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Abstract 

 
Natural gas has remained the fastest growing energy resource in most regions of the world for more than two decades, 
driven by the low greenhouse gas emissions as well as high conversion efficiency in power generation.  In the 
Philippines, natural gas is one of the major energy sources specifically coming from Malampaya gas field located 80 
km northwest of Palawan. This study analyzed the supply chain of liquefied natural gas (LNG) by selecting the 
appropriate LNG suppliers through analytic hierarchy process and minimizing operational cost by applying linear 
programming.  Using AHP, we identified important criteria that a company would consider in choosing a suitable 
supplier. In this model, it gives more weight on commercial criterion and price sub-criterion, as any fuel supply 
contracts can be considered as highly commercial transaction. Fuel supply affects power generation cost as well as 
electricity prices paid by consumers. Thus, consumers need to procure their fuel at the least-cost manner as possible. 
On the other hand, in terms of technical aspect, gas quality directly affects efficiency, soundness in operation and 
emission levels.  For each cluster of suppliers, a mathematical model was developed to determine the optimum 
delivery to each cluster from variety of supply and constraints to minimize operational cost. Understanding the impacts 
of restrictive provisions in long-term supply contracts, such as take-or-pay agreements, on overall business operation 
will save the buyer from high operational cost and profit reduction.  The balance between long-term and spot supply 
must be well managed to maximize the benefit of entire supply portfolio.  As the Philippines is expected to become a 
new LNG importer in the near future, for the reasons of energy security, GHG emission reduction and environmental 
concerns in power generation sector can be further studied.  Further, more comprehensive studies must be conducted 
to ensure that various considerations and real-life scenarios were taken into account.   
 
Keywords 
Optimization model, liquefied natural gas, linear programming, analytical hierarchy process, supply chain 
 
1. Introduction  
Natural gas has remained the fastest growing energy resource in most regions of the world for more than two decades, 
driven by the low greenhouse gas emissions as well as high conversion efficiency in power generation. For almost a 
century, natural gas has been transported safely, reliably, and economically via pipelines. Another means of 
transporting natural gas is through liquefaction converting gas into liquid form – called liquefied natural gas (LNG). 
Liquefied natural gas is simply a natural gas in liquid form. When natural gas is cooled to approximately –162C or –
259F at atmospheric pressure, the condensed liquid is LNG. The volume reduction is about 1/600th the volume of 
natural gas at the burner tip. The more condensed form of LNG allows transport using cargo ships or trucks (Mokhatab 
et.al, 2014). According to Gas Exporting Countries Forum, an international governmental organization, natural gas 
produces approximately 25% less carbon dioxide than gasoline, 27% less than fuel oil, 30% less than crude oil and 
45% less than coal. Natural gas does not emit Sulphur oxides and produces 80% less nitrogen oxides compared to 
coal. That makes natural gas cleaner and environment-friendly source of energy.  
 
In latest report of International Gas Union, there is an oversupply on global LNG production. The revolutionary US 
shale gas production is one of the main reason for this oversupply situation. However, Qatar and Australia remains to 
be the biggest LNG supplier in the world taking a combined 45% of total supply. US is at a distant third place but with 
several upcoming LNG production projects, it can narrow the gap. In neighboring countries, Malaysia is the closest 
source but the allocation for export is still limited. In terms of importation, Asia’s top economy such as Japan, South 
Korea and China are the main destinations of LNG. Japan leads the import space with about 22% of global demand 
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while China is becoming a significant buyer and might replace Japan in the next few year as they shift from coal power 
generation (World LNG Report 2020).  
 
