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Abstract 
This analysis was successfully developed using design and operational data of crude distillation unit of 
N’djamena Refinery. The plant data were feed into Aspen Hysys software using commingled crude 1 (20%) 
light crude from Sedigui oil field and commingled crude 2 (80%) heavy crude from H block oil field as the 
crude feedstock. The ideal work, lost and shaft work were 2.40E+08, 4.29E+08 and 6.69E+08 Btu/hr respec-
tively. The calculated second law efficiency was 35.8%. 
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——————————      —————————— 

1 INTRODUCTION                                                                     

Analyses of energy losses are of scientific interest and 

also essential for the efficient utilization of energy re-

sources. The most commonly-used method for analy-

sis of an energy-conversion process is the first law of 

thermodynamics. However, there is increasing interest 

in the combined utilization of the first and second law 

of thermodynamics, using such concepts as energy and 

lost work in order to evaluate the efficiency with 

which the available energy is consumed. Energy anal-

ysis is a methodology for the evaluation of the per-

formance of devices and processes, it also involves 

examining the exergy at different points in a series of 

energy conversion steps. With this information, effi-

ciencies can be evaluated, and the process steps hav-

ing the largest losses (i.e. the greatest margin for im-

provement) can be identified [1]. For these reasons, 

the modern approach to process analysis uses the ex-

ergy and energy analysis, which provides a more real-

istic and view of the process and a useful tool for en-

gineering evaluation [2]. As a matter of fact, many re-

searchers [3] have recommended that energy and ex-

ergy analysis be used to aid decision making regarding 

the allocation of resources, capital, research, develop-

ment effort, optimization and life cycle analysis [1]. 

 Energy analysis has become a key aspect in providing 

a better understanding of the process, to quantify 
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sources of inefficiency, and to distinguish quality of 

energy used [1]. Due to the relatively high energy cost 

as a component of a unit production cost, it is neces-

sary for any unit to carry out analysis of energy utili-

zation.  

Hysys provides an intuitive and interactive approach 

towards process modeling, simulation and optimiza-

tion. This software creates detailed fidelity plant oper-

ation. Through the completely interactive Hysys inter-

face, access to a fine level of equipment geometry, 

performance detail as well as the ability to completely 

customize simulation using its OLE extensibility ca-

pability is very much possible. 

The objective of this work is to analyze the Crude Dis-

tillation Unit (CDU) of N’djamena Refinery Company 

(NRC) through energy perspective. Sites of primary 

energy loss will be determined. The second law effi-

ciency will also be determined. 

 

 

 

2 THEORY 
The capacity of crude distillation unit of N’djamena 

refinery is 100x104 t/a. There are two sources of feed-

stock, one is Commingled crude 1 (20%), light crude 

from Sedigui oil field and the other one is Commin-

gled crude 2 (80%), heavy crude from H block oil 

field. Commingled crude 2 is the main operational 

feedstock for the unit. Product specifications of 

N’djamena refinery is based on the market demand of 

petroleum products in Chad. The main market demand 

in Chad is motor fuel. And there is also a certain 

amount of demand for kerosene and LPG for domestic 

consumption. 

N’Djamena refinery is fuel type; main product is clean 

motor fuel, liquid gas and Polypropylene as byprod-

ucts. The main products of the crude distillation unit 

include straight-run naphtha, kerosene, straight-run 

light diesel, straight-run heavy diesel and crude resi-

due. 

Feedstock of the unit is a mixture of two types of 

crude, property of Chad mixed crude is shown in Ta-

ble 1. 
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Table 1:  

Property of feedstock 

 

Source: [4] 
 
Table 2: 
Distillation results 

 

Source: [4] 

 
 
 
 
 
Table 3: 
 Products quality control 

 

Source: [4] 
 

 

 

Figure: 1 Converged simulated process flow diagram 

3 ANALYSIS 

Energy is a measure of the maximum capacity of a 

system to perform useful work as it proceeds to a 

specified final state in equilibrium with its surround-

ings.  
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The system ideal work is given by:   

Wideal = ΔH – T0ΔSG   (Eqn 1) 
                ΔH = Σnhe – Σnhi                  (Eqn 2) 
            SG = ΣnΔS – Σθ / T0   (Eqn 3) 
 

 

The second law system efficiency for work requiring 

is given by:                           

            ɳ = 
Ws

Wideal                      (Eqn 4)                                                                                         

Where; 

ΔH = Enthalpy change 

T0    = Reference temperature 

SG   = Total entropy generation 

ΔS = Entropy change 

θ = streams heat losses 

he = Specific enthalpy 

hi = Specific entropy 

            ɳ = Efficiency 
 

4 RESULTS  
The analysis results of Crude Distillation Unit of 

N’djamena Refinery Company using Aspen Hysys are 

presented below. 

 

 

 

 

Table 4:  

Crude distillation Unit overall energy balance 

 

Table 5:  

Crude Distillation Unit streams heat losses  

 

Table 6:  

Crude Distillation Unit second law analysis sum-
mary 
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5 CONCLUSION  

In this study, an energy analysis of Crude Distillation 

Unit (CDU) of N’djamena Refinery Company (NRC) 

Chad Republic was analysed. In the considered Crude 

Distillation Unit, the ideal work, lost and shaft work 

were 2.40E+08, 4.29E+08 and 6.69E+08 Btu/hr re-

spectively. In addition, the calculated second law effi-

ciency was 35.8%. 
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