
 

SHORT, NON-REFEREED PAPER 

 

ECONOMIC RECOVERY OF BIOBUTANOL - A PLATFORM 

CHEMICAL FOR THE SUGARCANE BIOREFINERY 
 

CHIKAVA FK1, RAMJUGERNATH D2 AND STARK A3 
 

1 University of KwaZulu-Natal, 211541961@stu.ukzn.ac.za 
2University of KwaZulu-Natal, ramjuger@ukzn.ac.za  

3University of KwaZulu-Natal, starka@ukzn.ac.za  
 

 
Abstract 

 
In recent years, the South African sugar industry has faced challenges such as drought and 
labour issues that have impacted negatively on its perceived sustainability. The adoption of 
the sugarcane biorefinery concept by the sugar industry is a possible solution to improve the 
sustainability of the industry amid these challenges. In this envisioned biorefinery, ‘multiple 
products are created within an integrated system that maximises sustainability’, as opposed to 
relying on producing one, or very few, commodities.  
This paper explores the potential economic recovery of butanol from sucrose fermentation 
(biobutanol) with the aim of using it as a platform chemical for the production of higher value 
products, e.g. esters. Biobutanol production was characterised by very low butanol 
concentrations in the fermentation broth (around 2 % (m/m)) due to high inhibition, resulting in 
a very high cost of recovery and the need for several downstream purification steps. According 
to literature, there are promising technologies that can make the recovery and purification 
processes viable.  
Gas stripping, adsorption, extraction and distillation process steps were simulated on Aspen 
Plus® to determine the profitability of the process to produce pure butanol. Simulation results 
were verified by experimental measurements in the case of extraction and gas stripping. 
Overall, technoeconomic analysis results were used to determine the best performing 
arrangement of technologies or unit operations.  
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Introduction 

 
The South African sugar industry has been confronted with challenges such as drought and 
labour issues in recent years. These challenges have negatively impacted on the perceived 
sustainability of the industry. The adoption of the sugarcane biorefinery concept by the sugar 
industry is a possible solution to improve the sustainability of the industry amid these 
challenges. In its most general form, a biorefinery has been defined by the United States 
National Renewable Energy Laboratory1 as ‘a facility that integrates conversion processes and 
equipment to produce fuels, power and chemicals from biomass’. One of the key tasks that 
therefore arises is the identification of products that can be produced economically from the 
different streams in the current sugar mills. These products will then be produced in an 
integrated system that maximises sustainability and profitability.  
 
Butanol has often been reported as a superior biofuel to ethanol due to its properties, including 
low vapour pressure and low water solubility. It has fuel properties similar to that of gasoline 
(Abdehagh et al., 2014, Ha et al., 2010, Visioli et al., 2014). In the current sugarcane biorefinery 

                                                 
1 Homepage National Renewable Energy Laboratory, http:\www.nrel.gov/biomass/biorefinery.html, last 
accessed 28 June 2016 
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context, more important than being a biofuel, butanol can serve as a C4 feedstock for chemical 
synthesis (e.g. esters, ethers and carbonates). This makes the possible production of butanol 
from the sugar mill streams a venture that will open up access to a number of higher value 
chemical products that can be included in the mix of products in the biorefinery. 
 
Butanol production from biomass via fermentation (biobutanol production) is a well-established 
technology that was once an important process in the first part of the 20th century till around 
the World War II (Kraemer et al., 2010, Jones and Woods, 1986). The last commercial 
biobutanol production in South Africa was recorded to have been in 1982 (Jones and Woods, 
1986, Ranjan and Moholkar, 2012). The resuscitation of this once important process has 
received reasonable research attention, with focus on the drawbacks of the process, which are 
among the factors that led to it being phased out. These shortcomings include the expensive 
feedstocks, low fermenter productivities and yields (up to 0.6 g/L/h and 0.3 g/g, respectively) 
and high product inhibition by butanol which gives a very diluted solution of butanol (up to 2 % 
(m/m)) (Jones and Woods, 1986, Qureshi and Ezeji, 2008, Mariano and Maciel Filho, 2012). 
Consequentially, there is a high cost associated with recovering the fermentation products 
(butanol and its co-products, acetone and ethanol) using conventional processes such as 
distillation. 
 
Several technologies that can possibly aid in improving the economics of the overall biobutanol 
production process have been proposed and included in full technoeconomic analyses. These 
technologies include gas stripping, liquid-liquid extraction, adsorption and pervaporation. From 
these technoeconomic studies, a number of conclusions have been drawn. Gas stripping, for 
example, has been reported as the one technology that was able to positively improve the 
economics of the process (Van der Merwe et al., 2013) while the implementation of liquid-liquid 
extraction could be deemed relatively effective as there are a number of solvents that have 
been investigated and identified as good extraction solvents for butanol (Ishii et al., 1985, 
Gonzalez-Penas et al., 2014, Garcia-Chavez et al., 2012).  
 
The aim of the current study therefore was to look for possible economic processes for 
biobutanol recovery using the technologies reported in literature namely, gas stripping 
(including two-stage gas stripping), liquid-liquid extraction, adsorption and distillation. The 
study contextualises biobutanol production by making use of a clear juice stream from a 
generic South African sugar mill.  
 

Approach and Methodology 
 
Figure 1 below shows the overall approach that was taken in this study. A clear juice stream2 
was used as the carbon source. A total of five process schemes was designed and evaluated 
for economic performance in producing fuel grade biobutanol (>99.5 % (m/m)). Process 
Scheme 1 represented the conventional five column distillation train for biobutanol recovery 
and this was used as the benchmarking case. Process Scheme 2 consists of recovery by 
single stage gas stripping followed by distillation. This was meant to ascertain the actual gain 
that gas stripping affords to the process. In Process Scheme 3, gas stripping was followed by 
liquid-liquid extraction. This is a process scheme, using molasses as a carbon source, that 
was found by Van der Merwe et al. (2013) to be profitable. It was therefore included in this 
study to determine the effect of using a different carbon source from the mill, as well as to 
standardise the process to the same assumptions and methods. The incorporation of a second 
stage gas stripping unit of Xue et al. (2013) was investigated in Process Schemes 4 and 5. 
Process Scheme 4 still incorporated liquid-liquid extraction while in Process Scheme 5, the 
extraction column was replaced by an adsorption column.  

                                                 
2 Private communication. The Generic Mill model is currently developed by Kylan Guest et al. in 
cooperation between the SMRI Sugarcane Biorefinery Research Chair at UKZN and the Sugar Milling 
Research Institute (SMRI). 
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Both the capital and operating costs of running these process schemes were evaluated. The 
discounted cash flow analysis was based on an assumed project life of 25 years.  

 
Figure 1: Overall study strategy 

Results Overview, Discussions and Conclusions 
 

As expected, the economic analysis results showed that the conventional recovery process 
was not worth investing in due to Process Scheme 1 having a negative net present value (NPV) 
after 25 years. Gas stripping improves the economics of the recovery process, however, it has 
to be directly coupled with distillation to obtain pure biobutanol that can be directly used. The 
incorporation of liquid-liquid extraction, as done in Process Schemes 3 , improves the 
economics of the process significantly when an appropriate solvent is used. 
 
This is thought to be a step towards gaining a solution to improve the sustainability of the Sugar 
Industry in the context of the sugarcane biorefinery.  
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