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ABSTRACT 
 

The compressor power requirement for gas pipelines is critical to the efficient delivery of natural 
gas over long distances. Existing models for predicting compressor power using pipeline length 
and gas throughput as input parameters are limited. This study focused on developing a new 
analytical model using the general energy equation to capture better interrelationships between 
compressor power and other parameters affecting compressor power requirements of horizontal 
natural gas pipelines. The developed model was validated using Bryan Research and Engineering 
(BRE) ProMax 2.0 process simulation software. The results indicated that the developed model 
was reliably consistent and accurate when compared with ProMax results. In other to improve the 
efficiency of the developed model, correction factors for both pipe length and gas throughput were 
developed. The percentage average absolute deviation (% AAD) was 4.37 for the fixed pipe length 
with variable throughput and 0.68 for the fixed throughput with variable length, scenarios. 
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1. INTRODUCTION 
 

Natural gas is usually found in vast deposits in 
reservoirs around the world, mainly as 
associated, non-associated gas or 
unconventional sources like Coal Bed Methane, 
Shale Gas, and Tight gas. In its natural form, 
natural gas is barely useful. It has to be 
processed into various forms like liquefied 
petroleum gas (LPG), liquefied natural gas 
(LNG), pipeline gas, compressed natural gas 
(CNG), and transported to potential customers 
safely. The transportation of the processed gas is 
usually by pipelines and specialized 
containments or vessels (LNG, CNG and LPG). 
 
The global population growth accompanied by a 
corresponding increase in demand for 
sustainable energy, environmental benefits, and 
the quest for energy security, has led to the 
growth in demand for natural gas, compared to 
other fossil fuels. The global market for natural 
gas is expected to grow at a rate of 1.6% year on 
year, with consumption projected to reach 150 
Trillion Cubic Feet (TCF) by 2025, up from 136 
TCF in the year 2018. This growth is expected to 
be more prominent in the Asia- Pacific region, 

especially in China and India, which has been 
projected to experience a rapid economic 
development increasing the total gas pipelines in 
these countries, to 123 000 km and 28,000 km, 
respectively by 2025 [1]. Due to the demand for 
natural gas, there has been an increase in the 
total length of pipelines dedicated to natural gas 
transmission and distribution. In 2019, gas 
pipelines accounted for 64% of the global length 
of pipelines with North America and the Former 
Soviet Union, accounting for 38% and 23% of 
total global gas pipelines, respectively. Fig. 1 
shows the entire length of gas, crude oil, 
petroleum products, and natural gas liquids 
pipelines globally [2]. 
 

According to Statista, 2016 [3], Africa and the 
Middle East had the least length of gas pipelines 
of about 41,000 km each. Fig. 2 shows the total 
gas pipeline by Country in Africa.  As more 
nations adopt natural gas as a feasible 
alternative to other fossil fuels, the demand for 
natural gas will result in the expansion of the total 
length of gas pipelines. Therefore, the increasing 
demand for natural gas will, in no doubt, result in 
the expansion of gas pipeline infrastructure. 

 

 
 

Fig. 1. Global pipeline length by commodity [2] 
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Fig. 2. Total length of gas pipelines by country in Africa [4] 
 

1.1 Natural Gas Pipeline Transportation 
 

Gas transportation is usually a critical task 
requiring specialized transportation systems. 
Different transport solutions are suitable for 
various conditions. However, pipeline gas is 
typically the transport system of choice for over 
relatively long distances, so long as the 
economics is favorable. Pipelines are usually a 
network of pipes that can be categorized as;  
 

 Gathering systems, which are no more 
than 18 inches in diameter and about 700 
psi, working pressure. 

 Transmission systems, which are about 3 
to 48 inches in diameter and 200 to 1500 
psi, working pressure. 

 Distribution systems, which are about 2 to 
20 inches in diameter and 0.5 to 200 psi, 
working pressures [5].  

