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ABSTRACT 

 

The pickup’s truck air-conditioner is one of the major of environmental impact of pickup’s 

truck. In this research, IMPACT 2002+ is used to investigate the environmental impact of 

pickup’s truck air-conditioner ranging from manufacturing phase, use phase and end-of-

life, respectively. On the manufacturing phase, we investigate the environmental 

performance of the material composition, the production processing and the transportation. 

On the use phase, we investigate the environmental performance of fuel consumption of 

air-conditioning’s system and we analyze the weight of air-conditioning system on fuel 

consumption. For the end-of-life, since the waste treatment of vehicle’s part in Thailand is 

unsystematic, we assume that the entire air-conditioner’s components are recycled. 

 

Since the entire life of air-conditioner’s components is investigated, the result interprets 

that the compressor is has the highest environmental impact whether the manufacturing 

phase or the use phase whiles it gives the most environmental benefit during the recycle.  

 

Finally, for the conclusion and recommendation, it is concluded that the compressor has 

the highest environmental impact whether the manufacturing phase or the use phase whiles 

it gives the most environmental benefit during the recycle . On the manufacturing phase, 

we recommend that the compressor’s manufacturers should replace the aluminum wire 

with the copper wire. Hence, we recommend that the manufacturers in Thailand to stop 

purchasing R134a and they should purchase R744, if this method is implemented, the 

manufacturing phase will be improved for 34%. For the use phase, the fuel consumption is 

the major of environmental impact and the refrigerant is also another factor of 

environmental impact. As we analyzed, the compressor has the highest environmental 

impact whether the fuel consumption of itself or the weighting of itself. Hence, we 

recommend the pickup’s truck user to stop using diesel and they should be using bio-

diesel. In addition, we recommend the compressor’s manufacturers to downsize the 

compressor to reduce the fuel consumption. For the refrigerant, since R134a has the 

highest greenhouse gases, hence, the maintenance’s shops in Thailand should stop 

purchasing R134a and R744 should be replaced. At the end-of-life, the result interprets that 

it gives environmental benefit during the recycle and they should be remaining of recycled. 

But as we mentioned before, the waste treatment of vehicle’s part in Thailand is 

unsystematic and we recommend that the 2
nd

 hand’s shops should be systemized and 

optimizing the facility. If these methods are implemented, it will give environmental 

benefit. 

 

Keywords: Life Cycle Assessment, Air-Conditioners, Vehicles, Refrigerants, Truck 
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CHAPTER 1  

INTRODUCTION 

 

1.1 Background 

 

Presently, a various international organizations promoting to reduce the environmental 

impact whether  in term of manufacturing phase, distribution phase, use phase and end of 

life. A major of the environmental impact is the electrical equipment which includes a 

desktop personal computer, a TV, a lamp, a battery, air-conditioner, a refrigerator and etc. 

 

And the car’s air-conditioner is one of the electrical equipment which producing a lot of 

environmental impact whether the manufacturing phase, the use phase and end-of-life, 

respectively. In the previous year, there are various Life Cycle Assessment (LCA) of a car. 

But the LCA of a car is superficially presented in part of air-conditioner which is one of 

the main environmental impacts of a car. In Thailand there are many types of car on the 

road whether the normal car, the SUV car, the bus, the van and the pickup’s truck. And 

pickup’s truck is one of the highest demand sales in Thailand. 

 

Formula Industry Company has been successful in manufacturing and distributing auto air 

conditioner parts, which have been known around the world under the brand “FORMULA” 

and was founded in 1974. 

 

Formula products are not only distributed in Thailand, the products have been exported to 

more than 60 countries in every continent around the world through various distribution 

channels, such as well-known wholesalers, automakers, and professional auto service 

centers. They can produce products in different models, sizes for every model of vehicles. 

They can design products according to customers’ requirement as well. And pickup’s truck 

air-conditioner has the highest sale demand of the Formula Industry. 

 

For 1 lifetime of pickup’s truck air-conditioner, it will be ranging from manufacturing 

phase, the use phase and the end-of-life. 

 

In the manufacturing phase, the components of the pickup’s truck air-conditioner is 

including the compressor, the cooling fan, the evaporator, the expansion valve, the liquid 

tube, the high pressure hose, the low pressure hose, the receiver drier and the refrigerant. 

But Formula Industry is not the manufacturer of the whole component of the pickup’s 

truck air-conditioner. Some of the components like the compressor, the expansion valve 

and the refrigerant are imported from the supplier.  