In the Philippines, natural gas is one of the major energy sources. In 2019, according to the Electricity Power Industry 
Management Bureau (EPIMB) of the Department of Energy (DOE), natural gas contributed 21% and almost 30% of 
the country and Luzon’s power generation, respectively (Power Situation Report, 2019). Currently, sole major 
indigenous source of natural gas in the Philippines is the Malampaya gas field located 80 km northwest of Palawan, 
as shown in Figure 1 (Greer, 2002). A consortium of three companies namely, Shell Philippines Exploration BV 
(SPEX), owning 45% interest, Chevron-Texaco Philippines, Inc., owning 45% interest, and the Philippine National 
Oil Company Exploration Corporation (PNOC-EC), for the remaining 10%, developed the gas field under a service 
contract (SC No. 38) with the government (World Resource Institute, 2007). Malampaya supplies gas to three power 
stations with maximum generation capacity of 2,700 MW. The power plants are all located in Batangas province 
(Reymert, 2002). Though there are no public documents stating the remaining volume in Malapamya, according to 
the Gas Policy Development Project, in less than five years, the gas supply from Malampaya will start to significantly 
decline (Philippine Downstream Natural Gas Industry Investor’s Guide, 2020). The Philippines does not have any 
other commercially ready indigenous gas supply to seamlessly replace Malampaya by then. Regardless of the 
remaining reserves, the service contract under Malampaya Consortium is about to expire by 2024 and the government 
is yet to decide whether they would like to extend it or not (Administrative Order 381, 1998). That brings uncertainty 
on the future of natural gas and consequently issue on energy security in the Philippines. The government and the 
private sector are finding alternatives on the domestic gas supply. One of the most feasible option is importation of 
liquefied natural gas (LNG) from other countries such as Qatar, Australia, Malaysia, US and Indonesia. Several private 
entities would like to build the first LNG receiving terminal. Two companies owning the existing five gas power plants 
relying on Malampaya leading the development. Other big players in energy industry would like to build their own 
demand alongside with the terminal, commonly called LNG-to-Power (Philippine Energy Plan 2018-2040, 2020). 
Regardless of having an in-country receiving terminal, Philippines can start importing and supplying across the islands 
through small-scale LNG distribution.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Location of Malampaya Gas Field (SC-38) 
 
As shown in Figure 2, the LNG supply chain consists of exploration, extraction, liquefaction, transportation, storage 
and regasification. As highlighted in the same figure, the focus of this study are the stages of liquefaction, 
transportation and storage, specifically on small-scale application. Small-scale LNG (ssLNG) is an alternative solution 
to large-capacity LNG. The ability to transport LNG at remote locations has made ssLNG an attractive way of 
delivering natural gas to various areas. Despite of having a lesser requirement on capital than large-scale LNG 
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facilities, the challenge for any LNG receiving terminal project is the selection of LNG supply that will give the most 
benefit to the buyer, and specifically for ssLNG is the challenge on how to have a cost-effective strategy to minimize 
operating costs while maintaining uninterrupted supply to customers. 
 

 
Figure 2. The LNG Supply Chain 

1.1.  Objective 
This paper includes analysis of small-scale LNG supply chain and development of a mathematical model using 
optimization tools. By the end of this paper, we will be able to select suitable LNG suppliers through analytic hierarchy 
process and be able to minimize operational cost by applying methods in linear programming.  
 
2. Methods 
Since the Philippines still at conceptual stage of having LNG supply, a study conducted by a third party consultant 
was used for this paper to provide data and information about potential LNG demand across the country. The said 
study identified a total of twenty-one (21) locations across the country, five (5) in Luzon, ten (10) in Visayas and six 
(6) in Mindanao. The study assumes that each location has enough available infrastructure, customers are willing to 
switch from current fuel to LNG and gas supply contracts (GSA) are in place between receiving facility and end-users.  
 
Five year historical fuel prices (from 2015-2020) including Brent Crude, Japan Crude Cocktail (JCC), Indonesian 
Crude Price (ICP), Henry Hub natural gas price and various LNG price benchmarks used in this paper obtained from 
a leading independent energy market data and price assessment provider. Another energy intelligence and market data 
provider tapped to provide the outlook on future fuel prices. 
 
Weights of each criteria used in this model for supplier selection through analytical hierarchy process (AHP), were 
obtained through an intra-company survey. Two (2) managers, four (4) assistant general managers and three (3) senior 
executives of the company participated in the survey. 
 
Various assumptions and price indications were used to substitute confidential data and information, which cannot be 
disclosed and regarded as trade secrets. Nevertheless, assumptions and price indications used are not too far from real 
values and still credible enough for this model. 
 
This study focuses on small-scale LNG supply, transportation and storage. For the selection of supplier, we will be 
using analytic hierarchy process, in which a number of criteria will be considered and expert opinions will be taken 
into account in the determination of criteria weights. Once we select suitable supplier, we will apply linear 
programming in the minimization of operating costs in transportation and storage. Various constraints in the entire 
chain will also be considered. 
 
2.1.  Supplier selection through Analytic Hierarchy Process (AHP) 
Decision on supplier selection has a crucial importance for a company to succeed. Energy supply security is basically 
based on the principle of the diversity of energy supply and reaching energy resources in an economic way (Karayel 
et.al, 2018). Continued supply disruptions might lead to serious countrywide impacts, as energy is one of the main 
drivers of the economy. On the other hand, expensive supply will lead to rise in electricity and commodity prices. 
Striking a balance between these two scenarios brought an idea for a diverse and flexible supply. Buyers combined 
long-term supply contracts with spot or short-term supply contracts to address such dilemma.  
 