 
The main differences between these categories 
of pipelines are the physical properties of the 
pipes used, such as diameter, stiffness, material, 
etc., and the maximum and minimum upstream 
and downstream operating pressures. Pipelines 
are usually buried underground, with a standard 
depth requirement of 2 to 4 feet to top of the pipe 
[6]. They are mostly installed by either the open 
trench method or the horizontal directional drilling 
technique (HDD), which allows the pipelines to 
traverse urban settlements, rivers and road 

crossings, without disturbing the physical 
environment. Gathering systems help to 
aggregate untreated gas from different wellheads 
for processing. Transmission systems take the 
processed gas from process plants to customers 
over long distances. In contrast, distribution 
systems bring gas to the doorsteps of customers 
like households, power plants and other end-
users. 

 
In most cases, one can determine whether a 
pipeline is inter- or intrastate by finding out if it 
transcends the borders of a single state. If it 
leaves the state, it should be interstate; if it stays 
within one state, it should be intrastate. This 
definition of inter and Intra- State pipeline, is 
usually subject to pipeline ownership jurisdiction 
and fiscal policies. At the point of distribution, 
various layout optimization models like the Graph 
theory, Dynamic programming, Neural Network 
Method, Genetic Algorithm, Complex method 
[7,8]. Minimum Spanning Tree Method, and the 
Dominance Degree Model Technique [9], are 
used to select the best gas pipeline layout, based 
on pipeline network topography and several 
other considerations. The advantages and 
disadvantages of the various pipeline layout 
optimization models have been well documented 
in the literature [9]. Fig. 3 shows a typical gas 
pipeline transportation system from production to 
consumption. 
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Fig. 3. Gas pipeline transportation system [10] 
 

1.2 Natural Gas Compression 
 
Gas transportation requires much energy, mainly 
in the form of pressure energy. This high amount 
of energy is because, as natural gas flows 
through both gas gathering and processing plant 
equipment and pipelines, its pressure decreases. 
A critical component of the gas transportation 
value chain is gas compression. A compressor is 
a device used to increase the pressure of natural 
gas by reducing its volume, thus providing the 
required force or energy to move the gas over 
long distances in the pipeline. They are placed or 
installed along the gas pipeline for the provision 
of sufficient energy to natural gas for its 
transmission [5]. Therefore, compression of the 
gas is required to augment the pressure energy 
within a pipeline system to ensure natural gas 
gets to its destination. For gas transmission lines, 
compression stations are strategically placed at 
40-100 miles intervals along the lines to 
compensate for lost energy in the system and 
maintain pipeline pressures. Compressor 
stations consist of large-scale compressors, 
whose primary work is to compress or increase 
gas pressure to some specific ratio, relative to 
suction pressures. The energy needed for 
compression is usually provided by an electric 
motor, internal combustion, or a turbine engine 
[5]. There are five types of compressor stations 
[11]. The specific functions of these stations have 
been reported in the literature. Fig. 4 shows the 
various types of compressor stations. In cases 

where the gas pressure is sufficient enough to 
deliver the gas to its destination, gas 
compressors may not be required. This is usually 
the case for high-pressure gas wells. 
 

Transporting natural gas is energy-intensive, and 
energy is expensive. The operating costs of 
Compression stations could range from 25-50% 
of the pipeline operating budget [12]. Hence, the 
objective of a transmission network is to 
minimize compression stations operating costs to 
the lowest value possible and simultaneously 
satisfy agreed delivery flow rates and minimum 
pressure requirements at delivery terminals. 
Common types of compressors used in the 
natural gas industry are the Centrifugal and 
Reciprocating compressors. Fig. 5 shows the 
various kinds of industrial gas compressors. 
 

