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INTRODUCTION

A full energy chain analysis (FENCH) also 
known as a life cycle analysis (LCA) is a very 
important instrument or approach that comes 
with many layers of processes to facilitate the 
selection of a variety of products as a target of 
minimal greenhouse gas emissions and minimal 
energy content. The life cycle analysis approach 
can be called a process chain analysis (PCA), and 
it is normally encountering boundary constraints. 
On the other hand, the input-out analysis (IOA) 

provides an average value that is utilized from 
past data [Asian Development Bank: ADB 2014, 
Office of the National Economic and Social De-
velopment Board: NESDB 2015, Thailand De-
velopment Research Institute: TDRI 2007]. With 
the presence of boundary truncations in the LCA 
analysis, the combined PCA and IOA approach, 
can be a wise method to reduce those truncations. 
However, the outer boundary layer still exists in 
the IOA approach. In order to better combine PCA 
and IOA, an energy IOA analysis is evaluated to 
identify the factors of total greenhouse gas emis-
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sions and total energy content [Pruethsan 2017, 
Pruethsan and Danupon 2017, Sutthichaimethee 
and Sawangdee 2016]. 

By analyzing IOA under huge isolated eco-
nomic sector, the deficiency of mean results could 
be dwindled. This study attempts to determine 
the factors in embedded energy and embedded 
greenhouse gas (GHG) total values emitted from 
the total Thai economic sectors of 180 in various 
commodities productions by energy IOA method 
to reduce the gap of PCA boundary. Meanwhile, 
the old IOA data shall be updated by revising the 
elements of sectoral energy consumption in big 
consuming sector within the economy [Barak and 
Dahooie 2015, Pruethsan et.al 2015, Pruethsan et 
al 2016, Pruethsan 2016]. 

Here, many assessments are investigated, 
but their results are not concurrent as there are 
changes in the structures of economy and energy 
consumption. Nevertheless, the energy I-O data 
for the year of 2005 and 2010 has been finally is-
sued, and they are later used for another research. 
However, the above-mentioned work keeps the 
factors unchanged, while the fuel mix in Thai 
power sector of the year 2010 is, in fact, differ-
ent from the fuel mix of the year 2005. Besides, 
the fuel mix of the year 2015 steadily changes 
from the energy I-O of the year 2005. Thus, the 
researcher sees that revision of the energy con-
sumption mix in the power sector can offer a 
big change and better results for the study. The 
factors of greenhouse gas emissions and energy 
intensity of the year 2010 and 2015 can be re-
trieved from the results obtained in this study 
[Pruethsan and Danupon 2017]. 

METHODOLOGY

The vector of sectoral energy consumption is 
denoted as fkj , and it represents an energy amount 
of kind k directly consumed by sector j per X as a 
total monetary output of sector j (TJ/million Baht);

𝑓𝑓𝑘𝑘𝑘𝑘 =  
𝐹𝐹𝑘𝑘𝑘𝑘
𝑋𝑋𝑗𝑗

 (1)

where 	 fkj is the energy kind k needed as an input 
for sector j in a common energy unit,  

	 Xj  is the total output of sector j (in a mon-
etary unit).

The equation below further demonstrates j 
which is the power sector with kind of fuel k con-
sumed by the power sector in year n ;

𝐹𝐹𝑘𝑘𝑘𝑘 =  𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑘𝑘,𝑎𝑎𝑎𝑎𝑎𝑎

   

𝐹𝐹𝑘𝑘𝑘𝑘,𝑛𝑛 =  𝐺𝐺𝑘𝑘,𝑛𝑛. (𝐶𝐶𝐶𝐶)
𝑘𝑘,𝑎𝑎𝑎𝑎𝑎𝑎

 

 

(2)

Here, Gk,n represents a portion of electricity 
generation as an output by kind of fuel k (GWh), 
and CF is the conversion factor attempting to 
transform the GWh into the common energy unit 
as shown in the above Fkjn. On the other hand,  
ηk,avg is the average efficiency of electricity gen-
eration within the country by k fuel in year n 
(GWh): 

𝐺𝐺𝑘𝑘,𝑛𝑛 =  𝑆𝑆𝑆𝑆𝑘𝑘,𝑛𝑛. 𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑛𝑛 (3)

Using the above-mentioned equation, SHk,n  
is defined to be the electricity generation por-
tion percentage by fuel kind k per total electricity 
production in year n, and Gtotal,n refers to the total 
electricity production in year n (GWh). Once the 
equation (2) and (3) are presented, the substitu-
tion of equation (3) with equation (2) will give 
the following:

