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ABSTRACT 

One of the problems facing the world today is the fact that the fossil fuels reserves are 

declining and as a result petrol and diesel costs have increased. For the past century fossil 

fuels have been the primary fuel source for most countries around the world and this has 

resulted in an impact on the environment. All these issues have resulted in attention being 

given to the use of biomass (e.g. sugarcane trash) as a sustainable and environmentally 

friendly source of renewable energy. 

The aim of this document is to review literature pertaining to sugarcane trash recovery from 

the field, and its transport to the mill. There are many methods of trash recovery available 

which include harvesting the sugarcane and transporting the sugarcane and trash to the mill, 

where it is separated. Alternatively, the sugarcane and trash can also be separated infield, and 

the trash can be recovered in a postharvest operation. There are methods available which 

increase the bulk density of the trash and thus decrease transport costs from the field to the 

mill. 

In South Africa, the majority of the sugar industry harvests burnt sugarcane by hand, with 

large areas under sugarcane not suitable for mechanical harvesting. Thus, innovative trash 

recovery systems need to be developed to accommodate the manual harvesting of sugarcane. 

Current trash recovery methods, and potential methods which are still under development, are 

reviewed in this document. The economics of each method are discussed and the trash 

recovery methods which are deemed to be applicable under South African conditions are 

highlighted. 

In this document, dead or brown sugarcane leaves found on a sugarcane stalk constitute 

sugarcane trash, whilst bagasse is the pulp residue left after the juice has been extracted from 

the sugarcane stalks. Sugarcane residue refers to the brown and green sugarcane leaves and 

pieces of sugarcane stalk which are left in the field after harvesting the sugarcane green. Tops 

are the green sugarcane leaves and some pieces of sugarcane stalk which are left in the field 

after burning. 

A project proposal is included with a literature review contextualising the proposed 

objectives and methodology of the study.  
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1. INTRODUCTION 

As countries around the world search for sustainable and eco-friendly fuel sources, the use of 

biomass as a feedstock for energy production is receiving widespread attention. This interest 

in biomass has resulted in frequent use of the term ‘cogeneration’, which is the process by 

which both thermal energy (steam) and electrical power are produced (Hofsetz and Silva, 

2012). Cogeneration is especially relevant to the sugarcane industry as sugarcane trash and 

bagasse can be used in sugar mills for steam generation, which is predominantly used to 

generate electricity  (Mbohwa and Fukuda, 2003). 

The harvesting operation is currently the one aspect of sugarcane production which continues 

to be the least advanced. In South Africa up to 90 % of the sugarcane is burned before 

harvesting to allow for easier manual harvesting (Meyer, 2005). However, harvesting of 

green sugarcane is being promoted as a consequence of environmental pressure, legislation 

and availability of improved harvesting systems. In the past sugarcane trash has not been seen 

as an energy source and thus not as a potential source of income. However, with the change 

to green cane harvesting, this view is changing (Braunbeck et al., 1999). The sugar industry 

is unique because it supplies a localised and rich source of biomass fibre which can be 

utilised to produce electricity and biofuel (Meyer et al., 2012). This biomass fibre which 

consists of bagasse and dead sugarcane leaves, which are commonly referred to as sugarcane 

trash, can be considered as a source of renewable energy with the potential to replace or 

supplement energy from fossil fuels and has significant potential in the generation of 

electricity.  

Energy recovery from sugarcane trash could provide a useful source of revenue. The 

challenge is how to use the sugarcane biomass to produce energy in an efficient way which is 

cost competitive. This is essential if green cane harvesting is to become viable and to be 

implemented. In addition, the adoption of green cane harvesting will contribute to both the 

economic and environmental sustainability of the sugarcane industry (Braunbeck et al., 

1999). 

Although sugarcane trash can be used as a source of energy, it is not recommended to remove 

all the trash from a field after harvesting as it is desirable to leave a trash, or residue, blanket 

for agronomic reasons (Braunbeck et al., 1999). 
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In Brazil approximately 70 % of the sugarcane is harvested green (no burning) with the mills 

not only being able to produce enough electricity to fulfil their power requirements, but also 

being about to produce surplus electricity which can then be sold to the national grid (Fortes 

et al., 2012). There have been comprehensive studies conducted in Australia into methods of 

improving sugarcane trash bulk density, however these studies found that further 

improvement of these methods is required before they can be considered economically 

feasible (SRDC, 2011). The reason why trash recovery can be practiced throughout Brazil is 

because the government provided growers with financial incentive by setting in place the 

Brazilian Program of Incentives for Alternative Sources of Electrical Power (Hofsetz and 

Silva, 2012). 

There have been studies conducted in South Africa which have investigated the use of 

sugarcane trash as an energy source. A few factors separate the South African sugar industry 

from other sugarcane growing countries. Sugarcane in South Africa is predominantly 

manually cut, which rules out the option of trash collection in conjunction with a chopper 

harvester (Meyer, 2005). The average sugarcane yields in South Africa are less than in other 

sugarcane growing countries, and this will affect the amount of trash available and thus the 

economics of collecting the trash (Langton, 2013). If the South African government were to 

give subsidies to sugarcane growers who practice trash recovery, then trash recovery may be 

a viable option, but at present the government does not, which has resulted in very few 

farmers attempting to recover trash in South Africa.  

The objectives of this document are to: (i) review methods of trash recovery and assess which 

are potentially applicable in South Africa, (ii) investigate methods of on-farm processing 

which increase density of biomass for transport, (iii) review economics of different trash 

recovery systems and, (iv) outline a brief project proposal to investigate the cost of trash 

recovery in South Africa. 

Chapter 2 contains a background to the sugar industry in South Africa and Chapter 3 includes 

discussion on green cane harvesting and the potential for trash use as a fuel source. A critical 

discussion of different trash recovery systems is included in Chapter 4 while Chapter 5 

contains a review of processes which can be used to increase the energy density of the trash. 

The economics of the different trash recovery systems is contained in Chapter 6. A discussion 

of the literature reviewed as well as any conclusions made will be included in Chapter 7, 

whilst a project proposal will be presented in Chapter 8. 
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2. BACKGROUND TO SUGAR PRODUCTION 

There are approximately 29 130 sugarcane growers who are registered in South Africa at 

present. These growers produce an annual average of 19.9 million tons of sugarcane in 14 

mill supply areas. These areas extend from the Mpumalanga Lowveld down to Northern 

Pondoland in the Eastern Cape (Anon, 2012).  

Of the registered growers in South Africa, 27 580 are small-scale growers who produced 8.1 

% of the total sugarcane crop, and approximately 1 550 are large-scale growers who 

produced 84.7 % of total sugarcane crop in 2012. The remaining 7.2 % was produced by 

milling companies with their own sugar estates. Of the 1 550 large-scale growers, there are 

378 emerging black farmers (Anon, 2012). Since the start of the 1990’s there has been a 

declining trend in the sugarcane labour force, but in recent years this trend has stabilised at 

approximately 70 000 workers (Growers, 2011).   

