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Introduction 
 
In the South African sugar industry, all proceeds from sales of sugar and molasses from both the 
domestic and export market are accounted for by the South African Sugar Association (SASA) at 
their notional values (NAMC, 2013), for the purpose of declaring the recoverable value (RV) Price. 
Once administration and operational costs are determined, net proceeds are divided under a fixed 
ratio of 35.6873 and 64.3127% (personal communication 1) to millers and growers, respectively, 
as stipulated in the Sugar Industry Agreement (SIA) (Le Gal et al., 2005; Moor and Wynne, 2001; 
Sugar Industry Agreement, 2000). The Relative Recoverable Value (RRV) formula is used to 
allocate income to individual growers (Groom, 1999). RRV refers to the value of the molasses 
and sugar recovered from the sugarcane delivered by an individual grower, while accounting for 
the fibre and non-sucrose in cane. The RV payment system creates an incentive to improve the 
quality of the sugarcane delivered to the mill. Thus, growers seek to maximise sucrose production 
while minimising fibre and non-sucrose in their cane (Donaldson, 2002). The SA sugar industry 
has therefore been historically known to produce sugarcane primarily for sugar while other 
products (bagasse and molasses) are simply viewed as by-products of low value.  
 
Risks and uncertainties such as recurrent droughts, low world sugar prices, reduced demand 
following the introduction of the Health Promotion Levy (HPL), and dumped imports from countries 
such as Brazil challenge the future of the sugarcane industry (SACGA 2019; BFAP, 2015; Mac 
Nicol et al., 2007). As a result, key stakeholders are looking into product diversification by adding 
downstream biorefinery operations to existing sugar mills (Naidoo et al., 2019a, b; Brent, 2014). 
 
In a biorefinery scenario, bagasse and molasses become feedstock for the production of various 
products with an economic and agro-industrial value to different sectors of the national economy. 
Consequently, the existing payment system may need restructuring to accommodate the value of 
fibre and non-sucrose since at present, growers are effectively penalised for both when delivered 
in excessive quantities. Moreover, rules governing the division of proceeds would need to be 
altered to cater for these additional biorefinery products, ultimately altering the Sugar Industry 
Agreement (BFAP, 2015; Brent, 2014). This study focusses on bagasse, the remaining fibrous 
residue after sugarcane processing. Bagasse consists of cellulose, hemicellulose and lignin which 
can be used in the production of multiple products (Benjamin et al., 2013). For example, the 
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Sezela mill is converting the hemicellulose component of bagasse to furfural and other co-
products. The SAPPI Stanger paper mill processes bagasse from the neighbouring Gledhow 
Sugar Mill to paper and tissue wadding. 
 
In the 2017/18 season, approximately 4.52 million tons of bagasse were produced from a total 
cane crush of 17.19 million tons (Madho et al., 2018). Except for in the above-mentioned 
examples, bagasse in SA mills is generally used in boilers to produce renewable energy through 
steam and electricity generation for use by the mills (SASA, 2015). Improved boiler technology at 
some mills has resulted in surplus bagasse for which opportunities exist to increase the revenue 
of the grappling sugar industry (Leibbrandt et al., 2011). Once value-added products are produced 
from sugarcane bagasse, it seems likely that there will be a price for bagasse to incentivise its 
production. This may have implications on growers’ selection of sugarcane varieties (traits), how 
sugarcane is produced, and when and how it is harvested.  
 
