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Abstract: In Sugar Industry, Evaporators play a pivotal 

role in the concentration of sugar solutions, essential for 

the production of crystallized sugar. As global energy 

concerns intensify, optimizing evaporator designs becomes 

paramount to enhance steam economy and energy 

recovery. This project delves into the design and 

simulation of a multiple effect evaporator system using 

Aspen Plus software, with a focus on augmenting energy 

utilization efficiency through pinch analysis techniques. 

The necessity of evaporators in the sugar industry stems 

from the fundamental requirement to concentrate sugar 

solutions, a critical step in the sugar production process. 

However, the current landscape demands a paradigm shift 

towards enhancing steam economy and energy utilization. 

This imperative arises from the escalating energy costs and 

the pressing need for sustainable industrial practices. 

Addressing this challenge, our project meticulously 

examines various design parameters and operational 

conditions to optimize evaporator performance. Through 

meticulous calculations including vapour bleeding, 

vapour splitting, and condensate flashing, alongside 

exploring both forward and backward arrangements, we 

aim to determine the most efficient evaporator 

configuration. By leveraging advanced simulation 

techniques and incorporating insights from pinch 

analysis, our study endeavours to not only increase the 

efficiency of evaporator steam economy but also enhance 

overall energy recovery in the sugar industry. The findings 

of this research hold significant promise in steering the 

sugar industry towards a more sustainable and 

economically viable future, aligning with the broader 

imperative of energy conservation and resource 

optimization. 
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I. INTRODUCTION 

Worldwide, raw sugar is produced from sugarcane, 

which consists of roughly one-seventh sucrose, one-

seventh fibrous material, with the rest being mostly 

water. The juice is extracted from the cane using a 

series of crushing mills, leaving behind a mixture of 

fibrous material and water known as bagasse. This 

bagasse is utilized as fuel in boilers to produce steam 

needed to power steam turbines and for process 

heating within the factory. The extracted juice is then 

heated through a series of juice heaters before being 

transferred to a clarifier, where most of the insoluble 

impurities are removed. The clarified juice is 

subsequently sent to a multi-effect evaporator (MEE) 

system, where over 90% of the water in the juice is 

evaporated. 

A. Single- & multiple Effect Evaporator 

A single-effect evaporator consists of a single unit 

where the solution is boiled to evaporate the solvent 

(usually water). The heat required for this process is 

supplied to the unit, and the vapor generated is 

condensed and removed. 

A multiple-effect evaporator consists of a series of 

single-effect evaporators (stages) arranged in such a 

way that the vapor produced in one effect is used as 

the heating medium for the next. This cascade system 

significantly improves energy efficiency. 

B. Principle of Multiple-Effect Evaporator 

The principle of a multiple-effect evaporator (MEE) 

revolves around the efficient use of energy to 

evaporate water from a solution. In an MEE system, the 

evaporators are arranged in a series, with each 

subsequent evaporator operating at a lower pressure 

and temperature than the previous one. This 

configuration allows the vapor produced in one effect 

to be used as the heating medium for the next, 

significantly improving energy efficiency. 
 

 

In a single-effect evaporator, the solution is heated to 
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its boiling point, and the resulting vapor is condensed 

and removed. This process requires a substantial 

amount of energy because each unit of vapor must be 

heated and condensed separately. In contrast, a 

multiple-effect evaporator takes advantage of the heat 

released during the condensation of vapor in one stage 

to provide the energy needed to evaporate the solution 

in the next stage. 

The process begins in the first effect, where the 

solution is heated by steam to its boiling point, causing 

the water to evaporate. The vapor generated is then 

directed to the second effect, where it condenses, 

releasing its latent heat. This released heat is used to 

boil the solution in the second effect, which is under 

lower pressure, thereby requiring a lower boiling 

point. The vapor from the second effect is then used 

to heat the third effect, and this cascade continues 

through multiple stages. 

By reusing the latent heat of the vapor across several 

stages, a multiple-effect evaporator significantly 

reduces the overall energy required for the evaporation 

process. Each stage, or effect, operates at 

progressively lower pressures and temperatures, 

which ensures that the heat from the vapor can 

effectively drive the evaporation process in the 

subsequent stages. 