1.3 Compressor Power Determination 
 

The ability to size and predict the compressor 
horsepower requirements for gas transportation 
is useful to pipeline design engineers. Various 
models have been developed over the years for 
estimating the compressor power required for 
transporting natural gas to desired destinations. 
Analytical models are commonly used to 
calculate the horsepower for each compression 
stage from the isentropic work formula. The basis 
of the derivation of all analytical expressions for 
calculating theoretical work required to compress 
a quantity of gas is the general energy equation 
[11]. In developing these models, some 



assumptions are usually made to make the 
models mathematically tractable. These models 
require parameters like the isentropic factor, 
which is either read from charts or outrightly 
assumed to be 1.28. Most of these models form 
the basis of some commercial software used for 
this purpose. The Enthalpy- Entropy chart is also 
used to calculate compressor power, based on 
isentropic compression and isobaric cooling.
 
Most models that describe gas compression in 
literature are mainly optimization models 
developed using operations research. They were 
usually designed to address the minimum fuel 
cost problem of compression stations in gas 
transmission systems. In developing these 
models, steady-state flow is typically assumed. 
Objective functions are then solved using 
different computer algorithms, but subject to 
some physical constraints, one of which is a gas 
compression analytical equation. Some of the 
algorithms include linearization computer 
programs, generalized reduced gradient (GRG), 
dynamic programming, and mixed-
programming.  
 

 
Fig. 4. Types of 
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-integer linear 

Krishnaswami et al. [14] studied compression 
stations, fuel consumption minimization for 
several compressor units in gas compressor 
stations using optimization methods. Still, their 
study investigated the line-packing phenomenon 
during seasons of low gas demand. They 
presented an approach for using gas 
compression stations to meet specific line
profile with excellent results.  
 
Chebouba et al. [15] presented an ant colony 
optimization (ACO) algorithm for solving the 
issue of reduction in fuel cost with different 
numbers of compressor units in a compressor 
station. They validated their method with the 
Hassi R’Mel-Arzew pipeline network in 
Algeria consisting of 5 pipes, six nodes, five 
compressor stations, and three units in each 
compressor.  
 
Jin and Wojtanowocz [16] presented a study that 
looked at optimizing an extensive network in 
China. The results obtained showed that 
increasing gas throughput substantially reduced 
costs. 

Fig. 4. Types of compressor stations 

Fig. 5. Types of industrial gas compressors [13] 
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Wu et al. [17] presented a hybrid model with 
compressor toggling constraints that aimed at 
increasing revenue plus throughput, at the same 
time putting into consideration a weighting value 
to cater for two optimization problems. The 
model’s solution was gotten by employing a 
particle swarm optimization (PSO) algorithm that 
includes a responsive inertia weight adjusting 
procedure to overcome premature convergence 
issues.  
 

Agwu et al. [18] studied reducing fuel costs at 
gas compressor stations. As case studies, they 
considered two 24-inch natural gas lines in 
Nigeria: 198-km long Oben-Ajaokuta and 460-km 
long Ajaokuta-Abuja-Kaduna lines. They 
presented a simple relationship between total 
compressor power requirements and the entire 
length of a gas pipeline while considering local 
operating conditions.  
 
Ezendiokwere et al. [19] studied natural gas 
transmission lines of varying lengths using 
commercial software. They were able to 
establish strong relationships between 
compressor power requirements and variables 
like pipeline pressure drop, length, gas 
throughput, and compression station suction 
pressure. 
 

Analytical models for estimating compressor 
power using variables like pipeline length and 
gas throughput are very limited in the literature. 
Where they exist, the knowledge of the pipeline 
length and gas throughput is unknown. In this 
study, an analytical model for predicting 
compressor power requirements of horizontal 

gas transmission lines that do not require an 
isentropic factor is presented.  

 
2. MATERIALS AND METHODS 
 
The analytical model for predicting compressor 
horsepower is presented in this section. All the 
assumptions made for model reliability are also 
stated. 