This paper uses a linear programming farm representative model to represent the sugarcane 
supply of the Eston Central region as a case study to establish the sensitivity of growers’ 
production decisions to exogenous price changes of bagasse. The farm is central to agriculture 
decision making and farm level models are increasingly being used to capture grower reactions 
to different policy scenarios (Shrestha et al., 2016). This is due to their ability to take into account 
interactions between farm activities and potential farm adaptations in response to economic, 
institutional or technological changes (Shrestha et al., 2016). Farm adjustments or adaptations 
refer to changes that occur in the resources, activities or management of the farm when exposed 
to external changes (Shrestha et al., 2016). These adaptations can be modelled using 
mathematical and statistical farm-level modelling techniques. Linear programming (LP) models 
are optimisation mathematical models which often make use of mathematical programming (MP) 
for solving problems to assist in decision making and in ex-ante simulation of agricultural policies 
(Shrestha et al., 2016). MP allows for modelling the effects of introducing policy instruments at 
farm or regional level, enables farm heterogeneity to be captured and permits representation of 
various interactions within farming activities and practices (Hazell and Norton, 1986). Two 
scenarios were analysed to determine the sensitivity of the model to changes in bagasse prices. 
Scenario 1 (S1) was the baseline scenario representing the current state of affairs in the SA sugar 
industry with a zero price for bagasse. Scenario 2 (S2) incorporated a high fibre variety, commonly 
referred to as energy cane, a hybrid of wild and commercial sugarcane. Energy cane can 
potentially yield double the fibre found in conventional sugarcane (26.7% compared to 13%), with 
a lower sucrose content (10%) and a higher non-sucrose fraction compared to conventional 
varieties (Carvalho-Netto et al., 2014; Kim and Day, 2011). High fibre sugarcane is now being 
recognised as a potential biorefinery crop, even in areas where it was not commonly cultivated 
(Santchurn et al., 2014).  
 
The South African sugarcane industry has not yet started growing this type of cane, but has 
considered the option, particularly when a regulatory framework or policy for co-generation or 
ethanol becomes available (personal communication 2). Other countries such as Mauritius and 
the United States of America are researching and already implementing energy cane in 
commercial crops (Santchurn et al., 2016; Santchurn et al., 2014; Carvalho-Netto et al., 2014). 
The plants demand less water and nutrients, and are more resistant to pests and diseases. They 
can withstand competition from weeds, resulting in efficient cultivation. Energy cane can therefore 
be planted in areas prone to drought and poor soil as this requires low use of pesticides, 
herbicides and fertilisers. The plant grows profusely with an improvement in cane yield with each 
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subsequent ratoon. The ratoon cycle for energy cane in Louisiana is longer by three months 
extending up to 15 months compared to conventional sugarcane which is usually 10 to 12 months 
(Kim and Day, 2011; Matsuoka et al., 2014; Carvalho-Netto et al., 2014). Under sub-tropical and 
tropical conditions, it is capable of producing more than 250 tons/ha under rainfed conditions 
(Matsuoka et al., 2014). In SA, energy cane could be grown for multi-purpose to produce for 
example fibre for co-generation and molasses for ethanol, besides sugar, creating profit from the 
whole stalk.  
 

Methodology 
 
Building the Eston Central Region farm representative model 
 
The South African sugarcane farming region consists of 14 cane supply areas that may be 
categorised as Irrigated, Coastal and Midlands. Due to the complexity and differences in climate 
and production systems across the regions, it is not possible to compile a representative farm of 
the whole sugarcane industry (Botha and Berg, 2009). The Eston area was chosen as the 
researcher required a supply area with a mill that has currently no back-end refinery, in close 
proximity to the University of KwaZulu-Natal, Pietermaritzburg, campus to facilitate direct 
interactions with the farming community.  
 

A representative/typical farm is a study unit with characteristics similar to a large number of farms 
and can be used for research activities, estimation of product supply functions and determination 
of improved farming operations. According to Kadwa (2014), the Eston milling area consists of 
about 900 small scale growers and 190 large scale growers. However, large scale growers 
contribute more than 90% of cane delivered to the mill. As a result, the representative farm is 
compiled to represent the large scale growers. It was not feasible to model one representative 
farm of the Eston area as there were differences in climatic conditions, yield levels per hectare of 
sugarcane planted as well as harvest transportation costs of cane from the farms to the mill. Thus, 
the 190 large scale farms were aggregated into three (Eston Central, Mid-Illovo and Richmond) 
depending on climate, proximity to the mill and yield. Subsequently, three representative farm 
models were constructed and this paper reports results for the Eston Central region (ECR) to 
illustrate the methodology.  
 
Using the purposive non-probability sampling technique (Tongco, 2007), 11 large scale growers 
were chosen to represent the Eston Central region. Characteristics that guided grower selection 
included record keeping, diversification, growing of different cultivars and willingness to disclose 
information. The LP model is built using detailed farm level data that includes physical and 
financial information for an individual or representative farm (Shrestha et al., 2016). 
 
According to Hazel and Norton (1986) and Buysse (2006) an LP model requires the following:  
 

 The objective function, a mathematical formulation of the researcher’s objective expressed as 
a function of farm activities. 