In this study, supplier selection will apply to spot or short-term supply contract only. Long-term supply contract is an 
important element as early as project development phase. It is a requirement of financial institutions in their decision 
to finance a project. Both buyer and seller need to secure long-term supply agreement before making final investment 
decisions (FID) and building their import terminal and export terminal, respectively. Usually, long-term supply 
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contracts are directly negotiated between supplier and buyer considering several factors to get the most advantageous 
terms to everyone. Thus, selection is not so simple and straightforward. On the other hand, spot or short-term trade 
can take place after an export and receiving facilities made their FIDs. At this stage, it is expected that long-term 
supply contracts (between LNG supplier and receiving facility) and gas offtake agreements (between LNG receiving 
facility and gas end-users) were secured providing them a certain level of guaranteed cash flow. Uncontracted volume 
(supply side) can now enter spot market to provide additional cash. Terms and conditions are not so strict than long-
term supply contracts and certain level of flexibility is given to the buyers. Buyers can buy this spot supply to 
complement his long-term supply contract/s. Figure 3 below shows the required contract and agreements between 
related parties.  
 

 
Figure 3. Contracts or Agreements in LNG Supply Chain 

This model considered two (2) LNG long-term contract suppliers and three (3) spot suppliers that are proximate to 
customers and have the capability to load LNG in small-sized vessels. 
  
Term contract suppliers: 
1) Batangas – Most LNG receiving terminals planned to be located in Batangas due to proximity on existing gas power 
plants, which will be the major gas offtakers. Excess volume will be made available for small-scale distribution after 
liquefaction. 
2) Bontang - The Bontang LNG is the largest liquefied natural gas (LNG) company in Indonesia and one of large 
LNG plants in the world. The company is located in Bontang, East Kalimantan, and has eight (8) process train capable 
of producing 22.5 million tonnes per annum of LNG. Operated by PT Badak Natural Gas Liquefaction Co, which 
compromises PERTAMINA, VICO Indonesia, Japan Indonesia LNG and Total E&P Indonesia. Term-contract signed 
with Bontang LNG. 
 
Competing Spot Suppliers: 
1) Bintulu LNG – PETRONAS’ integrated LNG Complex in Bintulu, Sarawak is one of the world’s largest LNG 
production facilities in a single location, with a total capacity of 29.3 million tonnes per annum for the nine production 
trains (PETRONAS Annual Report 2019, 2019).  
2) Brunei LNG – is a joint venture between the Bruneian government (50%), Royal Dutch Shell Group of Companies 
(25%) and Mitsubishi Corporation (25%). Brunei LNG operates five LNG trains and produces 6.71 million tonnes per 
annum of liquefied natural gas.  
3) RasGas LNG – is a Qatari joint stock company by Qatar Petroleum (QP) and ExxonMobil RasGas Inc. RasGas is 
currently operating seven production trains of LNG plants with a total production capacity of 36.3 million tonnes per 
annum. One of the biggest in the world. 
 
Table 1 below shows the long-term supply contracts information and offered volume of competing spot suppliers 
based on respective pricing conditions.  
 

Table 1. Supplier’s Profile 

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 2519



 
 
Using Analytic Hierarchy Process (AHP), we will select the most suitable spot or short-term supplier. The AHP 
method was developed by Thomas L. Saaty in the 1970s and is one of the multiple-criteria decision-making (MCDM) 
approaches based on bilateral comparisons (Saaty, 2008). 
 
2.1.1. AHP Application 
 
Generally, the hierarchy has at least three levels: the goal, the criteria (main and sub criteria), and the alternatives. The 
goal for this model is to select the most suitable spot (short-term) LNG supplier. Philippines is an emerging country, 
thus reliable and affordable energy supply is required. Considering those two aspects, main criteria that should affect 
the selection are technical and commercial.  
 
Technical criterion measures reliability and suitability of a supplier with technical conditions of buyer. On the other 
hand, commercial criterion means relating to the buying of goods including price conditions and payment terms. Under 
technical criterion, sub-criteria identified are gas quality (which measures the consistency on quality of delivered 
natural gas), availability (in terms of volume and delivery lead-time), LNG export capacity (measures production 
capability of the supplier) and transportation risk (which involves safety of cargo during voyage). Sub-criteria for 
commercial aspect are cost of supply (price of delivered LNG to buyer), contract duration (length of a binding 
contract), payment terms (conditions under which a supplier completes a sale), shipping terms (arrangement of cargo, 
delivery and associated clearance and cost) and contract flexibility (in terms of supply destination).  AHP model as 
shown in Figure 4 below. 
 

Figure 4. AHP Model on Spot LNG supplier 

 
 
This model used expert opinions to determine the weights of main criteria and sub-criteria. A simple survey was 
conducted within the company participated by two (2) managers, four (4) assistant general managers and three (3) 
senior executives.  