Sugarcane has been grown in South Africa since 1847 and during that period manual 

harvesting has dominated the industry. Depending on the climatic and soil conditions of the 

area, the average sugarcane crop cycle varies between 12 and 24 months. It is generally found 

that the sugarcane grown in coastal areas is harvested every 12 months whilst inland areas 

have a crop cycle of approximately 24 months (Langton, 2013). In a survey conducted in 

2003, it was shown that 97 % of sugarcane in South Africa was manually cut and that over 90 

% was burnt before harvesting (Meyer, 2005). The harvesting season in South Africa is 

between April and December. The total sugarcane and sugar produced in the 2010/2011 

season was 16 015 649 tons and 1 909 236 tons respectively. When compared to the total 

sugarcane and sugar produced in the 2000/2001 season, 23 876 162 tons and 2 721 562 tons, 

it is evident that the total production has decreased over the last decade (Anon, 2012). 

According to Watson (2011) the average sugarcane yield in South Africa is 63 ton.ha
-1

, whilst 

according to Langton (2013) it is in the region of 53 ton.ha
-1

. This is quite a low yield per 

hectare, especially when compared to the yields obtained in other countries like Brazil, which 

have an average yield of 140 ton.ha
-1

, and Tanzania which has an average of 110 ton.ha
-1 

(Paes and de Oliveira, 2005; Watson, 2011).  
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Currently pre-harvest burning of sugarcane is a very common practice because it simplifies 

the harvesting process by removing most of the sugarcane trash. This burning can have 

negative effects, one of these is the loss of available nutrients to the soil. The regrowth of the 

sugarcane can also be affected when the sugarcane stubble is damaged by the heat of the 

burning trash. Earthworms and beneficial soil microorganisms are also affected negatively 

when burning occurs (Prabhakar et al., 2010). It has been found that up to 90 % of the brown 

leaves is removed when burning occurs (Beeharry, 1996). 

Increasing attention is being given to the utilisation of sugarcane trash as a source of energy. 

The percentage that trash constitutes of the total sugarcane plant biomass varies considerably, 

and depends on the sugarcane variety and age, the climate and the soil. In South Africa, the 

dry trash percentage of the sugarcane plant varies between 20 % and 35 %, in Columbia 

between 10 % to 40 %, in Cuba approximately 30.5 % and 14 % in Brazil (Romero et al., 

2009). Other studies have found trash levels average at approximately 40 % (Prabhakar et al., 

2010) and 20 % (Beeharry, 1996). As there is great variation in the dry trash percentage, 

three studies found that a good estimate of percentage dry trash is 14%, which relates to 140 

kg.ton
-1

 (de Carvalho Macedo et al., 2001; Hassuani et al., 2005; Dias et al., 2011). 

Sugarcane trash can contain between 28 % and 50 % of the total energy stored as cellulosic 

fibres in sugarcane (Deepchand, 1989; Beeharry, 2001; Prabhakar et al., 2010). This justifies 

the need for systematic research to identify the most efficient method of utilizing this 

renewable source of energy. Appropriate trash collection mechanisms as well as attractive 

markets will help make the sugarcane industry more self-sustainable and more profitable. 

A number of factors govern how much trash can be potentially recovered from the field. 

These factors include: sugarcane variety, climate, stage of cut, location of the field and 

harvesting period. It has been found in some cases that it is actually advisable to completely 

remove the trash from the field (Marchi et al., 2005). Green cane harvesting is a pre-requisite 

to enable sugarcane trash recovery, however, green cane harvesting has been seen as a 

hindrance to the harvesting operation as it has a slower rate of harvesting when compared to 

burnt cane harvesting. This view has changed as trash is now seen as a possible renewable 

source of energy. Green cane harvesting is discussed in the following chapter.  
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3. GREEN CANE HARVESTING 

Sugarcane harvesting and processing is currently going through many technological 

advances. The implementation of these new systems has a direct influence on the soil’s 

physical and biological properties. When sugarcane is burnt, the nutrients which it has 

removed from the soil during the growth stage are lost and will never be returned to the soil. 

It is because of this that the soil structure has become compromised in many sugarcane fields. 

Burning before harvesting promotes increased surface runoff, decreased water infiltration and 

very little protection of soil biota. This results in soil erosion becoming a common occurrence 

in sugarcane fields and consequently, crop yields decline (Blair, 2000). This is one of the 

reasons for green cane harvesting currently receiving widespread attention internationally. 

In Brazil, the reasons for preventing the burning of sugarcane before harvesting is both the 

environmental concern and also legislation. When sugarcane is burnt carbon monoxide (CO) 

and particulate matter is released which can have an adverse effect on human health as well 

as causing damage to the environment. One of the main human illnesses which occurs is 

respiratory illness, which can be aggravated by breathing in the sugarcane smoke (Braunbeck 

et al., 1999). Not only does the burning of sugarcane have a negative environmental effect, 

but it also results in a lower sugar yield because of the increased deterioration rate of the 

sugarcane during the harvest to crush delay (Braunbeck et al., 1999). 

The presence of green cane residue in the field is likely to result in agronomic benefits such 

as improved moisture retention, reduced weed growth and enhanced soil nutrient balance 

(Braunbeck et al., 1999). The residues will provide soil surface protection from erosion, 

reduced soil temperature variations, increased water infiltration and increased biological 

activity (Marchi et al., 2005). The trash which is left on the soil surface also has the potential 

to increase the carbon (C) concentrations and thus improve the structure of the soil (Blair, 

2000). 

Although there are significant advantages to having a trash blanket in sugarcane fields, there 

are some potential drawbacks. Many of these drawbacks can be associated with the 

maintenance of the trash blanket. For example: the trash blanket poses a fire hazard, 

mechanical cultivation becomes difficult when there is a trash blanket, the ratooning of the 

sugarcane can be delayed and the pest population could increase because they have the safe 

environment of the trash blanket to thrive under (Marchi et al., 2005). By taking these factors 
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into account, it can be argued that by using trash as a fuel it is a way of reducing agronomic 

costs (Hassuani et al., 2005). It is therefore very important to conduct technical and economic 

viability analyses before any trash is removed. This analysis should take into account the loss 

of the trash-herbicide effect among other considerations. It has been found that if less than 

7.5 ton.ha
-1

 of trash is left in field, then the field will require the use of chemical and physical 

weed control. It is therefore important to keep the trash level above 7.5 ton.ha
-1

 (Marchi et 

al., 2005). 

Marchi et al (2005) set out a number of guidelines to indicate: (i) when trash should be 

removed, (ii) when it can be removed but only after analysis and, (iii) when it can be partially 

removed. They stipulate that trash should only be removed when the sugarcane fields are near 

inhabited areas or in areas where there is a high lightning risk because of fire, before 

replanting in fields infested with soil pests and also in areas which are very humid and cold. 

The guidelines stipulate that the trash can be removed, but only after localised analysis has 

taken place, which includes an assessment if the variety of sugarcane has delayed ratooning 

in the presence of the trash, if the harvested areas have a high incidence of sugarcane pests or 

before replanting if the planting equipment has difficulty planting through the trash blanket. 

The trash should only be partially removed while trying to maintain the minimum trash 

blanket of 7.5 ton.ha
-1

, or in fields where a large trash blanket reduces the crop yield (Marchi 

et al., 2005). 

Many studies have shown that green cane harvesting is a much more environmentally 

friendly harvesting technique compared to burnt cane harvesting (Braunbeck et al., 1999; 

Blair, 2000; Marchi et al., 2005). Moreover, if the practice is conducted in the right manner it 

can be more profitable than burning the sugarcane before harvesting, especially if the 

sugarcane trash is used profitably. A study by Norris (2008) found that trash can increase 

gross returns per hectare by 10-15 %. 

