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Introduction  
 

Currently, the Electricity Generating Authority of Thailand Mae Moh Power Plant Lampang 
(EGAT) is the largest coal-fired power plant which has the production capacity of 2,400 MW . There are 
14 plants unite by the 8th – 14th still operated but the 1st-7th has already shut down. It is the highest 
electricity production base in Thailand due to low production cost and use domestic energy resources. 
It has supplied 50% of electricity to the 17 provinces in northern part of Thailand 30% to the central region 
and 20% to the north-eastern region.  

Now, Mae Moh mine has 242 million tons of coal reserves which can produce lignite to use for 
fuel annually about 15-17 million tons. EGAT aware the importance of having domestic fuel resources. 
Thus, the EGAT plan had extended duration for continuing the power plant until the year 2038 . The 4th 
to 7th power plant unit already has been replaced by the new power plants which have more production 
stability and capacity of 655 MW . The 8th and 9th power plant unit also will be replaced by the new 
power plants which have capacity of 650 MW and will be launch at 2021. For the 10-13 units, the total 
production capacity is 1,200 MW, which gradually expires in 2022-2026, and the 10th-13th units cannot 
be replaced because the reduced coal quantity. Therefore, the remaining electricity generating capacity 
will be approximately 1,250 megawatts in the future and the coal consumption will be reduced to 8 million 
tons per year so that it can be used to feed the power plant throughout the power plant life of 30 years . 
Consequently, finding coal reserves to enable the power plant to continue generating power in the future 
has received more attention. In addition, selection a coal source depending on the quality and distance 
of the transport in the order to get good quality coal at a reasonable price. 

Thailand has imported coal from neighboring countries. In the year 2018, the amount of coal 
imports was as high as 22.19 million tons, with the import value of approximately 49,929 million baht. It 
was imported for use in power plants and industrial plants because it is a fuel with high heat value and 
cheap compared to other types of fuel. Over 74.67% of Thailand’s thermal coal imports are sourced from 
Indonesia. Followed by Australia, Russia, the United States, Vietnam, Laos and others, respectively 
shown in Table 1.   

 
Rank Country Proportion of coal 

imports 
1 Indonesia 74.67% 
2 Australia 16.95% 
3 Russia 2.96% 
4 the United States 1.97% 
5 Vietnam 1.43% 
6 Laos 0.42% 
7 others 1.60% 

Table 1: Coal import sources of Thailand, 2018 
 

Transportation of coal in Thailand can be divided according to the mode of transportation 
infrastructure and depends on the distance of transportation. They are six different ways, such as road 
transport, Rail system transportation, Water transportation, Sea transportation, Internal convey belts 
transport and multi modal transport. The power plants require a large amount of coal. Therefore, EGAT 
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should select suitable transportation route and transportation mode. In transportation process of this 
coal, both communities and environmental aspect should be considered. Due to Coal transportation 
could generate numerous pollutions such as, exhaust gas from the transportation system and the impact 
of noise which could impact toward nearby communities. Hence, this study identifies multiple criteria for 
selecting transportation route of inbound reserved coal to Mae Moh Power Plant, Lampang THAILAND 
by considering financial and non- financial aspects. By means of Analytical Hierarchy Process (AHP) 
method, the proposed approach is employed to define the important weights of criteria and calculate 
priorities from pairwise comparison approach. At the end of the study, the multiple criteria for selecting 
transportation route of reserved coal are determined. 
 
 Literature review  
 
2.1 Performance Criteria of the Transportation System 

In transportation route selection many researches applied multi-criteria approach for different 
purposes.  The criteria were identified from literature review (Sawadogo & Anciaux, 2010, Awasthi & 
Chauhan, 2011, Kopytov & Abramov, 2012, Baran & Zak, 2014, Stoilova & Kunchev, 2017), the most 
commonly mentioned main criteria for selection of transportation route are cost, time, reliability and  
environmental impact.  Macharis et al.  ( 2012)  found on the criterion of operator and investors were 
impaction for select transportation route. Kabashkin & Lučina (2015) suggested another criterion such as 
geography, infrastructure, technology must also be considered.  The summary of criteria from previous 
studies is shown in Table 2. 