Oil/Gas Price LNG Price LNG Delivered 
Price VAT inc

Available 
Volume

$/bbl or 
$/mmbtu

$/mmbtu $/mmbtu m3

Batangas Brent Crude-linked (BC) 12% BC + 0.5 DES 50 6.50 7.28 35,000
Bontang ICP-linked (ICP) 11% ICP + 0.26 DES 65 7.41 8.30 20,000

Bintulu Henry Hub-linked (HH) 115% HH + 2.5 FOB (DES=+$1) 3 6.95 7.78 15,000
Brunei JKM-linked (JKM) 100% JKM + 2 DES 5 7.00 7.84 7,500
Qatar JCC-linked (JCC) 13% JCC + 0.8 DES 50 7.30 8.18 10,000

INCO TermsPricing formulaDescriptionSupplier

Spot Suppliers

Term contract suppliers
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For setting criteria weights, pairwise comparison was applied. This method takes into account the different preferences 
between the criteria and a wide point scale is determined for evaluation. It is therefore possible to detect even slight 
differences in preferences between the criteria, which are into account then in the process of setting the weights: 
 1 i and j are equivalent 
 3 i is mildly preferred over j 
 5 i is strongly preferred over j 
 7 i is very strongly preferred over j 
 9 i is absolutely preferred over j 
 Values 2, 4, 6, 8 are intended to evaluate intermediate stages. 
 Where: i and j are pair of criteria being compared. 
 
Applying the result of pairwise comparisons, weights for each criterion was derived as shown in Figure 5 below. For 
main criteria, commercial weighs much more than technical criterion. Under commercial criterion, delivered price 
weighs more than any other sub criterion in its group. On the technical side, gas quality and availability, in terms of 
volume and lead-time, has the most weight.  

 
 

Figure 5. AHP Model on Spot LNG Supplier with criteria weights 
 
To evaluate, a scale of 1 to 5 was used to score each supplier, in which 1 being the lowest and 5 being the highest. 
Scores multiplied to corresponding sub-criteria weights gave us the weighted score as shown in Table 6. Considering 
main criteria weights, final score for each supplier was calculated. Bintulu LNG prevailed as the most advantageous 
spot supplier with the highest score of 4.65 out of 5. 
 

Table 6. Supplier Selection Result 

 
 
2.2.  Linear Programming 
Understanding how to minimize the operational cost is the main objective of this paper. With the use of linear 
programming, a system first developed during World War II, this study determined the optimal LNG volume delivery 
to each clustered customer that will result to minimization of operational cost including supply cost, shipping cost and 
O&M cost. The following section discussed elements used for linear programming model. 
 

44% 16% 8% 5% 27% 41% 39% 13% 7%
RasGas 0.88 0.8 0.4 0.25 1.35 1.64 1.66 0.65 0.21 3.76
Bintulu 2.2 0.64 0.32 0.2 1.35 2.05 1.66 0.39 0.28 4.65
Brunei LNG 2.2 0.32 0.24 0.25 0.81 1.64 1.17 0.26 0.28 3.74

Commercial = 83%

Delivered Price Contract Length Payment Term Shipping Terms
Contract 
Flexibility

Gas Quality

Technical = 17%

Availability
Result

Transportation 
Risk

Production 
Capacity
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Figure 6 below shows the location of LNG export terminals (suppliers) and clustered customers. Table 7 below shows 
the assignment of customers to clusters. Decision on which cluster a certain customer belongs is based on proximity 
with each other.  

 

 
 

Figure 6. Suppliers and customers’ location 
 

Table 7. Clustering of customers 
 

 
 
The LNG supply exported at 3 suppliers. Label these i = 1,…,3. The demand of LNG is spread out at 6 different 
clustered customers. Label these j=1,…,6. The volume delivered from i supplier to j clustered customer is xij, in which 
i=1 for supply from Batangas, 2 from Bontang and 3 from Bintulu, while j=1 for demand from Cluster 1, 2 from 
Cluster 2, 3 from Cluster 3, 4 from Cluster 4, 5 from Cluster 5 and 6 from Cluster 6. 
 

