaluated and examined by various 
groups of scientists and researchers. The studies contain a wide variation of focuses although the 
objectives often concern evaluations of the energy aspects of pellet quality as well as the pellet 
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combustion and emission process. When summarizing a handful of examined sources the focuses 
can roughly be narrowed down to the following aspects: (1) the manufacturing process (Filbakk 
et al., 2011); (2) improvements regarding the handling of the pellets before as well as after the 
manufacturing process, for example using roasting; (3) evaluation of different aspects of pellets 
quality such as chemical, energy and mechanical (Bergström et al., 2008); and (4) evaluations of 
the combustion and the emission processes (Abuelnuor et al., 2014). These focuses imply an 
importance of pellets as a renewable source for different purposes. In general one can say that 
the popularity of pellets has enlarged in proportion with the industries interest in switching from 
fossil fuel sources to renewable sources in order to reach carbon neutrality. For example, many 
industries in Costa Rica, which in geographical terms is comparable with Cuba, seek this type of 
change (Tenorio et al., 2015).  

Not only industries have an interest in using pellets as a source of heat, pellets can be an 
alternative source for heat in businesses, homes and all commercial steam generation systems. 
The design and the capacity of the combustion system depend on how the pellets are fed into the 
furnace. By examining the differences between the different designs (underfed burners, 
horizontally fed burners and overfed burners for small scale applications e.g. residential heating) 
one can also maximize the use of pellets for needed purposes. For example, an overfed burner 
system allows very accurate dosing of pellets, which means that the current power demand always 
can be reached. However, a disadvantage with this type of system is the fact that pellets tends to 
fall on the glowing bed of embers which results in unburned pellets as well as a greater amount of 
dust. Furthermore the combustion on the grate becomes unsteady in comparison with the other 
combustion system. By knowing about the disadvantages and advantages of the various systems 
one can thus meet ones’ demand and by doing so also better understand the value in using pellets 
as a source of heat, whether it is for an industry or for smaller commercial boilers (Karkania et al., 
2011).  
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4.1.2.2  Techno-economic aspec ts  o f  pe l l e t  product ion 

When examining the costs for the production of pellets there are several areas that need to be 
observed. A techno-financial analysis is required to map the various costs and areas of interest. In 
order to in an adequate way overlook the financial it is a necessity to observe mass balance, 
power use and furthermore analyse this financially (Pirraglia et al., 2010). An example with 
accurate focus within the frames of mapping costs and incomes regarding pellets is illustrated in 
Figure 7 below.  

 
Figure 7: Conceptual model for the production of wood pellets under U.S. conditions, modified from Pirraglia et al. (2010)  

The area of mass balance in Figure 7 concerns the amount of biomass, in this case excess 
bagasse, which enters and leaves each operating unit. It also concerns production rates, capacity, 
losses and also efficiency of equipment and machinery. The second area in Figure 7 regarding 
energy consumption concerns the amount of energy needed for production of pellets. This area 
depends on the characteristics of the raw material, bagasse, and furthermore the equipment in 
terms of energy consumption. The third area in Figure 7 is the financial aspects, which include 
costs of plant and equipment, maintenance and operation costs, labour costs, depreciation and a 
statement of income and moreover a revenue. By overlooking the three areas in Figure 7 one can 
determine a few main inputs that are of immense importance. These inputs are annual 
production (suggestively in metric tons), location of the factory, and characteristics of the 
bagasse, moisture content as delivered, and lastly the standard of the pellet quality.  

4.1.2.2.1 Mass balance  

When examining the mass balance from a techno-economical perspective it is crucial to utterly 
investigate the mass losses for each process. However, pellet producers distinctively re-circulate 
fines, crumbles and defective pellets into the operation for particle reduction and as a result the 
mass losses in the system are continuously being handled and furthermore reduced. Another 
important factor is the fact that the moisture content changes throughout the process, as the final 
moisture content is of great significance for the pellet quality standard. Initially, the moisture 
content is decreased during the drying process to later being increased in the conditioning 
process. The final moisture content is achieved during the pellet milling and cooling processes 
(Pirraglia et al., 2010). However, the final moisture content of pellets can differ partly because of 
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the differences in moisture content of the raw biomass entering the pellets production system. 
The general value of moisture content of raw biomass is 50% but as this differs the general 
moisture content of dried biomass is said to be 5-15%, these variations are not be overseen as 
they have a great impact on the final product (Porsö, 2010). Additionally it is of importance to 
consider the fact that additional steam might be a necessity in the conditioning unit to soften the 
fibres (Leaver, 2008).   

4.1.2.2.2 Energy use  

The energy use for each unit in the pellet production process is vital when examining the costs of 
the entire production. In Table 4 the energy required for each process and unit can be seen. Table 
4 is a summarized table of three case studies where pellets out of different biomasses have been 
produced. As seen in Table 4 the drying process usually requires the greatest part of the total 
energy need whereas the conditioning and cooling processes do not demand as much. However, 
the energy needed in for example the drying process depends on many things such as the original 
humidity of the biomass and the location in terms of climate (Di Giacomo and Taglieri, 2009; 
Lange, 2009; Mani, 2006). It is of big importance to point at the fact that the energy needed for 
drying biomass for pelletizing is divided in two categories of energy, electricity and heat. As it is 
heat that dries the biomass and the electricity only powers the equipment it is important to 
emphasize the relation between them (90% heat and 10% electricity). As this highly affects the 
amount of needed energy when evaluating investments in a pellet production process it is 
important to point at studies that have been done in the drying area. To dry the biomass, hot 
exhaust gases are needed to absorb the moist of the biomass and there are several studies done 
on the sugar industry showing that one can recover hot exit-gases from the combustion part of 
the mill to dry the biomass (Alena A. and Sahu O., 2013; Prieto M. G. S. and Barata J. C. F., 
2006; Larson E. D. et al., 2001; Sosa-Arnao et al., 2013). 

Energy use 
(kWh/t pellets) 

Sawdust Woodchips Sawdust Sawdust from 
sawmilling 
(From 40% to 

10% MC) 

Sawdust from 
furniture 

production 
(From 55% to 

12% MC) 

Woodchips Green 
Woodchip  
(From 55% 
to 10% MC) 

Dry 
Straw 

Drying 
Electricity (10%) 
Heat (90%) 

 
40 
360 

 
40 
360 

 
40 
360 

 
50 
450 

 
97 
873 

 
40 
360 

 
99 
891 

 
0 

Milling 15 25 20 - - 10-40 - 10-30 
Conditioning 10 10 10 - - 0-10 - 0-10 
Pelletizing 45 45 45 120 130 30-60 120 30-60 
Cooling 5 5 5 - - 5 - 5 
Additional 
equipment 

15 15 15 -  10-20  10-20 

Total  Elec t r i c i ty :  
Tota l  Heat :   

130 
360 

140 
360 

135 
360 

170 
450 

227 
873 

95-175 
360 

219 
891 

55-125 
- 

Reference Uasuf et al. 
2011 

Uasuf et al. 
2011 

Pastre 
2002 

BIOMASS Energy 
Centre 2011 

BIOMASS Energy 
Centre 2011 

Pastre 
2002 

BIOMASS 
Energy Centre 

2011 

Pastre 
2002 

Table 4: Comparison of energy consumption for each unit in the pellet production process 

4.1.2.2.3 Financial aspects 

Expenditures for facilities and machinery are a core element when mapping the costs for pellets 
production. In order to overlook these investment costs as well as examine differences depending 
on capacity and raw material numerous case studies have been studied and furthermore 
summarized in Table 5 below. The installation costs are also considered in Table 5. 
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Scenario A in Table 5 refers to an average pellet plant in Western Canada with a capacity of 44 
000 tons/year, a production rate of 6 tons/hour. Furthermore scenario A considers an average 
for different raw material and types of equipment and the additional costs in this scenario refers 
to a feeder and conveyor tanks etc. The storage costs are in fact costs for a bagging system in this 
scenario; this system is required in order to moreover store the balks in open conditions (Sultana 
et al. 2010).  

Scenario B in Table 5 refers to a pellet plant in Northern Argentina that produces 23 652 
tons/year with a production rate of 3 tons/hour. The raw material in this scenario is 50% wet 
sawdust and 50% wood shavings. The drying process is carried out with a drum dyer and a solid 
fuel burner in order to generate heat needed for the drying procedure. A counter flow cooler is 
considered as a pellet cooler the additional equipment includes bucket conveyors, screw 
conveyors, conveyor belts, feeding screw and a sieving machine as well as a front wheel feeder 
(Uasuf et al. 2011). The only difference between scenario C and scenario B in Table 5 is the raw 
material considered. In scenario C the raw material considered is 100% wet sawdust (Uasuf et al. 
2011)  

Scenario D in Table 5 is a base case scenario used as a foundation upon which comparisons 
between pellets plants in Austria and Sweden can be made. The annual production considered in 
this scenario is 23 652 tons/year with a production rate of 3 tons/hour, the raw material 
considered is sawdust. In terms of equipment types the dryer system in this scenario is a tube 
bundle dryer and the burner required to generate heat to the process is included in the 
investment cost for the dryer. The pellet mill is a ring die pellet mill with conditioner, 
furthermore a counter flow cooler and silo storage are considered in this scenario. The additional 
equipment in this scenario includes peripheral equipment such as motors of feeding screws and a 
sieving machine.  

Plant 
equipment 

Scenario A 
Different raw materials 

Scenario B 
50% wet sawdust 50% 

wood shavings 

Scenario C 
Wet sawdust 

Scenario D 
Sawdust 

Dryer 433 k$ 275 k$ 552 k$ 413 k$ 

Boiler 52 k$ 72 k$ 99 k$ - 

Hammer mill 151 k$ 99 k$ 94 k$ 92 k$ 

Pellet mill and 
conditioner 

352 k$ 220 k$ 220 k$ 209 k$ 

Pellet cooler 
 

40 k$ 22 k$ 22 k$ 14 k$ 

Storage 495 k$ - - 320 k$ 

Additional 
equipment 

165 k$ 325 k$ 325 k$ 550 k$ 

Total equipment 
costs 

1 688 k$ 1 013 k$ 1 312 k$ 1 598 k$ 

Reference  Sultana et al. 2010 Uasuf et al. 2011 Uasuf et al. 2011 Thek et al. 2004 

Table 5: Investment costs for equipment needed in a pellet production plant  

When considering the equipment investment costs presented in Table 5 it also of great 
importance to contemplate about the utilisation period for each equipment. The importance lay 
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in the affects that various utilisation periods have on the value of the investment as a whole. The 
various utilisation periods presented in Table 6 below are based on information gathered from 
numerous manufacturers and considers different types of equipment (Thek et al., 2004).  