𝐹𝐹𝑘𝑘𝑘𝑘,𝑛𝑛 =  𝑆𝑆𝑆𝑆𝑘𝑘,𝑛𝑛. 𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑛𝑛. (𝐶𝐶𝐶𝐶)
𝑘𝑘,𝑎𝑎𝑎𝑎𝑎𝑎,𝑛𝑛

 (4)

Next, the total output of the power sector 
(million Baht) in year n is presented below:

𝑋𝑋𝑗𝑗,𝑛𝑛 =  𝑆𝑆𝑛𝑛. 𝑃𝑃𝑛𝑛 (5)

Here, Pn is defined as the price of electricity in 
year n (Baht/kWh), and Sn is the sale of electricity 
in total in year n. Next is the substitution of equa-
tion (4) and equation (5) with equation (1),

𝑓𝑓𝑘𝑘𝑘𝑘,𝑛𝑛 =  𝑆𝑆𝑆𝑆𝑘𝑘,𝑛𝑛. 𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑛𝑛. (𝐶𝐶𝐶𝐶)
𝑘𝑘,𝑎𝑎𝑎𝑎𝑎𝑎,𝑛𝑛. 𝑆𝑆𝑛𝑛. 𝑃𝑃𝑛𝑛

 (6)

As Sn is the total electricity sale in year n, it 
can be derived from the equation below:

𝑠𝑠𝑛𝑛 =  𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑛𝑛.𝑔𝑔𝑔𝑔𝑔𝑔,𝑛𝑛. (1 − 𝑇𝑇𝑇𝑇𝑙𝑙,𝑛𝑛). (1 − 𝑈𝑈𝑛𝑛) 

Sn can be found by determining ηgen,n, which 
corresponds to the total electricity genera-
tion efficiency within the country. On the other 
hand,  TDloss,n is actually referred to two vari-
ables; the percentage of both electricity transmis-
sion and distribution loss. In addition, Un here 
denotes the percentage of self-used electricity 
in the power sector in year n. Therefore, it can 
be concluded that:
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𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑛𝑛 =  𝑆𝑆𝑛𝑛
𝑔𝑔𝑔𝑔𝑔𝑔,𝑛𝑛. (1 − 𝑇𝑇𝑇𝑇𝑙𝑙,𝑛𝑛). (1 − 𝑈𝑈𝑛𝑛) (7)

Once equation 7 is obtained, it shall be sub-
stituted with equation 6 in order to retrieve the 
following equation 8, which is as follows:

𝑓𝑓𝑘𝑘𝑘𝑘.𝑛𝑛 =  𝑆𝑆𝑆𝑆𝑘𝑘,𝑛𝑛. (𝐶𝐶𝐶𝐶)
𝑘𝑘,𝑎𝑎𝑎𝑎𝑎𝑎,𝑛𝑛. 𝑃𝑃𝑛𝑛.𝑔𝑔𝑔𝑔𝑔𝑔,𝑛𝑛. (1 − 𝑇𝑇𝑇𝑇𝑙𝑙,𝑛𝑛). (1 − 𝑈𝑈𝑛𝑛) (8)

After a revision of the fuel mix factor(Mf,k), it 
must be in a formula as presented below:

𝑓𝑓𝑘𝑘𝑘𝑘,𝑛𝑛
𝑓𝑓𝑘𝑘𝑘𝑘,𝑏𝑏

=  
𝑆𝑆𝑆𝑆𝑘𝑘,𝑛𝑛
𝑆𝑆𝑆𝑆𝑘𝑘,𝑏𝑏

𝑘𝑘,𝑎𝑎𝑎𝑎𝑎𝑎,𝑛𝑛
𝑘𝑘,𝑎𝑎𝑎𝑎𝑎𝑎,𝑏𝑏

. 𝑃𝑃𝑛𝑛
𝑃𝑃𝑏𝑏

.
𝑔𝑔𝑔𝑔𝑔𝑔,𝑛𝑛
𝑔𝑔𝑔𝑔𝑔𝑔,𝑏𝑏

. 1 − 𝑇𝑇𝑇𝑇𝑙𝑙,𝑛𝑛
1 − 𝑇𝑇𝑇𝑇𝑙𝑙,𝑑𝑑

. 𝑈𝑈𝑛𝑛
𝑈𝑈𝑏𝑏

 

