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Abstract—The article deals with the approach to gas pricing analysis based on the use of 

optimization models of gas supply systems. The object of the study is the Northeast Asian gas 

market. The model of the excessive gas supply system in Northeast Asia is described. The primal 

problem of the model is to minimize the sum of gas production and transportation costs under the 

infrastructure constraints. The solutions to the primal problem are the volumes of gas produced in 

each production point and transported via each route. The solutions to the dual problem (dual 

variables or shadow prices) are node prices in the points of gas supply system, the producers’ rent 

and the transporters’ rent. It is highlighted that the dual analysis plays an important role. It allows 

evaluating price relations between the points of gas supply system, identifying  export routs 

characterized by the highest rent, evaluating the competitiveness of suppliers in the different 

scenarios of technological development, energy policy and market environment. The analytical 

capacities of the dual analysis are illustrated by the study of the impact of “unconventional” gas 

development in the importing countries on the Northeast Asian gas market environment. When the 

costs of unconventional gas production rise, gas trade patterns change, more competitive players 

enter the market, and gas prices in all consumption points as well as producers’ rents increase. It is 

concluded that if importers seek to lower import dependency while keeping the same price level, 

they have to lower the costs of unconventional gas production by technological development and/or 

to subsidize the industry to make it more competitive.  

 

1 Inroduction 

Northeast Asia (NEA) plays an important role in a global 

gas market. Japan, the Republic of Korea, and China are 

the biggest consumers and importers of liquefied natural 

gas (LNG). China is a main driver of the global gas market 

growth; the reasons are the low current level of the share 

of gas in total primary energy supply and the policy of coal 

to gas switching caused by ecological concerns.  Mongolia 

has also some prospects for gas consumption growth due 

to the need for reducing air pollution in Ulaanbaatar. A 

favorable environment for gas consumption can appear in 

DPRK, if geopolitical tension is lowered and rapid social 

and economic development takes place. 

The abundance of natural gas recourses and the 

economical-geographical location predetermine the role of 

Russia in the region as a natural gas exporter. Today 

Russian export of LNG to the other countries of NEA is 

based on Sakhalin II and Yamal LNG projects. In the end 

of 2019 the supply of gas to China through the “Power of 

Siberia” pipeline is starting. New projects, which can 

ensure Russian LNG export growth to the NEA region, 

include the production and liquefaction of gas in the Arctic 

and on Sakhalin.  Possible routes of the future gas pipeline 

export from Russia to the NEA region are export from the 

Sakhalin gas fields to China and the Korean Peninsula 

through the existing Sakhalin–Khabarovsk-Vladivostok 

pipeline as well as the construction of a new pipeline 

linking Sakhalin with Hokkaido and new pipelines linking 

Siberian gas fields with China.   

Nowadays the formation of a global gas market, where 

international natural gas pipelines and LNG connect 

regional and countries’ gas supply systems with each other, 

is taking place. New opportunities for gas supply routes, 

supply sources and markets diversification are appearing. 

The similar process, caused by the development of gas 

transportation infrastructure and gas transportation 

technologies, can be observed in NEA at the regional level. 

So, when a highly competitive gas market is formed, 

import prices in the NEA region will be determined by the 

interplay of supply and demand coming from many buyers 

and sellers. Market prices in trading centers (hubs) will be 

a benchmark for the participants of the Northeast Asian gas 

market. These prices will influence suppliers’ 

competitiveness and the efficiency of export routes.   
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2 The methodology  
 

The process of price formation in energy markets is 

described and simulated by different types of mathematical 

models. For instance, econometric models identify and 

describe the relationship between a resulting indicator and 

factors, which cause its variance. Optimization models are 

used to identify the best solution (i.e. the solution that 

maximizes/minimizes the objective function) within a set 

of possible ones. When energy markets and energy pricing 

are simulated, different models are usually used; the 

outputs of one model become the inputs of other ones.  