This principle not only enhances energy efficiency but 

also lowers operational costs. The initial investment 

for an MEE system is higher due to its complexity, but 

the savings in energy costs make it a more 

economical choice in the long run. This makes 

multiple-effect evaporators particularly suitable for 

industries like sugar manufacturing, where large 

quantities of water need to be evaporated. By 

maximizing energy use, MEE systems contribute to 

more sustainable and cost- effective production 

processes. 

 

II. DESIGN METHODOLOGY 

Table: Feed Conditions 

Total Number of Effects 5  

Steam Temperature 120 ℃ 

Pressure 1.7 Bar 

Feed Flow Rate 10000 Kg/hr 

Feed Temperature 40 ℃ 

Outlet Temperature 55 ℃ 

Solids in Feed 15 % 

Solids Out of the Last 

Effect 

60 % 

 

1. Design of Forward Feed 
 

 

1.1 Assumptions for Design 

• Flow Rate of Product (L5) 

The calculations of product flow rate are based on the 

solids conditions present in the sugar syrup at the inlet 

and at the outlet. 

 

• Overall Material Balance 

 

F = L + V 

 

• Individual Material Balance 

Assuming the equal amount is vaporized in each 

effect (Kg/Hr) 

 
Where, 

V = Total Amount of Vapor  

N = No. of Effects  

To Calculate Liquid Flow Rate of Each Effect 

(Kg/hr) 

F= L1 + V1 

L1= L2 + V2 

L2= L3 + V3 

L3= L4 + V4 

L4 = L5 + V5 

 

• U assumed 

U1 = 900 

U2 = 825 

U3 = 750 

U4 = 675 

U5 = 600 

 

1.2 Actual Calculation 
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• Calculations for solid Balance 

F(x) = L1(x1) 

• Calculation of Boiling Point Rise 

BPR = 1.78x + 6.22x2 

• Heat Capacity Calculations 

Cp = 4.19 − 2.35x 

 

• Calculation of Δ𝐓 

 

• Boiling Point Calculations 

 

• Pressure Calculations 

Relation Used for calculating the pressure 

 

• Enthalpy & Latent Heat Calculation 

 

• Energy Balance 

𝐹 ∗ 𝐶𝑝 ∗ (𝑇𝐹 − 0) + 𝑠 ∗ 𝜆𝑠1 = 𝐿1 ∗ 𝐶𝑝1 ∗ (𝑇1 − 0) 

+ 𝑉1 ∗ 𝐻1 

L1∗ 𝐶𝑝1 ∗ (𝑇1 − 0) + 𝑉1 ∗ 𝜆𝑠2 = 𝐿2 ∗ 𝐶𝑝2 ∗ (𝑇2 − 

0) + 𝑉2 ∗ 𝐻2 

L2∗ 𝐶𝑝2 ∗ (𝑇2 − 0) + 𝑉2 ∗ 𝜆𝑠3 = 𝐿3 ∗ 𝐶𝑝3 ∗ (𝑇3 − 

0) + 𝑉3 ∗ 𝐻3 

L3∗ 𝐶𝑝3 ∗ (𝑇3 − 0) + 𝑉3 ∗ 𝜆𝑠4 = 𝐿4 ∗ 𝐶𝑝4 ∗ (𝑇4 − 

0) + 𝑉4 ∗ 𝐻4 

L4∗ 𝐶𝑝4 ∗ (𝑇4 − 0) + 𝑉4 ∗ 𝜆𝑠5 = 𝐿5 ∗ 𝐶𝑝5 ∗ (𝑇5 − 

0) + 𝑉5 ∗ 𝐻5 

• Calculations of Heat Rate (W) 

 

Q = s * 𝜆s 

 

• Calculation for Area (m2) 

 

• Calculation for Number of Tubes 

 

a = surface area of tube = 𝜋d0L 

 

• Steam Economy 

 
• Steam Consumption 

Steam Consumption = 𝐹 ∗ 𝑥 ∗ 𝐶𝑝 ∗ (𝑇1 − 𝑇2)/𝜆𝑠 

 

2. Design of Backward Feed 

 

 