Plant equipment Utilisation period in years 

Dryer 15 

Boiler 15 

Hammer mill 10-15 

Pellet mill with conditioner 10-15 

Storage 20 

Additional equipment 10-15 

Table 6: Utilisation periods for the equipment in a pellet plant (Thek et al., 2004) 

When overlooking the total costs for pellets production the cost of raw biomass represents 
approximately 27%, which makes it greatest cost driver followed by labour costs depending on 
the location of the facility (Pirraglia et a., 2010). However the percentage of each cost driver 
changes depending on the capacity scale of the pellets factory. The capacity of the pellets factory 
is therefore vital in order to find an optimum between costs and income in terms of internal rate 
of return.  

Furthermore the prices for buying pellets have largely been held steady during 2014. These can 
be overlooked for different regions and countries in Table 7 below. In accordance with Table 7 
the Baltic region offers the lowest prices whereas the pellets market in Holland can be considered 
the most expensive, amongst the compared regions.  

Wood pellets prices  

Country/region Price Unit 

Baltic  128,78 $/t 

Netherlands 184,68 $/t 

Portugal 134,17 $/t 

Northeast US 162,00 $/t 

Southeast US 162,00 $/t 

Northwest US 148,00 $/t 

Southwest Canada 161,00 $/t 

Table 7: Industrial wood pellets prices by region, redrawn from Argus (2014) 

Furthermore the financial aspects of pelleting distinctly depend on the residue itself, why it is of 
vitality to further assess bagasse pellets and not only pellets in general. Bagasse is due to its high 
ash melting point and satisfactory heating value a suitable component in pellets and enables a 
product of high quality. Although the market for bagasse pellets is not yet of the same extent as 
for example wood pellets, Brazil has shown that bagasse pellets is a product with demanded the 
market and thus also with possibly great potential (Missagia et al, 2011).   
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4.2 Bagasse as reinforcements in composites 

The material combined with the circumstantial properties of bagasse makes it a valuable 
candidate used as reinforcements in different composites. It is considered useful as reinforcement 
in plastic and cement/concrete composites, which will be discussed in this report. The low 
production cost, low density and good mechanical properties of bagasse are ideal as 
reinforcements in composites (Hajiha & Sain, 2015). To avoid bagasse being a waste product in 
the sugar production process in countries where it is naturally available in a sustainable way, the 
use of bagasse as an eco-friendly reinforcement material can be of significant value (Aggarwal, 
1995). 

4.2.1 Cement and concrete composites 

An interesting way of utilizing bagasse is to use it as fibre reinforcement in cement and concrete 
composites. It has been shown that different natural fibres can replace asbestos fibres, which is a 
toxic and unhealthy mineral often used in cement and concrete composites (Bilba et. al., 2003). 
Replacing the asbestos fibres with bagasse fibres is very environmental friendly and a more 
efficient way of conserving energy in a sustainable way (Onésippe et al., 2010). The procedure of 
preparation of the bagasse for use as fibre reinforcement in cement and concrete consists of 
three steps. The first step is to dry the bagasse at approximately 105°C for about 24 hours and 
when the bagasse is dry, it is grinded.  In the third and last step the fibres are sieved resulting in 
particles with a length of <5 mm and a diameter range of 300 – 500 µm (Ghazali et. al., 2008). 

4.2.2 Plastic composites 

Using bagasse in thermoplastics as a natural reinforcement fibre is not only beneficial due to its 
sustainability but also to its low density and cost efficiency (Hajiha & Sain, 2015).  With the 
purpose of reinforcement, bagasse fibres mixed with polymers create more eco-friendly 
thermoplastics. In similarity of using bagasse as reinforcement in cement and concrete, using it in 
combination with polymers demands well-prepared bagasse. There are four steps required to 
prepare the bagasse before using it in the plastic production process.  Initially the bagasse is 
treated with alkaline to ensure optimal bonding between the bagasse fibres and the polymer and 
then it is thoroughly cleaned to remove alkaline remainders and dirt from the surface and in 
between the fibres. When the bagasse is clean it is important to dry it without damaging the 
fibres, this is achieved by exposing the wet bagasse to a relatively low temperature (60°C) for a 
long time. The optimal proportions of the fibres are set to be approximately 25-40 mm thick and 
with a maximum length of 10 mm (Kilian, 2011), hence a cutting step is necessary. The last step 
is when the fibres are sieved to ensure that no long fibres pass through. (Kilian, 2011) 

4.3 Paper and pulp production 

With the background that the world’s paper and paperboard market is growing and continuously 
expected to grow by about 2 % until 2020 the demand of raw material used in the paper 
production process is increasing (Poopak & Reza, 2012). As an option to use wood as raw 
material, bagasse is also applicable. The first step when producing paper out of bagasse is, prior 
to pulping, to remove about one third of the shortest fibres, because bagasse contains a large 
amount of the short parenchyma (fibre) called “pith” (Rainey, 2009). 
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5 Method 

The content of the methodology can in terms of differences in ways of working be divided into 
three main parts. These three methods are: a minor field study, modelling of data and analysis. 
The method of most vitality is the minor field study as the visits to Carlos Baliño sugar mill 
constitutes the core element within the frames of suggesting a suitable application of the excess 
bagasse in accordance with the aims of this study. This can be considered to be the case as the 
collection of raw data and moreover information of importance assembled by interviews with the 
staff at Carlos Baliño contributes with the required material, which establishes the foundation 
upon which the final suggestion of application is being made.  

The focuses within the minor field study are collection of data regarding the boilers in the 
cogeneration unit, characteristics of the bagasse as well as the canes, the bagasse usage and overall 
data for the factory. Furthermore, the interviews focus upon the current situation of bagasse as a 
disposal problem as well as the factory as a business and its potential within the frames of 
commercialising the excess bagasse in a greater extent. The methodology can based on these 
focuses be divided into three main models.     

The matter of investigating various applications of the excess bagasse at Carlos Baliño is of 
immense significance. This can be explained by numerous of reasons, which are all of a 
fundamental character in order to understand the vitality of each focus presented in the 
methodology in this report. Firstly the storage building connected to the mill is as already 
mentioned not of such size that it can handle all of the excess bagasse that is provided. As the 
remainders of the excess bagasse forcedly must be dumped in the open nearby the mill, not only 
the waste of potential income is a fact but also the present risk of fire. These problems of 
disposal are of a very current character at Carlos Baliño. The attempts of solving these problems 
have not provided any sustainable solution. The excess bagasse has for some time been 
transported to a nearby sugar refinery (Washington).  

However, currently the transportation is a problem of such character that the matter of sending 
bagasse to Washington is no longer being carried out. Furthermore the current price for buying 
excess bagasse from Carlos Baliño is approximately 8 Cuban Peso/ton, which evidently cannot 
be considered revenue of importance. Except for the cases of selling the excess bagasse to a very 
low price, Carlos Baliño is composting the bagasse in order to utilize it as fertilization in the sugar 
cane field. However, the outcomes of the fertilization are not of any noteworthy character, hence 
the utilization of excess bagasse for all previously mentioned areas could be described as poor 
(Hallersbo and Onoszko, 2015).  

5.1 Model overview 

An overview of the three main models is illustrated in Figure 8 below. The three models are: 
nominal amount of excess bagasse, practical amount of excess bagasse and application of excess 
bagasse. The modelling of the nominal amount of excess bagasse is carried out in order to 
illustrate a theoretical value of the bagasse in comparison with the practical amount, which is 
calculated based on the actual production variations. The model for determining a suitable 
application on bagasse focuses on the value of bagasse for each application and the parameters 
that affects the value.  
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Figure 8: Model over the method being used in the field study 

 

5.2 Nominal amount of excess bagasse 

The objective of the model for the nominal amount of excess bagasse is to determine a 
theoretical amount of excess bagasse based on the capacity of the equipment used by Carlos 
Baliño. With the purpose of determining such an amount, mapping and calculations of the mass 
flow of the bagasse is required. Consequently, analysis and modelling of collected data are 
essential within the frames of constituting a foundation upon which the nominal amount of 
excess bagasse is determined. Moreover, the determined amount provides an indication of the 
practical amount of excess bagasse, which is examined and calculated in a separate part within the 
methodology. Thus, the nominal amount of excess bagasse can be described as a theoretical 
indication of how much raw material that can be applicable in order to potentially generate 
revenue.  
 
The procedures required to achieve the determinations of this particular model are illustrated in 
Figure 9 below. As seen in Figure 9 the calculation of the mass flow of bagasse in theoretical 
terms constitutes the basis for identifying and calculating the excess. Hence, the collection of data 
as well as the data analysis is prominent in order to determine an amount of excess bagasse that is 
based upon data that is uniform, meaning that the same approach is used throughout the entire 
process of collecting and analysing data.  
 

 
Figure 9: Model for the nominal amount of excess bagasse  
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5.2.1 System boundary 

The system boundary for modelling the nominal amount of excess bagasse is illustrated in Figure 
10 below. As described in Figure 10 the essential units in terms of consideration for the purposes 
of determining a nominal amount excess bagasse are the cane cutter and the milling tandem as 
well as the boilers within the cogeneration unit. Mapping of mass flows of bagasse as well as 
calculations are made within the frames of the boundaries defined in Figure 10. 
 

 
Figure 10: System boundary for the nominal amount of excess bagasse 

As seen in Figure 10 the cane itself is also of significant prominence for the purposes of this 
model. This is the case as data regarding the properties of the canes being milled in Carlos Baliño 
is of importance for the determination of the amount of bagasse flowing through the processes. 
Similarly, the bagasse properties are of equal significance for the same reason. Data concerning 
these properties as well all other required data measurements for the purpose of this model will 
uniformly be collected in theoretical means, meaning that capacities of equipment used as well as 
other data that will favour a nominal amount of excess bagasse are investigated. Hence, variations 
in the production are not considered within the frames of this particular model. Furthermore, the 
data used for each equation are explained more thoroughly as the equations used for numerical 
calculations are presented.   