  

In the use phase of pickup’s truck air-conditioner, when the engine is started, the 

compressor will be operated by the engine and emit the carbon to the air, the cooling fan 

will be operated by the engine which is converted by alternator and the refrigerant will be 

flowing in the air-conditioner system. 

 

In the end-of-life of pickup’s truck air-conditioner in Thailand, since the pickup’s truck air-

conditioner is the vehicle’s parts and the waste treatment of vehicle’s parts in Thailand is 

unsystematic. The recoverable parts will be reused and the irrecoverable parts will be 

discarded to unplaced. 
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1.2 Statement of the problems 

 

In statement of the problems, for 1 life time of pickup’s truck air-conditioner whether the 

manufacturing phase, the use phase and the end-of-life of pickup’s truck air-conditioner, it 

is producing a lot of environmental impact. 

 

In the manufacturing phase of pickup’s truck air-conditioner whether the condenser, the 

compressor, the cooling fan, the evaporator, the expansion valve, the liquid tube, the high 

pressure hose, the low pressure hose, the receiver drier and the refrigerant, they are 

producing a lot of environmental impact whether the production processing or the material 

composition. 

 

In the use phase of pickup’s truck air-conditioner, there are 3 factors of the problem which 

includes the following:  

 

 The first factor of environmental impact of pickup’s truck air-conditioner is the fuel 

consumption of the compressor when it is operated by the engine.  

 

 The second factor of environmental impact is the fuel consumption of the cooling 

fan when it is converted by alternator. 

 

 And the last factor environmental impact is the flowing of refrigerant in air-

conditioning system. 

 

In the end-of-life of pickup’s truck air-conditioner in Thailand, since the pickup’s truck air-

conditioner is the vehicle’s parts and the waste treatment of vehicle’s parts in Thailand is 

unsystematic. The recoverable parts will be reused and the irrecoverable parts will be 

discarded to unplaced.  

 

1.3 Objectives of the Research 

 

Pickup Truck’s air conditioner is one of the electric equipment which producing a lot of 

the environmental impact. In order to reduce the environmental impact, the following 

objectives will be completed as follows: 

 

1) LCA will be used to investigate the environmental performance from the manufacturing 

phase, use phase and end-of-life respectively.  

 

2) The LCA will be constructed by SimaPro software version 8.0.3 and expressed with the 

IMPACT 2002+ life cycle impact assessment.  

 

3) Since the result is expressed, the result will be used to analyze and to improve the 

environmental performance by substituting the material’s input and the refrigerants of air-

conditioner. 

 

1.4 Scope 

 

The evaluation of environmental impact will be scoping from the manufacturing phase, the 

use phase and end-of-life respectively. 
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CHAPTER 2 

LITERATURE REVIEW 

 

Most of the existing researches in the literature review are the life cycle assessment which 

is related to the vehicle’s air-conditioner and most of the assessments are scoping on 

manufacturing phase, distribution phase, use phase and end of life.  

 

D. Srinivasan and Prasad Phadke (2006) Reducing AC power consumption in an 

automobileis one of the key challenges for climate control engineers. The AC compressor 

consumes power from the engine which directly affects fuel economy and vehicle 

drivability. The main objective of this study is to reduce front end auxiliary drive (FEAD) 

load on engine by compressor downsizing whithout compromising on cooling performance 

of the AC system. The study has been carried out on a sports utility vehicle (SUV) which 

has twin evaporator AC system. The three compressors under study have been critically 

evaluated at three levels a) Component level b) System level and c) Vehicle level. The 

study has been conducted in two phases 1) downsizing from 170 cc/rev reciprocating 

piston compressor to 130 cc/rev compressor and 2) further downsizing from 130 cc/rev 

reciprocating piston compressor to 90 cc/rev rotary scroll compressor. The result of this 

study demonstrates that AC power consumption and refrigerant quantity are reduced by 

25% and 5% respectively. 

 

C.H. Liu, Sue J. Lin, C. Lewis (2009) In this paper, Eco-indicator 95 and Impact 2002+ are 

utilized to evaluate the potential environmental impacts from five production processes of 

the double data rate synchronous dynamic random access memory (DDR SDRAM). The 

comparisons between these two impact methods and their scopes are also discussed. From 

our results, global warming potential and non-renewable energy consumption were 

identified as the major environmental impacts. Applications of Eco-indicator 95 and 

IMPACT 2002+ also suggest that summer smog and respiratory inorganics are significant 

impact categories. The comparison of the scopes of these two methods identifies that low 

GWP potential PFCs substitution and electricity saving are effective ways to decrease 

environmental impacts of DRAM manufacturing. In addition, IMPACT 2002+ is a more 

applicable LCA method for the semiconductor industry in Taiwan due to the structure and 

reference area of this method and the characteristics of the semiconductor industry in 

Taiwan. 

