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Abstract 
 

Two solar heat integration concepts have been identified as promising options for 
implementation in South African sugar mills in the near future as a result of work with the 
steering committee of the Sugarcane Technology Enabling Programme for Bio-Energy. 
These are the drying of bagasse using solar heated air and the generation of live steam 
using concentrating solar thermal collectors. 

 
By generating live steam from solar energy, electricity production can be increased up to 
34.5 %, and bagasse or coal can be saved as well. Solar drying of bagasse can reduce 
bagasse usage up to 20.8 % and increase the boiler’s efficiency. The average solar fractions 
for live steam generation and bagasse drying are 12.34 % and 17.34 % respectively. This 
can be increased if the integration points are allowed to operate outside of the crushing 
season, if thermal storage is implemented or if the solar collector area is increased. 
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Introduction 
 

The aim of the research reported here is to assess to what extent solar thermal energy can 
be used to reduce the running costs of South African sugar mills and to open up additional 
income streams. This study forms part of the Sugarcane Technology Enabling Programme 
for Bio-Energy (STEP-Bio) project and it builds on the work of Hess et al. (2016), which 
identified and ranked various solar integration points for sugar mills. This study further 
develops concepts for the drying of bagasse using solar heated air and live steam 
generation (LSG) using concentrating solar power (CSP) collector technology.  
 
This short paper contains an integration scheme for LSG along with monthly estimations of 
the performance of both integration points. Values regarding the sugar milling process are all 
based on the updated results from the Biorefinery Techno-Economic Modelling project 
(Starzak and Zizhou, 2016).  
 

Live Steam Generation with CSP Collector Technology 
 

LSG with solar energy will allow the sugar mill to either save bagasse/coal or generate more 
electricity during the crushing season. Furthermore, it can help with the energy needs for 
refining factories outside of the crushing season and enable year-round electricity 
exportation. 
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Figure 1 shows a hydraulic scheme for the integration of solar LSG based on the work of 
Hess et al. (2016). The solar field consists of parabolic trough collectors (PTC), which will 
provide solar process heat to the conventional sugar milling system.    
 
 

 

 

 

 

 

 

 

 

 
 
 

Figure 1: Hydraulics scheme for the integration of solar generated live steam based on 
the work of Hess et al (2016) 

 
 
Three different configurations were considered for this study. The first configuration is what 
is shown in Figure 1. This configuration will allow the mill to save bagasse or coal, with the 
solar power easing the boiler’s load. However, the amount of electricity being generated will 
stay the same, because the same turbine is being used and it cannot function outside of the 
CS. For the second configuration the back pressure steam turbine (BPST) is replaced with a 
condensing extraction steam turbine and the third configuration is where an additional 
condensing steam turbine is placed in parallel with the BPST. Both options will allow the mill 
to produce more electricity and operate throughout the whole year. 
 
This study assumes that the boiler can operate at 40 % load, the minimum load for boilers in 
the sugar industry, with the efficiency differing with less than 0.5 % compared to normal 
operations (1personal communication). This means that the maximum solar thermal energy 
delivered should be 60 % of the boiler’s load. The boiler in the BRTEM model (and in    
Figure 1) has a capacity of 73.28 MWth, therefore, the solar field should produce a maximum 
of 43.97 MWth. A specific thermal peak power output of 514 W/m2 for the PTC is assumed 
following the method set out by Günther et al. (2013), corresponding to a collector field size 
of 85 552 m2.  
 

                                                
1 Dr R. Laubscher, Stellenbosch University, Email: rlaubscher@sun.ac.za  
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Estimations were made with hourly averaged weather data from the Southern African 
Universities Radiometric Network (SAURAN) for Durban, which will be used as a 
representative location for SA sugar mills.  
The following formula was used to estimate the solar thermal energy generated:  
 
                               𝑄𝑡ℎ = 𝜂𝑜𝑝𝑡 × 𝜂𝑎𝑏𝑠 × 𝜂𝑆𝐺 × cos 𝜃 × 𝐴 × 𝐷𝑁𝐼                                   (1)   

 
Here A represents the collector field size, θ is the incidence angle which is calculated each 
hour and DNI is the direct normal irradiance. The ηopt and ηabs represent the optical and 
absorber efficiencies of the PTC’s respectively and ηSG represents the steam generating 
efficiency, all based on the values used by Giostri et al. (2012).  
 