Table 8. Decision Variables Table 
 

 
 
2.2.1. Supply Chain Limitation 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
Puerto Princesa Iloilo Cebu Iligan General Santos Bauang
Calapan Dingle Naga Nasipit Maco Bacnotan
San Jose Mobo Toledo Cagayan de Oro Davao

Bago Tagbilaran
Panitan
Nabas

            Customer

Supplier
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6

Batangas x11 x12 x13 x14 x15 x16
Bontang x21 x22 x23 x24 x25 x26
Bintulu x31 x32 x33 x34 x35 x36
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The supply available at LNG supplier i is Si. The total amount deliver of LNG supplier i is ∑ 𝑥𝑥𝑥𝑥𝑥𝑥6
𝑗𝑗=1 . xij is the volume 

deliver from i to j. The sum adds up the total delivery from supplier i. This quantity cannot exceed the supply available. 
Hence, we have the constraint: 

∑ 𝑥𝑥𝑖𝑖𝑗𝑗 ≤ 𝑆𝑆𝑖𝑖6
𝑗𝑗=1  for all i = 1,…,3 

  
2.2.2 Minimum Take-or-Pay (TOP) volume constraints 
In LNG industry, take-or-pay agreements are usually found in long-term supply contracts as mechanism to guarantee 
suppliers with a certain level of cash flow and to protect buyers from potential supply shortage. It’s an important 
element in project development of a LNG export terminal and LNG receiving terminal especially when project 
proponents are asking for support of financial institutions such as banks in the form of project finance. TOP means, 
even if the buyer will not take the cargo, buyer still needs to pay the equivalent minimum TOP volume amount. A 
minimum of 80% is typical level of TOP. This TOP provision applies to Batangas LNG and Bontang LNG only. 
 
Hence, the total delivery from supplier i to clustered customers j must be more than or equal to the minimum take-or-
pay volume of long-term suppliers, which is 80% of available supply Si. 

∑ 𝑥𝑥𝑖𝑖𝑗𝑗  ≥ 0.8 ∗ 𝑆𝑆𝑖𝑖6
𝑗𝑗=1  for i = 1 and 2 

 
2.2.3 Storage Capacity Constraints 
Demand of each customer, in terms of cubic meters (m3), is shown in Table 10. Minimum stock requirement of 
fourteen (14) days and maximum of stock of twenty-seven (27) days as mandated by the Department of Energy were 
considered in the calculation. Delivery from supplier i cannot be more than the storage capacity of cluster customer 
Cj, thus the summation of delivered volume xij for cluster j must be less than or equal to its storage capacity Cj. 

∑ 𝑥𝑥𝑖𝑖𝑗𝑗  ≤  𝐶𝐶𝑗𝑗 
3
𝑖𝑖=1 for j = 1,…,6 

 
2.2.4 Minimum Storage Requirement 
The minimum stock requirement Dj of cluster customer j shown. To keep an uninterrupted operation due to lack of 
supply, minimum stock requirement Dj, equivalent to 14 days inventory, for each cluster must be maintained. The 
summation of delivery xij must be more than or equal to its minimum stock requirement Dj. 

∑ 𝑥𝑥𝑖𝑖𝑗𝑗  ≥  𝐷𝐷𝑗𝑗 
3
𝑖𝑖=1 for j = 1,…,6 

 
2.2.5 Non-negativity Constraints 
To produce results not less than zero, non-negativity constraints is put into place. Delivery xij from LNG supply i to 
clustered customer j must be more than or equal to zero. 

𝑥𝑥𝑖𝑖𝑗𝑗  ≥ 0 
2.3 Objective Function 
The objective of this model is to determine the optimum delivery volume, in cubic meters, from supply to clustered 
customers to minimize operational costs. Operational costs includes cost of supply, shipping cost and O&M cost. Each 
cost items as discussed in the following sub sections. 
 
2.3.1 Cost of Supply or the LNG supply price;  
The LNG price formula is one of the most critical factors in LNG contract negotiations (Kawamoto et.al, 2016). In 
East Asia, LNG and gas prices are often linked to Japan Crude Cocktail (JCC) oil import prices since LNG was first 
introduced in Japan as an alternative source of energy to reduce the high dependence on oil (Xunpeng, 2016). The 
linkage of LNG prices to crude oil in Asia was established in the 1970s when Japan was the only country in Asia 
importing LNG (Flower and Liao, 2012). According to International Gas Union in 2016, the share of oil-indexed 
imports in East Asia was 83.7% of the total imports, against the global average of 48.7% in 2015; 59% of consumption 
in Asia was oil indexed while gas-on-gas competitive pricing only accounted for 14%, mainly in India (Wholesale gas 
price survey, 2016). In this study, we considered variations of formula linked to crude oil and gas-on-gas competition 
(hub-based or spot). 
 
The contract that has been most influential in establishing the relationship between the LNG price and the oil price is 
the CIF (cost, insurance and freight) contract between Indonesia’s government-owned oil and gas company, Pertamina 
and Japanese buyers which signed in 1973. Since then, it has been the standard of LNG price for most market in East 
Asia. The price formula in the said contract reduced to a simple equation of the form: 
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P(LNG) = A X P(Crude Oil) + B 
Where:  

P(LNG) is the price of LNG in $/mmbtu 
P(Crude oil) is the price of crude oil in $/bbl 
A and B are constants negotiated by the buyer and the seller. 