 

Laurent Grignon-Masse, Philippe Riviere, Jerome Adnot (2011) In this context, this study 

aims to assess the environmental impacts of European individual air-conditioners and to 

analyze policy strategies to reduce these impacts. After analyzing the European context 

concerning individual air-conditioners, the environmental impacts of European air-

conditioners are assessed using a Life Cycle Analysis Approach. The following step 

consists in studying both technically and economically, different improvement options 

aiming at reducing the environmental impacts of these appliances. These results, obtained 

at the product level, are then generalized at the European level and different policy 

measures are defined and analyzed. The main conclusion is that the implementation of a 

Minimum Energy Performance Standard based on Least Life Cycle could save up to 49 

TWh and 20          in 2020 and be economically beneficial to the European end-user. 

 

Marika Arena, Giovanni Azzone, Antonio Conte (2012) In recent years, the automotive 

industry has been under strong pressure to reduce its environmental impacts. Regulators 

have sought to steer the industry toward cleaner solutions and consumer purchase patterns 
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have shifted to more sustainable products. This means car makers can no longer treat 

sustainability as a matter of compliance, and must instead increasingly look to the 

environmental variable as an opportunity to gain competitive advantage. In light of these 

developments, it becomes important for manufacture to have some clear and reliable way 

to measure the environmental performance of cars, so they can analyze their progress, 

assess the impact of alternative solutions, and report their sustainability results. To meet 

this need, they have developed a performance measurement system that helps carmakers 

assess their technological options for sustainable mobility. Based on an analysis of the 

relevant scientific and practitioner literature, they put together a set of key sustainability 

indicators for the different stage of the car lifecycle: raw material extraction, material 

production, product manufacture, product use, end of life and transport. The resulting 

model was then validated by a panel of experts and compared with lifecycle analysis 

(LCA). 

 

J. Navarro-Esbri, J.M. Mendoza-Miranda, A. Mota-Babiloni, A. Barragan-Cervera, J.M. 

Belman-Flores (2012) In this literature review, an experimental analysis of a vapor 

compression system using R1234yf as a drop-in replacement for R134a. In this work, they 

compare the energy performance of both refrigerants, R134a and R1234yf, in a monitored 

vapor compression system under a wide range of working conditions. So, the experimental 

tests are carried out varying the condensing temperature, the evaporating temperature, the 

superheating degree, the compressor speed, and the internal heat exchanger use. 

Comparisons are made taking refrigerant R134a as baseline, and the results show that the 

cooling capacity obtained with R1234yf in a R134a vapor compression system is about 9% 

lower than that obtained with R134a in the studied range. Also, when using R1234yf, the 

system shows values of COP about 19% lower than those obtained using R134a, being the 

minor difference for higher condensing temperatures. Finally, using an internal heat 

exchanger these differences in the energy performance are significantly reduced. 

 

Ciro Aprea, Adriana Greco, Angelo Maiorno (2013) This paper deals with the problem of 

R134a subsititution with a natural refrigerant fluid. A comparison is performed between 

R134a and R744 (   ). R134a is a hydro fluorocarbon with a large direct warming impact 

(GWP), whereas the R744 contribution is negligible. A comparative exergetic analysis, 

carried out with experimental tests, has been presented. This paper compares a commercial 

R134a refrigeration plant and a prototype R744 system working in a trans-critical cycle. 

Based on the experimental data an exergetic analysis has been carried out on the overall 

plant and on each device. The overall exergetic performances of the classical vapour 

compression plant working with R134a are consistently better than that of R744 (from a 

minimum of 20 to a maximum of 44%). The performance of the individual components of 

the plant has been analyzed, in order to pinpoint those contributing most to the decrease in 

the exergetic performance of R744. 

 

Jian Ma, Fengfu Yin, Zhenyu Liu, Xiaodong Zhou (2012) The paper introduces the 

Energy-related Products (ErP) directive and its late evolution. Both the general and the 

particular eco-design requirements of a refrigerator are presented. The criteria of 

standby/off are listed as well. The assumptions made for the modeling of the product and 

source of the database are put forward. There are 11 factors of environmental impacts used 

in the evaluation software EIME. The environmental impact of manufacturing, 

distribution, use and the end of life is analyzed according to a certain refrigerator. The 

results show that three factors are significant, which are electricity consumed by the 

refrigerator in the use stage, the raw materials of metal and plastics in the manufacturing. 
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The solution to these problems is provided. The introduction of eco-design to development 

phase of a product is urgent nowadays. 