 

5.2.2 Assumptions 

• The factory runs for 24 hours a day 
• The factory operates every day of each considered season 
• The amount operation days is based on four years of historical data and one average 

season is 124,75 days 
• Losses of bagasse during the production process are neglected 

 

5.2.3 Numerical calculations  

The equations needed to calculate the nominal amount of excess bagasse are listed in Table 8 
below and further described within this part. The calculations are based on historical data 
covering a period of four production seasons, collected when visiting Carlos Baliño. Thus, the 
collected data used in the equations presented in Table 8 have been calculated into being average 
values covering the four considered seasons before they have been used in the equations in Table 
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8. The complete calculations considering Table 8 are presented in Appendix A: Nominal amount 
of excess bagasse.  
 
 Equation   Equation 

number 

Mass of pol in juice, 
season value 𝑚!,!,!"#!$% = 𝑚! ∙ (𝑥!",! ∙ 𝑝!) 

 
1 

Mass of pol in cane,  
season value 𝑚!,!,!"#!$% = 𝑚! ∙ 𝑥!,! 

 
2 

Milling efficiency  𝜂!"## =
𝑚!,!,!"#!$%

𝑚!,!,!"#!$%
 

 
3 

Mass balance of mill 𝑚𝑐 = 𝑚! +𝑚! −𝑚! 
 

4 

Mass flow of cane 𝑚! =
!!
!

  
 

5 

Mass flow of bagasse 𝑚! =
𝑥!,! ∙𝑚! +

(1− 𝜂!"##)(𝑥!,! ∙𝑚!)
𝑝!

1− 𝑥!,!
 

 

6 

Nominal amount of 
bagasse 𝑚!,! = 𝑚!    ∙ 𝑁 

 
7 

Consumption of steam 𝐶! = 𝑚! ∙ 𝑥!,! 
 

8 

Bagasse burnt in boiler 𝑚!,!,!"#$ =
𝐶!
𝑥!,!

 
 

9 

Nominal amount of 
excess bagasse 𝑚!,!,! = 𝑚! −𝑚!,!"#$ 

 10 

Table 8: Equations used when calculating the nominal amount of excess bagasse (de Camargo, 1990; Bednarcik Abdulhadi and Larsson, 
2014; Rodriguez, 2015) 

 
In order to calculate the nominal amount of excess bagasse in accordance with equation 10 the 
total amount of bagasse produced as well as the bagasse consumed in the cogeneration unit need 
to be determined.  This is made by equation 1-9.  
The mass of pol in the juice considered for one season is calculated in equation 1 by multiplying 
collected seasonal values for the mass of the juice, the concentration of the brix in the juice as 
well as the purity of the juice. This as the concentration of pol in juice is determined by 
multiplying the brix content with the purity.  The seasonal value for the mass of pol in the cane is 
determined by collected values and in accordance with equation 2.  
The milling efficiency described in equation 3 is then calculated by using the relation between the 
seasonal value of the mass of pol in the juice and the mass of pol in the cane.  
 
Furthermore the mass balance of the mill is mathematically described in equation 4 and 
graphically in Figure 11. The mass flow of cane described in Figure 11 is moreover calculated by 
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equation 5 considering the total amount of cane for each season as well as the amount of 
operating days for that season.  
 

 
Figure 11: Mass balance of the mill 

Equations 1-5 are essential in order to determine the mass flow of bagasse, which is done by 
equation 6. In equation 6 there are two values that have not already been considered in previous 
equations. These are the fiber content of the cane as well as the water content of the bagasse. 
Hence it is noteworthy that the amount of fiber in the bagasse is the same as the amount of fiber 
in the cane. Furthermore the brix content of the bagasse is calculated by considering the amount 
of pol has not been extracted from the canes as well as the purity of the cane. Thus, the mass 
flow of bagasse is the amount of fiber content as well as the brix content of the bagasse as 
divided by the percentage of fiber and brix in the bagasse, in accordance with equation 6. The 
total amount of bagasse for each season is moreover determined by equation 7.  
 
With purpose of calculating the consumption of steam in order to furthermore determine the 
bagasse consumed in the cogeneration unit, the mass of canes milled for each season is multiplied 
with the steam consumption index as seen in equation 8. The amount of bagasse utilized in the 
boiler e.g. consumed bagasse can the in accordance with equation 9 be calculated by dividing the 
consumption of steam with the steam generation index.  
 
Finally, the nominal amount of excess bagasse for a production season can as seen in equation 10 
be determined by subtracting the amount of consumed bagasse from the total amount of bagasse 
provided by the mill.   

5.2.4 Sensitivity analysis 

As the numerical calculations are carried out based on average values considering each season, a 
sensitivity analysis is essential in order to investigate variations of the input data as well as their 
effects on the results. By doing so one can examine the reliability of the calculated value of the 
nominal amount of excess bagasse as well as consider the weight of affectedness on this amount 
for each varied input data.  

With the purpose of considering the sensitivity of the results, the extreme cases of variations are 
investigated. Primarily, the collected historical data constitutes the basis from which such a 
consideration and investigation are carried out. By examining the collected data a lower and a 
higher value for each examined variable is determined. However, two variables of interest are 
considered based on other sources than the historical data collected from Carlos Baliño. These 
are the steam consumption index as well as the steam generation index. This is done in order to 
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not only investigate the variations of excess bagasse based within the frames variations from 
previous years but also to investigate the impact of utilization of various boilers in the 
cogeneration unit. Thus, this sensitivity analysis does not only provide a foundation upon which 
the results can be discussed from a historical perspective but also from a perspective in which 
future upgrades of equipment are considered. Consequently, the affectedness of the cogeneration 
unit is examined, not only by the sense of more efficient boilers but also by the sense of 
inefficiency within the cogeneration unit.  

Thus, the ranges that the input data varies within is based both on collected data from Carlos 
Baliño as well as different values of steam consumption index and steam generation index. The 
investigated parameters are listed in Table 9 below. Each input data will be varied separately in 
order to both see the effect on the investigated parameters of each input data as well as to 
provide a sensitivity analysis of correct character as the case of varying several input data would 
generate an incorrect result as the concentrations within the input data depend on each other. In 
other words, when varying one variable the others will be varied based on the variation of the 
variable of interest.  

 Investigated parameters 

Nominal amount of bagasse 𝑚!,! 
Bagasse burnt in boiler 𝑚!,!,!"𝑖! 
Nominal amount of excess bagasse 𝑚!,!,! 

Table 9: Parameters investigated in the sensitivity analysis for the nominal amount of excess bagasse 

5.3 Practical amount of excess bagasse  

Before evaluating a suitable application of the excess bagasse, the practical amount of excess 
bagasse needs to be determined. In combination with the calculated nominal amount of excess 
bagasse, the practical will contribute with a more actual value based on five years of historical 
data of day-to-day production from the sugar mill. Thus, the practical value provides a more 
accurate amount of excess bagasse as it is based on actual data from the factory and takes into 
account the bagasse being used during production stops whereas the nominal amount is based 
partly on theoretical values and models. When comparing the nominal and the practical amount 
of excess bagasse the potential within applying bagasse on different markets will show.  
 
The collected observed historical data supply information that will be used for mapping the 
practical amount of bagasse and with some calculations result in a practical amount of excess 
bagasse. An overview of the modeling of the practical amount of excess bagasse is illustrated in 
Figure 12. 

 
Figure 12: Model for the practical amount of excess bagasse 

 

Collect data Data analysis 
Map practical 

amount of  
bagasse   

Determine practical 
amount of  excess 

bagasse 
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5.3.1 System boundary 

When mapping the practical amount of bagasse in the sugar mill it is limited by two different 
boundaries, the historical amount of data being analysed, and the boundaries within the 
production itself. The historical data has been supplied by the staff at Carlos Baliño and covers a 
period of four harvesting seasons. The boundaries considered in the production are illustrated in 
Figure 13 below. 
 

 
Figure 13: System boundary for the practical amount of excess bagasse 

 
Assumptions  

• The historical data is accurate 
• Correct calculation of stored bagasse in building 
• Correct weighting technique for sold bagasse 
• Correct weighting technique for outside stored bagasse 
• Representative weather conditions during the harvesting seasons from which data were 

collected 
• No major failures in the production during the period from which data were collected 
• Failures of normal frequency are considered within the weighted amounts of bagasse 
• Constant amount of stored bagasse in storage building (max capacity) 

 

5.3.2 Practical observations/calculations 

The practical amount of excess bagasse is based on daily historical data received from Carlos 
Baliño covering four harvesting seasons (2011-2012, 2012-2013, 2013-2014 and 2014-2015) and 
is calculated by using key information from the historical production data. Daily data over how 
many tons of canes being milled have, in combination with the bagasse/cane-ratio, data from the 
cogeneration boilers, and data over the amount of bagasse sold and stored (outside and inside) 
been used to determine a practical amount of the excess bagasse.  Necessary equations used to 
process the data are listed in the Table 10 below and the complete calculations are presented in  
Appendix C: Practical amount of excess bagasse. 
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 Equation Equation 
number 

Practical amount of canes milled 𝑚!,! = 𝑚!,!

!

!

 11 

Practical amount of bagasse 𝑚!,! =    𝑚!,!

!

!

 12 

Bagasse/cane-ratio 𝑥!/! =
𝑚!,!

𝑚!,!
 13 

Sold bagasse 𝑚!,!"#$ = 𝑚!,!"#$,!

!

!