 
The constant A is known as the slope and is typically expressed as a percentage, in other words, if A was 0.15 it would 
referred to as slope of 15 percent. The constant B was partly linked to inflation and partly tool into account the actual 
cost transporting the LNG from source to buyer’s location (Flower and Liao, 2012). 
 
In this model, we used above pricing formula for long-term supply contracts with Batangas LNG and Bontang LNG. 
Batangas LNG using Brent Crude indexation while Bontang LNG using Indonesian Crude Price (ICP) indexation. 
 
Although oil indexed gas prices reflected the market fundamentals of the 1970s - 1990s in continental Europe and 
Asian LNG, fundamentals in both these regions have changed significantly by the end of the 2000s, but gas pricing 
mechanisms failed to reflect the changes in fundamentals (Stern, 2014). The transition to hub-based pricing has been 
well advanced in northwest Europe and North America but has just emerged in East Asia. East Asia is preparing to 
change its dominant oil indexed long-term contracts to more flexible hub (spot) indexed contracts for its LNG and 
pipeline gas imports (Xunpeng, 2016). Bintulu LNG, our selected spot supplier, uses Henry Hub indexation.  
 
2.3.2 Shipping Cost 
For the sea distance, in terms of nautical miles, from specific supply origin to clustered customers’ location. The 
values reflect roundtrip distance, measured from a LNG export plant to receiving facility and back to source. 
 
An assumption of 15 knots vessel speed was used to determine the number of days required for shipping. Speed 
multiplied with distance resulted to time spent in shipping. The cost of shipping one cubic meter of LNG from LNG 
supplier i to cluster customer j is Cij and that shipping cost is linear. That means if delivered xij from supplier i to 
cluster customer j, then the cost would be Cijxij.  
 
2.3.3 O&M Cost 
An assumption of $2,250/m3 and $800,000/mmcfd was used to calculate the upfront investment for storage tank and 
regasification facility, respectively. Operating expense (opex), including but not limited to operation and maintenance, 
of storage and regasification facility was assumed to be 3.5% - 5.5% of its capital expenditures.  
 
2.3.4 Objective function 
 
Taking into account the cost of supply, shipping cost and O&M cost discussed earlier, our objective function as 
described below: 

𝑀𝑀𝑥𝑥𝑀𝑀 = �𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝑜𝑜 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆, 𝐿𝐿𝑖𝑖 ∗ 𝑉𝑉𝐶𝐶𝑆𝑆𝑆𝑆𝑉𝑉𝑉𝑉 𝐷𝐷𝑉𝑉𝑆𝑆𝑥𝑥𝐷𝐷𝑉𝑉𝐷𝐷𝑉𝑉𝐷𝐷, 𝑥𝑥𝑖𝑖𝑗𝑗�  +  �𝑆𝑆ℎ𝑥𝑥𝑆𝑆𝑆𝑆𝑥𝑥𝑀𝑀𝑖𝑖 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝐶𝐶𝑖𝑖𝑗𝑗 ∗ 𝑉𝑉𝐶𝐶𝑆𝑆𝑆𝑆𝑉𝑉𝑉𝑉 𝐷𝐷𝑉𝑉𝑆𝑆𝑥𝑥𝐷𝐷𝑉𝑉𝐷𝐷𝑉𝑉𝐷𝐷, 𝑥𝑥𝑖𝑖𝑗𝑗�
+ (𝑂𝑂&𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝑂𝑂𝑗𝑗 ∗ 𝑉𝑉𝐶𝐶𝑆𝑆𝑆𝑆𝑉𝑉𝑉𝑉 𝐷𝐷𝑉𝑉𝑆𝑆𝑥𝑥𝐷𝐷𝑉𝑉𝐷𝐷𝑉𝑉𝐷𝐷, 𝑥𝑥𝑖𝑖𝑗𝑗)  

 
 𝑀𝑀𝑥𝑥𝑀𝑀 =  ∑(∑ ∑ 𝐿𝐿𝑖𝑖𝑥𝑥𝑖𝑖𝑗𝑗6

𝑗𝑗=1
3
𝑖𝑖=1  ∑ ∑ 𝐶𝐶𝑖𝑖𝑗𝑗𝑥𝑥𝑖𝑖𝑗𝑗  6

𝑗𝑗=1
3
𝑖𝑖=1 ∑ ∑ 𝑂𝑂𝑗𝑗𝑥𝑥𝑖𝑖𝑗𝑗)6

𝑗𝑗=1
3
𝑖𝑖=1  

 Subject to: 
 ∑ 𝑥𝑥𝑖𝑖𝑗𝑗 ≤ 𝑆𝑆𝑖𝑖6

𝑗𝑗=1  for all i = 1,…,3   Available supply constraints 
 ∑ 𝑥𝑥𝑖𝑖𝑗𝑗  ≥ 0.8 ∗ 𝑆𝑆𝑖𝑖6

𝑗𝑗=1  for i = 1 and 2   Minimum Take-or-Pay volume constraints 
 ∑ 𝑥𝑥𝑖𝑖𝑗𝑗  ≤  𝐶𝐶𝑗𝑗 