After that, these obtain factor were preliminary determined by EGAT experts and stakeholders 
to identify liable criteria which affect the selection of reserved coal transportation route. 
 
2.2 Multi-Criteria Decision Making (MCDM) 

Due to the complexity of decision criteria found in previous strong evaluation models are critical 
in order to incorporate several conflicting criteria meritoriously. With its need to trade-off multiple criteria, 
the selection problem like transportation route selection is a multicriteria decision- making ( MCDM) 
problem.  Roszkowska (2013)  found a very important role in MCDM models presents the weights of 
criteria which usually provide the information about the relative importance of the discussion criteria. 
Several different methods are developed to take criteria priorities into account.  These MCDM methods 
included analytic hierarchy process (AHP), simple additive weighting method (SAW), technique for order 
preference by similarity to ideal solution (TOPSIS), Analytic Network Process (ANP) etc. (Chai et.al, 2013). 
AHP has been mostly used as decision making tool in the process of transportation planning (Saaty, 
1995) .  The AHP method impart a complicated multi-criteria decision problem into a hierarchy and is 
based on a pair-wise comparison of the importance of different criteria and sub-criteria.  AHP is able to 
deal with qualitative and quantitative criteria at the same time (Saaty,1977) .  The weight evaluation 
process quantifies the subjective assessment of experts, in addition we can check the consistency of 
decision-makers’ evaluation. AHP has been used for analysing different types of problems in the field of 
transportation engineering.  Kopytov & Abramov (2012)  and Kabashkin & Lučina (2015)  suggested the 
multiple-criteria approach for evaluation and choose the alternatives of cargo transportation.  They used 
AHP method to evaluate the significance of each factor and to find the best alternative.   Sawadogo & 
Anciaux (2010)  explained a multi-criteria decision support system taking into account of the economic, 
environmental and social criteria. Used AHP and ELECTRE methods, to help the decision-makers in the 
choice of an appropriate path to.   Chen & Deng ( 2018)  outlined the problem of the evaluation of 
sustainable transport solutions.  A modified method based on AHP which adapted to determine the 
weight of sustainability criteria and Dempster–Shafer evidence theory (D-S theory)  was proposed for 
evaluating the impact of transport measures on city sustainability. 
This study will apply AHP method to define the important weights of criteria and calculate priorities 
from pairwise comparison approach.
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Main Criteria Sub Criteria Sawadogo 
& 

Anciaux, 
2010) 

(Awasthi 
& 

Chauhan, 
2011) 

(Kopytov 
& 

Abramov 
, 2012) 

(Macharis, 
Turcksin, 
& Lebeau, 

2012) 
 

(Baran & 
Zak, 
2014) 

(Kabashkin 
& Lučina, 

2015) 

(Stoilova 
& 

Kunchev, 
2017) 

Cost Transportation costs        
 Costs for handling        
 Seasonal fluctuation of tariffs        
 Costs for documentation processing        
 Penalties (missing delivery terms)        
 Possible additional costs During transportation        
 Additional insurance (insufficient safety)        
Time Time for transportation        
 Time for border crossing        
 Time for customs clearance        
 Exchange rate Fluctuation during delivery time        
 Loading time        
 Time for transport operation        
Reliability Exceed of delivery terms        
 Cargo safety (loss, damage of cargo)        
 Availability of transport units        
 Safety (theft, unauthorized 

access to cargo) 
       

 Reliability of transport means        
 Timeliness of delivery        
Environmental Emission of CO2        
 Emissions of harmful substances        
 Noise and vibration        
 Accidents and disasters from the ecological point 

of view 
       

 Death and traumatism of people        
Geography Quantity of custom/border points on the route        
 Presence of regular shipping Lines/railway 

services/trucks in the loading area 
       
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Main Criteria Sub Criteria Sawadogo 
& 