 Existing farm activities, their resource requirements, constraints on their production, their unit 
of measurement and per unit contribution of each activity (objective function coefficients). 

 Identification of the farm’s fixed resource constraints. 

 Gross margins (activity returns net of variable costs). 
 
This section outlines how each of these specific requirements were determined in building the 
farm representative model.  
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The objective function 
 
The objective function in this case study reflects the goals of the grower given the resources 
available. In this study, the main resources under consideration were both fixed and variable 
resources. Land, labour, capital, machinery, seed, fertiliser, chemicals and other variable inputs 
necessary for production were considered. The main goal is to maximise total revenue under 
different bagasse price scenarios. 
 
Identification of farm activities 
 
Understanding the production activities surrounding the production of sugarcane and alternative 
uses of land in Eston were important in building the farm representative LP model (Hazel and 
Norton, 1986). A researcher has great flexibility in the choices of activities to input in their model. 
The structure and number of activities is dependent on the answers sought by the researcher. 
Specific agronomic practices related to sugarcane production include planting, ratoon 
management, harvesting, plough-out and green manuring. Planting and harvesting activities were 
of interest in this study. It is possible that once a price is attached to bagasse, growers will be 
inclined to grow certain cane cultivars over others, as well as alter their harvesting methods 
(burning vs greencane harvesting) (Waclawovsky et al., 2010). Through consultations with the 
SASRI extension officer (personal communication3) and SACGA’s Eston regional manager 
(personal communication4), the researcher was able to gather detailed data on agronomic 
practices, soil types, cultivar choices and alternative enterprises (opportunity cost) of sugarcane 
growers in the region. These are presented in Table 1 which shows the identified land categories, 
soil types, commonly planted cane cultivars and opportunity cost of land for the Eston Central 
region.  
 
Timber (wattle or gum), macadamia nut and vegetable production were the existing opportunity 
cost of growing conventional cane identified in the area (Table 1). Choices of which other 
enterprise to carry out other than sugarcane depend on the grower and investment costs 
associated with setting up a new enterprise. Vegetables were eliminated from the model due to 
irrigation requirements which is limited to few growers and costs. Timber and macadamia 
production activities were thus included in the model also because they are perennial crops similar 
to sugarcane thus directly competing for resources. An afforestation permit is required by growers 
to grow timber making it a restriction for growers to expand an area under timber or venture into 
timber production. Those who are producing timber, however, view the enterprise as a great store 
of liquidity considering that the trees are harvested after eight years and in other cases (e.g. pine 
trees) 20 years. Macadamia nuts are currently highly profitable with some growers in the region 
removing land under cane and growing macadamia. Most growers, however, cited that although 
macadamia production is profitable, the uncertainty of its future market makes it risky to put all 
land under macadamia.  
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Table 1. A description of the total area of land categories, soil types, cane cultivars 
and opportunity cost (alternative use) of land in Eston Central. 

        *vegetables in brackets due to the enterprise’s exclusion from the model 

 
Cane cultivar selection is partly dependent on the landscape and soil type, thus the planting 
activities were categorised using soil type and cane cultivar grown. Actual annual deliveries of 
each of these varieties to the mill were obtained from the Cane Testing Service (CTS). Seven 
seasons of grower delivery data (2011/12 to 2017/18) for 11 growers in the Eston Central Region 
were analysed, and Figure 1 shows the distribution of percentage total deliveries for the cultivars 
for the 2017/18 season only. Only cultivars with more than 1% of total deliveries were included in 
Figure 1. Thus, comparing Table 1 and Figure 1, some varieties in Table 1 such as N35, N51 and 
N61 did not attain the 1% mark, leading to their exclusion from Figure 1. This suggests that, 
although some growers in Eston Central adopt these varieties, the percentage delivered to the 
mill is insignificant compared to other cultivars such as N12, N31, N48, N54 and N50 as shown 
in Figure 1. These cultivars with more than 7% of total deliveries to the mill were included in the 
model. 
 
Apart from growing only conventional varieties, energy cane was incorporated in the model as 
Scenario 2. A selling activity for bagasse was also incorporated in the baseline scenario of the 
model.  
 

 
 

Figure 1. 2017/18 Eston Central cane cultivar distribution in percentages as of August 2018. 