3
𝑖𝑖=1 for j = 1,…,6    Maximum Storage constraints 

∑ 𝑥𝑥𝑖𝑖𝑗𝑗  ≥  𝐷𝐷𝑗𝑗 
3
𝑖𝑖=1 for j = 1,…,6   Minimum Storage Constraints 

𝑥𝑥𝑖𝑖𝑗𝑗  ≥ 0      Non-negativity Constraints 
 
3. Results 
Using LINGO software, a comprehensive computer-based tool designed to solve linear models, optimum delivery to 
each cluster determined as shown in Table 9 below. 
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Below also shows that total volume delivered by Batangas LNG was 28,000 cubic meters, which is 80% of its supply 
capacity, while Bontang LNG delivered 80% of its supply capacity equivalent to 16,000 cubic meters. Constraints on 
80% minimum take-or-pay for long-term supply contracts with Batangas LNG and Bontang LNG were satisfied. For 
the spot supply, Bintulu LNG supplied 5,520 cubic meters only equivalent to 37% of its supply capacity. 
 
Delivery to all clusters maintained at their respective minimum stock requirement. Optimization resulted to an 
operational cost minimized at $10,122,140. The solution satisfied all constraints. 
 

Table 9. Summary of optimum delivery 
 

 
 
4. Discussion 
This paper used Analytic Hierarchy Process (AHP) to determine the most suitable LNG spot supplier, followed by the 
application of linear programming (LP) obtaining the optimal delivery to each customer in order to achieve the 
objective of minimizing operational cost. This section allows discussion of results obtained through these techniques 
and its relevance to the field.  
 
4.1. Price as key criteria in LNG supplier selection 
Result obtained through intra-company survey and evaluation using pairwise comparison, commercial criterion 
weighs much more than technical criterion. LNG supply contract can be regarded as highly commercial and price-
driven transaction. It resulted to a 44% weight on delivered price, which is more than any other sub criterion under 
commercial criterion.  
 
LNG is an energy resource which main purpose is to fuel power plants that generates electricity for consumer’s use. 
High electricity price has a domino effect as such impacts not only the electricity bills of households but also the prices 
of basic needs. Many industries producing and are related to the production and processing of basic needs like food 
are utilizing electricity. Thus, government of most countries, especially emerging countries like the Philippines, are 
regulating the prices of electricity based on its economy. On the other end, power generators need to procure their fuel 
at lower price to keep the level of generated electricity low.  
 
Gas quality and availability, in terms of volume and lead-time, has the most weight among the sub-criteria under 
technical criterion. Though LNG is a commodity, it still differs in terms of quality. Quality is regarded to be an 
important criteria because it affects the efficiency, process stability and pollutant emissions of the power plant 
(Leicher, et.al, 2017). Since the objective of spot LNG buyers is to procure LNG in short period, supply should be 
readily available. Thus, availability is considered another important criterion, almost the same as gas quality.   
 As mentioned, price is the primary consideration in the selection of LNG supply. In suppliers’ comparison 
table, Brunei has the highest score in terms of price criteria. However, contract length and contract flexibility gives 
Bintulu a huge advantage over Brunei. In addition, gas quality and availability of Bintulu is greater than Brunei, which 
makes Bintulu LNG as the most advantageous spot supplier. 
 
4.2. Take-or-pay agreements led to an increase in operational cost 
 The model prioritized suppliers with long-term supply contracts due to take-or-pay agreements. In LNG 
industry, take-or-pay agreements are usually found in long-term supply contracts as mechanism to guarantee suppliers 
with a certain level of cash flow and to protect buyers from potential supply shortage. It’s an important element in 
project development of a LNG export terminal and LNG receiving terminal especially when project proponents are 

            Customer

Supplier
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6

Total Volume 
Delivered per 

supplier
Supply 

Batangas 7760 6070 5260 4140 4770 28,000 up to 35,000
Bontang 3340 12660 16,000 up to 20,000
Bintulu 5520 5,520 up to 15,000

