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Abstract: Logistics performance considered to have the same effect as geographic distance and 
high logistics costs are considered non-tariff barriers on international trade. In the traditional 
approach of treating transportation separately from logistics, decisions about freight are made 
separately from logistics and transportation effectiveness is usually measured by the freight 
volume and the freight turnover, which represents only the direct output. But in a wide range of 
applications, it does not fully reflect true performance. Logistics cost, on the other hand, 
provides a realistic representation of efficiency.

The aim of this study is to estimate the percentage of logistics cost of a Mongolian coal 
export by consolidating disaggregated data related. We believe this is important in managing 
the performance of the coal export logistics chain and making decisions to increase economic 
efficiency and competitiveness in foreign trade. 
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1. INTRODUCTION

The impact of logistics on the rapid economic growth of developing countries is growing and
researchers say that there is a direct correlation between logistics performance and trade volume 
in those countries. [1] In 1916, the American scientist Ark Shaw first noted that goods add value 
as they flow through time and space. [2] Since the 1980s, economic geography has focused on 
the role of transportation and logistics in increasing foreign trade and developing the economy. 
[3] One of the basic principles of economic geography is that transport costs affect the structure
and development of the spatial economy. [4] Nowadays the shift in time and space is becoming
a logistical aspect of the trading process. Logistics is the link between trade and transportation,
and in terms of flow, transportation acts as a regulator by linking material flows, trade originates
financial flows, logistics involves the flow of information in addition to the above two flows.
This trend has evolved to include total logistics costs rather than distance and transportation
costs between regions. Studies have shown that logistics costs have the same effect on
international trade as geographic distances, and that inadequate logistics performance is a non-
tariff barrier in their research. Doubling a company's logistics costs in an exporting country can
reduce sales by 80 percent or more, while reducing costs by 10 percent can increase sales by 20
percent. [5]

Coal mining has been playing . Mongolia is among the 
top 10 countries in the world in terms of proven coal reserves and among the top 20 countries 
in terms of coal production according to World Coal Association. According to 2018 statistics, 
coal sector alone accounts for 20.8 percent of the total production, and coal export accounted 
for 39.7 percent of total exports thus being one of the major sources of international trade 
revenue. Coal export is increasing rapidly where the volume was 14.5 million tons in 2015, it 
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reaches 36.7 million tons, which is 2.5 times higher volume in the year 2018. Mongolia exports 
the largest share of coal directly from its mines to its south neighbor PRC (Peoples Republic of 
China) and the country supplies 13 percent of total coal imports of the PRC, the largest coal 
consumer in the world. Due to landlocked location and under developed infrastructure for the 
high capacity transport mode, road transportation is dominating the coal export transportation 
from Mongolia and it executes 93% of the total coal export. [6]   

Despite increase coal export, ongoing market demand and willingness 
to import from main buyer, the export growth rate of the coal is declining last years. This clearly 
indicates the issues in coal export logistics performance. The most important indicator of the 
decision to purchase goods in the framework of foreign trade between the countries with 
bilateral trade is the total cost of logistics. [7] Therefore, we assume the major cause of the coal 
export decline is due to high logistics cost of it. Since estimating is the first step in optimal 
decision making, we present the disaggregate methodology to measure logistics cost of a coal 
logistics chain and estimated actual amount and percentage of total logistics cost. This will 
contribute to the different stakeholders to make proper decisions for the logistics chain 
effectiveness and reduce non-tariff barriers in international trade.  

 
2. LOGISTICS COST APPROACHES 
 

In the literature, approaches for logistics performance estimation are classified at aggregate 
or disaggregate level.  

In the aggregate approaches, key concentration is on macroeconomics indicators of a country 
such as Gross Domestic Product (GDP), infrastructure, trade facilitation and this type of 
estimations stated the criticality to the establishment of public policies related to improve 
logistics performance of the country. Well known aggregate approach of logistics performance 
is Logistics Performance Index (LPI) and it provides same measures for more than 160 countries. 
The LPI study, conducted every two years since 2007 is based on a survey of 1-5 points on six 
components as customs, infrastructure, ease of arranging shipments, quality of logistics services, 
timeliness, and tracking and tracing points to policy actions that can support the improvement 
of each individual element and allows countries to benchmark each other. [1]  

 

 
Figure 1. LPI score comparison 

 
According to the study Germany, Luxembourg, Sweden and the Netherlands are the world's 

leading countries in terms of logistics performance. 
Mongolia had a positive growth in 2016 and was ranked 108th, but in 2018 it was ranked 130th 
out of 160 countries in the world, went down 22 places, the overall LPI score decreased by 5.6 
percent. According to the methodology of Coto Millan [8], this decline has resulted in a 3.3 
percent reduction in Mongolia's logistics efficiency. 