ESTON CENTRAL 

  Land categories and soil types   

Marginal land, 
poor soil (MP) 

Flat land, 
sandy soil (FS) 

Flat land, 
clay soil (FC) 

Frost 
prone (F) 

Cane Cultivars N12, N52 N51, N31, N61 N48, N54, N50 N35 

Alternative uses 
of land 

timber 
(vegetables)*, 

macadamia nuts 
(vegetables)*, 

macadamia nuts 
- 

Total estimated area 
under specific soil 
type (ha) 

12 050 4 500 6 000 - 
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Setting the constraints 
 
Constraints represent the limited resources which are the inputs, and an optimal solution is 
achieved through adjustment of the various activities within the constraints to realise the farm 
objectives (Shrestha et al., 2016; Janssen and van Ittersum, 2007). The main limiting resource 
identified was land, as it was assumed that labour can be hired when required and that capital is 
not limiting. The identified categories of land were set as the different land resource constraints. 
In each category there is a maximum amount of land that can be used for planting purposes. This 
data (Table 1) was gathered through consultations with Eston’s SA Sugarcane Research Institute 
extension specialist3. Using the Local Pest, Disease and Variety Control Committee Rules from 
SASRI, a constraint stating that no single variety should occupy any more than one third of the 
total area under cane, was added to the model. Furthermore, high profit margins realised from 
macadamia production also led to the addition of a constraint stating that the area planted under 
macadamia cannot exceed 15% of the total arable land. 
 
In the same column where constraints appear there are transfer rows which demonstrate in the 
model how the output or service of one activity can be shifted to a different activity (Beneke and 
Winterboer, 1984). This paper focuses on establishing the sensitivity of growers’ production 
decisions to exogenous price changes of bagasse. Therefore, a transfer row for tons of bagasse 
produced was included in the model to depict the transformation of tons of bagasse into sales of 
bagasse. 
 
Gross margins and enterprise budgets 
 
As previously highlighted, LP modelling requires use of gross margins which are the difference 
between income/revenue and variable costs before accounting for other fixed costs (Kay et al., 
2012). Annualised enterprise budgets on a per hectare basis were used to calculate gross 
margins for sugarcane, energy cane, macadamia and timber. Although time consuming, 
enterprise budgets make it possible to estimate returns and costs both for existing and new 
enterprises under consideration (Riggs et al., 2005). Detailed data of unit prices, cane and RV 
yield, variable costs (planting, harvesting, ratoon management, pest and disease control, green 
manuring costs) were gathered for seven years (2011/12 to 2017/18). Cane planting, harvesting 
and ratoon management cost schedules from SACGA for the seven seasons were used to 
construct the sugarcane enterprise budgets. Costs of green manuring and pest and disease 
control were obtained from discussions with the SASRI extension specialist3 and SACGA area 
manager4. RV nominal price values were adjusted to real values using producer price indices 
from the Abstract of Agricultural Statistics 2018 (DAFF, 2018). Literature and SASRI expert 
opinion formed the basis from which enterprise budgets for energy cane were constructed. It is 
thought to have about 10% sucrose, 15 to 20% fibre and a high non-sucrose fraction2. While 
energy cane produces high tonnage that can be over 200t/ha, the growth cycle is highly 
dependent on the agro-ecological region where the variety is grown (Kim and Day, 2011). In the 
irrigated region and coastal areas, achieving a high tonnage in less than 12 months would be 
possible while in the Midlands areas, energy cane may achieve high tonnage in about 15 to 18 
months2. Based on this information, energy cane was assumed to have a growth cycle of 18 
months and possible cane and RV yields were estimated.  
 
Yield and price data from 2012 to 2018 for macadamia and timber were obtained from growers 
and experts in these enterprises. The major variable costs that were included in the enterprise 
budgets for macadamia and timber were establishment, maintenance and harvesting costs.  
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Inclusion of risk in the model 
 
Farming is generally a risky business that is affected by the unpredictability of weather conditions, 
uncertain input and output prices and changes in government regulations and policies (Hardaker 
et al., 2015). A study by Mac Nicol et al. (2007) for two regions in South Africa identified key 
financial and business risks for sugarcane commercial growers. These included the uncertainty 
associated with minimum wage labour legislation, highly variable sugarcane prices and effects of 
land reform.  Risk adds complexity to the farm decision making process and accounting for it can 
have a positive impact on business performance (Backus et al., 1997). As such, it was important 
to integrate risk into the farm representative model.  
 