 
2.1 Model Development 
 
Considering an open steady-state system in Fig. 
6, the energy balance on the whole system 
between points 1 and 3 may be written as: 
 

�� + ���� +
���

�

���
+

����

��
= �� + ���� +

���
�

���
+

����

��
+ � − � − ��                 (1) 

 
Where, 

 
U = internal energy 
PV = energy of expansion or compression 
mu

2
/2gc = potential energy 

Q = heat energy added to the fluid 
w = shaft work done by the surrounding on the 
gas 

 
Dividing Eq.1 through by m to obtain an energy 
per unit mass balance and writing the resulting 
equation in differential form yields 

 

�� + ��� +  �
��

��
+ �

��

��
− � + �� = −�       (2) 

 

 
 

Fig. 6. A compressor-pipeline composite open system 
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Assuming the following: 
 
 The kinetic energy change in both the 

compressor and pipeline is negligible and 
can be taken as zero. 

 The flow is a steady-state plus steady flow. 
 The flow is isothermal in the pipeline. 
 The flow is horizontal. 
 Heat is not transferred to or from the gas in 

the compressor and pipeline to the 
surroundings. 

 There is no work done by the gas during 
the flow across the whole system. 

 The only compression work done on the 
gas as it flows across the entire system is 
by the compressor. 

 Work is lost only in the pipeline. 
 

The general energy equation reduces to: 
 

  ��� + �� = −�                 (3) 
 

Or 
 

(144)��� +
���

����
�� =  −�              (4) 

 

� =
���.  ���� ����
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(���/�)
                 (5) 

 

=
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Also, 
 

For real gases, 
 

� �
����

���
� =

���

��
         =

��.�����

�����
             (6) 

 
Substituting accordingly, 
 

(144) �
��.�����

�����
� �� +

�

���
�

� 

����
�

.
��

�
= −�  

 
��.������

���
+ 0.025196

�

��  � �� = −�  

 
Rearranging and integrating, 
 

��.����

��
∫

�

�

��

��
�� + 0.025196

�

��  � ∫ ��
�

�
= −�  

��.����

��
(���)��

�� + 0.025196
�

��  � � = −�  

 
��.����

��
[���� − ����] + 0.025196

�

��  � � = −�  

 
��.����

��
���

��

��
� + 0.025196

�

��  � � = −�        (7) 

 
Where, 
 

T = °R 
P = psia 
  = cu ft/sec 
L = ft 
��= dimensionless 

�= dimensionless 
w = ft-lbf/lbm 

 
Let ���  �� ��. 7 = �, such that 
 

−� = �  
 

−�(��� − ��) = ��             (8) 
 
Where, 
 

m = Mass 
 
Recall, 
 

� = ���  
 
Where, 
 
n = Number of moles 
Ma = Relative molecular mass 
 
Hence, 
 

 −� = ����              (9) 
 
But, for real gases, 
 

�� = ����             (10) 
 
And 
 

� =
��

���
  

 
Also, 
 

ṅ =
� 

���
              (11) 

 
Where, 
 

ṅ = molar flow rate 
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  = volumetric flow rate  
 
Also, 
 

� =
��� 

����
               (12) 

 
Substituting Eqs.11 and 12 into Eq. 9 
accordingly, 
 

−� =
�����

���
.

���

���
�  

 

−� =
�����

���
�  

 
Where, 
 

� = 10.732 ���� − ����/�����°�  
 

If  � = [�����] and – � = [ℎ�], 
 
Then, 
 

−� �ℎ�.
���(������)

���
� =

�����

��.�����
.