Volume Delivered 
per cluster

7760 6070 5260 13000 12660 4770

Minimum Stock 
Requirement

7760 6070 5260 13000 12660 4770

Storage Capacity 15100 11900 10200 25200 24600 9300

      Available supply to 
      volume delivered: 
          Batangas LNG = 80%
          Bontang LNG = 80%
          Bintulu LNG = 37%
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asking for support of financial institutions such as banks in the form of project finance. It gives some level of 
confidence to banks since TOP agreements provide certain level of guaranteed cash flow to export terminal projects 
and provide steady supply of LNG to receiving terminal projects. Noticed that the model minimized the supply from 
Batangas LNG and Bontang LNG up to a level suffice enough just to satisfy minimum TOP volume. To simulate the 
effect of take-or-pay agreements, the model was re-run removing take-or-pay constraints. The result was a lower 
operational cost. This suggests that more expensive LNG of long-term suppliers leading to a higher operational cost 
compare to no TOP agreement in place.  
 
Bintulu LNG has the cheapest supply however, since it is purchased on spot basis and with no TOP agreement in 
place, delivered volume is limited and relatively lower than long-term suppliers are. We can say that full benefit of 
taking cheaper spot supply would not be maximize if buyer has high TOP level in their long-term supply contracts. 
To maximize the benefits of both long-term and spot supply contracts, it is necessary to evaluate the impacts of TOP 
using optimization methods, as one used in this paper, before committing and making decisions. Considering the fuel 
price may change over time, buyer may want to negotiate for a more flexible contract with the suppliers such as regular 
take-or-pay level review and no penalty on cargo cancellations. With this, buyer can manage easier and optimize his 
supply portfolio at least cost possible. 
 
In addition, since investment in small-scale LNG receiving terminals are relatively lower than larger-scale LNG 
projects, project sponsors may use corporate financing rather than project financing. With this, buyer may considerably 
decrease their minimum TOP, however on the downside, it may increase risk of supply shortage in the future. 
 
Delivery to customers noticeable kept at minimum. To achieve optimal solution, delivery to all clustered customers 
are at their minimum storage requirement only. It appears that no cost advantage in delivering more than the least it 
requires since supply are tied up highly on relatively expensive LNG.  
 
5. Conclusion 
With the help of optimization techniques used in this paper, we were able to analyze small-scale LNG supply chain 
and come up with a model that reflects commercial and technical constraints. Though it is concentrated on downstream 
LNG industry, specifically small-scale LNG, the methods and approach can be used for larger-sized LNG or any other 
energy projects. Energy projects are important to the growth and sustainability of an economy, thus decisions should 
be evaluated carefully using various methods. 
 
Using AHP, we identified important criteria that a company would consider in choosing a suitable supplier. The used 
of criteria and pairwise comparison put importance to priorities. Depends on specific needs, policy and strategy of a 
company, results may vary from one case to another. In this model, it gives more weight on commercial criterion and 
price sub-criterion, as any fuel supply contracts can be considered as highly commercial transaction. Fuel supply 
affects power generation cost and further, electricity prices paid by consumers. Thus, consumers need to procure their 
fuel at the least-cost manner as possible. On the other hand, in terms of technical aspect, gas quality directly affects 
efficiency, soundness in operation and emission levels. This method of supplier selection can be applied as well to 
selection of an engineering, procurement and construction (EPC) company that will develop an LNG import or export 
facility, or even identifying opportunities that will give the most benefit to the company with the guidance of their 
capability and company strategy. 
 
With enough data and information, we were able to determine the optimum delivery to each cluster from variety of 
supply and a number of constraints to minimize operational cost. Understanding the impacts of restrictive provisions 
in long-term supply contracts, such as take-or-pay agreements, on overall business operation will save the buyer from 
high operational cost and profit reduction. Balance between long-term and spot supply must be well managed to 
maximize the benefit of entire supply portfolio. In future decisions, it is recommended to create a model, such as the 
one used in this paper, to assess all factors affecting the business before making any commitments. It is advantageous 
to the buyer if long-term contracts are flexible such as having regular price review, take-or-pay level review and not 
penalizing cargo cancellations with enough advance notice. With this, buyer can used the most out of his supply 
portfolio.  
 
As the Philippines is expected to become a new LNG importer in the near future, for the reasons of energy security, 
GHG emission reduction and environmental concerns in power generation sector, papers like this will help the 
acceleration of corporate decision-making. Investments in LNG receiving facilities are capital extensive. Thus, 
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sophisticated studies must be conducted to ensure that various considerations and real-life scenarios were taken into 
account. Using the tools and approach, coupled by company’s exclusively accessed data and information, this study 
will help further development of a more comprehensive and complete model for better reflection of complex reality. 
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