Growers are generally risk-averse, meaning they behave in ways that could assist in reduction of 

risk (Hardaker et al., 2015). This could imply forgoing some expected income while taking up farm 
plans that offer some security (Dent et al., 2013). Taking into account risk-averse behaviour in 
the model increases the accuracy of results. Different risk programming techniques are used to 
incorporate risk in decision making. These include Expected Income Variation (E-V analysis), 
Minimisation of Total Absolute Deviations (MOTAD), Target MOTAD, Baumol’s E-L criterion and 
Game Theory models (Hazel and Norton, 1986). This research adopted Baumol’s E-L model 
because it incorporates the utility aspect in the decision maker’s choice. The assumption is that 
the grower wishes to maximise utility at his given level of risk aversion. 
 
Price and yield information is a requirement in the construction of risk techniques mainly because 
growers’ production decisions are partly based on future yield and price expectations (Tomek and 
Kaiser, 2014). RV prices (SACGA, 2018) and cane yield data per variety (obtained from growers) 
were key factors identified to greatly impact on the profitability of the sugarcane enterprise. 
Baumol’s used deviations in farm Gross Margins per cane cultivar to estimate maximum utility 
and represent risk (Hazell and Norton, 1986). In this study, both negative and positive deviations 
from the mean were calculated for sugarcane as well timber and macadamia for each of the years 
in the seven season period (2011/12 to 2017/18). Gross margins were optimised subject to the 
identified constraints. Tables 2 and 3 show a caption from the Excel sheet Mini-Tableaus for 
sections of the model. 
 
Table 2 shows the planting activities of the cane cultivars, timber and macadamia under different 
land categories as outlined in Table 1. The right hand side (RHS) for the land categories 
represents the maximum quantity of land available in each category. The bagasse transfer row 
highlights, for example, that for every 1 ha of N12 harvested 15 tons of bagasse are produced. 
The selling activity denotes that 1 ton of bagasse will sell at a certain price that will show in the 
row with the objective function (Table 3). The figures in the constraints rows represent production 
coefficients showing the relationship between activities and constraints highlighted earlier on (not 
more than one third and 15% of land should be under each cultivar and macadamia, respectively).  
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Table 2. Mini-tableau for Eston Central showing sugarcane cultivars, 
opportunity cost of land, selling activities and resource constraints. 

Land categories 
and constraints 

Cane variety grown/ha Opportunity cost/ha Sales (tons) 

MP 
N12 

FS 
N31 

FC 
N48 

MP 
Timber 

FS 
Maca 

FC 
Maca 

Bagasse RHSb 

Marginal land  
Poor Soil (MP) 

1       L12 050 

Flat land  
Sandy soil (FS) 

 1   1   L4 500 

Flat land  
Clay soil (FC) 

  1   1  L6 000 

Bagasse transfer 
(tons/ha) 

-15 -15 -17    1 E0 

Macadamia 
constraint 

-0.15 -0.15 -0.15 -0.15 0.85 0.85  L0 

N12 constraint 0.67 -0.33 -0.33     G0 

N31 constraint -0.33 0.67 -0.33     G0 

N48 constraint -0.33 -0.33 0.67     G0 

   a Mac: Macadamia. b RHS: Right Hand Side 

 
 

Table 3. Mini-Tableau showing incorporation of the risk component. 

GMa 
deviations 

MPN12 
Bagasse 

sales 
E[GM] b 
Rands 

D1c 

Rands 
D2 

Rands 
0.5 

TADd 
SDe 

Rands 
RHS 

T1f (Rands) 2582.62   1    G0 

T2 (Rands) 1386.87    1   G0 

Sum 
(Rands) 

   -1 -1 1  E0 

Conv 
(Rands) 

     -Fg 1 E0 

E[GM]Acc 
Constraint 

-10752.05 1000 -1     E0 

OBJ: L= 
E[GM]-θσ 

  1    -1.645 Max! 

a GM: Gross Margin. b E[GM]: Expected Gross Margin. c D1: Deviation in time period T1. d TAD: Total absolute 
deviations. e SD: Standard deviation. f T1: Time period 1 deviation. g Correction factor (F) 

 
 
In Table 3, the objective function is calculated using the equation: 
 

                                                           𝐿 = 𝐸[𝐺𝑀] − 𝜃𝜎                                                     (Eq 1) 
 

where 𝐿 is the utility or minimum income achieved with a certain probability (e.g. 85 or 95%), 
𝐸[𝐺𝑀] is the expected gross margin, 𝜃 is the growers’ risk aversion coefficient, and 𝜎 is the 
standard deviation of E.  
 
