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Abstract 

 
The sugar industry has to “re-invent” itself to ensure long-term economic survival, opportunities 
for job creation and enhanced community-level impacts, given increasing pressure from 
fluctuating and low global sugar prices, increasing energy prices and sustainability demands. 
Biorefineries were proposed as means to revitalise the sugar industry, by annexing new 
product plants to existing sugar mills to convert low value lignocellulosic biomass (sugarcane 
bagasse and brown leaves) to a spectrum of high value platform chemicals along with biofuels, 
bioenergy and electricity. The opportunity is presented for greener products to mitigate climate 
change and overcome economic challenges.  
 
A series of biorefinery scenarios have been modelled using Aspen Plus® software to better 
understand the biorefinery processes, estimate the CAPEX and OPEX, environmental 
impacts, and overall sustainability.  This approach allows for potential products such as 
alcohols, organic acids, electricity, furfural and other biochemicals to be compared in terms of 
their desirability for inclusion in biorefineries based on sustainability and the need to maximise 
the benefits of social, economic, and environmental factors on a lifecycle basis. This offers an 
opportunity to provide societal needs for greener products and to mitigate climate change while 
simultaneously meeting the challenges of the sugar industry.  
 
Keywords: lignocellulose, multi-product biorefinery, sustainability, environmental impact, investment 
viability 

 
 

Introduction 
 
The South African sugar industry is currently under threat as a result of fluctuating and 
decreasing global sugar prices combined with increasing chemical prices.  It has been 
proposed that the sustainability of the South African sugar industry can be improved by 
broadening the product range of existing sugar mills by annexing new product plants to develop 
biorefineries (Gorgens et al. 2016).  
 
There are a number of opportunities within the sugar industry to access low value 
lignocellulosic biomass to use as the feedstock.  Currently, sugarcane is burnt in the fields prior 
to harvesting, however, this leads to the release of particulate matter which is harmful to the 
workers and the environment.  Changing to green harvesting practices will reduce the 
detrimental impact the sugar industry has on the environment and will mean that the tops and 
leaves are potentially available for collection and valorisation (Smithers, 2014).  Bagasse is 
currently burnt in low efficiency boilers to provide energy for the mill and this can be accessed 
by the implementation of a new efficient combined heat and power plant (CHP) as part of a 
new product plant development (Nsaful et al. 2013).   
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Lignocellulosic biomass can be valorised to a range of materials, including biofuels, platform 
chemicals, bioenergy and electricity (Nsaful et al. 2013; Farzad et al. 2017).  Six scenarios 
were identified as case studies for an initial assessment.  The selected scenarios all co-
produced more than one final product, namely:  
Cellulosic ethanol and electricity; 
Cellulosic ethanol, lactic acid and electricity; 
Cellulosic ethanol, furfural and electricity; 
Methanol and electricity; 
Fischer-Tropsch syncrude (similar to crude oil) (FTS) and electricity; and 
Cellulosic butanol and electricity. 
 
It is proposed that a new product plant, annexed to an existing sugar mill, will improve financial 
performance by effectively broadening the product range.   This approach will require a 
substantial investment, thus requiring initial assessments to determine if it has merit, in addition 
to developing an understanding of the type of product range with the greatest benefits.  The 
aim of this work is to use the selected scenarios as case studies.    
 
The aim of this work is to generate a series of simulations of biorefinery scenarios as case 
studies for an initial assessment of this approach.  It is anticipated that such a development 
will improve the financial viability of sugar mills, reduce the environmental impacts and provide 
social benefits thus improving the overall sustainability of South African sugar mills. 
 

Methods 
 
The biorefineries were designed on the basis that a new product factory would be annexed to 
an existing sugar mill, using bagasse and brown leaves as the feed, and a new efficient 
combined heat and power (CHP) plant would be installed to provide energy and steam to the 
sugar mill and new product plant.  The capacity was selected to be representative of a typical 
South African sugar mill and it was thus estimated that the biomass supply would be 65 tonnes 
dry mass per hour (tDM/h) (Farzad et al. 2017).  Further, the biorefineries were designed on 
the basis of energy self-sufficiency with a portion of the feedstock diverted directly to the CHP 
plant.  It was envisaged that the green tops would be left in the field for nutrient retention in the 
soil. 
 