There are many trash recovery routes which could be implemented, and these are discussed in 

the following chapter. 
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4. TRASH RECOVERY SYSTEMS 

As with other forms of biomass, a problem with sugarcane trash is the fact that it has a very 

low bulk density which results in both high recovery and transport costs (Hassuani et al., 

2005). Therefore, trash recovery systems need to focus on improving both the recovery and 

transport efficiency. A good place to start is to increase the bulk density of the trash. Figure 

4.1 shows how transport costs can be greatly reduced by increasing the bulk density. These 

savings are savings alone and do not include any costs (SRDC, 2011). One important factor 

to consider is the amount of time the trash is allowed to dry in the field. This time can have a 

very large effect on the energy content of the trash. Research has found that the energy 

content of sugarcane residues at the time of harvest is about 234 GJ.ha
-1

. If it is allowed to 

dry to 25 % moisture content, the energy content becomes 265 GJ.ha
-1

 (Norris, 2008).  

 

Figure 4.1 Transport savings (R.ton
-1

 of sugarcane) from increase in bulk density (AUD $ 1 

= R 9.42) (after SRDC, 2011) 

There are many trash recovery methods available. These include: baling, forage harvesting, 

sugarcane and trash harvesting together, and also the trash can be collected directly from the 

sugarcane harvester (Hassuani et al., 2005). Under the post-harvest in-field trash collection 

scenario, there are a number of factors which govern how economical the recovery process 

will be. These include: the harvesting and loading technique which is used to recover the 

trash, the topography and rockiness of the field, and also environmental concerns about 

whether the soil will degrade if the trash is removed (Beeharry, 2001). The amount of trash 

which will be collected will be defined by the sugarcane harvesting cleaning efficiency and 
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the trash recovery efficiency (Hassuani et al., 2005). There are two fully mechanised 

sugarcane harvesting technologies available today. These are the whole stalk harvester 

system and the chopped sugarcane system, also known as a chopper harvester (Braunbeck et 

al., 1999). 

Much research has been conducted on trash recovery systems and it has been found that there 

are five main routes that can be followed for harvesting sugarcane and for removing and 

collecting trash (Marchi et al., 2005). These routes are labelled as Route A, Route B, Route 

C, Route D and Route E, as shown in Figure 4.2. 

 

Figure 4.2 Selected routes for sugarcane harvesting with trash recovery (de Carvalho 

Macedo et al., 2001) 

4.1 Whole Stick Harvesting 

Whole stick harvesting has been the prominent method of harvesting since sugarcane 

cultivation began. It can be done either manually or mechanically, although mechanical 

whole stick harvesters are currently rarely used. Research has found that the manual 

harvesting capacity is between 4 and 7 ton.man
-1

.day
-1

, whilst mechanical harvesting has a 
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potential capacity in the region of 750 ton.machine
-1

.day
-1

 (Marchi et al., 2005). Routes A 

and B are two routes which can be used in order to remove the trash from the sugarcane when 

whole stick green cane harvesting is practiced. 

4.1.1 Route A - Sugarcane and trash separated at mill 

Route A consists of the sugarcane being cut, either by a harvester or manually and placed in 

windrows on the ground. The sugarcane is then transported to the edge of the field by a 

loader transporter, from there a conventional grab-loader loads the sugarcane into trucks. The 

un-cleaned sugarcane is transported to the mill where the trash is then separated from the 

sugarcane at a dry cleaning station (Marchi et al., 2005). 

There are three major advantages to using this route, namely: (i) there are no trucks in the 

fields which reduces damage to stools and to the soil structure, (ii) the harvesting and loading 

operations are separate and therefore harvesting can continue when there is a lack of trucks, 

and, (iii) truck operations can be optimised as no time is spent in the field (Marchi et al., 

2005).  

4.1.2 Route B - Sugarcane and trash separated infield 

Route B consists of the sugarcane being cut, either manually or mechanically, and placed in 

windrows. The green sugarcane is then collected by a continuous loader which chops the 

sugarcane and then separates the billets and trash. The billets are transferred into a truck 

which follows the continuous loader and the trash is left in the field from where it is baled. 

The chopped sugarcane and the baled trash are then transported to the mill separately (Marchi 

et al., 2005). A study by Marchi et al., (2005) which evaluated the capacity of the field 

operations for Route B, using a Copersucar harvester and continuous loader, found that for a 

sugarcane yield of 44.4 ton.ha
.1

 there was a trash yield of 4.8 ton.ha
-1

.  

Another option for Route B is to clean the sugarcane infield but not to chop the sugarcane 

into billets. Trials are being conducted just outside Port Shepstone, South Africa, on 

equipment which cleans the sugarcane infield (Langton, 2013). At present the equipment can 

only clean 2 ton.h
-1

 which is not economically feasible and is far short of the break even 

processing rate of 5 ton.h
-1

. Hence, it is currently not feasible to mechanically clean ‘whole 

stick’ sugarcane infield (Langton, 2013). 
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4.2 Chopper Harvester 

A chopper harvester cuts the sugarcane and then chops it into billets within the harvester. 

Fans within the harvester separate the trash from the sugarcane billets. The billets are then 

offloaded infield into trucks which travel alongside the harvester. When chopper harvesters 

harvest un-burnt (green) sugarcane they can be between 30 and 40 % less productive than 

when harvesting burned sugarcane (Braunbeck et al., 1999). 

The harvesting capacity of chopper harvesters can range between 400 and 600 

ton/machine/day in a 24h.day
-1

 operation (Braunbeck et al., 1999). Akachi (2007) found that 

trash separation improved and harvesting losses decreased with increasing engine power of 

harvesters. Smaller harvesters were however less affected by rainfall when compared to 

larger harvesters as they do not get lodged infield as easily. 

Table 4.1 displays an initial comparison between Route C (conventional harvesting) and 

Route D (no trash removal during harvesting). There are positive aspects for both routes. 

Route C has a very low vegetal impurities, and a higher average truck load, however, this 

results in a higher sugarcane loss because of the cleaning. Route D is characterised by a high 

vegetal impurities and lower average truck load, however, this results in a lower percentage 

of sugarcane losses.  

Table 4.1 Test results comparing Route C and Route D (Hassuani et al., 2005) 

Parameters 
Conventional 

harvesting 

No trash removal 

harvesting 

Harvesting vegetal impurities cleaning efficiency (%) 81 24 

Soil in harvested load (%) 0.85 2 

Vegetal impurities (dry matter) in the load (%) 2.3 12 

Sugarcane losses related to clean harvested stalks (%) 6.3 1 

Average truck trailer load (ton) 20.6 10.6 

 

4.2.1 Route C - Sugarcane and trash separated infield 

Route C consists of the sugarcane being cut and being chopped into billets by the harvester. 

Fans then help clean the sugarcane and the trash is left in the field. The chopped sugarcane is 

offloaded infield into a truck which drives alongside the harvester. The trash can be baled and 

the sugarcane billets and bales will be transported to the mill separately (Marchi et al., 2005). 
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A problem encountered with the cleaning system is that if the fans are run at a high speed, 

there will be adequate cleaning but there will be increased sugarcane loss. If the fans are run 

at a low speed there will not be sufficient cleaning but lower loss of sugarcane (SRDC, 2011).  