Here, the fkj in year n can be derived from 
the multiplication of fkj  in the base year with 
the factor Mf,k to express each element in sec-
toral energy consumption of each type of fuel k 
consumed in the base year in the power sector. 
Once each fkj  element in the F matrix is revised, 
the sectoral energy intensity matrix or EI and 
the sectoral greenhouse gas emission factors or 
EF are calculated, and the obtained findings can 
now be used to indicate the factors of year n. In 
this study, there are three main substances evalu-
ated with the use of different formulas. With the 
availability of those formulas, CO2 is assessed by 
the use of method [Sutthichaimethee and Sawa-
ngdee 2016], CH4 is evaluated by following 
the method [Sutthichaimethee and Sawangdee 
2016,TDRI 2007], and lastly N2O is analyzed by 
using the method [Pruethsan 2017]. In addition, 
the GWP from the method [Zhao 2012, Prueth-
san and Danupon Ariyasajjakorn 2017] is used to 
evaluate greenhouse gas. 

RESULTS

Once the factors of fuel mix in the power 
sector is revised, it is necessary to identify the 
changes and deviation of factors in both sectoral 
energy content and greenhouse gas emission for 
the year 2010 and 2015 from the year 2005, and 
those are shown in Table 1. According to the pre-
sented data, a revised fuel mix in the year of 2005 
to 2010 has an average of 1.82% lower in energy 
intensity in the economic sector, while 5.84% 
in average is the same effect resulting from the 
year 2005 to 2015. On the other hand, the green-

house gas emission factors are on average lower 
by 5.12% in 2010. On the other hand, in the year 
2015, it is found to be 14.66% lower in those 
factors, on average. 

However, some selected sectors, like tin ore, 
ice, iron, steel, wages and salary sector, have 
small direct primary energy consumption.. In ad-
dition to this, the sectors of ice, tin ore, house-
hold, cement, railways, ocean transport, basic 
industrial chemicals, and iron and steel are also 
among the sectors contributing to greenhouse 
gas emissions to the greatest degree. This results 
from their combustion, and with a consumption 
of the products with high greenhouse gas con-
tent, particularly in the sectors of iron and steel, 
ice, and household. 

According to the obtained analysis results, 
only a direct change in fuel consumption mix ex-
ists in the electricity generation. By investigating 
the reductions, the yield in direct energy content 
is reduced by 32.5 toe/million Baht, while CO2 
is decreased by 115.85 ton/million Baht. What 
is more, CH4 declined by 0.0015 ton/million 
Baht with a reduction of N2O by 0.0005 ton/mil-
lion Baht. Table 5 shows that 116.03 ton/million 
Baht could be reduced in direct greenhouse gas 
emission, while 0.0011 ton/million Baht is the 
reduction in N2O. Additionally, it indicates that 
129.83 ton/million Baht is the possible reduction 
in total GHG emission.

As far as full energy chain is concerned, the 
fuel mix changes in electricity generation have 
a large direct impact on the energy content and 
greenhouse gas emissions, as well as indirectly 
on other economic sectors as a whole. The study 
shows that the impacts in total energy content 
of 36.20 toe/million Baht reduced by the total 
CO2 of 128.98 ton/million Baht, total CH4 de-
creased by 0.0031 ton/million Baht , total N2O 
dropped by 0.0011 ton/million Baht reduced, 
and total greenhouse gas emission reduced by 
129.35 ton/million Baht. 

CONCLUSION

To conclude, it was found that the electricity 
sector has the highest energy content and green-
house gas emission factors. On the other hand, 
other sectors still show energy content and green-
house gas emission factors at high level because 
some sectors still require a great amount of elec-
tricity as their input. The energy content will be 
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high and remain if the petroleum products are 
consumed. Though the sectors are not the main 
emitters of greenhouse gas, they still contribute in 
high energy content and greenhouse gas as their 
process of production involves combustion. In 
the case of production and services in Thailand 
economy, it can be said that some of the sectors 
directly contribute in greenhouse gas emissions 
through their combustion processes, whereas 
other sectors indirectly emit greenhouse gas due 
to their consumption in high greenhouse content 
product and services. Consequently, if one sector 
with a consumption of either high greenhouse gas 
content product or high energy content, it will put 
itself in either high total greenhouse gas emission 
or high total energy content factor. As far as Thai-
land power sector is concerned, the structure of 
fuel is yearly altered, and it becomes very signifi-
cant to the evaluation of both total greenhouse gas 
emission and total energy content factors.
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