Aspen Plus® flowsheeting software was used to generate simulations of the selected 
scenarios and provide the information required to carry out an economic assessment.  The 
economic assessment was carried out using parameters relevant to the South African context.  
In addition, the environmental and social impact of each scenario was assessed based on the 
whole production chain, encompassing the cultivation of the sugarcane, the sugar mill, 
operation of the new product plant and operation of the new combined heat and power plant. 
The environmental impacts were assessed using an attributional life cycle assessment (LCA) 
approach according to ISO 14044 guidelines (Farzad et al. 2017).   
 

Results and Discussion 
 
From this work it was found that broadening the product range of sugar mills has the potential 
to improve sustainability although there are large variations within the investigated scenarios.  
Sustainability is comprised of three elements; economics, environmental and social impacts.   
A comparison of the scenarios on a normalised basis is shown in Figure 1 with a large area 
indicative of poor performance. To represent the economic viability of each scenario, 1/IRR 
has been used, and a reverse score was used to represent the social impacts, defined as the 
number of jobs.  There are a range of potential environmental impacts represented by the LCA 
methodology and the key parameters are abiotic depletion, global warming potential 
(GWP100a), ozone depletion (ODP), photochemical oxidation (POCP), acidification and 
eutrophication.   
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From Figure 1, it can be seen that the processes with the lowest economic returns are butanol 
fermentation followed by the combined furfural-ethanol process.  Challenges with butanol 
production include the fermentative microorganisms’ low tolerance to the substrate and 
product along with the need to use dilute acid pretreatment in place of steam explosion 
(Qureshi et al. 2008).  The high costs of furfural production can be attributed to the high cost 
of the reactor required for a process operating at high temperatures and pressures (Xing et al. 
2011).  To allow for combined ethanol and furfural production the furfural process used pre-
treatment hydrolysate and a solvent.  The economic assessment indicated that methanol 
synthesis with an internal rate of return (IRR) of 16.7 %, and ethanol-lactic acid co-production 
(20.5 %) met the minimum investment criteria of 15 %.   
 
The LCA results demonstrated that sugarcane cultivation was the most significant contributor 
to the environmental impacts, however, this applies equally to all scenarios (Farzad et al. n.d.).  
All scenarios demonstrate a large impact in the GWP100a category and this has largely been 
attributed to the combustion process required to provide the energy for the conversion 
processes.  The gasification scenarios (methanol and FTS) demonstrate poor performance in 
acidification and eutrophication due to nitrogen oxide emissions, while a large portion of the 
environmental impacts for the chemical and biochemical conversion processes can be 
attributed to the required chemical inputs, for example, enzyme production leads to 
eutrophication.  Furfural synthesis demonstrated the worst environmental performance due to 
the large amount of chemical inputs (HCl, NaCl and tetrahydrofuran) required for the selected 
process (Xing et al. 2011).  
 

 
Figure 1. A summary of the sustainability results ((Farzad et al. 2017), reproduced with 

permission from the authors, including global warming potential (GWP100a), ozone depletion 
(ODP) and photochemical oxidation (POCP) 

 
One of the theories proposed by this work was that the sustainability of the sugar industry 
would be improved by broadening the range of products by converting more of the sugarcane 
plant to useful chemicals.  Of the investigated scenarios it was found that the most promising 
was for a single additional chemical product (methanol) because the thermochemical 
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processing route leads to a high conversion of biomass with minimal chemical inputs.  The 
combined ethanol-lactic acid scenario also demonstrated a good return on investment which 
can be attributed to the high combined product yield and value of lactic acid (Gezae et al. 
2016).  In contrast, the combined furfural-ethanol process was found to be one of the least 
promising scenarios, however, this scenario is indicative of some of the challenges of carrying 
out this type of research because data to generate the combined scenario is limited and it was 
thus necessary to select a sub-optimal solvent based furfural process.      
 

Conclusions 
 
The potential for annexing new product plants to existing sugar mills to develop biorefineries 
as a means to improve the sustainability of the sugar industry has been investigated.  From 
this work it was found that there was potential with two of the six scenarios meeting the 
investment criteria and all scenarios showing some potential social and environmental 
improvements.  However, further work is required to refine the assumptions of the investigated 
scenarios and investigate other potential chemicals which may result in greater sustainability. 
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