Another variation of this system is the use of a shredder fan in the harvester. This fan 

separates the trash from the sugarcane but also shreds the trash. The bulk density can be 

increased in this system by up to 30 %. The shredded trash is not left in field but is delivered 

to a second trailer which is pulled next to the harvester. The sugarcane would be delivered 

into the first trailer. The sugarcane and trash are then transported to the mill, in their separate 

trailers (Hassuani et al., 2005). This reduction in trash particle size helps when feeding the 

trash into the furnace at the mill.  

The sugarcane trash mass balance for the conventional chopper harvester cleaning system can 

be seen in Figure 4.3. Under the current scenario, 124.8 kg.ha
-1

 of trash is taken to the mill, 

which amounts to 89 % of the available trash in the field. A comparison of Routes C, D and E 

can be found in Chapter 4.2.3. 

 

Figure 4.3 Sugarcane trash mass balance for Route C (de Carvalho Macedo et al., 2001) 

 

4.2.2 Route D - Sugarcane and trash separated at mill 

Route D consists of the sugarcane being cut by the chopper harvester and then chopped into 

billets inside the harvester. The trash is not separated from the sugarcane as both the primary 

and secondary extractor fans are switched off. The sugarcane billets, with the trash still 

attached, are then transported to the mill. At the mill, the trash is separated from the 

sugarcane at a dry cleaning station (Hassuani et al., 2005; Marchi et al., 2005; Norris, 2008). 
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There are still some improvements and optimisation which can be achieved through this route 

and the results are promising (de Carvalho Macedo et al., 2001). For this route, the sugarcane 

tops are left in the field, thus ensuring some protection of the soil. This also has the added 

advantage of making it easier to remove leaves from the sugarcane stalk as the green leaves 

on the sugarcane tops are more difficult to remove (Hassuani et al., 2005). 

By transporting the sugarcane and trash together, the bulk density of the combined load is 

lower than when transporting the sugarcane alone and therefore the load that the trucks have 

to carry decreases. The fact that there is no trash removal also means that the harvester has to 

operate at a lower ground speed when compared to conventional harvesting, but, as there is 

more material being processed per hectare, there is not much difference in the operational 

capacity of the harvester (Hassuani et al., 2005). The sugarcane yield per hectare may 

improve as a result of the lower cleaning losses, however, the harvest operation will take 

longer. 

As there is no trash collection infield, this translates to less equipment being required, and 

also there will be less traffic infield which means there is less potential for soil compaction. 

There will also be reduced sugarcane losses as the extractor fans are not operating. It has 

been found that in an 84 ton.ha
-1

 field, the sugarcane losses can be reduced by 4.5 ton.ha
-1

, by 

not separating the trash i.e. by not using the extractor fans (Hassuani et al., 2005). It was also 

noted that the chopper harvesters and trucks were not designed for this type of operation, and 

therefore, this equipment could be further optimised if this option were to be seen as feasible 

(Hassuani et al., 2005). 

Figure 4.4 shows the trash recovery efficiencies throughout Route D. It can be seen that 76 % 

of the available trash in the field reaches the mill. A comparison of Routes C, D and E can be 

found in Chapter 4.2.3. 
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Figure 4.4 Route D recovery efficiencies (Hassuani et al., 2005) 

There is a variation of this route being considered which is very similar to the variation 

mentioned to Route C. A shredder fan is being developed, which like the shredder fan 

mentioned for Route C, increases the bulk density of the trash by reducing particle size. The 

shredded trash is fed back onto the elevator and dumped into a truck with the sugarcane 

billets. Thus the sugarcane and trash are transported together (SRDC, 2011). The shredder fan 

helped increase the bulk density of the trash by between 12 and 22 %. An additional benefit 

of shredded trash is that it has better flow characteristics. The shredder fan and the elevator 

which conveys the shredded trash and sugarcane into a trailer can be seen in Figure 4.5.  

 

Figure 4.5 Shredder fan (left) and shredder fan trial (right) (SRDC, 2011) 
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4.2.3 Route E – Partial cleaning of sugarcane 

Route E is a variation of Route D. For this route, the sugarcane is cut and fed into the 

harvester where it is chopped into billets. The fans are run at a reduced speed which results in 

partial cleaning of the sugarcane, and approximately 50 % of the trash is left in the field with 

the rest being transported with the sugarcane to the mill. This is done in order to retain a trash 

blanket which provides agronomic advantages such as weed suppression and reduced 

requirement for herbicide. The trash which is transported with the sugarcane to the mill has to 

be separated at a dry cleaning station (Marchi et al., 2005). Results from tests undertaken to 

compare Routes C, D and E can be seen in Table 4.2. 

Table 4.2 Test results for Routes C, D and E (Marchi et al., 2005) 

Parameter Route C Route D Route E 

Potential capacity - harvester (ton.h
-1

) 63.0 57.0 63.0 

Sugarcane field yield (ton.ha
-1

) 139.0 156.0 148.0 

Vegetal impurity       

  Wet basis (%) 4.8 20.0 16.0 

  Dry basis (%) 2.3 15.0 11.0 

  Moisture content (%) 52.0 27.0 31.0 

Mineral impurity (%) 0.1 0.38 0.22 

Percentage of clean cane (%) 95.1 79.6 83.8 

Visible losses (ton.ha
-1

) 3.7 1.7 2.0 

Visible losses % clean cane 2.7 1.4 1.6 

Clean cane yield estimate (ton.ha
-1

) 136.0 126.0 126.0 

Average load per infield transport unit (ton) 6.0 2.8 3.6 

Truck load density (kg.m
-
³) 410.0 240.0 270.0 

Trash left on the soil       

  Wet basis (ton.ha
-1

) 17.0 1.5 7.7 

  Dry basis (ton.ha
-1

) 16.0 1.4 7.0 

  Moisture content (%) 7.6 7.0 8.3 

Harvester cleaning efficiency (%) 83.4 5.7 30.1 

Adjusted harvester cleaning efficiency (%) 75.7 5.5 29.2 

 

From Table 4.3 it can be seen that Routes D and E have a higher field yield but a lower clean 

sugarcane yield than Route C. Route C also has less vegetal impurities in the yield.  

4.3 Infield Trash Collection 

Baling and forage harvesting are currently the two methods used to collect sugarcane trash 

infield. 
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4.3.1 Baling (Routes B and C) 

The baling of sugarcane trash increases the density of the trash and also transforms the trash 

into standardised sizes (unit forms). Baling has the potential to reduce the cost of 

transportation, and this is why it is an attractive trash recovery method (Hassuani et al., 2005; 

Marchi et al., 2005). Approximately 67 % of the sugarcane trash from the field can be 

recovered when baling (Hassuani et al., 2005). This combined with approximately 20 % of 

the trash that is not separated from the sugarcane in the harvester, results in 87 % of the trash 

reaching the mill. Another reason for this being a popular option is that baling has a high 

operating performance (ton.h
-1

) (Marchi et al., 2005). A factor to be considered is that the 

trash moisture content needs to be below 30 % before baling, as if it is over this value then 

there is a risk of spontaneous combustion (de Beer et al., 1996). 

Although round bales have the advantage of shedding rain when in storage (de Beer et al., 

1996), it has been found that rectangular bales are the most economical type of bale available. 