PRC, Mongolias main trading partner, ranks 26th in the world in 2018 and its score is 21-
27 percent above the world average, while Mongolias score is 13-24 percent below the world 
average and 31-34 percent below the PRC, indicating significant backlog in logistics operation.  
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 Aggregate approaches are criticized for not counting on real costs operations and times, not 
product specific thus lacks of differentiation between products and their requirements. In many 
studies, the variables that affect logistics efficiency have not been validated with specific data, 
and for aggregate models, unit decision-makers and transportation routes do not account for 
costs, which reduces practical application. [5] For this reason, additional information related to 
logistics costs and its deployment is needed, which is provided by the approaches at 
disaggregate level.  

Stream with disaggregate approach in the economic geography was considered as the new 
economic geography. [9] The main representatives of the new economic geography such as P. 
Krugman, M. Fujita, T. Venables, L. Tavasszy, M. Fugazza, W. Hausman noted that logistics 
costs have the same effect on international trade as geographic distances, and that inadequate 
logistics performance is a non-tariff barrier in their research.  

Although it requires considerable effort, it is recommended that disaggregated logistics costs 
be calculated. Disaggregate approach accounts total logistics costs rather than distance and 
transportation costs between regions and must include costs related to the storage and protection 
of cargo or resources in addition to the cost of transportation. The cost and the conditions of 
transportation affect the cost of inventory, taking into account the basic features that are a joint 
decision of the different stakeholders in logistics chain. 

Total logistics costs are classified as internal (ILC) and external (ELC). Internal costs include 
purchasing costs (contract costs, customs duties, port operations), transportation costs, security 
and inventory carrying costs, management and regulatory costs. External costs include costs 
related to accidents, loss of cargo, delays, and environmental impacts. [10]  

The disaggregate logistics cost model has the advantage of being able to identify stakeholders 
in detail and focus on the certain exchange market and provide information to private and public 
decision-makers, but the availability and accuracy of information is a challenge in many studies 
because of the need for detailed information. 

Therefore, we believe this study has the advantage that dealt with this gap in similar studies 
and aims to provide a detailed estimation of logistics costs for specific logistics chains that play 
a major role in the Mongolian economy.   
 
3. CASE STUDY OF A LOGISTICS CHAIN 
 

More than half of Mongolia's coal exports come from the Tavan Tolgoi (TT) deposit through 
the Gashuunsukhait (GS) border crossing point (BCP) to PRC. The TT-GS logistics chain is 
regulated to operate in two stages: loading, unloading and reloading, unloading. /Figure 2./ The 
main components of the chain include 3 freight generating mines, 160 transport companies with 
more than 11,000 vehicles, GS BCP, GS road, and Tsagaan Khad (TsKh) customs control zone. 

 

 
Figure 2. Diagram of the TT-GS logistics chain 

 
Freight origin. The TT deposit is mined by the state-owned Erdenes Tavan Tolgoi (ETT) 

Joint Stock Company (JSC), the locally owned Tavan Tolgoi (TT) JSC, and the private Energy 
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Resources (ER) Limited Liability Company (LLC). And According to the 2018 statistics, 65 
percent of the total coal exported through the GS border crossing point is from ETT, 9 percent 
is TT, and 26 percent is ER LLC.  

GS road. The main infrastructure of the TT  GS logistics chain is a 240 km paved road from 
TT mine to the GS border crossing, which was built and commissioned in 2010 with funding 
from ER LLC. 

Transportation. The TT-GS transport is currently regulated as two-stage swing transport, 
with two routes divided into long and short. 

                    Table 1. Routes of TT-GS 
No. Route Distance /km/ 
1. Route I. TT - TsKh  216 
2. Route II. TsKh  GS 23 

 
TT coal haulage companies contract with individual mines to carry out haulage and obtain 

relevant permits from government agencies. The number of transport companies and vehicles 
licensed to operate in the logistics chain has been steadily increasing in recent years. /Table 2./  

 
Table 2. Number of transportation companies and trucks operating in TT-GS logistics 

chain. 
Year 2013 2014 2015 2016 2017 2018 
Number of transportation company 49 62 55 69 127 160 
Number of vehicles operating 2614 2690 2123 2932 7853 11200 

The maximum load capacity of the vehicle is the same for all vehicles, depending on the 
maximum axle load limit imposed by the GS road. Three-quarters of the vehicles transporting 
coal are homogeneous. 