Bagasse Drying with Solar Heated Air 
 

Dry bagasse has a higher calorific value, allowing the boiler to produce the same amount of 
steam from less bagasse. Dry bagasse releases less water vapour during combustion, 
resulting in reduced heat losses by exit flue gas, increasing the boiler’s efficiency (Wienese, 
2001). Furthermore, less excess air is needed for effective combustion. This along with the 
decreased amount of vapour, will decrease the power usage of the boiler’s induced draft 
fans (Sosa-Arnoa et al., 2006). 
 
For this integration point ambient air is heated in evacuated tube air collectors (ETAC) to 
120-180 °C after which it travels through an industrial dryer to evaporate the moisture from 
the bagasse. Exhaust steam will be used in a backup air heating system for when the solar 
resource is not enough. A simple drying software package called Simprosys 
(http://www.simprotek.com) was used to determine specifics of the drying process. By using 
Simprosys, it was determined that the necessary solar thermal energy to dry the bagasse 
coming from the bagasse dewatering mills from 50 % to 40 % moisture content (MC) is   
6.92 MW. A specific thermal peak power output of 700 W/m2 was assumed for the ETAC, 
corresponding to a collector field size of 9 895 m2.  
 
For the estimations it was assumed that the ETAC’s will face directly north and that they are 
tilted at 29.85° from the horizon. Furthermore, it was assumed that the ETAC has a relatively 
low efficiency of 50 % due to the high temperatures in the collector.    
 

Results and Discussion 
 

Table 1 shows the monthly results of the estimations for the first configuration of solar LSG 
and bagasse drying to 40 % MC. This study took the CS to be from 1 April to 20 November 
and for Table 1 it was assumed that the mill does not operate outside of the CS. However, 
for the solar integration to be a viable option it will be imperative that it operates outside of 
the CS as well. The low solar fractions displayed in Table 1 can be increased by adding 
thermal storage systems or by increasing the collector field size. The key findings of the 
estimations were: 
 

 The conventional system can generate 35.7 GWh electricity during the CS and with the 

solar LSG as in the first configuration, 25 268 tons of bagasse or 6 317 tons of coal can 

be saved during CS.   

 With the second configuration electricity generation can increase with 28.6 % per annum 

from the conventional system, mainly due to the fact that electricity can be generated 

outside CS. 

 With the third configuration electricity generation can increase with 34.5 % per annum 

from the conventional system.  
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 By drying the bagasse to 40 % MC, bagasse usage can decrease by 20.8 %. 

 

Table 1: Estimated monthly solar gains and fractions for the integration points 

 

 
The study will now go on to create detailed simulation results for the annual heat production 
of the solar thermal systems which will form part of an economic assessment of the 
integration concepts. 
 

REFERENCES 
 
Giostri, A., Binotti, M., Astolfi, M., Silva, P., Macchi, E., & Manzolini, G. (2012). Comparison of 

different solar plants based on parabolic trough technology. Solar Energy , 1208-1221. 

Gunther, M., Joemann, M., & Csambor, S. (2013). Parabolic Trough Technology. In Institue of Solar 

Reseach's Advanced CSP Teaching Materials (p. Chapter 5). enerMENA. 

Hess, S., Beukes, H., Dinter, F., & Smith, G. (2016). Initial Study on Solar Process Heat for Sout 

African Sugar Mills. South African Sugar Technologists' Association Congress, (pp. 324-349). 

Durban. 

Rein, P. (2007). Cane Sugar Engineering . Berlin: Bartens. 

Sosa-Arnoa, J. H., Correa, J. L., Silva, M. A., & Nebra, S. A. (2006). Sugar Cane Bagasse Drying - a 

Review. International Sugar Journal. 

Starzak, M., & Zizhou, N. (10 August 2016). Updated Biorefinery Techno-Economic Modelling: Sugar 

Mill and Ethanol Distillery Process Model. Durban: Sugar Milling Research Institute. 