Risk (𝜎) in this case is treated as a cost weighted by the risk aversion coefficient 𝜃. This means 

the larger the value of 𝜃, the heavier the weight attached to risk resulting in a more diversified 
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farm plan. Using t statistics tables, the risk aversion coefficient in this study was identified by 
selecting a value that has the closest fit with the actual farm plan under a baseline scenario.  
 
The conversion factor row (conv) has a correction factor F that converts 0.5TAD into an estimate 
of standard deviation using the equation:  
 

                                                                  𝐹 = 2∆˄0.5                                                         (Eq 2) 
 

where                                                      ∆= 𝜋𝑇/2(𝑇 − 1)                                                    (Eq 3) 
 

where 𝑇 is the total number of seasons under observation, in this case seven seasons from 
2011/12 to 2017/18.  
 

Model verification 
 
To determine the accuracy of the model, comparison was made between the Scenario 1 cane 
cultivar distribution (model output), outlined in Table 4, when the bagasse price is zero, without 
energy cane, and the actual distribution, as given in Figure 1. The model represented quite well 
what is on the ground with slight variation in the area under N54 and N48. The model projects 
more area under N54 than is currently on the ground in Eston Central Region. This is a new 
variety whose adoption has consistently increased yearly since its introduction in 2015. It has high 
cane yields that are realised over a shorter grower cycle, a characteristic which cane growers 
have indicated is the reason for its increased adoption.  
 

Limitations of the model 
 
Detailed farm level data is a prerequisite to a robust linear programming model. One limitation in 
this study was the unavailability of historical data for certain cane cultivars including energy cane. 
There was heavy reliance on growers, literature and expert opinion to counter this problem. 
Another limitation was that data was obtained from just a portion of the growers, making it difficult 
to accurately represent the Eston Central region. Additionally, the model is essentially based on 
the optimising technique and holds no consideration for other factors that result in the system not 
operating at optimum level. In this case there is no inclusion of factors such as resistance to 
disease and pests, availability of clean seed as well as management issues at both planting and 
harvesting stages in the model. Such factors are inadequately captured and thus, the full 
behavioural drivers and motivations behind decision making are not fully represented. It is also 
assumed that farms operate at maximum efficiency, which is not the case in reality. 
 

Results and Discussion 
Sensitivity analysis 
 
A sensitivity analysis determines how responsive a model is to changes in key values, such as 
variable costs and product prices for a chosen farm plan (Beneke and Winterboer, 1984). This 
section reports results for a sensitivity analysis on bagasse price changes. Two scenarios were 
analysed, i.e. Scenario 1: Changes in bagasse prices without energy cane and Scenario 2: 
Changes in bagasse prices with energy cane. Figure 2 displays two pseudo-supply curves for the 
two scenarios. 
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Figure 2. A normative pseudo-supply curve for bagasse under two scenarios. 

 
 
At zero bagasse price per ton, the quantity of bagasse produced in both scenarios was roughly 
385 000 tons/annum for the Eston Central Region. As the price increased, the supply curve 
without energy cane was relatively insensitive to bagasse price changes compared to the supply 
curve with energy cane (Figure 2). As the prices for bagasse altered for both scenarios, the model 
also showed variations in enterprises and cane varieties grown. These results are illustrated in 
Table 4. Using Figure 2, the first change in quantity supplied is realised at R1 218 per ton for 
Scenario 1 (S1). At a price of R1 218 for S1, the quantity of bagasse supplied is 396 083 
tons/annum. Table 4 shows that in Scenario 1, the area under N12 and N48 increases as the 
price of bagasse increases. 
 
