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ABSTRACT 
 
The purpose of the research is to optimize gas pipeline 
considering multiobjective, such as length, cost, area 
conservation, and population. Environmental data for 
peatland and conservation, which are impacted to the route 
selection, were referred to spatial data from reliable sources. 
Cost was calculated from estimated pipeline size. Cost 
approach were related to the inflation of the year. Population 
data were from Badan Pusat Statistik (BPS). After collecting 
the data, a software program was developed to solve the 
problem model. Validation of the program was done by 
running in lesser data. When the validity was considered 
good, the program was applied to the problem. Considering 
multi aspects, the result show the optimal solution. The cost 
is 33% higher than the shortest route, but the environmental 
aspect shows lower value. Total CO2 emission and 
conservation area which are impacted are 35% and 72% 
lower respectively than the shortest route. Quantitative 
approach on environmental aspects (total emission CO2 and 
conservation area) and the social aspect (nearest population) 
can help decision maker to select the gas pipeline route.  
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1. INTRODUCTION 
 
Transportation is required to deliver natural gas from the 
sources area (gas well) to the destination or users. It can be 
delivered as its natural form, as vapor. Another form of 
delivering natural gas is as liquid. When it is necessary to 
deliver gas from the source to the destination in the same 
land or island, pipeline is considered as the best option. 
Some papers mentioned studies in gas or oil pipeline route 
selection. [1] did a study in optimization objectives which 
included capital cost, consumption of energy when the 
facility is operated, maintenance and reparation cost, and the 
risk of the facility to the environment. Simulated annealing 
was applied to solve the problem. Route Optimization of 
submarine pipeline were examined by [2] using genetic 
algorithm, to solve multi objective case. [3] assessed two 
phase flow fluid when optimizing pipeline route. General 
genetic algorithm (gGA) and steady state genetic algorithm 
were used to solve the automatic route model. [4] did as 
study on pipeline route for ore concentrate which the fluid 

state is slurry. On the study, two algorithms were compared, 
Ant Colony optimization and Dijkstra algorithm. [5] 
compared two methods of pipeline route selection by using 
Dijkstra least cost path (LCP) and Laplacian smoothing 
algorithm. [6] used other types of method, they are simple 
additive weighting (SAW), analytic hierarchy process 
(AHP), and technique for order preference by similarity to 
ideal solution (TOPSIS) to solve spatial multicriteria 
decision making of gas pipeline routing.  

When the pipeline route will be determined, many 
aspects should be considered [7], such as : (1) cost 
efficiency, (2) pipeline integrity, (3) impact to environment, 
(4) public security, (5) land use limitation, and proximity to 
the facility.Every location where the pipeline will be 
installed has the different landscape and condition. It may 
relate to the climate of the location. The area near pole is 
different with the area in the equator. The area in the desert 
is different from the area in the tropical area which has 
heavy rainfall. Beside the difficulty of construction, the 
sustainability aspects should be in the mind of pipeline 
project decision maker. Decision maker should achieve 
minimum impact to environment whenever the impact 
cannot be avoided.     

In this paper, we would like to include environmental 
factor which has major role in balance of ecosystem in the 
tropical land area, they are tropical peatland and 
conservation area. We found it is still rare, where a study 
includes these aspects. Why peatland is an important 
ecosystem has been analyzed in many papers. For only, 12% 
of peatland area globally, tropical peatland holds more than 
20% of peatland carbon stock globally [8]. The contribution 
of CO2 emission due to function degradation of peatland in 
South East Asia is about 1.3% to 3.1% of current global CO2 
emission from fossil fuel combustion [9]. The effect of 
disturbing the peatland, some amount of CO2 will be emitted 
to atmosphere. In tropical countries, many regions are now 
set as conservation zone by the government. The 
conservation areas conserve the local and special animals 
andvegetations which are basically prohibited to disturb. Gas 
pipeline route selection in Kalimantan, Indonesia is focused 
as a case to be studied in this paper. Kalimantan has 
important tropical peatland and several conservation areas.     
 
Since there are multi objectives want to be achieved, we 
should develop mathematical model which represents those 
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purpose. One of model usually developed in this case is goal 
programming. Goal programming purpose is to find solution 
which is a tradeoff many objectives. There are many kinds 
of goal programming model. Two type are well known are 
pre-emptive (lexicographic) goal programming and 
weighting goal programming. Lexicographic goal 
programming will be used to find solution among several 
defined criterions in pipeline route selection.   