This is because square balers can deal with sugarcane stalks in the trash better than round 

balers can. Furthermore, from Table 4.3 it can be seen that rectangular bales have a higher 

bulk density and are lighter and easier to stack when compared to round bales (Hassuani et 

al., 2005; Marchi et al., 2005). Small rectangular bales do, however, have the problem that 

there are many bales to recover from the field and they all have to be stacked on the trucks 

for transport. Hence, it has been found that large rectangular bales would be best suited for 

sugarcane trash recovery (Hassuani et al., 2005; Marchi et al., 2005). There are however 

some disadvantages to large rectangular bales, such as: their high cost and weight, and they 

need to be stored under cover as they do not have good weather resistance (Marchi et al., 

2005). 

Although research has found that large rectangular bales are best suited for baling sugarcane 

trash, many mills recover trash using round fixed drum balers as these balers are readily 

available, have a low cost and their maintenance is simpler. Large rectangular balers are 

usually not readily available, have a high cost and are relatively heavy equipment (Hassuani 

et al., 2005). Regardless of which baler is used, extensive strengthening needs to be done to 

enable them to handle sugarcane trash and tops (de Beer et al., 1996). 

The way which the sugarcane trash is raked before baling has a large effect on the trash 

recovery efficiency. Raking can improve baler performance, reduce damage to the baler 
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pickup system and also reduce baler maintenance costs. As seen in Table 4.4, when using a 

square baler it is best to rake two windrows into one large windrow before baling as the bale 

will have a higher bulk density and also the diesel consumption (l.ton
-1

) for this raking option 

is best (Hassuani et al., 2005). 

Table 4.3 Comparison between small round bales, large round bales and small rectangular 

bales (Hassuani et al., 2005) 

Type of bale Small round Large round Small rectangular 

Baling system Fixed drums Belts Press 

Baler operational capacity (ton.ha
-1

) 1.8 2.7 9 

Bale weight (kg) 106 285 15 

Bale bulk density (kg.m
-
³) 118 95 112 

Soil in the bale (%) 5.6 6.2 - 

Trash recovery efficiency (%) 62 52 - 

 

Table 4.4 Effect of raking on square bale specifications (Marchi et al., 2005) 

Bale parameters Raking 1 × 1 Raking 2 × 1 No raking 

Size (m) 0.8 × 0.87 × 1.9 

Average weight (kg) 242 306 295 

Bulk density (kg.m
-
³) 183 231 223 

Average moisture content (%) 12 15.3 13.1 

Soil (%) 3.5 4.7 3.3 

Dry trash (kg) 185 216 231 

Dry density (kg.m
-
³) 140 163 175 

Baling operational parameters of dry clean 

trash 

   Bales tons/hour (baling + manoeuvres) 6.5 9.1 9.8 

Diesel consumption (l.ton
-1

 of dry clean trash) 2 1.5 1.6 

Recovery efficiency (%) 56 84 73 

 

Although there are many positive aspects to baling sugarcane trash, a number of drawbacks 

have been identified. These include: a limited time frame for the baling operation since tillage 

practices and sugarcane growth occur soon after harvest, the baler may not be able to handle 

soil irregularities, there can be choking problems with the trash pickup mechanism because of 

the presence of sugarcane in trash, damage to sugarcane stools and soil compaction as a result 

of the infield movement of the baler, the trash needs to dry for longer periods if rain occurs, 

poor reliability of the baler twine system, and the addition of soil to the trash during raking 

(Hassuani et al., 2005). 
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4.3.2 Forage harvester (Route C) 

Forage harvesting takes place after the raking operation. A forage harvester collects and 

shreds the trash, and then transfers the shredded trash to a truck which is alongside the 

harvester (Hassuani et al., 2005). Forage harvesters pick up more soil than balers do, 

moreover, the density of the collected trash is only 66 % that of bales (de Beer et al., 1996). 

Approximately 73 % of the sugarcane trash in the field is transported to the mill when a 

forage harvester is used. The forage harvester collects approximately 53 % of the trash 

infield, whilst the remaining 20 %  is transported with the sugarcane to the mill as it is not 

removed from the sugarcane stalk (Hassuani et al., 2005). 

Some factors which affect the cost of forage harvesting are the soil conditions, the number of 

trailers hauled by the truck which follows the harvester and the initial cost of the harvester 

(Hassuani et al., 2005). As with balers, forage harvesters are not designed to handle 

sugarcane trash and therefore their reliability is not good. In order to address this limitation, a 

company called Cenicaga has developed a special purpose attachment for a Claas-Jaguar 355 

kW forage harvester which helps it deal with the sugarcane trash better (Amu et al., 2005). 

Currently, there are no costs of performance available for the operation of a forage harvester, 

however, it is known that forage harvesters have been used in trash recovery trials on the Big 

Bend sugar estate in Swaziland (Domleo, 2013). Further information is required to determine 

whether this method of trash recovery is economically feasible. 

4.3.3 Vibration in transport trucks  

At present, the use of vibration during the harvesting of sugarcane trash is being investigated. 

This process would help increase the bulk density of the trash. However, caution needs to be 

taken as the vibrations of the sugarcane bins may cause structural damage (SRDC, 2011). 
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5. ON-FARM PROCESSES TO INCREASE BULK/ENERGY DENSITY 

Two of the major issues affecting the viability of bioenergy projects are the low energy 

density of the biomass as well as the dispersed nature of the biomass. If pre-processing were 

undertaken this could increase the energy density of the biomass, and subsequently the 

transport and storage costs for the biomass will be reduced (Hobson, 2009). 

Some processes which will be covered in this chapter include torrefaction, pelletization and  

pyrolysis. Two processes which were considered were gasification and biodigestion, 

however, these will not be discussed further as these were deemed to not be applicable to this 

study (Lyne, 2013). The objective of this study is to find methods of recovering sugarcane 

trash as fuel. Biodigestion and gasification create other fuels from the trash, and are therefore 

not applicable.  

5.1 Torrefaction 

Torrefaction is a pyrolysis process, which is a thermal process which increases the energy 

density of biomass by transforming the biomass into biochar. The process also increases the 

hydrophobic nature of the biomass, which means that moisture has a lesser effect on the 

biomass. The transport and storage economics for the biomass are improved as a result of the 

increased energy density (Hobson et al., 2006; Uslu et al., 2008). Torrefied biomass is very 

similar to coal, both in terms of handling characteristics and heating value (Hobson, 2009). 

During torrefaction, biomass is placed in an inert environment (no oxygen) at temperatures 

between 250-350°C for a time period of 15-90 minutes (Hobson, 2009; Koppejan et al., 

2012). During this time the fibrous structure of the original biomass is broken down leading 

to loss of mechanical strength. The torrefied biomass is therefore easy to grind (Uslu et al., 

2008; Koppejan et al., 2012). The torrefied biomass has a mass equivalent to 30 % of its 

original mass but still holds approximately 90 % of the original energy held in the biomass. 

The biomass therefore has approximately the same calorific content as before the process but 

the heating value per unit mass increases significantly to approximately 18 GJ.m
-3

 (Uslu et 

al., 2008). Further densification of the torrefied biomass is desired, especially if the torrefied 

biomass is to be transported over a long distance (Uslu et al., 2008; Hobson, 2009). Other 

reasons for further densification of torrefied biomass include its low mechanical strength, 

volumetric density of approximately 180-300 kg.m
-3

, and also the increased levels of dust. 
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During torrefaction, it is important to keep the temperature in the desired range because char 

yield is a function of the process temperature. 300°C is the optimum temperature, with higher 

temperatures leading to lower char yields (Table 5.1) (Asadullah et al., 2007). 