 14 

Bagasse burnt in boiler 
𝑚!,!,!"#! = 𝑚!,! −   𝑚!,!"#$ −   𝑚!,!"#$#%&'( −   𝑚!,!"#$%&'(

−𝑚!,!"#$ 
15 

Practical amount of excess 
bagasse 

𝑚!,!,! =   𝑚!,!"#$#%&'( +   𝑚!,!"#$%&'( +𝑚!,!"#$ +𝑚!,!"#$ 16 

Table 10: Equations used when calculation the practical amount of excess bagasse 

By analyzing information from each day of production, the practical amount of canes milled over 
one harvesting seasons with N days is summarized and determined in equation (11). Data 
regarding the total amount of produced bagasse per day has also been summarized over the 
season and determined in equation (12), and hence the bagasse/cane-ratio is calculated. Since the 
amount of excess bagasse has not, historically, been a parameter of interest for Carlos Baliño it 
has not been considered in the daily production reports, except for the amount bagasse being 
sold (14). The amount of bagasse used in the cogeneration boiler is also a value not being 
calculated due to the fact to difficulties of determining this. Each time the production suffers a 
stop; the boiler is either stopped or continuously fed with bagasse, which results in big amounts 
of bagasse being used either as start-up fuel or maintenance fuel (Rodriguez, 2015). Because of 
the variations in the amount of bagasse used in the cogeneration boiler it has to be calculated 
using equation (15), the bagasse that is being sold, used for composting and the amount being 
stored outside of the storage building are weighted when transported resulting in acceptable 
values. The amount of bagasse being stored inside of the constantly full storage building is 
mathematically estimated. The amount of bagasse burnt in the cogeneration boiler can now be 
logically calculated with equation (15). Finally, with given facts and calculations, the practical 
amount of excess bagasse can be determined with equation (16). 
5.3.3 Sensitivity analysis  
Changing key variables in the calculation of the practical amount of excess bagasse will greatly 
affect the outcome. To vary the amount of historical data will directly affect the outcome in the 
results. The more historical data available generates a more accurate value and thus the usage of 
data in this study is to be tested. It is of great importance to emphasize that the usage of historical 
data is only relevant if the production process circumstances are equal. Due to the fact that 
Carlos Baliño modernized their equipment in 2009 restricts the amount of available historical 
data that can be used and applied in this report. The sensitivity analysis is carried out by varying 
key variables, which will affect the listed parameters in Table 11. 
 Parameters investigated 
Bagasse burnt in boiler 𝑚!,!,!"#$ 
Practical amount of excess bagasse 𝑚!,!,! 

Table 11: Parameters investigated in the sensitivity analysis 
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The amount of canes milled will be varied based on the collected historical data representing four 
seasons. The amount of harvesting days per seasons vary also throughout the collected data, 
hence the number of days in one season will vary in the analysis. The total amount of bagasse is 
also a variable in the daily reports from the factory. The amount of milled canes and the 
knowledge about the amount of bagasse will therefor indicate how the bagasse/cane-ratio 
changes. 
 
Uncertainty and errors when weighting the trucks to determine the mass of bagasse to sell, store 
outside and use for composting will be considered in the sensitivity analysis with an affecting 
range of ±10%. 
 
With the assumption that the storage building is constantly full, and the knowledge about the 
dimensions of the building, the mathematical calculation of the amount of bagasse being stored 
inside is considered relatively reliable. With this said, the amount of bagasse stored inside will be 
analyzed with the sensibility of ±5%. 

5.4 Application analysis of excess bagasse 

The objective of the model concerning the application analysis of excess bagasse is to by 
economical evaluation determine a suitable application on behalf of Carlos Baliño. Consequently, 
a suggestion of a suitable application will be generated from this model and presented within this 
study. The phases required to provide a suggestion of substantial character are presented in 
Figure 14. When carrying out the presented phases the information and the data gathered from 
the field study at Carlos Baliño are essential, as it constitutes the basis upon which this analysis 
will be carried out. Furthermore the phase in which data is collected also includes collecting a 
sample of bagasse from Carlos Baliño, which then is sent for analysis in Sweden. The results 
from the analysis of the bagasse are presented in part 6 in this study and the discussion 
concerning the analysis focuses upon how the ash content of the bagasse affects the economic 
value.   

 
Figure 14: Model for the application analysis of excess bagasse 

5.4.1 System boundaries 

The system boundaries considered when determining a suitable application for the excess bagasse 
are illustrated in the Figure 15 below. Figure 15 represents a simplified overview of how the 
excess bagasse market is structured today. The lower part of Figure 15 represents the today’s 
most common way of dealing with the excess bagasse, whilst the middle part represents different 
applications which are more depending on where the sugar mill is located, e.g. a sugar mill 
located close to a paper mill or a reinforcement industry often sell excess bagasse to them. The 
usage of pellets in countries where bagasse is a common residual is today practically none. This 
makes the application illustrated in the top of the figure a more experimental alternative. The 
deliberations mentioned above constitutes the basis upon which the choice of system boundaries 
has been carried out. Furthermore, paper and pulp production, reinforcement in composites as 
well as the matter of selling bagasse to a nearby refinery are within this part described as bagasse 
sold as raw material.  

Collect data Market 
analysis 

Economic 
evaluation of  
applications  

Determine optimal 
application 
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Figure 15: System boundaries for the applications of excess bagasse 

5.4.2 Assumptions 

• 3 employees is assumed to be needed for the pellet production  
• The salary for the needed extra employees is assumed to be the mean salary for a sugar 

mill worker in Cuba (2000 CUP per month) (Hallersbo and Onoszko, 2015)  
• The rest value of the different machines after the calculation period are not considered 
• No toll expenses are considered  
• The exchange rate from CUP to CUC is fixed at 24 CUP/1 CUC 
• The electricity price is assumed to be 30 cents/kWh in USD (Perez D. et al., 2009) 
• The exchange rate from USD to CUC is assumed to be 1 USD/1 CUC 
• Discount rate 15% (Erlich, 2014) 
• Utilization period of equipment used in a seasonal pellet production is 15 years. This 

assumption is further described within the part for numerical calculations concerning 
pellet production. (Thek et al., 2004) 

• The exchange rate from Euro to Dollars is assumed to be fixed at 1,1 USD/Euro 
(average April and May) 

• The industrial exchange value in Cuba is 1 CUP/1 CUC 

5.4.3 Numerical calculations 

To get to a final decision regarding a suitable application for the excess bagasse at Carlos Baliño a 
number of numerical calculations are required to evaluate and in the end determine what would 
be of highest value in terms of revenue. In this report, the applications investigated for the 
different applications are illustrated in Figure 15 and furthermore the required calculations 
displayed by a number of equations showed in Table 12 respectively Table 13. 

5.4.3.1  Sel l ing bagasse or e l e c tr i c i ty   

This section considers the numerical calculations required to evaluate the applications of excess 
bagasse that in concise terms can be described as bagasse sold as raw material. Also the matter of 

Applications 

Pellets 

Reinforcements 
in composites 

Sell to nearby 
refinery/sugar 

mill 

Paper and pulp 
production 
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generating electricity from the excess bagasse is considered within this part. Thus, the 
applications considered in this part are bagasse applied in reinforcement for composites, paper 
and pulp, bagasse sold to a nearby refinery (Washington) as well as electricity sold as a result of 
utilization of excess bagasse. The numerical calculation required to furthermore examine the 
financial aspects of these applications of excess bagasse are listed in Table 12 below, the complete 
calculations are presented in Appendix E.  

 Equation Equation 
number 

Revenues from bagasse sold 
as raw material 

𝑅!,!"#$%! = 𝑚!,!,! ∙ 𝑃! 17 

Table 12: Equation used when calculating revenues from bagasse as raw material  

As seen in equation (17) the yearly revenues gained from vending bagasse as a raw material has, 
even though the bagasse is sold for application within different areas, been considered in only 
one equation. This can be explained by the fact that despite differences in application of the 
excess bagasse Carlos Baliño is selling it to the same price (Hallersbo and Onoszko, 2015). Thus 
the only parameters of interest when calculating the revenues from excess bagasse sold as raw 
material are the amount of bagasse that can be sold and the price to which Carlos Baliño vends  

Furthermore, the revenues from generating electricity from the excess bagasse with the purpose 
of exporting this to the national grid are considered. However, the excess electricity generation 
possible at Carlos Baliño is not of such character that it would generate any considerable revenue. 
The matter of importance, when reflecting of previous stated fact, is the dimension of the 
turbines used in the electrical plant at Carlos Baliño. The turbines are in relation to the boilers 
under dimensioned, which implies that even if the excess bagasse were to be burnt in order to 
generate steam to furthermore produce excess electricity in the electrical plant, the amount of 
electricity generated would not be of any significance in terms of economic aspects (Hallersbo 
and Onoszko, 2015). Therefore the revenues from sold electricity are not further evaluated in this 
study. Thus, no results regarding this matter are presented within this the results part.  Moreover, 
as Carlos Baliño virtually utilizes the turbines on full capacity any electricity consumption 
considered for purposes other than sugar production has to be considered as imported electricity.  

5.4.3.2  Pel le t s  

The numerical calculations required in order to examine the potential in excess bagasse from 
Carlos Baliño as an applicable raw material within the pellets industry are presented in this part. 
This application is in one way particular tremendously different from the other considered 
applications. The main difference between this application and the other various ways of utilizing 
bagasse considered in the other application in this study, is that the other application only 
examine the potential in selling bagasse. On the contrary, the numerical calculations concerning 
the matter of pellets provide needed information to analyze the potential in investing in a pellet 
plant in which the excess bagasse from Carlos Baliño is used as raw material.  Hence, the amount 
of excess bagasse represents the basis upon which the pellet plant capacity can be determined and 
furthermore the basis upon which all the equations in Table 13 is calculated. Consequently, the 
equations in Table 13 are used for evaluating and furthermore determining the value of investing 
in a pellet plant, in which Carlos Baliño can produce and sell pellets.  
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With the purpose of evaluating such an investment, on behalf of Carlos Baliño, the cost of capital 
is calculated in accordance with equation (18). A positive value of cost of capital indicates that the 
investment is profitable and similarly would a negative value indicate an investment that is not 
profitable. The value is determined by considering the revenues and the costs each year as well as 
the present value factor and the total investment costs. Thus, there a numerous equations 
required in order to determine the cost of capital, these are listed in Table 13 and described 
further within this part. The complete calculations considering Table 13 are presented in 
Appendix G: Economical calculations of pelletizing. 

 Equation Equation 
number 

Cost of capital 𝐶!"#$%"& = 𝑅!"#$%! − 𝐶!"#!$% ∙ 𝑃𝑉 − 𝐼!"! 18 

Mass of pellets 𝑚! = 𝑚!,!,! ∙ (1− ∆𝑥!,!) 19 

Revenues from sold 
pellets 

𝑅!"#$%! = 𝑚! ∙ 𝑃! 20 

Operation and label 
costs 𝐶!"#!$% = 𝑊 ∙ 𝑆 ∙ 𝑁 + (𝐸!"#! ∙ 𝑃!) 21 

Electricity 
consumption 

𝐸!"#! = 𝐸!"# + 𝐸!"## + 𝐸!"#$ + 𝐸!"## + 𝐸!""# + 𝐸!!! 22 

Present value factor 𝑃𝑉 =
1− (1+ 𝑟)!!