The aim of this study is to understand the effect of two 
major environment aspects, i.e. total CO2 emission due to 

peatland intervention and how much conservation area will 
be impacted in gas pipeline route selection. As per literature 
study, the use of goal programming in gas pipeline route 
selection still less. In this study, it is expected to have better 
understanding in using goal programming to solve the route 
selection case [20-21]. 

Supply and demand projections by Indonesia Ministry 
of Energy and Mineral Resources for 2018-2027 are 
indicated in Table 1 and Table 2 respectively. 

 

Table 1:Supply projection of natural gas in Kalimantan. 

(Source: Neraca Gas Bumi Indonesia 2018-2027) 

Year Total 
Existing 
Supply 

Total  
Project 
Supply 

Total 
Potential 
Supply 

Total Supply 

2018 1967,23 26,91 0,00 1994,14 
2019 2063,65 88,28 0,00 2151,93 
2020 1984,57 90,78 0,00 2075,35 
2021 1867,06 237,30 0,00 2104,36 
2022 1728,71 476,70 1,69 2207,10 
2023 1535,68 825,22 2,40 2363,30 
2024 1388,09 1218,20 0,20 2606,49 
2025 1237,58 1184,46 12,00 2434,04 
2026 1101,77 1122,91 25,89 2250,57 
2027 950,70 1086,81 49,60 2087,11 

 

Table 2: Supply projection of natural gas in Kalimantan. 

(Source: Neraca Gas Bumi Indonesia 2018-2027) 

Year Crude Oil 
Lifting 

Government 
Program 

Fertilizer and 
Petrochemical 

Electricity Industry Export / 
LNG 

Commitment 

Total Supply 

2018 80,15 25,60 472,50 72,75 45,00 987,00 1683,00 
2019       1690,00 
2020       1600,00 
2021       1300,00 
2022 132,84 31,12 472,50 86,47 145,00 492,00 1359,93 
2023       1200,00 
2024       1040,00 
2025       1150,00 
2026       1100,00 
2027 82,73 39,71 472,50 99,36 270,00 20,00 984,30 

 
2. METHODS 
 
Figure 1 shows the scheme of methodology which was done 
in this research. It is start from literature study of the route 
selection case. Route selection consists of several aspects to 
consider. Due to many aspects to be considered, route 
selection should include some objectives to be an optimized 
solution. Multicriteria optimization is the next issue to be 
studied. Based on the aspects, mathematical model to be 
developed. The model should indicate the case, which is the 
optimization of multicriteria problems. The specific data for 
the case was collected from various reliable sources. Once, 
they are collected, the data should be processed. The spatial 

data were processed by using reliable Geographical 
Information System (GIS)processing software. The compiled 
data was arranged in matrix format in spreadsheets for easier 
taken for the software programming. 
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Figure 1:Scheme of methodology 

 
2.1  Mathematical Modelling 
The mathematical model which contains variables in route 
selection are shown as follow: 
 
Goal Constraints: 
1. Total Pipeline Length, in km: 

∑ ∑ ܮ
ୀଵ ݔ

ୀଵ − ݀ଵା = 1,210           (1) 
 

2. Total Pipeline Cost, in millions USD: 
∑ ∑ ܥ

ୀଵ

ୀଵ ݔ − ݀ଶା = 1,355           (2) 

 
3. Total CO2 emission, in ton CO2 per year: 

∑ ∑ ݔܧ
ୀଵ


ୀଵ − ݀ଷା = 60,000           (3) 

 
4. Total Conservation Area, in km2: 

∑ ∑ ܣ ܸ

ୀଵ


ୀଵ ݔ − ݀ସା = 1            (4) 

 
5. Total Population, in peoples 

∑ ∑ ܰ

ୀଵ


ୀଵ ݔ + ݀ହି = 1,000,000  (5) 

 
Hard Constraint: 
6. Total Pressure Drop, in psi 

∑ ∑ ݔܦܲ
ୀଵ


ୀଵ ≤ 600                                     (7) 