The first change in quantity supplied in Scenario 2 (S2) is noted at R101 per ton with 494 490 
tons of bagasse (Figure 2). At a price of R1 218 the quantity produced for S2 is 619 732 
tons/annum. This is attributed to the increased adoption of energy cane in S2 which produces 
higher quantities of bagasse per ton of sugarcane crushed compared to conventional cane. The 
maximum price beyond which no changes in bagasse quantities are realised for S1 is R3 390 at 
402 744 tons while for S2 it is R1 899 at 623 492 tons. 
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MP: Marginal poor soil. b FC: Flat land clay soil. c FS: Flat land sandy soil. d Mac: Macadamia 

 
Table 4 shows changes in production decisions by growers at different bagasse price levels. The 
optimal solution selected Macadamia over timber production due to larger profits realised in 
macadamia production in clay soils for both scenarios. As the price of bagasse increases for S1 
and S2, a point is reached when all land under Macadamia is given up to cane production. This 
point occurs at R3 390/ton for S1 and R1 899/ton for S2. Considering the decline in area under 
cane recorded over the years, attaching a value to bagasse can give incentive to cane growers 
to expand land under cane. This would solve some social and economic problems that the country 
has been facing due to reduced production of sugarcane. 
 
Revenue changes 
 
For the sugarcane grower, as the price of bagasse increases under both scenarios, the revenue 
realised increases (Table 5). This is because more tons of bagasse are sold with each price 
increase, leading to more income being generated. For the purposes of this study, it is assumed 
that the income from sugar and molasses remains constant (although other scenarios are 
possible and will be further investigated in the future). 
 
 

Table 4. Distribution of area under cane and opportunity cost of land at  
different bagasse prices per ton for S1 and S2. 

 

Bagasse 
price 

(Rands) 

Percentage area planted in hectares out of total arable land 

MPa 
N12 

MPEnergy 
cane 

MP 
N31 

FCb 
N48 

FSc 
N54 

FC 
Macd 

Scenario 1 (without energy cane) 

0 31.46 0.00 21.97 15.30 26.61 4.66 

1218 32.42 0.00 21.02 18.19 26.61 1.76 

3390 33.00 0.00 20.44 19.96 26.61 0.00 

4000 33.00 0.00 20.44 19.96 26.61 0.00 

Scenario 2 (with energy cane) 

0 31.46 0.00 21.97 15.3 26.61 4.66 

101 32.05 15.19 6.19 17.08 26.61 2.88 

198 32.28 21.16 0.00 17.77 26.61 2.18 

258 20.76 32.68 0.00 18.99 26.61 0.97 

946 20.65 32.79 0.00 19.32 26.61 0.64 

1899 20.44 33.00 0.00 19.96 26.61 0.00 

2000 20.44 33.00 0.00 19.96 26.61 0.00 

3000 20.44 33.00 0.00 19.96 26.61 0.00 
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Table 5. Percentage change in quantity produced and  
revenue with each change in bagasse price. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The sugar industry has seen a decline in the area under cane over the years due to the declining 
profitability of the industry (BFAP, 2014). In Eston, reduced production and area under cane has 
been mainly noted for the small scale sugarcane grower due to high input costs and lack of access 
to finance amongst other reasons. Paying the grower for bagasse, even at very low prices, 
increases income for the grower and will incentivise increased production of sugarcane. Once 
bagasse has a monetary value, introduction of energy cane, a cultivar that can withstand dry 
conditions and can thrive in marginal soils, also contributes massively to revenue (see Table 5). 
Energy cane has the added advantage of doubling the quantity of bagasse produced due to its 
high fibre content which automatically doubles the income from bagasse for the grower compared 
to a scenario with only conventional cane.  Bagasse can be used not only for co-generation and 
ethanol production but also other co-products such as specialty sugars, compounds from lignin 
(bioactives, hydrocarbons, paints and resins), organic acids, fermentation products and energy 
products such as hydrogen, biodiesel and methane. Interestingly, in Australia, it has been 
estimated that the cost of bagasse could increase from $80 to $1 000/ton (approx. R10 000/t) due 
to the potential value addition from co-products from the bagasse component lignin (unpublished 
data 5).  
 
Can energy cane be a solution to some challenges the industry is facing? 
 