Wienese, A. (2001). Boilers, Boiler Fuel and Boiler Efficiency. South African Sugar Technologists’ 

Association Congress, (pp. 275-281). Durban. 

 

Krog W et al Proc S Afr Sug Technol Ass (2017) 90: 293-296

296


	Cover page
	Contents
	Search
	Disclaimer 2017
	Officers-SASTA 2017
	SASTA Instructions to Authors 2017
	Prize Award Winners 2017
	Editorial Panel 2017
	Sponsors and Exhibitors
	Plenary Session (Chair: Carolyn Baker)
	Review of South African sugarcane production in the 2016/2017 season: light at the end of the tunnel?
	Ninety-second annual review of the milling season in Southern Africa (2016/2017)
	A financial estimation of the mill area-scale benefits of variety adoption in South Africa: A simplistic approach

	Agriculture Session 1: Entomology (Chair: Des Conlong)
	Cacosceles (Zelogenes) newmani (Thomson) (Cerambycidae: Prioninae), a new pest in the South African sugar industry
	The effect of an improved artificial diet formulation on Eldana saccharina Walker rearing, growth and development
	Estimating the potential economic benefit of extending the harvesting cycle of dryland coastal cane by chemically suppressing eldana levels
	A cellular automaton model for simulating Eldana saccharina infestation in sugarcane
	Timeframe for the development of borer resistant genetically modified sugarcane
	Towards optimising crop refuge areas in transgenic sugarcane fields

	Agriculture Session 2: Soils and Nutrition (Chair: David Sutherland)
	The fertility status of soils of the South African sugar industry – 2012 to 2016: an overview
	Mass and composition of ash remaining in the field following burning of sugarcane at harvest
	Effects of surface-applied lime and gypsum on soil properties and yields of sugarcane ratoon crops
	Prediction of soil nitrogen mineralization to crop fertiliser nitrogen requirements
	Factors controlling the solubility of phosphorus in soils of the South African sugarcane industry

	Agriculture Session 3: Agronomy (Chair: Sanesh Ramburan)
	Analysis of long term rainfall in the Felixton Mill supply area and investigation of  Derivatives as a hedging mechanism against drought
	An experimental and crop modelling assessment of elevated atmospheric CO2  effects on sugarcane productivity
	The investigation of a suitable summer breakcrop after Imazapyr application for integrated management of Cynodon dactylon
	Nitrogen use efficiency of selected South Sfrican sugarcane varieties
	A web-based decision support tool for analysing monthly sugarcane growth rates in South Africa
	Mycanesim® Lite: A simple web-based sugarcane simulation tool
	Optimum harvest age of sugarcane at Kilombero Sugar Company under high minimum temperature

	Agriculture Session 4: Plant Breeding I (Chair: Kerry Redshaw)
	The effect of Eldana saccharina damage on  sugarcane breeding populations and the implications on sugarcane breeding
	Identifying elite families for the Midlands sugarcane breeding programmes in South Africa
	Molecular phylogeny of sugarcane: Discovering a new species
	Effect of self-trashing on Eldana  saccharina Walker damage in sugarcane and implications for resistance breeding

	Agriculture Session 5: Plant Breeding II (Chair: Derek Watt)
	Performance of imported genotypes and implications for utilisation in SASRI breeding programmes
	The agronomic performance of tissue culture (NovaCane®) versus  conventional seedcane under rainfed conditions
	An investigation into stored seed viability
	A new origin of sugarcane: The undiscovered species

	Agriculture Session 6: Engineering (Chair: Peter Lyne)
	Modified "Twin-stacker" cane loading system
	PBS vehicles in the South African sugar industry: opportunities and limitations
	A simple spreadsheet-based irrigation electricity cost calculator
	Yield variability mapping for a cut and stack system

	Agriculture Session 7: Crop Management (Chair: Rowan Stranack)
	Irrigation scheduling demonstration trials are an effective means of promoting  adoption: Pongola case study
	Positive influence of Demonstration Plot Extension Methodology in a rural sugarcane community
	Here, there or everywhere? An investigation into nematode trial sampling