• Heat Balance equation 

L2Cp2 ( T2+BPR2)+ Voλo – (L2 - L1)H1 - L1Cp1 

(T1+ BPR1)=0 

L3 Cp3 (T3 +BPR3) + (L2 - L1)λ1 – (L3 -L2) H2 - 

L2Cp2(T2+ BPR2)=0 

L4 Cp4 (T4 +BPR4) + (L3 -L2) λ2 – (L4 - L3) H3 

- L3Cp3(T3 +BPR3)=0 

L5 Cp5 (T5 +BPR5) + (L4 –L3) λ3 – (L5 - L4) H4 – 

L4Cp4(T4 +BPR4)=0 

F Cpf Tf + (L5 –L4) λ4 – (F - L5) H5 – L5Cp5(T5 

+BPR5)=0 

 

III. SIMULATION 
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Fig. Component Selection  

 

Forward Feed: 

 

Fig. Feed Conditions 

 

 
Fig. Steam Inlet Conditions 

 

 
Fig. Forward Feed Flowsheet 

 

Table: Evaporator Streams 

 

 

Table: Heat Exchanger Streams 

 

 

Table: Valves 

 

Backward Feed: 

 

Fig. Backward Feed Flowsheet 

Table: Evaporator Streams 

 

Table: Heat Exchanger Streams 

 

Table: Valve And Pumps 

 
 

Table: Compressors 

 
 

IV. VARIOUS CONDITIONS 

1. Condensate Flashing 

The condensate (water in present case), which exits 

from steam/vapor chest of an effect, contains 

sufficient amount of sensible heat which can be put to 

use. This sensible heat can be extracted by means of 

flashing which will produce low pressure vapor. This 

vapor can be used as a heating medium in vapor chests 

of appropriate effects and thereby can improve steam 

economy of the whole system. 
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Fig. Condensate Flashing 

2. Vapour Bleeding 

Vapor bleeding in multiple-effect evaporators is a 

technique used to enhance the overall efficiency and 

performance of the evaporation process. This method 

involves the strategic removal or "bleeding" of vapor 

from certain points within the evaporator system to 

utilize its latent heat for preheating the feed or for 

other purposes. By doing so, the process maximizes 

energy usage, reduces operational costs, and improves 

thermal efficiency. 

Calculations for Liquid: 

L2Cp2 (T2+BPR2) + Voλo – (L2 - L1) H1 - L1Cp1 

(T1+ BPR1) =0 

L3 Cp3 (T3 +BPR3) + (L2 - L1) λ1 – (L3 -L2) H2 

- L2Cp2(T2+ BPR2) =0 

L4 Cp4 (T4 +BPR4) + (L3 -L2) λ2 – (L4 - L3) H3 

- L3Cp3(T3 + BPR3) =0 

L5 Cp5 (T5 +BPR5) + (L4 –L3) λ3 – (L5 - L4) H4 – 

L4Cp4(T4 + BPR4) =0 

F Cpf Tf + (L5 –L4) λ4 – (F - L5) H5 – L5Cp5(T5 

+ BPR5) =0 

Calculations for vapour: 

Vb5 λ5 – FCpf(T5-10-30) =0 

Vb4 λ4 – L5Cp5(T4-5-( T5 + BPR5)) =0 Vb3 λ3 – 

L4Cp4 (T3-5-( T4 + BPR4)) =0 Vb2 λ2 – L3Cp3 (T2-

5-( T3 + BPR3)) =0 Vb1 λ1 – L2Cp2 (T1-5-( T2 + 

BPR2)) =0 

 

3. Vapour Splitting 

Vapor splitting in a multiple effect evaporator is a 

technique used to optimize the efficiency and 

performance of the evaporation process. This method 

involves strategically dividing the vapor produced in 

one effect and distributing it to subsequent effects, 

thereby improving the overall energy efficiency and 

heat transfer rates within the system. The key 

objective is to maximize the utilization of the 

available thermal energy and minimize energy 

consumption, which is critical in processes where 

large quantities of water or solvents need to be 

evaporated. 