Anciaux, 
2010) 

(Awasthi 
& 

Chauhan, 
2011) 

(Kopytov 
& 

Abramov 
, 2012) 

(Macharis, 
Turcksin, 
& Lebeau, 

2012) 
 

(Baran & 
Zak, 
2014) 

(Kabashkin 
& Lučina, 

2015) 

(Stoilova 
& 

Kunchev, 
2017) 

 Possibility to change transportation route in the 
cluster group 

       

Table 2: Summary of criteria for selection of transportation route 
Main Criteria Sub Criteria Sawadogo 

& 
Anciaux, 

2010) 

(Awasthi 
& 

Chauhan, 
2011) 

(Kopytov 
& 

Abramov 
, 2012) 

(Macharis, 
Turcksin, 
& Lebeau, 

2012) 
 

(Baran & 
Zak, 
2014) 

(Kabashkin 
& Lučina, 

2015) 

(Stoilova 
& 

Kunchev, 
2017) 

 Quantity of transit countries on the route        
Infrastructure Capacity of ports and/or border points        
 Quantity of transhipments on the rout        
 Quality of transport-related infrastructure        
 Availability of bonded warehouses on the rout        
 Availability of good railway services on the route        
Technology Availability of necessary equipment on the route        
 Availability of necessary transport on the route        
 Ability to track and trace on the route        
 Electronic invoices and customs procedure        
 Terminal operations efficiency        
Ulterior factors Existing cargo flows        
 People competences and quality of logistics 

services in transhipment countries on the route 
       

 Quantity of used languages in the country/city of 
transhipment 

       

 Additional added value services on the route        
 Longstanding trading spirit" of ports of 

transhipment 
       

Size and 
characteristics 
of the product 

        
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in 
transportation 
Entrepreneurs 
and investors 

maximum net present value        

 Possibility of maximum extension        
 maximum capacity available 

infrastructure. 
       

Table 2: Summary of criteria for selection of transportation route (continuous) 
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Methodology 
 

3.1 Selecting criteria for evaluating coal transportation routes  
Based on the criteria for selection of transportation route from previous studies  (Table2), a 

questionnaire was set out to collect data for evaluating identify liable criteria. They were preliminary 
determined by EGAT experts and stakeholders. The initial questionnaire composed of factors found in 
previous related studies with 5-Point Likert scale. Seven EGAT experts were asked to score the 
importance of each factor. They have been focused on eight groups of criteria contain with cost, time, 
reliability, environmental impact, geography, infrastructure, technology and ulterior factors . As a result, 
31 sub criteria were selected and grouped into 8 main criteria. The list of selecting criteria which are 
implemented in research is presented in Table 3. 

 
Main Criteria [No.of sub criteria] Sub Criteria 
Cost [3] (1.1) Transportation costs, (1.2) Costs for handling, (1.3) 

Additional insurance (insufficient safety) 
Time [5] (2.1) Time for transportation, (2.2) Time for border crossing 

Time for customs clearance, (2.3) Exchange rate Fluctuation 
during delivery time, (2.4) Loading time, (2.5) Time for 
transport operation 

Reliability [5] (3.1) Exceed of delivery terms, (3.2) Cargo safety (loss, 
damage of cargo), (3.3) Availability of transport units, (3.4) 
Safety, Reliability of transport means, (3.5) Timeliness of 
delivery 

Environmental impact [5] (4.1) Emission of CO2, (4.2) Emissions of harmful Substances, 
(4.3) Noise and vibration, (4.4) Accidents and disasters from 
the ecological point of view, (4.5) Death and traumatism of 
people 

Geography [3] (5.1) Presence of regular shipping Lines/railway 
services/trucks in the loading area, (5.2) Possibility to change 
transportation route in the cluster group, (5.3) Quantity of 
transit countries on the route 