There are the examples of well-developed non-linear 

(Institute of Energy Economics COLUMBUS Global Gas 

Market Model [1], The Baker Institute World Gas Trade 

Model [2]) and linear (US Energy Information 

Administration International Natural Gas Model [3], 

NEXANT World Gas Model [4;5], ERI RAS World Gas 

Model [6, pp. 105-117], ESI RAS Unified Gas Supply 

System (UGSS) of Russia Model [7, pp.131-144] etc.) 

optimization models of gas markets. These models differ 

according to the geographical scope, the objective function 

and the constraints, the level of detail and the input 

parameters. NEXANT World Gas Model, ERI RAS World 

Gas Model, ESI RAS UGSS of Russia Model minimize gas 

production, storage and transportation costs subject to 

infrastructure (NEXANT World Gas Model, ERI RAS 

World Gas Model, ESI RAS UGSS of Russia Mod-el) and 

contract (NEXANT World Gas Model, ERI RAS World 

Gas Model) constraints. Contract prices in NEXANT 

World Gas Model, ERI RAS World Gas Model are 

calculated outside of the models on the basis of crude oil 

and petroleum products prices; spot prices are evaluated in 

the models as a result of the optimization.  ESI RAS UGSS 

of Russia Model evaluates the level and the structure of 

marginal node prices of gas, which are the solutions to the 

dual problem of optimal resource allocation.  

International Research Center "Energy infrastructure in 

Asia" ESI RAS developed Gas Infrastructure Development 

in the East Asian Region (GEAR) model to calculate 

competitive Ex Works prices of gas exporters to NEA [8]. 

Here this model was expanded to grid linear programming 

model. A mathematical description of the model is as 

follows:  

𝑓(𝑥) = ∑ 𝑐𝑖𝑥𝑖

𝑖∈𝐸

+ ∑ ∑ 𝑐𝑖𝑗𝑥𝑖𝑗

𝑖∈𝐼𝑗∈𝐼

→ 𝑚𝑖𝑛 
(1) 

𝑥𝑖 + ∑ 𝑎𝑗𝑖𝑥𝑗𝑖

𝑗∈𝐼

− ∑ 𝑥𝑖𝑗

𝑗∈𝐼

− 𝑑𝑖 ≥ 0;   𝑖 ∈ 𝐸 
(2) 

∑ 𝑎𝑖𝑗𝑥𝑖𝑗

𝑖∈𝐼

− ∑ 𝑥𝑗𝑖

𝑖∈𝐼

− 𝑑𝑗 ≥ 0;  𝑗 ∈ 𝐼 
(3) 

0 ≤ 𝑥𝑖 ≤ 𝑒𝑖;  𝑖 ∈ 𝐸 (4) 

0 ≤ 𝑥𝑖𝑗 ≤ 𝑟𝑖𝑗 ;  𝑖, 𝑗 ∈ 𝐼 (5) 

Sets: 

𝐼 – set of nodes 

𝐸 ⊂ 𝐼 – set of production nodes  

Outputs: 

𝑥𝑖 – gas production volumes in node 𝑖 ∈ 𝐸 

𝑥𝑖𝑗  – gas transportation volumes from node 𝑖 to node 𝑗; 

𝑖, 𝑗 ∈ 𝐼  

Inputs: 

𝑐𝑖 – gas production costs in node 𝑖 ∈ 𝐸 

𝑐𝑖𝑗– costs to transport gas from node 𝑖 to node 𝑗; 𝑖, 𝑗 ∈ 𝐼  

𝑑𝑖  (𝑑j) – the need for imports in node 𝑖(𝑗) ∈ 𝐼 

𝑒𝑖 – maximum production volumes in node 𝑖 ∈ 𝐸 

𝑟𝑖𝑗  – maximum transportation volumes from node 𝑖 to node 

𝑗; 𝑖, 𝑗 ∈ 𝐼  

𝑎𝑖𝑗  – loss coefficient when transporting gas from node 𝑖 to 

node 𝑗; 𝑖, 𝑗 ∈ 𝐼. When there are no transportation losses 

𝑎𝑖𝑗 = 1. 

The optimization criterion (1) is to minimize the sum of 

gas production and transportation costs (including 

liquefaction and regasification costs in case of LNG). The 

model has three types of nodes: gas production points, gas 

consumption points and regasification terminals. Gas 

demand is aggregated in the following nodes: Beijing, 

Harbin, Wuhan, Hong Kong, Tokyo, Seoul and 

Ulaanbaatar. Gas production points are Kovykta and 

Chayanda fields, shelf of Sakhalin Island, the coast of the 

Gulf of Mexico (the USA), Pacific coast of Canada, 

Australia's continental shelf, the Gulf of Papua, Central 

Asia gas fields, the coasts of West (Nigeria) and East 

(Mozambique) Africa, the Persian Gulf (Qatar and Iran).  