𝑟  23 

Total investment costs 
𝐼!"! = 𝐼!"# + 𝐼!"#$ + 𝐼!"## + 𝐼!"## + 𝐼!""# + 𝐼!"#$%

+ 𝐼!"" 
24 

Breakeven investment 
cost 

𝐼!"#$%#&#' = (𝑅!"#!"# − 𝐶!"#!$%) ∙ 𝑃𝑉 25 

Table 13: Equations used when calculating cost of capital (Skärvad and Olsson, 2008) 

The revenues from sold pellets are considered for each year and calculated by multiplying the 
amount of pellets produced each year with the pellets price as seen in equation (20). In order to 
do so the amount of pellets produced is calculated by multiplying the practical amount of excess 
bagasse, determined in Table 10, with a factor that describes the reduction of water caused by the 
drying process. The pellets price is based on Table 7 in the literature study and is determined to 
be 146 USD/ton. However, even though pellets can be sold during a whole year the seasonality 
in the bagasse production restrains the amount of raw material needed for pellet production. The 
operation and label cost is calculated by equation (21). This cost is considered as seasonal as 
result of the seasonal production of excess bagasse and pellets. W, S and N in equation (21) 
represent the number of workers, the daily salary of each worker and the number of days in a 
production season, respectively. Furthermore the electricity consumption of the machines used 
for each process in the pellet production is considered in equation (22).  The electricity 
consumption for each process is based on Table 4 in the literature study and the unit considered 
is kWh/ton pellets produced. However, due to the fact that the boiler at Carlos Baliño provides a 
significant amount of exhaust gases with a temperature of 200 °C after steam has been generated 
(Rodriguez, 2015) it is assumed that the heat requirement for the drying process does not affect 
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the financial calculations. Thus, the amount of exhaust gases and the temperature of these is of 
such character that no other heat generation is needed to dry the bagasse with the purpose of 
producing pellets. Moreover, as previously stated, the turbines at Carlos Baliño operate on 
essentially full capacity, hence electricity used for the pellet production is considered to be 
imported (Hallersbo and Onoszko, 2015).    

The present value factor is determined in accordance with equation (23). The discount rate (r) 
implies the level of economic risk within an economy and thus the stability of that economy. 
Numerous developing countries are deliberated to be economies of high risk meaning that the 
discount rate assumes high values. A discount rate of approximately 20% can be considered 
when carrying out economical evaluation for various countries in Africa, for example. On the 
contrary the Swedish company Vattenfall is considered to be at low risk and has a discount rate 
of 12%. As Cuba is a developing country with relatively low risk a discount rate of 15% is 
assumed for carrying out economical calculations in this model. Furthermore the utilization 
period (n) for the equipment used in a potential seasonal pellet production at Carlos Baliño is 
assumed to be 15 years. This assumption is based on Table 6 in the literature study in which the 
different equipment has utilization periods of 10-15 years (Thek et al., 2004).  

The total investment cost is determined in accordance with equation (24). The various 
investment costs for equipment required are based on Table 5 in the literature study. Due to 
previous stated facts regarding the utilization of exhaust gases in order to dry the bagasse, 
investment costs considering a boiler from which heat could be generated is not of interest. With 
previous described equations it is possible to determine the cost of capital by subtracting the 
seasonal operation and label costs from the yearly revenue from sold pellets, multiplying this with 
the present value factor and finally subtracting the total investment cost, as seen in equation (18).  

Furthermore the breakeven investment cost is described in equation (25). The breakeven 
investment cost is determined when the cost of capital equals zero, which provides an indication 
of how large the investment would have needed to be in order to reach breakeven in case of an 
investment that is not profitable. On the contrary, the breakeven investment costs also implies 
how much more one could have invested in order to reach breakeven, in the case of a profitable 
investment.  

5.4.4 Sensitivity analysis 

A sensitivity analysis is of immense importance in order investigate how the economical 
calculations changes and thus also the results upon which a suggestion of a suitable application is 
provided. Changing the key variables for each application enables an analysis of the sensitivity of 
each application and thereby one can obtain the differences between the various applications in 
terms of effects on the results. The investigated parameters for the applications where bagasse is 
sold as a raw material for different purposes are listed in Table 14 below. In order to examine the 
listed parameters the possible variations in bagasse price and in the production of excess bagasse 
are considered. The ranges in which the price of bagasse differs are based on an assumption that 
the price Carlos Baliño uses today can vary ±20%. Variations in the excess bagasse production 
are based on results from previous sensitivity analyses regarding the nominal as well as the 
practical amount of excess bagasse. From these analyses the extreme cases of excess bagasse 
production are obtained.  
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 Investigated parameters 

Revenues from bagasse sold as raw 
material  

𝑅!,!"#$%! 

Table 14: Investigated parameters concerning bagasse sold as raw material 

Furthermore the key variables amongst the economical calculations considering the pellet plant 
investment have been varied in order to analyze the sensitivity of the investment. The sensitivity 
analysis of the pellet plant investment is a crucial part of this study, as it will generate the 
foundation upon which the investment will be evaluated in terms of profitability and risk. The 
investigated parameters are stated in Table 15 

 Investigated parameters 

Cost of capital  𝐶!"#$%"& 

Breakeven investment cost 𝐼!"#$%#&#' 

Table 15: Investigated parameters concerning the pellets plant investment 

As the equipment required to invest in a pellet mill varies as displayed in Table 5, the sensitivity 
analysis is carried out by testing the extreme values within the frames of a reasonable production 
capacity. Furthermore the chosen value regarding the lower amount of pellet that can be 
produced is based on the calculated minimum practical amount of excess bagasse, and the higher 
amount of pellet that can be produced and sold is based on the calculated nominal amount of 
excess bagasse. The mentioned variables are of big importance and of high relevance in the 
investigation of the sensitivity analysis. The sensitivity of the salary is determined to be ±10%. 
The total electricity required for the machinery is based on relevant values from Table 4 and the 
sensitivity is tested within the extreme values from the same table.  

The electricity price is a variable of great interest because of its regular changes; hence the 
sensitivity in the electricity price has been investigated within ±20%. 

The discount rate is varied between 12-20%. A discount rate of 12% refers to a normal rate in 
developed countries and a discount rate of 20% is a normal rate in developing countries with 
high economical investment risk. The lifetime of the machinery has been tested within given 
frames from Table 6 and considers the effects of the seasonality of the pellet production. 
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6 Results and discussion 

Within this part the results for each model as well as the sensitivity analysis carried out are 
presented separately. Furthermore these results and sensitivity analyses are analyzed and 
discussed separately for each model.  

6.1 Nominal amount of excess bagasse 

The results generated by the numerical calculations made in the model for the nominal amount 
of excess bagasse are presented in Table 16. The calculations and the results concerning the 
nominal amount of excess bagasse are presented in its entireness in Appendix A: Nominal 
amount of excess bagasse. The calculated values listed in Table 16 are based on collected data 
from the field study at Carlos Baliño. The values are an average considering the past four seasons 
of sugar production at Carlos Baliño. Thus, the values are seasonal. The deviations from the 
calculated values are given by minimums and maximums considering the four seasons. The 
nominal amount of excess bagasse in one average season has been determined to be 37 000 ton 
considering the historical data gathered from Carlos Baliño.  

 Parameters Value Min Max Unit 

Mass of milled 
cane, season 
value 

𝑚!,!"#!$% 190 000 150 000 230 000 t/season 

Mass of pol in 
juice, season 
value 

𝑚!,!,!"#!$% 22 400 18 300 28 300 t/season 

Mass of pol in 
cane, season 
value 

𝑚!,!,!"#!$% 29 700 24 500 37 700 t/season 

Milling efficiency 𝜂!"## 76 68 95 % 

Mass flow of 
bagasse 𝑚! 590 534 607 t/day 

Nominal amount 
of bagasse 𝑚!,! 73 600 60 900 91 000 t/season 

Consumption of 
steam 𝐶! 84 300 68 000 105 000 t/season 

Bagasse burnt in 
boiler 𝑚!,!,!"#$ 36 700 46 000 29 500 t/season 

Nominal amount 
of excess bagasse 𝑚!,!,! 37 000 22 700 45 300 t/season 

Table 16: Results of the model for the nominal amount of excess bagasse in one season 

 



-49- 
 

6.1.1 Sensitivity analysis 

The calculations and the variations considering the investigated nominal parameters are presented 
in its whole in Appendix B: Sensitivity analysis for the nominal amount of excess bagasse. 
Furthermore the variation ranges of the investigated parameters are given in Table 17.  

 Investigated parameters Variation range (t/season) 

Nominal amount of bagasse 𝑚!,! 59 500 – 91 500 

Bagasse burnt in boiler 𝑚!,!,!"#$ 28 500 – 46 000 

Nominal amount of excess 
bagasse 

𝑚!,!,! 23 000 – 47 200 

Table 17: Results of the sensitivity analysis considering the nominal parameters 

 

6.1.2 Discussion 

The results from the numerical calculations as well as the results of the sensitivity analysis 
considering the model for the nominal amount of excess bagasse are presented separately within 
this part.  

6.1.2.1  Results  o f  the model  

The results presented in Table 16 are of vast prominence in terms of further examination 
considering the various applications of excess bagasse. Yet the nominal amount of excess bagasse 
is of a theoretical character it nevertheless implies the range of potential in which revenues can be 
gained considering the applicability of the excess bagasse. Thus, the nominal amount of excess 
bagasse presented in Table 16 indicates the potential of utilizing bagasse for various purposes 
seeing that this very amount conceivably can be achieved at Carlos Baliño considering the 
equipment being used as well as the historical data from the past four years. Consequently the 
matter of assessing the calculated values concerning the nominal amount of excess bagasse is a 
procedure of significance. Furthermore the nominal amount of excess bagasse is calculated in 
order to enable a comparison and furthermore a discussion regarding the differences between the 
practical and the nominal amount of excess bagasse, which is presented within the Final 
discussion. 