GS BCP, the destination. The BCP was established in 1992 and has the status of a permanent 
bilateral port under a 2004 agreement between the two governments. It accounts for more than 
50 percent of Mongolia's coal exports. 

 

 
Figure 3. Coal export volume of TT-GS chain / million tons, per year / 

 
Regulation. The main document of the legal relationship for coal export transportation is the 

road transport agreement between the governments of Mongolia and the PRC. This agreement 
and its accompanying protocol stipulate that regular and non-permanent passenger and 
permanent and temporary cargo shall be transported through a mutually agreed BCP and carried 
by a carrier registered in Mongolia or the PRC in accordance with the established transportation 
route.  

Technology. Delays in mine loading, bucket loading in the open field, and dusty overweight 
return, manual operation, underdeveloped packaging, poor coal cover, and fragility indicate the 
need for more technical and technological improvements.  

Trade agreement. Depending on the basic terms of INCOTERMS selected by the parties in 
concluding a sale and purchase agreement in foreign trade, the party responsible for logistics 
costs and risks is determined. In the case of the TT-GS logistics chain, the consignor supplies 
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coal on FCA (Free carrier) and DAP (Delivered at place) terms to two locations: the mine mouth 
and the GS BCP. Trade agreements are made to cover the costs and risks of the consignee. In 
the FCA (Free carrier) condition of the ETT mine, in the current practice, the buyer pays the 
carrier the shipping cost at a fixed rate.  

 
4. MODELING TOTAL LOGICTICS COST OF THE CHAIN  
 

Total logistics cost ( ) consists of internal logistics costs ) and external logistics 
costs. 

 
                                            (1.1) 
Internal logistics (ILC) costs are classified into direct costs such as purchase (PC), transportation 
(TC), storage (SC), freight handling (HC), inventory carrying costs (ICC) and indirect 
management costs (MAP). 
                           (1.2) 

Purchase costs (PC) are determined by the unit price (P) and quantity (Q) of the goods 
whereas transportation costs (TC) are by unit ton-km cost ( ), route length (D), and 
quantity of freight (Q), storage costs are by the storage rate ( ) and storage quantity (Q), freight 
handling costs (HC) are by loading and unloading rate of unit ( ) and the quantity of freight 
(Q), inventory carrying costs (ICC) are by the unit price (P), quantity (Q), and interest rate ( ), 
management and administration costs are determined by the percentage of labor costs ( ) to 
the total employment cost ( ), number of support and contract workers other than the driver 
( ), and average wages ( ).  
                                              (1.3) 
                                       (1.4) 
                                  (1.5) 
                                        (1.6) 

                          (1.7) 

                                 (1.8)

                                (1.9) 

Transportation costs are expressed in ton-kilometers include direct costs as depreciation of 
vehicle, trailer, tire , fuel , lubricants l, spare parts and maintenance costs , license cost 

, road fee , insurance , driver's salary cost  and corresponding nondirect costs 
.   

 
 +          (1.10) 
 

In the TT-GS logistics chain, freight handling costs (HC) are included in the cost of 
transportation, and there is no real need to store coal in this chain, and storage costs (SC) are 
not included because the TsKh has information that storage fees are included in freight handling 
fees.  
Thus, the internal and external logistics cost model per cycle for the TT-GS logistics chain is 
revised as 1.11 and 1.12. 
 

   
                                                                      (1.11) 

= +          (1.12) 

Where, 
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- Price of one ton of coal
- Transportation cost per ton-kilometer

  Distance for route I and II 
- Depreciation cost corresponding to the waiting period 

- Inventory carrying cost corresponding to waiting period 
 - Normal cycle time 
 - Waiting period 
 - Truck performance capacity 
 - Loan interest rate 

 - Coal weight loss rate 
 
External logistics costs include depreciation of vehicles and trailers, inventory carrying costs 

due to waiting in the queue and cost of weight loss of coal.  
 

Table 3. Internal and external logistics costs items for the TT-GS chain 

  Internal  External 

TC TRANSPORTATION COST +  

d      Depreciation of trucks and trailers + + 

w      Drivers wage +  

f      Fuel cost +  

l      Lubrication cost  +  

m      Parts and maintenance cost  +  

li LICENSING COST +  

i INSURANCE COST +  

t ROAD FEE +  

C CUSTOMS SERVICE FEE +  

HC HANDLING COST +  

SC STORAGE COST +  

ICC INVENTORY CARRYING COST + + 

MAP MANAGEMENT AND ADMINISTRATION COST +  

WLC WEIGHT LOSS COST  + 

 
Under normal circumstances, it can be assumed that the cost per tonne kilometer, along with 

the management costs will not change in the short run. Internal logistics cost of the logistics 
chain per cycle is calculated by coal price by truck capacity plus multiplying the cost per ton 
kilometer by the freight turnover and adding the inventory carrying cost corresponding to the 
normal period of the cycle.  