Growing cane specifically for fibre or with higher fibre content may be a route worth pursuing for 
SA’s sugar industry. In an era where sugarcane with high fibre is now recognised as a good 
biorefinery crop, on-going research in countries such as Mauritius and U.S.A. are mapping the 
future for tomorrow’s sugarcane industries. Apart from various value added products that can be 

5Campbell, G (2017). Daily Mercury [Internet] https://www.dailymercury.com.au/news/1000-a-ton-for-bagasse/ 
3214261/ [Accessed 19 February 2019] 

Bagasse price  
per ton (Rands) 

Cumulative percentage 
 increase in quantity 

 produced 

Percentage change 
 in revenue 

Scenario 1: Without energy cane (S1) 

0 0.00 0.00 

1218 2.84 55.01 

3390 4.56 72.79 

4000 4.56 11.98 

Scenario 2: With energy cane (S2) 

0 0.00 0.00 

101 28.38 5.12 

198 39.52 5.89 

258 60.40 3.78 

946 60.90 47.93 

1899 61.88 45.02 

2000 61.88 3.31 

3000 61.88 30.06 
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potentially produced from fibre in energy cane, there are a number of benefits realised from 
growing energy cane compared to conventional cane. The plants demand less water hence would 
better cope with drought conditions. Additionally, they are more resistant to pests and diseases 
resulting in low use of pesticides, herbicides and fertiliser. This results in low input costs thus 
benefitting the smallholder grower whose production levels have declined over the years due to 
lack of access to finance. In addition, considering the droughts that this country has been facing, 
reduced local sugar demand due to the implementation of the Health Promotion Levy, and rising 
input costs, energy cane could possibly help alleviate these problems.  
 
In 2015/16, the Umzimkulu mill was closed due to poor cane supply as a result of drought and 
this had a negative effect on the industry, the local community and the country as a whole. Once 
energy cane is adopted, a potential scenario can include harvesting cane only during off season 
for fibre, or both fibre and sugar. Another scenario could involve parallel processing of both energy 
cane and conventional cane for both sugar and fibre. Consequently, if some of the sugarcane 
was produced entirely for its fibre content, then the harvest timelines determined by sucrose 
accumulation would no longer hold. In both instances, it becomes possible for mills to operate 
throughout the year with continuous cane supply. This, however, is subject to mill maintenance 
requirements, considering that in SA mills generally carry out major maintenance work in the off-
crop. 
 
Dextran issues have also been a cause for concern in SA mills. Dextran is due to microbial activity 
emanating mostly from cane deterioration, which results in reduced quality and quantity of sugar 
produced, principally leading to revenue loss. Once the focus shifts from sugar production only to 
other or additional products from fibre in energy cane, dextran problems may end. Sucrose 
content is lower in energy cane and to maximise fibre at harvest, the cane can be greencane 
harvested. This would reduce dextran formation as a result of burning cane before harvest and 
bring relief to the industry.  
 
However, expansion of the product portfolio to include biorefinery products from fibre would 
require an incentive to be in place to protect those local markets that the products made from fibre 
are aimed for, from international price dumps. More research would need to be done regarding 
this type of cane to determine the suitability to SA climatic conditions as well as to identify and 
calculate costs linked to any agronomic and management issues that could arise from growing 
energy cane. The cost vs benefit of the resultant low income from sugar due to high bagasse tons 
and reduced sucrose tons from energy cane will also need to be established. Moreover, cane 
crushing costs incurred by the miller to crush high fibre cane in existing mills would need to be 
quantified in order to certify the profitability of producing energy cane.  
 

Conclusions and recommendations 
 
This paper has demonstrated that if bagasse is assigned a monetary value, grower decisions with 
respect to varieties grown and choice of alternative enterprises would be modified. There will be 
a notable adjustment in revenue for the grower as shown by positive changes in the revenue 
generated from bagasse. However, for both the miller and grower to benefit from the pricing of 
bagasse, the current legislative framework of the industry would need to be altered. As it is, 
without any legal changes there might be no motivation for either party to move in the direction 
suggested by this study. Assuming a different scenario where biorefinery products are included 
in the division of proceeds in an industry where growers and millers are highly interdependent, it 
is clear that the millers’ reactions will have an impact on growers’ production decisions. Thus, 
future work will incorporate a representative mill to enable a full sector analysis of the implications 
of pricing bagasse as well as establishing the cost and benefits of its various options. Bagasse 

Mafunga WP et al Proc S Afr Sug Technol Ass (2019) 92 : 123-138

135



storage costs could reduce the value of bagasse bearing in mind the bulky and perishable nature 
of the material. Future research could also look into the feasibility of using the raw material in a 
South African setting once all storage and labour costs are factored in.  
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