Calculations: 

[L2Cp2(T2+BPR2)] + [0.5Vo1λo1]- 

[L1Cp1(T1+BPR1)]-[(L2-L1) (λ1+(4.2T1))] =0 

[L3Cp3(T3+BPR3)] + [0.5Vo2λo2]- 

[L2Cp2(T2+BPR2)]-[(L3-L2) (λ2+(4.2T2))] =0 

[L4Cp4(T4+BPR4)]-[L3Cp3(T3+BPR3)] + (L2- L1) 

λ1+(L3-L2) λ2-[(L4-L3) (λ3+(4.2T3))] =0 

 

[L5Cp5(T5+BPR5)-[L4Cp4(T4+BPR4)] + (L4- 

L3) λ3-[(L5-L4) (λ+(4.2T4))] =0 

[FCpTf]-[L5Cp5(T5+BPR5)] + (L5-L4) λ4-[(F- L5) 

(λ5+(4.2T5))] =0 

 

V. RESULTS 

Forward Feed Calculations: 

 

Backward Feed Calculations 

 

 

VI. CONCLUSION 

Based on the design and simulation of multiple effect 

evaporator systems using Aspen for the sugar industry, 

it is evident that the backward feed arrangement yields 

the most effective results compared to the forward 

feed arrangement. The utilization of steam as the 

heating medium for the first effect, followed by the 

sequential use of vapours from each effect as heating 

mediums for subsequent effects, coupled with the 

recompression of vapours from the last effect to the 

first, demonstrates efficient energy utilization and 
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optimal evaporation performance. The consistency 

between simulated results and design calculations 

further reinforces the effectiveness of the backward 

feed arrangement. Therefore, it can be concluded 

that employing a backward feed arrangement in 

multiple effect evaporator design for the sugar 

industry is a viable and efficient approach, offering 

significant advantages in terms of energy efficiency 

and process optimization. 

REFERENCES 

[1] Abhishek Deshmukh, et al, Design & Analysis 

of Robert Type Multi-Effect Evaporator for 

Sugar Industry, JETIR, Volume 6, Issue 4, 

April, 2019. 

[2] Guest K. et al., Development and Verification 

of an Aspen Plus Model of a Sugarcane 

Biorefinery, Proc S Afr Sug Technol Ass 92: 

254-273, 2019. 

[3] Ghoshna Jyoti, A Thesis on Design of Heat 

Integrated Multiple Effect Evaporator System, 

Department of Chemical Engineering National 

Institute of Technology Rourkela, Orissa, 

2012. 

[4] Reynaldo Palacios-Bereche, et al., Mechanical 

Vapour Recompression Incorporated to the 

Ethanol Production from Sugarcane and 

Thermal Integration to the Overall process 

Applying Pinch Analysis, CET Chemical 

Engineering Transactions, Vol. 39, 2014. 

[5] Daniela Galatro, et al., Model and Optimisation 

of a Multi-Effect Evaporator of Sugarcane 

Juice: Energy Consumption and Inversion 

Losses, Departamento de Ingenieria Quimica. 

Av. Corpahuaico entre Av. Rotaria y La Salle. 

Barquisimeto, 03001, Venezuela. 

[6] Irfan Affiq Idham Jihadi, Modelling and 

Optimising Single and Multiple Effect 

Evaporators by Using Aspen Custom Modeler 

(ACM), Microsoft Excel and Matlab, Murdoch 

University, Perth, Western Australia, 2018. 

[7] Eduardo A. Pina, et al., Thermal Integration of 

Different Plant Configurations of Sugar and 

Ethanol Production from Sugarcane, CET 

Chemical Engineering Transactions, Vol. 39, 

2014. 

[8] Ethar Ali, et al., Design Configuration and 

Simulation of a Multi Effects Evaporator for a 

Desalination Plant, International Journal of 

Scientific & Technology Research Volume 5, 

Issue 09, September, 2016. 

[9] R. Raghuraman, Design and Simulation of a 

Multiple Effect Evaporator System, 

Department of Chemical Engineering National 

Institute of Technology, Rourkela Orissa -769 

008, 2011. 

[10] Márcio Higa, et al., Heat Recovery from 

Multiple Effect Evaporator Using Vapor 

Recompression, 21st Brazilian Congress of 

Mechanical Engineering ,24-28, 2011. 

[11] M. Sathiyamoorthy, et al., A Theoretical Novel 

Design Approach to Enhance the Evaporator 

Steam Economy of Large-Scale Sugar 

Industries in Ethiopia, Journal of Engineering, 

Computers & Applied Sciences (JEC&AS), 

Volume 2, No.12, December, 2013. 

[12] Christie J. Geankoplis, Transport Processes and 

Unit Operations, Third Edition, 1998. 