There are several advantages to the torrefaction process. The process involves a low technical 

risk due to the relatively mild thermal requirement. Moreover, torrefaction will have a rapid 

development trajectory following its optimisation as all the required technology is available. 

There are also relatively low development and demonstration costs. Torrefaction also adds 

flexibility to the feedstock supply chain as torrefied biomass can be pelletized with ease 

(Hobson, 2009). 

Torrefaction has the main advantage of increasing transport efficiency of the biomass. 

Studies have only taken distances up to 210 km into account but the trend suggests that there 

will be further reductions in costs if it were to be transported over distances greater than 210 

km, when compared to un-torrefied biomass (Hobson, 2009). It has been found that it is more 

cost efficient to have many small-scale torrefaction plants rather than a centralised pre-

processing plant (Meyer et al., 2012). Some torrefaction plants can process large particles, 

and others, small particles but not many can do both efficiently. Thus, it is important to 

decide on the type of torrefaction equipment required. This will obviously impact the initial 

and operating costs for the plant (Koppejan et al., 2012).  

Torrefied biomass can be used in a number of applications. The obvious application for this 

study is the use of the torrefied biomass at a sugar mill for cogeneration. Other uses include 

using the biomass for co-firing with coal in pulverised coal fired power plants, using the 

biomass for direct combustion or using the biomass in the gasification process (Koppejan et 

al., 2012).  

If torrefied biomass, rather than loose biomass, is used for gasification it can reduce the 

power consumption during the gasification process by up to 85 % (Uslu et al., 2008). At 

present there is no practical knowledge as to the usage and limitations of using torrefied 

biomass for gasification (Koppejan et al., 2012). 
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Table 5.1 Effect of temperature on bagasse pyrolysis output (Asadullah et al., 2007) 

Temperature (°C) 
Total yield of bio-

oil (% weight) 

Char yield (% 

weight) 

Gas yield (% 

weight) 

300 18.66 77 4.34 

350 51.32 43.8 4.87 

400 60.66 31.93 7.41 

450 65.47 26.26 8.27 

500 66.13 24.86 9.01 

550 30.63 24.66 14.71 

600 59.52 22.86 17.82 

 

5.2 Pelletizing 

The process of pelletizing produces a fuel which is both a uniform and a stable fuel. The 

pelletized biomass has both a higher bulk density and also a much higher energy density 

when compared to the original biomass. There is also less dust produced when handling 

pelletized biomass. Another positive aspect regarding pelletizing biomass is that the biomass 

becomes free flowing and can be moved pneumatically. This free flowing nature helps with 

the loading and unloading processes, and this helps improve the transport efficiency of the 

biomass as well as its storage efficiency (Erlich et al., 2006; Uslu et al., 2008).  

There are four main processes involved in the pelletizing technique. These include drying, 

grinding, pelletizing and cooling. The highest temperature attained during pelletizing is 

approximately 150°C. The biomass which is being pelletized should have a moisture content 

of between 10-25 % as this is considered the optimum moisture content range. If the moisture 

content is outside of this range then the pressure required during the process increases greatly 

(Uslu et al., 2008). Wood pellets, for example, have a net calorific heating value of 

approximately 17 MJ.kg
-1

. This value does vary significantly as the moisture content of the 

biomass varies.  

One problem encountered at a pelletizing station is that there is heat generation at the pellet 

channels which creates a fire or dust explosion risk (Koppejan et al., 2012). When compared 

to wood pellets, the industry has very little experience with regards to pelletizing sugarcane 

biomass (Erlich et al., 2006). 
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Boevey (1983) studied the production of sugarcane trash pellets and found that the pellets 

produced were too fragile and broke very easily, forming a fine dust. Sugarcane trash has a 

high fibre content which means that compaction rates need to be very high. This results in 

excess heat being developed which is undesirable (Boevey, 1983). 

If sugarcane trash is to be pelletized, a number of issues should be addressed. These are the 

cost of hammermilling, drying, pelletizing, handling and transport, and the net potential 

energy of the pellets should be more than the total energy required to make them (Boevey, 

1983). 

5.3 Torrefaction with Pelletizing (TOP) 

If the biomass were to be torrefied and then pelletized, this would result in a significantly 

higher energy density of approximately 22 MJ.kg
-1

 (Uslu et al., 2008). By pelletizing 

torrefied biomass, power consumption during pelletization can be reduced by between 70–90 

% when compared to conventional biomass pelletization (Uslu et al., 2008). Pelletization 

does have a lower process efficiency than torrefaction. This is attributed to pelletization 

having a high initial energy input associated with grinding and the pelletizing process 

(Hobson, 2009). Studies have concluded that it is more advantageous to use torrefaction and 

pelletization as a combination rather than just using torrefaction or pelletizing separately 

(Uslu et al., 2008).  

5.4 Pyrolysis 

Pyrolysis is a thermal process whereby biomass is combusted in an inert environment at 

temperatures ranging between 400°C and 800°C. The products of this process are char, oil 

and gas, and the proportions of each depends on the temperature of the process as well as the 

biomass characteristics (Uslu et al., 2008). The effect that temperature has on the output from 

pyrolysis can be seen in Table 5.1. The process efficiency and economics of using pyrolysis 

can be a drawback when compared to other technologies. 

As the temperature increases during the pyrolysis process, so does the bio-oil and gas yields, 

and this corresponds to a reduction in char yield. When the pyrolysis conditions are set up for 

maximum bio-oil production, the so-called by-products are gas and char. These can be used 

as fuel to heat the reactor which can help reduce the production costs for the process. The 
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moisture content of the biomass should be below 10 % before starting the pyrolysis process  

(Asadullah et al., 2007). 

Care should be taken when handling the char which is produced during the fast pyrolysis 

process, as this char is highly flammable (Uslu et al., 2008). Two reactors which are 

commonly used are the fluidised and transported bed reactors. These two are reliable thermal 

reaction devices which produce high yields of bio-oil (Uslu et al., 2008). An advantage of 

biomass pyrolysis for liquid production is that bio-oil based small scale power generation 

plants can be installed in remote areas (Asadullah et al., 2007). 

5.5 Comparison of Pre-Processing Treatments 

Table 5.2 contains a comparison of the four pre-processing techniques discussed above. The 

study conducted by Uslu et al., (2008) found that the optimal energy chain is the use of TOP 

biomass to create power at an existing cofiring facility (Uslu et al., 2008). 

The study found that even when an optimistic cost and performance for pyrolysis is assumed, 

it cannot compete in terms of energy efficiency with the TOP and pelletization pre-treatment 

technologies. Although torrefaction does seem like a very promising and efficient process for 

minimizing costs and improving energy use, it has not been practically demonstrated yet and 

its performance has not been confirmed. Pelletization, however, is a proven technology and 

also has room for improvement, and thus is still a very important option for pre-processing 

(Uslu et al., 2008). 