Infrastructure [5] (6.1) Capacity of ports and/or border points, (6.2) Quantity of 
transhipments on the rout, (6.3) Quality of transport-related 
infrastructure, (6.4) Availability of bonded warehouses on the 
rout, (6.5) Availability of good railway services on the route 

Technology [3] (7.1) Availability of necessary equipment on the route, (7.2) 
Availability of necessary transport on the route, (7.3) Ability to 
track and trace on the route 

Ulterior factors [2] (8.1) People competences and quality of logistics services in 
transhipment countries on the route, (8.2) Longstanding 
trading spirit" of ports of transhipment 

Table 3: Criteria for selecting transportation route of reserved coal. 
  

Consequently, this study establishing the weights of criteria. It has been defined the important 
of weight for each criterion by compare to other criteria. 
 
3.1 Weight Estimation Using AHP 

Saaty&Vargas (2012) described that the weights of selected criteria were calculated in four 
steps in the pair-wise comparison matrix according to the AHP method. 

The first step is called formation of judgments include eight groups of main criteria (cost, time, 
reliability, environmental impact, geography, infrastructure, technology and ulterior factors). The second 
steps is known as calculation of assigned ranks which use 1-9 scale of Saaty.The next step is 
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preparation of normalized pair-wise comparison matrix and finally, calculation of weights. The pair-wise 
comparison analysis helps to impose different levels of importance to criteria involved in transportation 
route selection. The cell values of the pair-wise comparison matrix were divided by the sum of the column 
to obtain the cell values in normalized pair-wise comparison matrix and averaged in row to calculate the 
weight of criterion. The judgment of ranks was based on Fuel engineering expert, Environmental expert 
and Planning Division of EGAT, then they created the judgment matrix by pairwise comparisons, using 
the 1-9 scale of Saaty (Saaty T. L., 2008) shown in Table 4. By applying the methodology of AHP to the 
collected questionnaires, 7 sets with a consistency ratio of less than 0.1 were used   

 
Judgmen Verbal equivalent Comment 

1 Equal importance Two activities contribute equally to the 
objective. 

2 Weak or slight  
3 Moderate 

importance 
Experience and judgment slightly favor 
one activity over another. 

4 Moderate plus  
5 Strong importance Experience and judgment strongly favor 

one activity over another. 
6 Strong plus  
7 Very strong or 

demo-strated 
importance 

An activity is favored very strongly over 
another; its dominance demonstrated in 
practice. 

8 Very, very strong  
9 Extreme importance The evidence favoring one activity over 

another is of the highest possible order of 
affirmation. 

Table 4: Table of relative scores.  (Saaty T. L., 2008) 
 

 Results and Discussion 
 

Using the expert evaluation process the important each of eight main criteria by pair-wise 
comparison matrix. In the example below shown the priority vector from Fuel engineering expert. 
Referring shown in Table 5, every attribute is compared with others, ex. Cost first compared with itself 
so value is 1, then Cost is compared with Time as in this case Cost is moderately important than Time 
is value will be 5, when Time is compared with Environmental impact, in this Environmental impact, in 
this case Environmental impact is strong important than Time thus, its value will be 1/6. Similar 
evaluation was made for the other expert. 
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Cost 1     5     9     2     8     7     7     7     0.37 
Time  1/5 1     5      1/6 3     2     4     5     0.11 
Reliability  1/9  1/5 1      1/7  1/3 2     2     3     0.05 
Environmental 
impact  1/2 6     7     1     6     7     8     8     0.31 
Geography  1/8  1/3 3      1/6 1     2     1     3     0.06 
Infrastructure  1/7  1/2  1/2  1/7  1/2 1     2     4     0.05 
Technology  1/7  1/4  1/2  1/8 1      1/2 1     4     0.04 
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Ulterior factors  1/7  1/5  1/3  1/8  1/3  1/4  1/4 1     0.02 
Table 5: The priority vector from Fuel engineering expert. 

