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  INTRODUCTION 

 Ethanol is produced in Brazil in large scale using sugarcane as raw material 
by fermentation of sugars and distillation. 

 Nowadays, the ethanol production from lignocellulosic materials (such as 
sugarcane bagasse and trash) through hydrolysis process is being 
researched all over the world including the installation of  pilot plants to test 
different process types.. 

 The introduction of  the bagasse hydrolysis process in the current ethanol 
production system is a real challenge, being bagasse the fuel of  the current 
process and at the same time, raw material for the new one. 



 OBJECTIVES 

 Main 

 

 The aim of this study is to accomplish a diagnosis of the possibilities of 
ethanol production increase and the consequences in electricity production 
due to the introduction of enzymatic hydrolysis process of sugarcane bagasse 
in conventional ethanol production process.  

 

 Specific: 

 

 Modeling the ethanol production process (conventional and hydrolysis) in 
Aspen Plus simulator. 

 

 Research of different options in process aiming the ethanol production 
increase. 

 

 Thermal integration of process using Pinch-Point method. 
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Ethanol production process  

Cogeneration System,  it was assumed: 

  Boiler can burn bagasse, trash and lignin 

  back pressure turbine: the process electric energy produced 

depends on the steam produced by the boiler 

   thermal match: the process thermal demand are fulfilled by the 

boiler steam 



Sugarcane residues utilization 

 Average trash potential 140 kg of  dry 
residues per tone of  cane stalks. 

 

 Trash left in field: 50% of  total  

 

 Moisture content 10%.  

 

 HHV 16,98 MJ/kg (dry basis). 

 

 LHV  13,9 MJ/kg (wet basis). 

 

 It is assumed that trash and lignin cake are 
burnt in boilers with efficiency of  86% LHV 
basis.  

 Pentose liquor was considered as a useless 
reject.  

 



Ethanol production by enzymatic hydrolysis 

 Flowsheet of  enzymatic hydrolysis process in ASPEN PLUS ® 

 Pre-treatment reactor 

 p=12.5 bar 

 Catalyst SO2 , 2 % (w/w) 

 Steam consumption; 0,55 kg/kg 

 Hydrolysis reactor 

 T=50 °C 

 Concentration of   

 insoluble solids: 5% 

 Reactions: 

• C6H10O5 + H2O → C6H12O6     Yield: 69,2  

 

 



Enzymatic hydrolysis process coupled to conventional 

production process 

Flowsheet of  enzymatic hydrolysis process integrated to cogeneration system 



Enzymatic hydrolysis process coupled to conventional ethanol 

production process 

 Cases evaluated 

 5% of  solid content in hydrolysis reactor 

 8% of  solid content in hydrolysis reactor 

 10% of  solid content in hydrolysis reactor 

 

 Concentration of  glucose liquor 

 Concentration of  glucose liquor using evaporation system 

 Concentration of  glucose liquor using membrane system (reverse 
osmosis membranes) 

 



 RESULTS  

 Results of simulation – Products and by-products for cases that consider 

evaporation system of 5 effects to concentrate glucose liquor 



RESULTS  

 Balance of bagasse (kg/t cane) for cases that consider  concentration of glucose 

liquor through evaporation system 



 RESULTS  
Electric Energy Consumption –  

considering glucose liquor concentration through 5 effects evaporation system 



RESULTS  

 Results of simulation – Products and by-products for the cases that consider  

glucose liquor concentration by membrane system 



RESULTS  

 Balance of bagasse (kg/t cane) for cases that consider glucose liquor 

concentration by membrane system 



RESULTS  

A) Ethanol production increase (%) ; B) Surplus electricity (kWh/t cane)  

A B 



THERMAL INTEGRATION USING PINCH POINT 

METHOD 

 Two cases were evaluated to accomplish the thermal integration 
procedure: 

 

 Case V - EV: Conventional process + enzymatic hydrolysis 
process considering 10% of  solid content in hydrolysis 
reactor and glucose liquor concentration by evaporation 
system. 

 

 Case VI -  ME: Conventional process + enzymatic 
hydrolysis considering 5% of  solid content in hydrolysis 
reactor and glucose liquor  concentration by membrane 
system. 

 



3. Thermal integration using Pinch Analysis 

 The minimum approach difference of  temperature (Δtmin) adopted 

in this study was 10°C for process and 4°C for evaporation system.  

 To determine the thermal integration of  currents and also the value 

of  vapor bleedings in the evaporation stage, a procedure in four steps 

is made: 

 Step 1. Initial assumption of  the steam consumption of  overall 

process. 

 Step 2. Thermal integration of  the streams of  process available 

for thermal integration; excluding the evaporation systems 

(sugarcane juice and glucose liquor). 

 Step 3. Integration of  the evaporation systems and calculation of  

the appropriate vapor bleeding demand. 

 Step 4. Re-calculation of  the steam consumption of  overall 

process until to achieve the convergence. 



3. Thermal integration using Pinch Analysis 



THERMAL INTEGRATION USING PINCH POINT 

METHOD 

Grand Composite curve for Case V 

Qhmin 

Qcmin 



THERMAL INTEGRATION USING PINCH POINT 

METHOD 

Products and by-products for the integrated cases 



THERMAL INTEGRATION USING PINCH POINT 

METHOD 

Steam consumption for each case (kg/t cane) 



THERMAL INTEGRATION USING PINCH POINT 

METHOD 

Comparative graphic showing ethanol produced, surplus electricity and bagasse to 

hydrolysis process for all evaluated cases 



CONCLUSIONS 

 From the energetic point of  view, this study permits to evaluate the 

ethanol production increase due to the inclusion of  enzymatic 

hydrolysis process. 

 

 The ethanol production increase was modest, due to low solid content 

in the hydrolysis and the concentration of  glucose liquor through an 

evaporation system (9.7% of  increase for 5% of  solid content) 

 

 The increase of  solid content in the hydrolysis process allows a higher 

increase in ethanol production in cases where glucose liquor is 

concentrated through an evaporation system (12.3% of  increase to 10% 

of  solid content). 

 

 The use of  membranes for the concentration of  glucose liquor 

permitted a significant increase in ethanol production (17.2% of  

increase to 5% of  solid content) 

 



CONCLUSIONS 

 The thermal integration promotes a higher increase in ethanol 

production (22.4% of  increase in ethanol production) as consequence 

of  the reduction in steam consumption in integrated process. Also 

there is a reduction in the electricity surplus. 

 

 About electricity consumption, the estimations showed a significant 

increase due to the insertion of  the hydrolysis process. From these 

consumptions the power used for reactor agitation is important. 

However more research in this topic is necessary.  

 

 This study also permitted to recognize technological bottlenecks, for 

example the recovery of  trash, the appropriate amount of  trash that 

should be taken and the trash combustion. 



SUGESTIONS FOR FUTURE WORKS 

 It is important to accomplish studies aiming the reduction of  vinasse 

production .  

 Studies of  biogas generation from vinasse and  from residues that 

contain xylose. (may be in the future, xylose liquor could be used to 

produce ethanol) 

 Studies of  enzymatic hydrolysis of  trash 

 Studies of  thermal integration of  enzymatic hydrolysis process in a 

production unit of  sugar, ethanol and electricity. 

 Balance of  water for the integrated process 

 Exergetic and thermoeconomic analysis for the integrated process. 

 Analysis of  economic viability of  the integrated process 
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Thanks for your attention! 