��.�������

������
. �  

 

    −� =
�.����������

��
�            (13) 

 
Therefore, on substituting for A in Eq.13, 
 
−� =
�.����������

��
�

��.����

��
���

��

��
� + 0.025196

�

��  � ��  (14) 

 
Let  
 

0.025196
�

��  � � = �  

 
If L is in miles, D in inches, and  cuft/day, 
 

Then, 
 

� = 0.0252
�

�
�

��
�

� �
 

�����
�

�
�. 5280  

 

Also, according to Weymouth, f varies with D in 
inches as follows 
 

� =
�.���

�
�
�

               (15) 

 

On substituting and rearranging, 
 

� =
�.������

�
��
�

( )��  

 

Substituting for B in Eq.14, 

−� =
�.����������

��
�

��.����

��
��

��

��
+

�.������

�
��
�

( )���        (16) 

But, 
 

�� = 29��             (17) 

 
Substituting the Eq. 17 into Eq.16, 
 

 −� =
�.��������

��
�1545.41����

��

��
+

�.�������

�
��
�

( )���   (18) 

Where, 
 
W = compressor power requirement, hp 
q = gas throughput, MMcfd 
Pb = base pressure at which q was measured, 

psia 
Tb = base temperature at which q was 

measured, 
o
R 

�g = gas specific gravity, dimensionless 
  = gas volumetric flow rate, cuft/day 
P1 = suction pressure in psi 
P2 = discharge pressure in psia 
D = pipe diameter, inches 
L = pipe length, miles 
T = temperature at suction condition, oR 
z = gas deviation factor at suction condition, 

dimensionless 
 
Where, 
 

 =
�����

���
               (19) 

 

And 
 
q = measured gas throughput, MMcfd 
Pb = base pressure at which q was measured, 

psia 
Tb = base temperature at which q was 

measured, 
o
R 

P = pressure at which   is sought, psia 
T = temperature at which   is sought, oR 
z = gas deviation factor at the condition which   

is sought. 
 

2.2 Method of Error Analysis 
 

The percentage absolute deviation equation 
used in this study is given as: 
 

% �� = �
������� � ������

�������
� × 100          (20) 

 

3. RESULTS AND DISCUSSION 
 
An analytical model was developed using the 
general energy equation to better capture 
interrelationships between compressor power 
and parameters, pipeline length, and gas 
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throughput. The developed model was tested 
using ProMax software by simulating gas 
transmission lines (compression ratio = 2) and 
dividing the whole length of the pipeline into 50-
mile sections, with a compressor unit situated at 
the end of every 50-mile section. Consequently, 
simulations for 50-mile, 100-mile, 150-mile, 200-
mile, 250-mile, and 300-mile pipelines, for fixed 
throughput, were performed. Also, simulations 
were equally done for a fixed pipe length of 50 – 
mile, and variable gas throughput. The results of 
the simulations [19] were then used in 
comparisons with results obtained from the 
developed model. This was done to validate the 
developed model and establish its reliability and 
accuracy. Fig. 7 shows the comparison of 
ProMax and model compressor power results for 
different pipeline lengths at 200 MMscfd.  Fig. 8 
shows the Comparison of ProMax and model 
compression power results at different 
throughputs for a 50-mile pipeline. 
 
It may be observed from Fig. 7, that the 
relationship between compressor power and pipe 
length for fixed throughput can be described as a 
positive correlation, which means compressor 
power requirements for the gas transmission 
lines increased for both the model and ProMax, 
as the pipe length increased. It shows clearly that 
the longer a pipeline, the higher the compressor 

horsepower needed to force natural gas through 
it. This is because the longer a pipeline’s length, 
the higher the pressure drop a fluid flowing 
through it will experience. Likewise, Fig. 8 
indicates a direct proportionality between 
compressor power and throughput for fixed pipe 
length. As a result, both ProMax and model 
compressor power were increasing as the gas 
throughput increased. And this agrees with the 
expected reality since the larger the volume of 
gas transported in a pipeline, the higher the 
energy required to compress it. The results from 
ProMax and model were also seen to have 
similar trends in both cases. 
 
On comparing the results from the ProMax 
software and that of the developed model as 
presented in Figs. 7 and 8, it revealed that the 
error between ProMax and the model increased 
as the pipeline length and throughput increased, 
although the general trajectory of both curves 
remained the same. It shows that as pipeline 
length and throughput increases, the developed 
model gradually loses its accuracy. This 
necessitated the introduction of correction 
factors, to increase the reliability and accuracy of 
the developed model. The development of the 
correction factors is presented in the next 
section. 