The constraints are maximum annual production volumes 

in the production points (4), maximum transportation 

volumes for each route (5) and balance constraints (2-3): 

the sum of production volumes and gas inflows to the node 

cannot exceed the sum of gas consumption volumes in the 

node and gas outflows from it.      

The solutions to problem (1)-(5) are optimal (from a cost 

point of view) volumes of gas produced in each node and 

transported via each route. It is assumed, that the market is 

perfectly competitive. In this case the resource allocation 

is achieved through a market pricing mechanism, and the 

suppliers that have the lowest production and/or 

transportation costs receive additional rent revenues. 

The solutions to the problem dual to the problem of 

optimal resource allocation (dual or shadow prices) value 

scarcity of resources and can be interpreted as rent. Dual 

prices were introduced by L. V. Kantorovich, who jointly 

with T. C. Koopmans was awarded Nobel Prize in 

Economic Sciences “for their contributions to the theory of 

optimum allocation of resources" in 1975 [9]. In order to 

build the dual problem from the original primal problem 

(1)-(5), the method of Lagrange multipliers [10, p. 229-

230] was used. The dual problem is presented in (6)-(9): 

𝑔(𝜆) = ∑ 𝜆𝑖
1𝑑𝑖

𝑖∈𝐼

− ∑ 𝜆𝑖
2𝑒𝑖

𝑖∈𝐸

− ∑ 𝜆𝑖𝑗
3 𝑟𝑖𝑗

𝑖,𝑗∈𝐼

→ 𝑚𝑎𝑥 
  (6) 

𝑐𝑖 − 𝜆𝑖
1 + 𝜆𝑖

2 ≥ 0;  𝑖 ∈ 𝐸 (7) 

𝑐𝑖𝑗 + 𝜆𝑖
1 − 𝑎𝑖𝑗𝜆𝑗

1 + 𝜆𝑖𝑗
3 ≥ 0;  𝑖, 𝑗 ∈ 𝐼 (8) 
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𝜆𝑖
1 , 𝜆𝑖

2, 𝜆𝑖𝑗
3 ≥ 0;  𝑖, 𝑗 ∈ 𝐼 (9) 

where:  

𝜆𝑖
1 – node prices of gas, 𝑖 ∈ 𝐼 

𝜆𝑖
2 – producer’s rent in node 𝑖 ∈ 𝐸 

𝜆𝑖𝑗
3 – transporter’s rent for transportation route 

connecting node 𝑖 and node 𝑗; 𝑖, 𝑗 ∈ 𝐼.  
The solutions to problem (6)-(9) are prices in the nodes 

of gas supply system, producers’ and transporters’ rent. 

Node prices assess the value of gas in nodes.  Node prices 

and rent correspond to the problem (1)-(5), ensuring 

optimal resource allocation. It is worth noting that node 

prices are not equal to market prices. Actually, market 

prices reflect many factors that the model does not include. 

Nevertheless, node prices reflect the facts of competition 

and limitations of the most cost-effective resources and 

transport capacities. Therefore, they show price differences 

in nodes and identify the most competitive and beneficial 

supply sources for both producers and consumers in market 

environment. In other words, it means that the price signals 

from the consumers will be sufficient but not excessive to 

attract the most cost-effective suppliers. When node prices 

are higher than production and transportation costs, 

producers or suppliers receive rent revenues. Rent reflects 

the scarcity of resources or transport capacities. The 

sources of rent revenues can be the quality of the 

production site and its location relative to markets, cost 

decrease driven by advanced technologies in gas 

production and transportation.  

GEAR model describes perfect competition. Actually, 

it is a theoretical and unattainable market structure. It is 

caused by the existence of so-called market imperfections: 

lack of information and information asymmetry, 

transaction costs, barriers to entry. The model excludes 

market manipulation and management of expectations 

techniques, including through energy derivatives. The 

model does not take into account the relationships between 

natural gas and currency markets. The model shows a static 

equilibrium, while a supply-demand balance is not set 

immediately. Besides, the model does not reflect directly 

the factor of interfuel competition. Some elements of 

market imperfection and the factor of interfuel competition 

can be included in the model by the modification of the 

optimization criterion and adding new constrains. 