Table 5.2 Comparison of torrefaction, TOP, pelletization and pyrolysis (Uslu et al., 2008) 

 Torrefaction TOP Pelletization Pyrolysis 

Process efficiency (%) 92 90.8 84 - 87 66 - 70 

Energy content (LHVdry) 

(MJ.kg
-1

) 
20.4 20.4 - 22.7 17.7 17 

Mass density (Kg.m
-3

) 230 750 - 850 1200 500– 650 

Energy density (GJ.m
-3

) 18 22 17 - 

Specific capital investments 

(MRand.(MWth)
-1

) 
2.06 2.30 1.82 2.30 - 5.08 

Production costs (R.ton
-1

) 700 605 655 910 - 1260 
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6. ECONOMICS OF TRASH RECOVERY SYSTEMS 

This chapter contains a review of the economics of trash recovery methods which have been 

mentioned in the previous chapters. 

6.1 Chopper Harvester Routes 

Braunbeck et al., (1999) found that the cost for manually harvesting and loading burnt 

sugarcane was R 37.50.ton
-1

, whilst for mechanical harvesting it was approximately R 

18.00.ton
-1

. At the time of the study it was found that manually harvested green sugarcane 

would cost approximately R 55.00.ton
-1

 whilst for mechanically harvested green sugarcane it 

would be approximately R 27.30.ton
-1

. The value of field dried baled trash at the mill in 

South Africa is estimated at being R 350.ton
-1

 (Norris, 2008). 

Norris (2008) came to the following conclusions when considering Route A, where the 

sugarcane is cut whole stalk and separated from the trash at the mill. If the industries are 

currently implementing green cane harvesting, the cost of trash collection is well covered by 

the value of the trash (R 188.ton
-1

 versus R 350.ton
-1

). If industries are currently 

implementing burnt cane harvesting, a move to green cane harvesting will result in the cost of 

trash collection to be in excess of R 556.ton
-1

. The reason for the increase in cost is a result of 

the lower bulk density of the sugarcane because of the trash, which then increases the 

transportation costs. This is not economically viable and more research needs to be done if 

the route is to be used. 

In 2005, an economic model was created which compared three different sugarcane 

harvesting and trash recovery routes (Marchi et al., 2005). These routes represent Route C, 

Route D and Route E, which are detailed in Chapter 4. The baseline for this model was 

mechanical harvesting of green sugarcane with the sugarcane and trash separated infield and 

not baled but rather left as a trash blanket. Table 6.1 and Table 6.2 contain results from the 

model. Table 6.2 contains the cost of the trash for each route. 

A study was conducted by SRDC (2011) which tested the feasibility of using a shredder fan 

in the harvester. This option was found to have a negative net benefit, and therefore is not 

viable unless there is more research conducted to improve the efficiency of the process 

(SRDC, 2011). 
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The study by Marchi et al., (2005) concluded that Route E was the most economical option of 

the three routes. The reason for this being that the trash can be used at the mill and also in the 

field for its positive agronomic effect. This conclusion corresponds to the results found by the 

SRDC (2011) in Figure 6.1. For this study, sugar was assumed to have a price of R 4240.ton
-1

 

and electricity a price of R 660.MWh
-1

. As can be seen in the graph, apart from the burnt 

sugarcane option which was the baseline, the Fan at Low Speed (Route E) is the lowest cost 

option. 

Table 6.1 Trash characteristics for each route (Marchi et al., 2005) 

Items Baseline Route C Route D Route E 

Trash in sugarcane field (tondb) 180 697 180 697 180 697 180 697 

Trash transported with sugarcane 

(tondb) 43 909 43 909 170 759 127 934 

Trash on the ground after harvesting 

(tondb) 136 788 136 788 9 938 52 764 

Baled trash (tondb) - 114 902 - - 

Quantity of bales in the field - 533 187 - - 

Trash left in the field (tondb) 136 788 21 886 9 938 52 764 

Trash removed by the cleaning station 

(tondb) - - 119 531 89 554 

Total trash available at the mill (tondb) - 114 902 119 531 89 554 

 

Table 6.2 Comparison between different harvesting routes (Marchi et al., 2005) 

Items Route C Route D Route E 

Trash available in the sugarcane field (tondb.year
-1

) 180 697 180 697 180 697 

Trash recovered (tondb.year
-1

) 114 902 119 531 89 554 

Recovery efficiency (%) 64 66 50 

Cost of trash (R.tondb
-1

) 169.37 285.06 125.49 
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Figure 6.1 Whole of crop harvesting and transport - cost strategies (after SRDC, 2011) 

6.2 Infield Trash Collection 

The results from a study conducted in 2001 into the expenditure for the baling operation, 

from the field to the mill, can be found in Table 6.3. The study took into account the whole 

baling process from raking to the shredding at the mill including the agricultural impacts of 

removing the trash. According to Norris (2008) the cost of R 188.ton
-1

 for the baling 

operation corresponds to R 12.35.GJ
-1

 at the lower heating value. This value is considered 

low for a solid fuel and this is why baling sugarcane trash is being considered as a viable 

source of energy for power generation. 

Table 6.3 Cost at the mill of baled trash by Route C (de Carvalho Macedo et al., 2001) 

Operation 
Dry matter (R.ton

-1
) 

Percentage of 

total cost 

Raking 6.22 3.3 

Baling 40.53 21.6 

Bale handling in the field 12.35 6.6 

Bale loading 15.01 8.0 

Bale transportation 20.13 10.7 

Bale unloading 5.40 2.9 

Partial cost 99.64 53.0 

Agricultural cost 79.24 42.2 

Trash shredding 9.06 4.8 

Total cost 187.94 100.0 
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6.3 Pre-Processing Techniques 

In a study conducted by Meyer et al., (2012), it was found that for haulage distances below 

240 km, the delivered costs for raw biomass were least, whilst for distances over 240 km the 

delivered cost of torrefied biomass was the least (Figure 6.2). It was also found that it was 

more expensive to deliver pellets compared to torrefied biomass at distances greater than 200 

km (Meyer et al., 2012). Even though it is more cost efficient to deliver torrefied biomass to 

the mill, the energy consumption during the torrefaction process is higher per ton than the 

pelletization process (± 150 kWh.ton
-1

 versus ± 55 kWh.ton
-1

) (Koppejan et al., 2012). 

Although the benefits of using torrefied biomass are only predominant at distances larger 

than 240 kilometres, there are negative aspects to retrieving biomass from such far distances 

as the biomass sources are then more spatially distributed (Meyer et al., 2012). 

 

Figure 6.2 A comparison of the delivered costs for 50 ktons of torrefied, pelletized and raw 

biomass (Meyer et al., 2012) 
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7. DISCUSSION AND CONCLUSIONS 

This document contains a review of the different systems and methods of recovering 

sugarcane trash from the field and transporting it to the mill. Five possible recovery routes 

were investigated.. Routes A and B entail whole stick harvesting whilst Routes C, D and E 

involve the use of a chopper harvester. There are no monetary costs available for trash 

recovery in South African conditions, but this chapter does include a discussion of the costs 

involved in Australia. This should help give a better understanding of the feasibility of the 

different trash recovery methods. It is important to remember that the value of trash at the 

mill, in Australia, is estimated at being R 350.ton
-1

. 

Route A was only found to be economically feasible if it were implemented in an area where 

green cane harvesting is currently being employed (R 188.ton
-1

 of trash). This is, however, 

rarely the case in South Africa as burnt cane harvesting is widely used. At R 556.ton
-1

 of 

trash, this route was found to not be economically feasible if burnt sugarcane harvesting was 

currently being employed. Research found that of Routes C, D and E, Route E would be the 

most economical, costing R 125.49.ton
-1

 of trash delivered. In South Africa over 90 % of the 

sugarcane is harvested manually, and therefore, this route is not currently appropriate for the 

South African sugar industry. 