 
According to the priority vector from EGAT experts, the importance of the criterion is evident 

from the average of the criteria priority vector shown in Table 6. The most important criteria are Cost 
with are weight at 0.3141 for selecting transportation route of reserved coal. This criterion is also 
influencing transportation route decision much. Followed by Environmental impact with are weight at 
0.1866. Now on EGAT has focused on environmental impact which can reduce the impact of lawsuits 
from the community. Next, Time with are weight at 0.1763 which impact from time for transportation and 
time for transport operation. Then, Reliability with are weight at 0.1104. They have attended on timeliness 
of delivery and cargo safety. By the way, both of criteria can show the efficiency of transportation. 
Geography and Technology with are weight at 0.0685 and 0.0599. Finally, the least important factors are 
infrastructure and ulterior factors with are weight at 0.0453 and 0.0389. 
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Weight1 0.3677 0.1132 0.0451 0.3057 0.0600 0.0479 0.0396 0.0207 
Weight2 0.2684 0.1427 0.0945 0.0644 0.1468 0.0604 0.1468 0.0761 
Weight3 0.2057 0.1984 0.2693 0.1318 0.0307 0.0636 0.0441 0.0564 
Weight4 0.3766 0.2820 0.0672 0.1394 0.0605 0.0370 0.0219 0.0155 
Weight5 0.3662 0.1918 0.0926 0.2140 0.0609 0.0341 0.0250 0.0154 
Weight6 0.3081 0.1567 0.1041 0.2179 0.0605 0.0373 0.0713 0.0441 
Weight7 0.3060 0.1492 0.1002 0.2329 0.0601 0.0370 0.0709 0.0438 
Average 0.3141 0.1763 0.1104 0.1866 0.0685 0.0453 0.0599 0.0389 

Table 6: Summary of the main criteria priority vector. 
  

As a result, the most important criteria are Cost. Due to, having the important sub criteria contain 
with transportation costs and costs for handling that they considered these cost can create the most 
impact of Coal Cost rates. Followed by, Environmental impact criteria, which is another important issue 
that EGAT must be considered. By reason of, environmental issues concerning freight become more 
important presently since it is well known that the transport sector is the major sources of noise and 
many air pollutants. By the way, the EGAT has a problem with communities from the environment impact 
for a long time. They were contributing awareness of the environmental impact and the continual efforts 
to mitigate them. Next, Time criteria and Reliability criteria because electricity production cannot lack 
fuel. Therefore, the time for transportation of coal and safety must be at an acceptable level from EGAT. 
For, Geography and Technology. They considered with the possibility to change transportation route 
when they may have problems in the routing technology available. Finally, the least important factors 
are infrastructures criteria and ulterior factors criteria which EGAT cannot control. It is depending on the 
government, EGAT can only use as numerous as possible. 

In this research, the weighting of only the main criteria are presented. Due to the several were 
achieved from previous study. The weights of sub criteria are determined in the later stage of this 
research. 
  
.Conclusion 
 

Multiple criteria for selecting transportation route of inbound reserved coal to Mae Moh Power 
Plant, Lampang THAILAND. This paper assembled multiple criteria from previous studies, and they 
were preliminary determined by Electricity Generating Authority of Thailand (EGAT) experts and 
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stakeholders to identify liable criteria which affect the selection of reserved coal transportation route. By 
means of Analytical Hierarchy Process (AHP) method, the proposed approach is employed to define the 
important weights of criteria and calculate priorities from pairwise comparison approach. As a result, 31 
sub criteria were selected and grouped into 8 main criteria. However, the sub criteria have a major effect 
on the weighting of main criteria. So, the most important criteria are Cost and Environmental impact. By 
contrast, the least important factors are infrastructures and ulterior factors. 

Further guidelines of the current research are the following: to find the important weighting for 
each of sub criteria by AHP and choosing the most favourable transportation route of reserved coal 
using TOPSIS approach. 
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