The transportation company can conduct a detailed study of the increase in driver's salary, 
fuel consumption, lubricants, spare parts and maintenance costs by waiting for extra days on the 
road and include those to the external costs. Unexpected external costs may arise in the coal 
export logistics chain due to force majeure, such as natural disasters, mining and road accidents, 
and theft. It is important to take into account that the cost of weight loss of coal will be much 
lower than the cost of sudden loss, but it will accumulate over a long period of time. In order to 
determine weight loss cost of the coal we needed to determine loss rate of the coal. Major coal 
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producers and exporters, such as Australia, the United States, the Republic of South Africa, and 
Colombia, use weighted and qualitative measurements to estimate losses in certain stages of the 
coal logistics chain in order to increase business efficiency and effectiveness. [11] 

In Mongolia, the national statistical data shows the amount of loss in the coal balance, and 
according to the Ministry of Road Transport and Development, 80-85 kg of coal is lost for every 
70-80 tons during loading from the TT mine to unloading in the customs control zone at the 
TsKh. [12]

Table 4. Summary of research on coal weight loss 

 
Country. 
organization 

The amount of coal weight loss indicated in some known 
studies 

Conclusion 

1995  0.1 percent weight loss per shipment. 0.1-0.4 
percent of 
coal weight 
will be lost 
in one cycle 
of 
shipment. 

2007 
International 
Energy 
Association 

In a simple or single-stage logistics chain, the average loss is 0.4 
percent and the minimum is 0.1 percent. 

2018 
MRTD, 
Mongolia 

80-85 kg of coal is lost for every 70-80 tons during loading from 
the TT mine to unloading in the customs control zone at the 
TsKh. /0.1 -0.12 percent / 

2012 
Great Britani, 
Kazakhstan 

In the total supply chain, 1.2-1.3 percent of the mined coal will 
be lost. 

0.54-3.0 
percent of 
the total 
weight will 
be lost for 
total coal 
supply 
chain. 

2018 

National 
Statistics 
Office, 
Mongolia 

Based on the coal balance data of the National Statistics Office, 
the depreciation is 0.54-1.54 percent of the total production for 
the last 6 years. 

2019 
ETT JSC, 
Mongolia 

Losses range from 1 to 3 percent, depending on the length of 
storage in the customs control zone, the capacity of the border 
crossing, and traffic congestion. [13] 

Depending on loading and unloading technology, conditions of high dryness it is possible to 
estimate the weight loss of coal in the TT-GS logistics chain as a minimum of 0.1 percent at 
each stage or 0.6 percent of the total in the chain.  
 

Table 5. Percentage of weight loss of coal in TT-GS chain, by stages of transportation 

Shipping phase Conditions for coal loss 
Loss 
/percent/ 

Loading at the 
mine mouth 

After loading, if excess weight is measured, it is dumped by hand; 
0.1 

Transporting from 
TT to TsKh  

Although covered, dust is generated depending on the condition of 
the cover. 

0.1  

Unloading at TsKh 
During the unloading of coal from the platform, a lot of dust is 
generated. 

0.1  

Storage period at 
TsKh 

The stockpile does not have a protective cover, so it will be dusty and 
scattered by the wind. 

0.1  

Loading at TsKh Dust is generated during bucket digging and loading. 0.1  
Transporting from 
TsKh to GS 

Trucks wait in line for a long time to cross the border. The coal dust 
is generated sun and wind exposure. 

0.1 

Percentage of total weight loss of coal 0.6  

Based on the actual data of truck price is 100 million tugrug, depreciation is 10 percent per 
annum, normal cycle time is 2 days, actual cycle period is 12 days, average coal price is 77.28 
USD per ton, loan interest rate is 18.24 percent per annum, coal weight loss is 0.6 percent, truck 
performance capacity 70 ton, it is possible to calculate the total logistics cost per cycle of the 
TT-GS chain by estimating the inventory carrying cost and weight loss in the cycle. 
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Table 6. Logistics costs per cycle, USD, 2018  
Cost type Internal External  
Purchasing cost 5409.6 - 
Transportation cost 883.96 - 
Additional depreciation of vehicles and trailers - 104.1 
Inventory carrying cost 540.66 2703.3 
Weight loss cost - 32.46 
Total cost  6834.22 2839.86 

Total logistics cost 9674.08 

** The exchange rate was calculated at the exchange rate of the Bank of Mongolia on March 1, 2019. 1 
US$ = 2632.51 MNT 
 

As of 2018, the TT-GS logistics chain sells coal at US $ 77.28 per tonne, transports at a cost 
of US $ 12.63 and spends US $ 48.29 on other logistics costs. Logistics costs are 44 percent. 
The biggest factor influencing logistics costs is cycle time, which is $ 4.01 per day per tonne of 
coal. 