If the trash is to be left in the field to be recovered at a later stage, it can either be collected by 

baling or by using a forage harvester to place it in a trailer for transport. The cost of baling 

sugarcane trash, in Brazil, has been estimated at R 188.ton
-1

. This is a competitive price, 

however, it has been found that the balers used can be unreliable and have a high initial cost. 

There are no values for the cost of using a forage harvester but this method does seem to have 

potential and should be investigated further. 

In order to reduce transportation costs, the trash could be pre-processed on-site. This would 

increase the bulk density of the trash as well as significantly increasing its energy density. Of 

the four pre-processes considered, trash which has been torrefied and then pelletized has the 

lowest production costs (R 605.ton
-1

) and the highest energy density (22 GJ.m
-3

). Trash which 

has been torrefied and trash which has been pelletized have similar production costs and 

energy densities, and these processes should also be investigated further. 
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It is important to realize that many of the values used in this literature review were obtained 

from research which was conducted all over the world. These values can be site specific, i.e. 

the sugarcane variety and soil conditions may be very different to those which are 

experienced in South Africa. The cost structures are also dependant on the local conditions. 

This means that these values may not be applicable to the sugarcane industry in South Africa. 

The trash recovery methods which will be investigated further should be evaluated under 

South African conditions in order to eliminate this source of error. The growing conditions in 

South Africa also need to be considered as they can vary greatly. Sugarcane which is grown 

near the coast is harvested each year and has a different expected yield when compared to 

sugarcane which is grown inland, which is harvested every two years. The tonnage which can 

be expected from inland and coastal crops also varies. The South African sugar industry is 

unique in that it has so many variables, and thus ideal harvesting techniques can vary from 

one area to another. 

The recovery methods which could be applicable for manual harvesting in South Africa and 

should be investigated further are Route B and C, where the trash is left infield, and also 

Route E, where there’s partial cleaning of the sugarcane. Baling of sugarcane trash and the 

use of a forage harvester to recover trash should be investigated, as well as the pre-processes 

of torrefaction and pelletizing and also a combination of the two. These methods show the 

greatest promise as they are the most economical and could work under South African 

conditions. 

This literature review has met the objectives set out in the introduction. It contains a 

comprehensive investigation of the different methods and routes by which sugarcane trash 

can be recovered from the field and transported to the mill. Each method has been discussed 

in depth, and from this discussion the methods which should be investigated further have 

been stated. Where available in the literature, the economics of each method have been 

discussed. 
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8. PROJECT PROPOSAL 

A project proposal on sugarcane trash recovery systems for cogeneration is presented in this 

section. The expected aim and objectives are stated, followed by the proposed methodology. 

A list of the necessary resources and equipment, and health and safety considerations are 

provided. Finally a project plan outlining the milestones and activities is illustrated. 

8.1 Aim and Objectives  

The aim of this project is to investigate the different sugarcane trash recovery systems 

available and to be able to give a cost analysis for each system in different regions of South 

Africa. 

The specific objectives formulated for this project are to: 

(i) assess the potential energy available from sugarcane trash, taking into account the 

benefits of leaving a trash blanket comprised of the green sugarcane leaves and 

sugarcane tops in the field, and to 

(ii) investigate harvesting systems, energy and costs required to recover the dry leaf 

trash and deliver it to a sugar mill for the different production and harvesting 

systems used in South Africa, ranging from fully mechanised to manual 

harvesting systems.  

This study will give the South African Sugar Research Institute (SASRI) the opportunity to 

present an independent, industry wide perspective of the viability of trash recovery options 

available to the industry.  

8.2 Proposed Methodology 

The study will entail a comprehensive literature review and synthesis of both local and 

international studies and information obtained will be used to investigate both the engineering 

and economic feasibility of trash recovery and delivery to sugarcane mills in South Africa. 

Field based studies will be used to validate the information from literature and for system 

development and assessment.    
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The research plan will entail the following actions: 

(i) A comprehensive literature review. 

(ii) Development of a desktop model to investigate the feasibility of: 

 availability of trash, 

 appropriate harvest and transport systems including innovative systems not 

previously evaluated, and 

 costs/economic feasibility of trash recovery and delivery to sugarcane mills in 

South Africa.  

(iii) Field studies will be undertaken where required in order to: 

 Validate information from literature. 

 Develop and assess harvesting and transport systems and to validate model 

results. 

(iv) Use the model to assess the best system in selected regions of the sugar industry in 

South Africa.  

The goal for this study is to develop a tool to model system performance and estimate the 

cost of appropriate harvest and transport systems. 

It is expected that the lowest cost options will vary regionally and with the prevalent 

harvesting systems used. These baseline costs will be necessary for the industry to value the 

cost of trash delivered to the mill for future inclusion in payment schedules for sugarcane and 

trash delivered to the mill. 

8.3 Resources and Equipment 

The project will be conducted at the University of KwaZulu-Natal. A list of the necessary 

resources and equipment for the project is presented in Table 8.1. 

Table 8.1 Resources and equipment required for project 

No. Resources and Equipment Source Application 

1 Desktop computer UKZN Model development 

2 SASRI Economics of Trashing DSP SASRI Modification 

3 Vehicle UKZN Transportation 

4 Safety Equipment UKZN Safety 

5 Bursary SASRI Living/research expenses 
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8.4 Health, Safety, Environmental and Ethical Considerations 

This project will be a desktop study and therefore there will be no health, safety, 

environmental and ethical considerations during the project. If the research from this project 

is applied, and therefore helps implement green cane harvesting, there will be some health, 

safety, environmental and ethical considerations which will need to be considered. Health 

considerations include the adverse effect that the burning of sugarcane has on the health of 

humans and animals. After burning, the air can be polluted which can cause respiratory 

problems. An ethical consideration may be that green cane harvesting and trash recovery 

could have a negative effect on the number of jobs available in the sugar industry, however, 

this is not the case as trash recovery will create job opportunities in the production of new 

agricultural machinery, and also on the sugarcane farms. Environmentally, green cane 

harvesting should have a positive effect of the land as there will be residues on the soil which 

help prevent erosion, increase water infiltration, decrease weed populations and also regulate 

the temperature of the soil as it acts as an insulator. With regards to safety, if unburnt 

sugarcane is manually harvested it will increase the workload on the labour force and thus 

may increase the likelihood of physical injuries. There is also a safety risk when manually 

harvesting green sugarcane as venomous snakes can be found in the sugarcane. 

8.5 Project Plan 

Table 8.2 shows the milestones which have been set out and the timeframe in which these 

will be done. 

Table 8.2 Project plan 

Start date End date Task 

01 January 2013 30 March 2013 Draft project proposal and literature review 

30 March 2013 30 April 2013 Final project proposal and literature review 

30 April 2013 30 June 2013 
Correct project proposal and literature 

review/model research 

30 June 2013 30 September 2013 Model development 

30 September 2013 30 November 2013 Model assessment 

30 November 2013 30 March 2014 Model application 

30 March 2014 30 June 2014 Submit thesis 

01 March 2015   
SASTA article, Popular article, Project close 

out 
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