Although it is impossible to reflect all elements of market 

mechanism and market imperfections in the model, the 

model allows building understanding of market 

environment changes in case of an emergence of new 

suppliers and supply routes, changes in demand, 

technology development, gas production and 

transportation costs changes.  

The role of dual analysis is to evaluate prices and rent 

on the every link of gas value chain. It points out the most 

prospective (from rent point of view) production points, 

supply routes and markets for gas. Besides, the model 

allows calculating the change of rent if the prices in 

consumption points or cost change. The following price 

and rent forces can be analyzed in the dual problem: 

1.  the development of gas production and 

transportation technologies; 

2. the changes of maximum production volumes,  the 

launch of new infrastructure facilities or the 

decommissioning of the existing facilities;  

3. the emergence of new production centers and supply 

routes; 

4. the changes in gas demand; 

5. energy policy of the importers, which can consist in 

the diversification of import sources and supply routes and 

backing of its own production, including the production 

from unconventional resources.   

 

3 Price determinants: the case of 
unconventional gas development 

 
Here the development of unconventional gas in gas 

importing countries is examined to illustrate the 

opportunities of dual analysis. Fuling gas field, the point of 

shale gas production located in China, Sichuan province, 

was added in the model as a new node. This field is the 

largest shale gas field in the country, accounting for 80% 

of China’s shale gas reserves (764.3 bcm) [11]. The 

commercial development of shale gas in China was started 

from this field, and in 2018 the production from the field 

reached 6 bcm. [12].  

The growth of domestic unconventional gas production 

has impact not only on China’s import volumes, but also 

on gas prices and competitiveness of exporters to the other 

countries of NEA. Therefore, it is an important factor for 

all exporters to the region, which include Russia. This 

version of the model simulates the NEA gas market in 

2035. Figure 1 shows node prices (solutions to the problem 

(6)-(9)) in consumption points as a function of Fuling gas 

production costs.  The highest node prices are in 

Ulaanbaatar, the lowest node prices are in Wuhan. It is 

explained by the distances from the production points and 

the production costs of the nearest suppliers.       

The points where the curves a and b cross the node 

prices curves (fig. 1) show the relationships between the 

problem (1)-(5) and the problem (6)-(9). When Fuling 

production costs are lower than 252 US dollars per 

thousand m3 maximum production volumes (60 bcm in 

this version of the model) are optimal to produce, and when 

Fuling production costs are higher than 319 US dollars per 

thousand m3 Fuling gas production is excluded from the 

solutions to the (1)-(5) problem.  When Fuling production 

costs do not exceed 319 US dollars per thousand m3 Fuling 

shale gas is competitive in Wuhan, the nearest production 

point. The higher the costs grow, the less Fuling optimal 

production volumes are.  

While the costs are rising, the production volumes at 

Fuling gas field are decreasing, and the prices in 

consumption points are growing. It is worth noting that 

prices are rising not only in Wuhan, where gas from Fuling 
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field is supplied, but also in all of the consumption points. 

It is reflected in the constraints (8) of the dual problem: the 

difference between node prices can not exceed the sum of 

costs to transport gas from one point to another and the rent 

of transporter. Therefore, if importers want to lower import 

dependency by domestic unconventional gas production 

not allowing prices to increase they have to lower the 

production costs by technology development or subsidize 

the industry to ensure the competitiveness of 

unconventional gas.  It should be emphasized that the 

growth of node prices is beneficial for suppliers, because 

they become more competitive and receive more rent, 

which is calculated as the difference between prices and 

costs.  The rent of transport is equal to zero in this version 

of the model, as the constraints (5) do not assume the 

deficit of transport capacities.  

Therefore, the rise of production costs leads to the 

following consequences:   

a) redirection of gas flows and the appearance of more 

competitive players on the market; 

b) the rise of marginal costs and prices in consumption 

centers, since the supply sources characterized by higher 

costs are becoming more competitive; 

c) the rise of producers rent due to the rise of prices.  

 

4 Conclusion 
 

The experience of  the use of GEAR model demonstrates 

that dual analysis could be useful for evaluating price 

differentials between the points of gas supply system, 

identifying the most perspective export routs from rent 

point of view, evaluating the competitiveness of suppliers 

in different scenarios of technology development, energy 

policy and market environment.   
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