 
ݔ =  ݀݁ݐ݈ܿ݁݁ݏ	ݏ݅	݁ݐݑݎ	ℎ݁ݐ	݂݅	1
ݔ = 0,  ݏݎℎ݁ݐ	݂݅
݅ = 1,2,3, … ,݉ 
݆ = 1,2,3, … , ݊ 
݀ି ,݀ା> 0, k = 1, 2, 3 
 
Data 
Supply and demand of natural gas in Kalimantan is based to 
Indonesian Ministry of Energy and Mineral Resources 
report. Estimation of the gas flowrate, based om the data, is 
300 MMscfd, that will be used as basis for this 
study.Geographical Information System provides data which 
are required in this study, such as : (1) administrative 
regencies/districts/sub-districts, (2) settlement of population, 
(3) river, lake, and other water body, (4) peatland areas (5) 

conservation areas, etc. Data were retrieved from some 
authorized websites, http://tanahair.indonesia.go.id and 
http://geoportal.menlhk.go.id. The raw data are processed by 
using Quantum GIS Software, version 3.6. Noussa. By using 
the software some information can be shown and interpreted 
easier. Population data are collected from data of Badan 
Pusat Statistik (BPS) for each district. 
 
2.2  Calculation 
Isothermal fluid flow 
Some formula is commonly used in oil and gas pipeline 
application when considering the flowing fluid is in 
Isothermal condition. Panhandle A formula is used for 
natural gas pipelines and it is applicable for partially 
turbulent (hydraulically smooth) flow. Panhandle B formula 
is used for long transmission lines and applicable for fully 
turbulent flow. Weymouth formula is used for sizing gas 
pipelines and applicable for fully turbulent flow [10]. In this 
study, the pipe size estimation usingthe Panhandle A 
formula, which is shown on equation below [10],  
 

′ݍ = ܧ18.161 ቀ ்್
ᇱ್
ቁ
ଵ.଼଼

 (ᇱభ)మି(ᇱభ)మ

்ೌ ೡௌబ.ఴఱయవ൨
.ହ
݀ଶ.ଵ଼ଶ 

         (8) 
 
where, 
d = internal diameter (in) 
E = efficiency factor (unitless) 
Lm = length of pipe (ft) 
P’b = absolute pressure at standard conditions = 14.7 psia 
q’h = rate of flow at standard condition (14.7 psia and 
60oF) in millions of cubic feet perday (MMscfd) 
Sg = specific gravity of gas relative to air = the ratio 
Tavg = average temperature (oR) 
Tb = absolute temperature at standard condition = 520 oR 
Pressure drop becomes the main concern or limitation in 
pipeline sizing, since the pressure should not drop drastically 
along the pipeline. Calculation result for the size was 32”.   
 
Cost estimation 
Inflation is considered in cost estimation, the equation used 
is as follow [11]: 
(ݕ)ܥ =   (௬ିଵଽ଼)     (9)݁݉ܣܦ
where, 
C(y) = cost of the pipe in year y 
D = diameter pipeline in inch 
A = average cost of pipeline construction per inch-
diameter-mile 
m = length of pipelines in miles 
i = continuously compounded rate of inflation 
y = year of which the cost estimate is desired 
 
There are four cost components which are commonly used. 
They are right of way (ROW), material, labor, and 
miscellaneous [11]). Other cost related items, can be 
categorized or included into one of those components. 
Location factor was considered since many cost references 
are from United States of America (USA). The location 
factor for South-East Asia is 0.8 of USA/Canada [12].   
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CO2 emission 
To estimate the amount of CO2 emission to atmosphere, 
below equation is used [13]): 
 
ܥ ଶܱ݁݉݅݊݅ݏݏ = ܮ ܷݔ	ܦܦݔ௧ܥݔ ଶܱଵൣ

ݐ ൗݕ ൧ 
         (10) 
Where, 
LU_Area = peatland area with specific land use [ha] 
D_Area = drained area within peatland area with specific 
land use [fraction] 
D_Depth = average groundwater depth in drained peatland 
area with specific land use [m] 
CO2_1m = CO2 emission at an average groundwater depth 
of 1m = 91 [t CO2 ha-1y-1]  
 
Cuckoo Search for Optimization of Route Selection 
CS is a kind of swarm-intelligence-based algorithm. [14] 
developed this algorithm, when inspired by natural behavior 
of cuckoos. Some cuckoo birds do a kind of brood 
parasitism by putting their eggs in the nests of other host 
birds. There are three rules which was defined by Yang and 
Deb for implementing this algorithm as an computer 
algorithm: 
 Each cuckoo puts one egg at a time, and dumps the egg 

in a nest which is randomly chosen.  
 The best nests with high-quality eggs will be carried 

over to the next generations. 
 The number of available host nests is fixed and the egg 

put by a cuckoo may befound by the host bird with a 
probability pa ∈ (0, 1). In this case, the host bird can 
either get rid of the egg, or simply abandon the nest and 
build a completely new nest. 