 

 
 

Fig. 7. Compressor power results for 200 MMSCFD throughput at different pipeline lengths 
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Fig. 8. Compressor power results for a 50-mile pipeline at different throughputs 
 

3.1 Correction Factors 
 

The compressor power results showed that as 
pipeline length and flow rate were increasing, so 
was the error between compressor power 
requirement predictions of the developed model 
and that of ProMax. Therefore, correction factors 
for pipeline length and flow rate were proposed 
to improve the accuracy of the model. This was 
done by adding a constant C to the model and 
developing error functions to account for the 
error based on the trend analysis. The 
coefficients of the error functions were obtained 
by regressing the ProMax software results. The 
final model becomes:  
 

−� =
�.��������

��
�1545.41����

��

��
+

�.�������

�
��
�

( )��� +  C        (21)  

 

For a constant throughput and varying length 
condition, the error function was found to be: 
 

C =  ��� + ��� + �L + �            (22) 
 
Where  
 
a = 0.0016; b = - 0.4905; c = 97.159; d = - 2245 
 
For a fixed length and varying throughput 
condition, the error function was found to be: 
 

C = �Q + �L + �            (23) 
 
Where  
 
a = 11.02684;     b = 76.58304;     c = - 4226.24. 

 
 

Fig. 9. Compressor power results for a 50-mile pipeline at different throughputs with a 
correction factor 
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Fig. 10. Compressor power results for a 200 MMSCFD at different pipe lengths with a 
correction factor 

 
Table 1. % AD of compressor power results with varying throughput for a 50-mile pipeline 

length with a correction factor 
 

q (MMscfd) Model (hp) ProMax (hp) % AD 
100 3532.68 3924.50 9.98 
150 5497.56 5886.75 6.61 
200 7462.44 7849.01 4.93 
300 11392.20 11773.50 3.24 
400 15321.97 15698.00 2.40 
500 19251.73 19622.50 1.89 
600 23181.49 23547.00 1.55    % AAD = 4.37 

 
Table 2. % AD of compressor power results with varying pipe length for a 200 MMSCFD 

throughput with a correction factor 
 
Length(mi) Model (hp) ProMax (hp) % AD 
50 7806.92 7849.01 0.54 
100 16300.89 16139.85 0.99 
150 24340.27 24327.95 0.05 
200 34057.26 33945.98 0.33 
250 48511.24 47936.68 1.18 
300 71520.22 70830.48 0.96    % AAD = 0.68 

 
Figs. 9 and 10 show the relationship between the 
compressor power results from the ProMax 
software and the model in this study, after the 
introduction of correction factors. The 
introduction of the correction factors further 
reduced the percentage absolute deviation 
between ProMax results and compressor power 
requirements predicted by the developed model. 
This is demonstrated by the fact that all the 
absolute deviations between ProMax results and 
predicted compressor power were below 10% for 

the fixed pipe length, variable throughput, and 
below 2% for the fixed throughput, variable 
length, case scenarios. Tables 1 and 2 show the 
% AAD.  
 

4. CONCLUSION 
 

A new model for predicting natural gas 
compressor power has been developed and 
presented. The validity, accuracy, and reliability 
of the new model were ascertained by comparing 
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the results with those of the ProMax software, 
simulated for gas transmission lines. The 
conclusions from the study include. 
 

 An analytical model for estimating 
compressor power required for 
transporting natural gas in pipelines is 
presented. 

 The model applies to both short and long 
gas pipelines. 

 The developed model can equally be used 
for gas pipelines of different throughputs 
and pipeline length. 

 The introduction of correction factors 
successfully increased the accuracy of the 
developed model. 

 
Pipeline profile effects on the results obtained in 
this study can be investigated. The model can 
further be investigated for other fluid applications. 
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