The weight loss and related weight loss cost of the exported coal through the TT-GS logistics 
chain was calculated for recent years based on the amount of coal export and export price. 

 
Table 7. Yearly weight loss of coal and related costs in the TT-GS logistics chain 

 2013 2014 2015 2016 2017 2018 
Coal loaded from mine mouth 
(thous. ton) 

7007 10227 5672 13133 17344 18122 

Total coal exported (thous. ton) 6965 10166 5638 13054 17240 18013 
Coal loss (thous. ton) 42 61 34 79 104 109 
Accumulated loss (thous. ton) 42 103 137 216 320 429 
Average price ($/ton) 61.07 43.54 38.41 37.70 67.89 77.28 
Cost of loss ($) 2567.49 2671.96 1307.25 2970.68 7065.27 8402.61 
 

The loss was calculated by multiplying the average coal export price for the year by 
calculating the 0.6 percent loss in the total amount of coal exported by the logistics chain. As a 
result, at least 109,000 tons of coal was lost in the chain, resulting in a loss of at least $ 8.4 
million in 2018. In the last three years, a total of 292 thousand tons of coal was lost, resulting 
in a loss of 18.44 million US dollars.  
 
5. CONCLUSION 
 

In the context of economic geography, proper logistics organization is a prerequisite for 
increasing foreign trade otherwise it is considered a non-tariff barrier to trade or the 
measurement of inter-regional resistance at the total cost of logistics preaches efficiency. 
Although specific decision-makers and transportation routes require detailed information and 
effort to estimate costs, the use of logistics efficiency variables can be validated with data to 
increase the practical application of decisions to increase economic efficiency by managing 
logistics chain performance. 

The transportation and logistics organization of Tavan Tolgoi coal export, which accounts 
for more than 50 percent of Mongolia's coal exports, was studied in detail, and a case analysis 
was conducted to determine the amount of logistics costs. Due to the current organization of the 
logistics chain, congestion, weight and quality losses, and increased lead times, logistics costs 
have risen to 44 percent, which is one of the main factors slowing down the growth of coal 
exports. 

 
REFERENCES 

8



 
[1] WorldBank. (2018). Connecting to compete 2018: Trade logistics in the global economy. Washington, 

DC., USA. 
[2] Schechter D., G. S. (2002). Delivering the Goods: The Art of Managing Your Supply Chain. USA. 
[3] Fujimura, M. (2004). Cross-Border Transport Infrastructure, Regional Integration and Development. 

ADB Institute Discussion Paper, No.16. 
[4] Krugman, P., & Fujita, M. (2004). The New Economic Geography: Past, Present and Future. Papers in 

Regional Science 83, pp.139-164. 
[5] Limao, N., & Venables, A. J. (2001). "Infrastructure, geographical disadvantage, transport costs, and 

trade". The World Bank economic review Vol. 15, no. 3 , pp. 451-479. 
[6] - ., Batkhurel G., 

Munkhbold A.// Journal of Eastern Asia Society for Transportation Studies Vol.13 (2019), ISSN-
L:1341-8521, pp.929-939. https://doi.org/10.11175/easts.13.929 

[7] Hausman, W. H. (2012). The Impact of Logistics Performance on Trade. Production and Operations 
Management, #22(2), 236 252. doi:10.1111/j.1937-5956. 2011.01312.x.  

[8] Coto- 2012). 
Networks and Spatial Economics, Vol. 16 No. 4, pp. 981-995, doi: 10.1007/s11067-015-9306-6. 

[9] Venables, A. J. (2005). New Economic Geography. Written for Palgrave Dictionary of Economics, LSE. 
[10] Havenga, J., & Simpson, Z. P. (2018). National freight demand modelling: a tool for macrologistics 

management. The International Journal of Logistics Management, https://doi.org/10.1108/IJLM-11-
2017-0290. 

[11] Baruya, P. (2012). Losses in the coal supply chain.  
[12] ,  https://mrtd.gov.mn/, 2019. 
[13]  , -

-
, , 2020. 

 
 

9