With the purpose of evaluating the calculated amount of bagasse from a somewhat critical 
perspective this amount is compared with the fact that the bagasse provided represents 
approximately 30% of the amount canes milled (Bilba and Arséne, 2008). The percentage of 
which the bagasse represents in the results of the numerical calculations reaches approximately 
38%. This result can be explained by noteworthy deviations within the matter of comparing 
collected historical data with compared with data stated in previous studies. This matter can be 
exemplified by the certainty the average fibre content of canes stated in the historical data is 
higher than the range of 12-14%, which is considered normal (Hugot, 1986). Carlos Baliño 
reaches an average fibre content of 15,4% considering the past four years of production. This 
value lies within the frames of extreme values (10-16%) and affects the production of bagasse 
both greatly and increasingly. Naturally the fibre content of cane affects the composition of the 
cane as a whole; hence the affectedness is of a remarkable character. The fibre content and 
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moreover the composition of the canes is consequently of notable vitality, why this is further 
discussed in sensitivity analysis discussion below.   

In similarity with the affectedness of deviations within the frames of cane content, the water 
content of the bagasse can correspondingly be compared with data stated in previous studies 
within the subject. The water content of bagasse is considered to vary within the narrow limits of 
45-50% (Morandin et al., 2010; Hugot, 1986). However, the amount of excess bagasse being 
provided is notably affected by the values considered in the calculations even though the total 
amount of bagasse is not affected as greatly. Therefore the average value for the water content of 
bagasse at Carlos Baliño (49,3%) is at least of a certain importance when considering the excess 
bagasse being provided.  

6.1.2.2  Sensi t iv i ty  analys is   

As seen in Table 17 the parameters investigated vary extensively hence the matter of further 
analyzing the variables of most significant effectiveness is indispensable. Variables which values 
can be affected by movements taken by the staff at Carlos Baliño are of a more substantial 
prominence in terms of henceforth examining the economic potential of the applicability of 
excess bagasse. A variable of such importance is the fibre content of the canes.  As seen in Figure 
16 below the fibre content of cane immensely affects the amount of excess bagasse. In 
accordance with Figure 16, the range in which the fibre content has varied the past four years is 
conspicuous and constitutes thereby one of the most prominent variables considering the whole 
variation range presented in Table 17.  Yet the affectedness the fibre content has on the amount 
excess bagasse is not itself the only element of attentiveness. The fact that the fibre content of 
cane can be increased by intent planning carried out by the staff at Carlos Baliño is equally 
important. This is explained by that the canes that have been growing for a longer period of time 
have higher fibre content. Similarly, the ecologically grown canes also contain more fibre. 
Consequently, Carlos Baliño can produce a greater amount of excess bagasse by harvesting canes 
of a higher age instead of milling canes that have grown for only 12 months, which generally is 
the present case. However, this matter evidently requires intent planning, as sustainability cannot 
be achieved if only ecological canes of higher age would be harvested. Therefore the selection of 
which canes to harvest could suggestively depend on the sugar price meaning that when the sugar 
price is low Carlos Baliño should mill canes of higher age in order to produce more excess 
bagasse, which is then used for purposes such as pelletizing.    
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Figure 16: Amount of excess bagasse depending on fibre content of cane 

Another variable of comparable vitality but with an even greater affectedness is the steam 
consumption index. Considering the presented ranges and in particular the higher value for the 
amount of excess bagasse in Table 17 the steam consumption index is the most affective variable 
excluding the mass of canes, which perceptibly but then also understandably has the effect of the 
most significant character. In Figure 17 below the amount of excess bagasse produced depending 
only on the steam consumption index is described graphically. As seen in Figure 17 the steam 
consumption index and moreover the amount of excess bagasse produced at Carlos Baliño could 
potentially reach better values in terms of maximizing the amount of excess bagasse that 
henceforward can generate revenue. However, the matter of achieving extreme values of 
constructive character in not only dependent on the efficiency of the processes but also on the 
types of boilers utilized. In that sense the values given graphically in Figure 17 illustrates the 
results of lowering the steam consumption index as an outcome from not only overseeing the 
processes but also potentially upgrading or replacing one or more boilers. The matter of carrying 
out such an upgrade or replacement is the most essential factor when examining a maximization 
of excess bagasse considering the steam consumption index. Thus, the steam consumption index 
that generates the greatest amount of excess bagasse in Figure 17 represents a fluidized bed boiler 
whereas the highest steam consumption index represents the utilization of a damping grate in 
which the bagasse is combusted in piles. As Carlos Baliño today uses damping grates, the 
presence of potential improvements regarding maximizing the amount of excess bagasse is 
noticeable as well as of immense importance. However, such an investment is evidently not of 
vast concern in a near future as investments concerning one boiler were made in 2009. 
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Nevertheless, the vitality of this matter is immensely noteworthy as the potential in terms of 
applicability of the excess bagasse is greatly increased.  

 
Figure 17: Amount of excess bagasse depending in steam consumption index 

6.2 Practical amount of excess bagasse 

The results generated by the numerical calculations concerning the practical parameters and the 
practical amount of excess bagasse is presented in Table 18. The values in Table 18 are average 
seasonal values as they are based on data considering the four latest production seasons at Carlos 
Baliño. Thus, the practical amount of excess bagasse, determined to be 11 500 ton, is an average 
value for one season. The complete calculations regarding the values stated in Table 18 are 
presented in  Appendix C: Practical amount of excess bagasse.  

 Parameters Value Unit 

Milled canes 𝑚! 187 400 t/season 

Practical amount of 
bagasse 

𝑚!,! 62 700 t/season 

Harvesting days 𝑁 125 Days/season 

Bagasse/cane-ratio 𝑥!/! 33 % 

Bagasse burnt in 
boiler 

𝑚!,!,!"#$ 51 200 t/season 

Practical amount of 
excess bagasse 

𝑚!,!,! 11 500 t/season 

Table 18: Results of the model for the practical amount of excess bagasse 
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6.2.1 Sensitivity analysis 

The results of the sensitivity analysis considering the investigated practical parameters including 
the practical amount of excess bagasse are presented in Table 19 below. The ranges in which the 
investigated parameters vary are stated in Table 19 and the calculations and variations considered 
are presented in its entireness in Appendix D: Sensitivity analysis for the practical amount of 
excess bagasse.  

 Investigated parameters Variation range (t/season) 

Bagasse burnt in boiler 𝑚!,!,!"#$ 50 500 – 51 900 

Practical amount of excess 
bagasse 

𝑚!,!,! 10 800 – 12 200 

Table 19: Result of the sensitivity analysis for the practical amount of excess bagasse 

6.2.2 Discussion 

The results from the numerical calculations as well as the results of the sensitivity analysis 
considering the model for the practical amount of excess bagasse are presented separately within 
this part.  

6.2.2.1  Results  o f  the model  

The prominence of the values presented in Table 18 is indubitably vast, as they constitute the 
foundation upon which the applicability of the excess bagasse can be evaluated. Yet the earlier 
discussed nominal values are of a vital character as they contribute with the sense of potential in 
terms of improvements possible regarding the matter of increasing the revenue from suggested 
application as a result of an increased amount of excess bagasse. Thus, when examining and 
discussing the results presented in Table 18 one must contemplate about that these values are of 
an actual character, which stresses the fact that they can be improved.  

The values in Table 18 in which the most definite prominence lies are incontestably the amount 
of bagasse being burnt in the boilers as well as the total amount of bagasse being produced. As 
seen in Table 18 the amount of bagasse being burnt in the boilers is indisputably of a remarkable 
extent. The indisputability can be exemplified by utilizing the nominal values as only 49,8% of the 
produced bagasse is burnt in the boilers within these frames. Thus, the validation of the 
conclusion that the 81,6% that represents the practical amount of bagasse being burnt is an 
unquestionably high value can be provided. The extent of the amount of bagasse being burnt in 
the boiler can primarily be explained by the fact that the matter of most vitality on Carlos 
Baliño’s behalf is the matter of prioritizing the sugar production, which in itself leads to that 
parameters like these are not valued. Henceforth the explanation lies in the fact that the strive for 
optimal sugar production processes affects parameters of importance when considering the 
residue as an asset. However, this is not solely the reason for why the 81,6% is reached. Equally 
important is the fact that the many production stops results in the boilers burning bagasse even 
when the factory is not producing sugar. This matter will be further explained and discussed in 
the Final discussion, in which the nominal amount of excess bagasse is compared with the 
practical amount of excess bagasse.  
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When considering the total amount of bagasse being produced the conclusion saying that this 
amount is of a rather high character can be validated by seeing that it constitutes approximately 
36% of the amount of milled canes. This value is remarkably high in comparison with the value 
considered normal (30%) (Bilba and Arséne, 2008). Although this is a substantially high value it is 
yet lower than the nominal value of 38%. Taking both this matter in consideration as well as the 
matter of how much bagasse that is being burnt one can indubitably stress the conclusion that 
the priorities at Carlos Baliño have not included investigation and tracking of bagasse, henceforth 
the value of excess bagasse have not been considered. This is however not in itself the conclusion 
of prominence within these frames; the conclusion of immense significance is the fact that the 
existence of potential in this matter is evident. Thus, the vast potential in increasing not only the 
amount of excess bagasse but also the awareness of its vitality speaks for a possibly successful 
development in terms of economical gain.  

6.2.2.2  Sensi t iv i ty  analys is  

The ranges in which the investigated parameters have varied are presented in Table 19. As seen in 
Table 19 the investigated parameters are of a relatively stable character and the variable of the 
most immense affectedness is logically the amount of canes milled. Even though the sensitivity 
analysis implies parameters of significant steadiness the matter of carrying out an evaluation 
within these frames are of proper significance.  

Seeing that the variation ranges of the investigated parameters and furthermore the effective or 
non-effective variables have been not solely minor but also uniform the past four seasons, the 
existence of certain trends is apparent. One trend of significance is the fact the earlier discussed 
matter of seeing potential of improvements considering the amount of bagasse being burnt in the 
boilers is further validated. However, the trend of interest in within these particular frames is the 
one considering the sold bagasse. As a matter of fact not only the amount of excess bagasse has 
been steady considering the past four years but also the amount of sold bagasse and moreover 
the amount bagasse being stored has been of steady quantities. The fact that not even half of the 
bagasse have been vended implies that discussions about different applications of the excess 
bagasse is of immense importance. This will therefore be a central part of the evaluation of 
different applications presented in both ”Application analysis of excess bagasse” and “Final 
discussion”. 
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6.3 Application analysis of excess bagasse 

The result considering the economical calculations made for the applications in which bagasse is 
sold as a raw material is presented in Table 20 below. The value stated in Table 20 is based on the 
previous presented average practical amount of bagasse provided in one season. The calculations 
considering the result presented in Table 20 is given it its whole in Appendix E.  