	Agriculture Session 8: Economics (Chair: Kathy Hurly)
	Determining the cost of post-harvest deterioration in a South African sugarcane supply chain
	CaneTEC®: An economic conversion tool for sugarcane experimental and commercial production scenarios
	A new decision-making framework for developing variety-specific chemical ripening recommendations
	Cost benefit analysis of a herbicide tolerant and insect resistant genetically modified sugarcane variety under coastal conditions
	Biogas from sugarcane - a system for sustainability
	A time-series analysis of large-scale grower input costs in the South African sugarcane industry: 2000/2001 - 2014/2015

	Factory Session 1: Energy (Chair: Nico Stolz)
	A strategy for monitoring and reporting continuous energy consumption in a typical raw sugar mill
	Experiences of reducing the steam consumption in sugar plant
	Solar live steam generation and solar bagasse drying for South African sugar mills

	Factory Session 2: Milling and Diffusion (Chair: Warren Lawlor)
	"Sleeve-Kamal" an innovative three piece sugar mill roller for high performance and lower operating cost
	Monitoring juice holdup in a cane diffuser bed using electrical conductivity - evaluation on a laboratory scale
	Monitoring juice holdup in a cane diffuser bed using electrical conductivity - evaluation on a plant scale
	Experiences with the millability of drought-affected cane varieties for the 2016 season

	Factory Session 3 papers do not appear in the Proceedings as they were non-refereed commercial talks
	Factory Session 4: Rawhouse (Chair: Paul Schorn)
	An investigation into the viscosity of c-massecuite using a pipeline viscometer
	Dynamic simulation on a spreadsheet as a tool for evaluating options for mixed juice flow control
	Are gums produced in the factory? Quantification of gums isolated from mixed juice and final molasses

	Factory Session 5: Posters (Chair: Dave Love)
	Can NIRS detect quaternary ammonium compounds in refined sugar?
	A benchmark energy indicator
	Analysis of sulphites in sugar by ion chromatography
	An effective viscosity modifier for improved production output
	Analysis of Vitamin A in fortified sugar
	Factory control using NIRS: Are we there yet?
	The effect of rotoclone bacterial slime on the refined sugar turbidity increase experienced at the Noodsberg refinery 

	Parallel Session: Sugarcane Biorefinery and Downstream Products (Chair: Anne Stark)
	Lignocellulose biorefineries as extensions to sugar mills: Sustainability and social upliftment in the green economy
	The development of a partial equilibrium economic model of the South African sugar industry in a biorefinery scenario
	An economic analysis of the potential bio-polymer industry: the case of sugarcane
	Economic recovery of biobutanol - A platform chemical for the sugarcane biorefinery
	Reactive extraction and reactive distillation: A new recovery process development for levulinic acid from fermentation broths
	Nitrogen-doped carbon nano-tubes synthesis from biorefined sugarcane bagasse
	Organic acid treatment of sugarcane residues for the production of biogenic silica
	The development of a screening tool to identify new products for the South African sugarcane industry
	Inclined perforated drum dryer and separator for cleaning and drying of sugarcane bagasse
	Conversion of sugarcane bagasse into carboxymethylcellulose (CMC)
	Preparation and characterisation of cellulose nano crystals (CNCs) from sugarcane bagasse using ionic liquid (1-butyl-3-methyllimidazolium hydrogen sulphate)-DMSO mixtures
	Sugar cane juice concentration and separation with hydrate technology

	Factory Session 6: Refinery I (Chair: Steve Davis)
	Energy footprint and operating costs, a comparison of ion exchange resin and activated carbon in the application of sugar decolourisation
	Automation of white pans at the Tongaat Hulett refinery
	Powdered activated carbon (PAC) with membrane filter press for secondary decolourisation system to produce refined sugar in backend refinery
	Where do you go to (my saccharides)? A preliminary saccharide analysis of refinery streams

	Factory Session 7: Refinery II (Chair: Stephen Walford)
	The transfer of non-sucrose species into sucrose crystals: can it be useful?
	Optimisation of white sugar colour management through the utilisation of on-line colour cameras
	Learnings from the 2015 Pongola silo failure 
	To bee or not to bee (stung): Hulref's intervention in reducing bee stings