Some researchers did comparison of this algorithm 
performance with DE Algorithm performance, particle 
swarm optimization and simulated annealing. Cuckoo search 
can be characterized by three features as follow: 
 it satisfies the requirement of global convergence 
 it supports the capabilities of local and global search 
 it uses Lévy flights as a global search strategy. 

The original CS was firstly tested using numerical 
function optimization benchmarks. Usually, this kind of 
problems presents a test bed for new developed algorithms. 
In line with this, standard benchmark function suites [14] 
have been developed in order to make comparison between 
algorithms as fair as possible. Multi-objective optimization 
is methods to handle more than one objective, and these 
objectives may not be sufficiently solved. Solution for the 
problem with many criteria are real-world optimization 
problems.Multi-objective optimization algorithms require a 
set of many (potentially infinite), optimal solutions, named 
Pareto front in [15], and [16]. 
 
3. RESULTS AND DISCUSSION 
 
Selected route by using cuckoo algorithm is indicated in 
Figure2.The figure shows that the route is not the shortest 
one. The route is started from Point 1, Siantan District, 
where the gas pipeline from offshore (Natuna Island) is 
landed. Siantan district is near Pontianak, the capital of 
Kalimantan Barat Province.The peatland area in Kalimantan 
Tengah located in large area around Point 7 and Point 8, 
Pulau Hanaut District and Sebangau District. The 
optimization try to avoid the peatland and conservation area 
as much as possible. The end point is Mekar Sari District 
which is located near Banjarmasin, the capital of Kalimantan 
Selatan Province. 

Table 3: Optimization result using cuckoo search. 
Route Description Length 

(km) 
 

Cost 
(USD) 

CO2 
emission 

(t/y) 

Conservation 
Area 
(km2) 

Population Pressure 
Drop 
(psi) 

1  2 Siantan  Nanga 
Tayap 

 237.20   235,390,696   34,702   0.48   624,353   75.37  

2  4 Nanga Tayap  
Belantikan Raya 

 90.25   89,564,950   -   -   153,547   30.04  

4  5 Belantikan Raya  
Arut Selatan 

 114.89   114,017,105   2,765   -   164,596   42.45  

5  6 Arut Selatan Petak 
Malai 

 227.57   225,831,134   -   -   109,662   93.57  

6  9 Petak Malai 
Mantangai 

 114.89   114,017,105   2,765   -   164,596   42.45  

910 Mantangai  Mekar 
Sari 

 227.57   225,831,134   -   -   109,662   93.57  

 Total  114.89   114,017,105   2,765   -   164,596   42.45  
 

The criteria of environment and population have effect 
to the result of the route selection. Firstly, the shortest route 
is selected as the basis for comparison purpose. The shortest 
route has length and cost estimation, 810 km and 
760,789,510 USD respectively. By goal programming, the 
length and cost are proposed as 1020,72 km and 
1,012,934,497 USD, respectively. Estimated emission of 

CO2 to atmosphere is, 60,532ton CO2/year, which is 35% 
smaller than the shortest route. Impacted Conservation area 
is 0,63 km2, which is 65% smaller than the shortest route. 
Population near the pipeline route indicates one of social 
aspects. It is considered, that potentially the population will 
use gas as the main energy source. The government may 
decide to develop another project of gas city network to 
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utilize the gas in the city or region. Population near the route 
of pipeline is 1,274,661 people, which is 72% higher than 
the shortest route. Total Pressure drop across the pipeline 
will be 422 psi. It higher 48% from the shortest route. The 
longer pipe will have the higher total pressure drop. But, it is 
still lower the target, therefore we can use this margin to 
havethe optimum result considering overall aspects.   

 

 
Figure 2:Selected route using cuckoo search algorithm 
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