 Parameter Value Unit 

Revenues from 
bagasse sold as raw 
material 

𝑅!,!"#$%! 92 000 $/year 

Table 20: Result considering the applications in which bagasse is sold a raw material 

The results considering the economical calculations carried out in order to evaluate the 
application in which Carlos Baliño would produce and sell pellets are presented in Table 21 
below. The calculations carried out in order to reach presented results are partly based on 
previous presented results; furthermore calculations and results concerning Table 21 are 
presented in its entireness in Appendix G: Economical calculations of pelletizing.   

As seen in Table 21 the cost of capital is positive, consequently the pellet plant investment is 
profitable and the total profit considering the utilization period of 15 years is 3 356 000 $. The 
breakeven investment cost has been determined to 4 663 000 $. 

 Parameter Value Unit 

Cost of capital 𝐶!"#$%"& 3 356 000 $ 

Mass of pellets 𝑚! 7 300 t/year 

Revenues from sold 
pellets 

𝑅!"#$%! 1 068 000 $/year 

Operation and label 
costs 𝐶!"#!$% 363 000 $/season 

Electricity 
consumption 𝐸!"#! 165 kWh/t 

Present value factor 𝑃𝑉 6,62  

Total investment 
cost 𝐼!"! 1 308 000 $ 

Breakeven 
investment cost 𝐼!"#$%#&#' 4 663 000 $ 

Table 21: Results of the economical calculations considering pelletizing 
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6.3.1 Sensitivity analysis 

The result of the sensitivity analysis considering bagasse sold as raw material is presented in Table 
22 below, in which the variation range of revenues from sold bagasse is stated. The complete 
calculations and the variations of the revenues are given in Appendix F: Sensitivity analysis of 
selling bagasse as raw material. 

 Investigated parameters Variation range ($/year) 

Revenues from bagasse 
sold as raw material 

𝑅!,!"#$%! 69 600 – 295 600 

Table 22: Results of the sensitivity analysis considering bagasse sold as raw material 

The results of the sensitivity analysis considering the application in which Carlos Baliño would 
invest in a pellet plant are presented in Table 23 below. The calculations and variations of 
investigated parameters are presented in its entireness in Appendix H: Sensitivity analysis of 
pelletizing. Previous presented results needed in order to provide the variation ranges presented 
in Table 23 are the minimum practical amount of excess bagasse as well as the nominal amount 
of excess bagasse. However utilizing the full nominal amount is only theoretical, as some excess 
bagasse needs to be kept as a backup. These values contribute to the lower and higher values of 
the investigated parameters, respectively.  

 

 Investigated parameters Variation range ($) 

Cost of capital 𝐶!"#$%"& 3 217 000 – 15 328 000 

Breakeven investment cost 𝐼!"#$%#&#' 1 346 000 – 14 020 000 

Table 23: Results of the sensitivity analysis considering the pellet plant investment 

6.3.2 Discussion 

The results from the economical calculations as well as the results of the sensitivity analysis 
considering the model for analyzing the various examined applications of excess bagasse are 
presented separately within this part.  

6.3.2.1  Results  o f  the model  

In order to suggest a suitable application of the excess bagasse at Carlos Baliño the results of this 
model need to be thoroughly evaluated and discussed. The results of most vitality with purpose 
of doing so are the yearly revenue achieved by vending bagasse as raw material, presented in 
Table 20, as well as the cost of capital and breakeven investment considering the matter of 
vending pellets, presented in Table 21. In accordance with these two tables profitability can be 
achieved by making movements within the frames of various applications of excess bagasse 
henceforth the excess bagasse can be considered an asset of important value. The revenue 
generated from vending bagasse as a raw material depends solely on the amount of excess 
bagasse being provided as well as the price of bagasse. Therefore the previous evaluations of the 
nominal and the practical amount of excess bagasse constitute a fundamental basis upon which 
the potential within this applicability can develop.  
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Furthermore the price of the bagasse vended as raw material is based upon the assumption that 8 
CUP/t and 8 CUC/t are of equal value. However, the affectedness on the result considering this 
assumption is of an immense extent and moreover highly discussable considering Carlos Baliño 
in particular. Although the excess bagasse would cost 8 CUC/t for any potential buyer whose 
business is based on CUC, this cannot be considered to be the matter of commonness in Cuba. 
The explanation lies in that the bagasse has a bulky density and transportation over longer 
distances is therefore highly problematic. The validation of this statement consists in the fact that 
Carlos Baliño only vend bagasse to domestic buyers situated nearby the factory, hence the 
bagasse is in reality sold to a price of 8 CUP/t. However, the difference in terms of results that 
neglecting the utilized assumption would cause is not the matter of most prominence within 
these frames. The vitality of this analysis conclusively consists of the revelation stating that the 
market consisting of buyers are not prepared to pay more. Additionally, considering the historical 
data collected at Carlos Baliño the factory are not able to vend more than half of their excess 
bagasse to a price of 8 CUP/t.  

The pellets market is evidentially of another character, which extensively can be described by an 
established demand of relatively high stability providing beneficial circumstances in terms of 
innocuous investments. Additionally the matter of transporting differs immensely from 
transporting bagasse as pellets have a more advantageous density. Explicitly phrased the matter 
of investing in a pellet plant to moreover produce and vend pellets would for Carlos Baliño mean 
both a higher revenue and persistent security. This conclusion is comprehensively validated by 
the graphical illustration of this matter presented in Figure 18. Plausibly the initial investment 
cost considering a pellet plant will affect the initial revenue gained from vending pellets in 
comparison with the proportional matter of vending the excess bagasse for various purposes. 
However, after merely four years the breakeven point between revenues gained from selling 
pellets and revenues gained from selling pure excess bagasse is found. Furthermore the 
unquestionable interest lies in the increasing revenue gained from selling pellets, as seen Figure 17 
the total revenue gained from selling pellets would over 15 years be twice the revenue gained if 
bagasse were to be sold.  

 
Figure 18: Comparison of total revenue from pellet vs. Bagasse as raw material 
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When examining Figure 18 it is indubitably relevant to also overlook the parameters causing this 
result, these are presented Table 21. When doing so one can draw the conclusion that as the 
breakeven investment cost is greater than the considered initial investment cost, the initial 
investment could have been greater. Thus, an increased initial investment can be carried out 
without exposing Carlos Baliño for economical losses. However, the investment costs considered 
in the calculations considers equipment that can produce 3t/hour and moreover approximately 
24 000 t/year. Seeing that Carlos Baliño can produce 7 300 ton of pellets in one year in 
accordance with Table 21, extensively increasing the initial investment cost is not of any 
prominence. Conversely, knowing that the nominal amount of excess bagasse would enable 
approximately 23 000 ton of pellets being produced per year the matter of discussing the pellet 
plant capacity becomes more vital. The importance within these frames lies within the 
circumstance that as Carlos Baliño solely operates in average 125 days per year the processes in 
the pellet production that depends on the factory operating would have to be planned for. This is 
a matter of concern as the production rate of the considered pellet plant is 3t/hour. For example 
if 23 000 ton of pellets were to be produced, Carlos Baliño would evidently have to operate the 
pellet plant during the whole year and not only during the sugar production seasons. The process 
of concern in the pellet production, which thus depends on the operation of the sugar mill, is the 
drying process. This is the case as exhaust gases from the boilers are considered to be utilized as 
heat source in the matter of drying the excess bagasse. However, the solution in its simplicity lies 
in that the total amount of excess bagasse can be dried during the sugar production season and 
then stored with the purpose of enabling a greater amount pellets being produced.  

 

6.3.2.2  Sensi t iv i ty  analys is  

Examining the sensitivity of the various applications of excess bagasse considering the 
economical aspects in particular is of immense importance as both economical potential and risk 
will be taken into consideration by doing so. However, the matter of selling bagasse as raw 
material depends solely on the price of bagasse and the amount of excess bagasse being 
produced. Both these parameters have previously been discussed and conclusions have been 
drawn stating that selling pellets is a matter of higher profitability primarily because of the low 
price of bagasse, which in itself reflects a low demand. Therefore, the occurrence of further 
evaluation considering Table 22 is not any more prominence than solely stating that revenues 
from sold bagasse varies depending on price and amount of bagasse although the range is not 
utterly representative for Carlos Baliño as they exclusively sell bagasse to domestic buyers whose 
businesses are based on CUP.  

Consequently, the revenue gained from selling pellets is also immensely affected by the amount 
of excess bagasse being provided hence the potential constituted by the nominal amount is vastly 
imperative in terms of the economical aspects. The ranges of which the cost of capital and the 
breakeven investment cost vary are presented in Table 23. The prominence of the amount of 
excess bagasse within these frames is furthermore graphically described in Figure 19 below. 
Figure 19 is thus illustrating the vast economical potential described by the difference in cost of 
capital considering the practical amount and the nominal amount of excess bagasse at Carlos 
Baliño. Accordingly, the amount of excess bagasse majorly affects the ranges stated in Table 23.  
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Figure 19: Cost of capital of pelletizing depending on amount of excess bagasse 

The affectedness of differences in pellet price is plausibly great as seen in Figure 20 below. 
Considering this sensitivity is consequently of high vitality as the pellet price difference is 
equitably large between various geographical areas as seen in Appendix H. Although this is the 
fact, the price in each geographical area has been held relatively steady, which once again 
irrefutably argues the security of the pellets market. However, the aspect of prodigious 
attentiveness is the consideration of the breakeven point between cost of capital and pellets price 
in Figure 20. With everything else equal the investment would still be profitable if Carlos Baliño 
were to sell pellets to a price higher than approximately 81 $/ton.    

 
Figure 20: How cost of capital changes with different pellet prices 
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6.4 Final discussion  

The contemplations about economical aspects of pelletizing utterly stress the fact that the implied 
potential generated by overlooking both a practical amount and a nominal amount of excess 
bagasse is of great value when considering the profitability of this very application. In accordance 
with the aims of this study the suggested application of excess bagasse is determined by not only 
modeling the practical and nominal values but also economically analyze the applications 
considering the fact that this is enabled by constituting a foundation upon which this can be 
done. Henceforth the reason of difference between the practical and the nominal amount of 
excess bagasse is a core element of enabling an even more prosperous investment, considering 
the pelletizing.  

The difference between the nominal and the practical amount of excess bagasse is graphically 
described in Figure 21 and constitutes the basis upon which the potential in the pellet plant 
investment can be determined. Once again the fact that Carlos Baliño stops and starts the boilers 
as a result of numerous production stops causes the matter of immense amounts of excess 
bagasse being utilized inefficiently. However as the excess bagasse in similarity with many older 
studies have been seen as merely a disposal problem the difference between the amounts seen in 
Figure 21 has not been a matter of importance nor interest.  

 
Figure 21: Nominal vs. Practical amount of excess bagasse 
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higher than of the Brazilian pellets. Although this is not considered in the economical evaluation, 
this matter is of high prominence and moreover secures the investment to a greater extent than 
previously stated within the discussion parts.  

The aspects of low ash content in pellets provided by Carlos Baliño is of an even more 
prominent character as the signs of cooperation between the Cuban government and the 
American government have been indisputable since December 2014. The prominence is 
constituted by the aspect of USA being an immensely important trading partner. The matter of 
strengthen the possibilities of profitable exportation of pellets will also be affected by the change 
of the current two currency system. In the near future this will indubitably be the case, which will 
moreover result in a universal currency making foreign investments in Cuba more profitable as 
well as strengthen Cuba’s global relationships.  

When taking this evident matter into consideration it also of value to evaluate the possible 
consequences it will have on the discount rate. Thus, one important matter is constituted by the 
present value factor and furthermore the variables causing the result of the present value factor. 
The discount rate in the economical calculations is assumed to be 15%. If the financing policy 
and the currency system in Cuba were to enable more profitable investments for foreigners and 
moreover positively affect the exportation and importation, the discount rate in Cuba could 
potentially be decreased as a result of a stabilized economy. As the utilization period in the 
economical calculations is assumed to be 15 years, this change could most possibly be of 
relevance for the cost of capital considering the pellet plant investment. Thus, a decreased 
discount rate caused be the previously stated reason would generate an increased cost of capital, 
hence the security of the pellet plant investment is conceivably higher than the results of this 
study shows.   
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7 Conclusion and future work 

Conclusions and future work are presented separately within this part. 

7.1 Conclusions 

• The seasonal nominal amount of excess bagasse has been calculated to 37 000 t/season 
based on present utilized equipment as well as the present circumstances at Carlos Baliño. 
This amount of excess bagasse most certainly implies the importance that is constituted 
by the excess bagasse. Thus, the conclusion is that the excess bagasse if of a significant 
amount and should therefore not be considered as waste but as a valuable asset for Carlos 
Baliño. 

 
• The seasonal practical amount of excess bagasse has been determined to 11 500 t/season 

considering the historical data collected from Carlos Baliño. The vast difference between 
the nominal and the practical amount of excess bagasse constitutes the basis upon which 
following conclusion can be drawn; a great amount of excess bagasse is wasted due to 
inefficient usage of bagasse combined with numerous production stops. 

 

• The applications of the excess bagasse at Carlos Baliño have been compared and a 
suitable application for Carlos Baliño has been determined. The suggested application for 
the excess bagasse is pelletizing. The suggestion is based on the fact that required 
technology to pelletize bagasse is accessible, the present market is stable as well as 
developed and the Cuban bagasse pellets shows competitive advantages due to its low ash 
content. Even though the economical calculations regarding the pellet plant investment 
have been based on a modest scenario it is profitable. The conclusion is that Carlos 
Baliño should invest in a pellet plant with a capacity of 23 000 ton of pellets/year.  

 

• The practical amount of excess bagasse generates a production of 7 300 ton of 
pellets/year. This value is used in the economical calculations and generates a cost of 
capital of 3 356 000 $ and breakeven investment cost of 4 663 000 $. Considering the 
previously stated difference between the nominal and the practical amount of excess 
bagasse Carlos Baliño has a great potential in increasing the amount of pellets produced 
as well as the financial gain.   
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7.2 Future work 

The conclusions of this study do not only imply a considerable profitability regarding the matter 
of Carlos Baliño producing and selling pellets but also a vast possibility to increase the revenues 
by attempting to achieve the nominal amount of excess bagasse. Further work should therefore 
focus upon optimizing the processes and values that, in the sensitivity analysis presented in this 
report, have an affectedness of significant character, considering the amount of excess bagasse 
being produced.  

As the steam generation index as well as the steam consumption index greatly affects the amount 
of excess bagasse being produced, the matter of investigating different boilers in order to 
maximize the amount of excess bagasse should be a central part of future work. However, the 
boiler efficiencies do not solely constitute the optimization study needed to achieve the potential 
stated in this report, also the frequent production stops should be thoroughly investigated. This is 
of immense vitality as these stops cause significant losses of excess bagasse, as vast amounts of 
bagasse are required to start the boilers after each stop. Evidently, not only the amount of excess 
bagasse and moreover the pellet production is affected destructively by the production stops. By 
further examining the unplanned production stops, the stability of the pellet production and also 
the sugar production can be prominently increased; hence the financial gain would be vaster.   

Optimization in terms of technical improvements is not solely the method from which the 
financial gain can be increased. As presented in this report, the amount of excess bagasse being 
produced heavily depends on the fibre content of the milled canes. As a higher fibre content and 
moreover a greater amount of excess bagasse is achieved by harvesting canes of higher age, the 
profitability considering both sugar and pellets production can be increased by optimizing the 
milling of high fibre content canes. Thus, further work should include a meticulously designed 
model, which purpose is to constantly provide Carlos Baliño with a harvesting strategy 
considering primarily the age of the canes and the sugar price. This type of model could allow 
Carlos Baliño to produce and sell more pellets when the sugar price is low and similarly sell sugar 
to the most profitable price.   

Conclusively stated, future work should suggestively focus upon improving the circumstances in 
which Carlos Baliño will produce and sell pellets in order to moreover enlarging the 
commercialisation scale of Cuban bagasse pellets. This report states the potential and the 
possibilities within the investigated market and can furthermore constitute the foundation upon 
which future studies regarding possible optimizations within these frames can be carried out.  
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Appendix A: Nominal amount of excess bagasse 

  

Calculations 
Parameter Value Equation 

m_(p,j) 22 437,13 t 𝑚!,!,!"#!$% = 𝑚! ∙ (𝑥!",! ∙ 𝑝!) 

m_(p,c) 29 686,36 t 𝑚�,!,!"#!$% = 𝑚! ∙ 𝑥!,! 

η_(mill) 75,58 % 𝜂!"## =
𝑚!,!,!"#!$%

𝑚!,!,!"#!$%
 

m_(b) 590,09 t 𝑚! =
𝑥!,! ∙𝑚! +

(1− 𝜂!"##)(𝑥!,! ∙𝑚!)
𝑝!

1− 𝑥!,!
 

m_(n,b) 73 613,97 t 𝑚!,! = 𝑚! ∙ 𝑡!"#!$% 

C_(s) 84 328,01 t 𝐶! = 𝑚! ∙ 𝑥!,! 

m_(n,b,boil) 36 664,35 t 𝑚!,!,!"#$ =
𝐶!
𝑥!,!

 

m_(n,e,b) 36 949,62 t 𝑚!,!,! = 𝑚! −𝑚!,!"#$ 
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Appendix B: Sensitivity analysis for the nominal amount of excess bagasse 
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 Appendix C: Practical amount of excess bagasse   

Calculations 
Parameter Value Equation 

m_(c) 187 395,57 t 𝑚!,! = 𝑚!,!

!

!!!

4 

m_(p,b) 62 707,48 t 𝑚!,! = 𝑚!,!,!

!

!!!

4 

N 124,75 days 𝑁 = 𝑁!

!

!!!

4 

m_(b,s) 7 005,22 t 𝑚!,! = 𝑚!,!,!

!

!!!

4 

m_(b,Outstored) 3 989,92 t 𝑚!,!"#$#%&'( = 𝑚!,!"#$#%&'(,!

!

!!!

4 

m_(b,comp) 253,75 t 𝑚!,!"#$ = 𝑚!,!"#$,!

!

!!!

4 

m_(b,Instored) 300 t 𝑚!,�!"#$%&' = 𝑚!,!"#$%&'(,!

!

!!!

4 

m_(p,b,boil) 51 158,59 t 
𝑚!,!,!"#$ = 𝑚!,! −   𝑚!,! −   𝑚!,!"#$#%&'( −   𝑚!,!"#$!"#$

−𝑚!,!"#$ 

m_(p,e,b) 11 548,89 t 𝑚!,!,! =   𝑚!,!"#$#%&'( +   𝑚!,!"#$%&'( +𝑚!,!"#$ +𝑚!,!"#$ 
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Appendix D: Sensitivity analysis for the practical amount of excess bagasse 
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Appendix E: Bagasse sold as raw material 

 

Calculations 
Parameter Value Equation 
R_(b,yearly) 92 391,12 $ 𝑅!,!"#$%! = 𝑚!,! ∙ 𝑃! 
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Appendix F: Sensitivity analysis of selling bagasse as raw material 
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Appendix G: Economical calculations of pelletizing 

 

Calculations 
Parameter Value Equation 
R_(yearly) 1 067 912,55 $ 𝑅!"#$%! = 𝑚! ∙ 𝑃! 

C_(season) 363 105,82 $ 𝐶!"#!$% = 𝑊 ∙ 𝑆 ∙ 𝑁 + (𝐸!"#! ∙ 𝑃!) 

PV 5,85 𝑃𝑉 =
1− (1+ 𝑟)!!

𝑟  

I_(breakeven) 4 121 265,76 $ 𝐼!"#$%#&#' = (𝑅!"#$%! − 𝐶!"�!"#) ∙ 𝑃𝑉 

C_(capital) 2 813 488,76 $ 𝐶!"#$%"& = 𝑅!"#$%! − 𝐶!"#!$% ∙ 𝑃𝑉 − 𝐼!"! 
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Appendix H: Sensitivity analysis of pelletizing 

 