 

Yang Guan, Chaofeng Shao, Xiaogang Tian, Meiting Ju (2013) The replacement of copper 

by aluminum, which has a lower price, is becoming a developing trend in the Chinese 

indoor air conditioner industry. However, the significant greenhouse gas emission during 

aluminum production may restrict this development. Based on a life cycle assessment, they 

use the carbon footprint method to account for the carbon footprint attributed to copper and 

aluminum usage in the Chinese indoor air conditioner industry from 2000 to 2009. The 

results show that (1) the carbon footprint of the Chinese indoor air conditioner industry 

generally declined during this period mainly because of the improvement in copper and 

aluminum production technology; and (2) after 2004, the carbon sink forest costs of this 

industry became lower than the production costs mainly because of the rising copper price 

and the perennial stability of the aluminum price. Based on these results, we analyze the 

developing trend of aluminum substitution for copper and propose a cooperative control 

strategy to limit the carbon footprint and to guide the development of the Chinese indoor 

air conditioner industry. 

 

Summary 

 

The literature review which is related to the LCA of refrigerator and room’s air-

conditioner. Both of them are mentioned the improvement by substituting the specification 

of refrigerant and substituting the material composition to reduce the environmental 

impact. Since our research is about the LCA of pickup truck’s air-conditioner and both of 

them are having the same performance as vehicle’s air-conditioner, hence, on the 

improvement of our research, we will improve the environmental performance of pickup 

truck’s air conditioner by substituting the specification of refrigerant and substituting the 

material composition. 
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CHAPTER 3 

METHODOLOGY 

 

3.1 Goal and Scope 

 

3.1.1 System Boundaries 

 

On system boundaries, the pickup truck’s air-conditioner will be investigated the complete 

life cycle of such a component, ranging from manufacture phase, use phase and end-of-life 

(Recycle) as it is presented on Figure 1.0. 

 

On the manufacturing phase, the pickup truck’s air conditioner, it has many components 

(including the condenser, the evaporator, the compressor, the expansion valve, the liquid 

tube, the low pressure pipe, the high pressure pipe, the receiver drier, the cooling fan and 

the refrigerant). On the material composition, all of the components will be disassembled 

and it will be weighting the sub-materials. For the production processing, it will be scoping 

the production process only the factory at On Nut. Since there are 5 components (like the 

compressor, the refrigerant, the receiver drier, the cooling fan and the expansion valve) 

which are not manufactured at On Nut and not manufactured by Formula Industry, the data 

of transportation will be collected. For the refrigerant, since the 2 refrigerants (R1234yf 

and R744) are replaceable with R134a and the company purchases refrigerant from the 

supplier, hence our research will be considering the amount of chemical composition of the 

3 refrigerants, the weighting of the tank of refrigerant and the data of transportation. 

 

On the use phase, when the pickup’s truck air-conditioner is operated, the alternator 

converts the mechanical energy to electrical energy. The compressor is directly operated 

by the engine with the belt and the cooling fan is operated by electrical energy which is 

converted by alternator. For the refrigerant, it is flowing in the air-conditioning system. 

Thus, there are 4 factors on the use phase which are including fuel consumption of the 

engine in the air-conditioning system, the electrical consumption which is transformed by 

the alternator, the flowing of refrigerant in the air-conditioner’s system and the weighting 

of air-conditioning’s system. 

 

Since the fuel consumption has the effective of environmental impact and the weighting of 

air-conditioning system has the effective of fuel consumption, on our research, we will 

analyze and compare the effective of carrying air-conditioner’s components to fuel 

consumption on the use phase. For the fuel consumption, since the pickup’s truck air-

conditioner is currently powered by diesel and bio-diesel is replaceable with diesel, we will 

compare these 2 types of fuel. For the refrigerant, since the 2 refrigerants (R1234yf and 

R744) are replaceable with R134a on the manufacturing phase, certainly, it will be 

replaceable on the use phase, hence, on our research, we will compare these 3 refrigerants 

on the use phase.  

 

On the end-of-life of pickup’s truck air-conditioner in Thailand, since the pickup’s truck 

air-conditioner is the vehicle’s parts and the waste treatment of vehicle’s parts in Thailand 

is unsystematic. The recoverable parts will be reused and the irrecoverable parts will be 

discarded to unplaced. But on our research, based on the observation, we assume that 

whether the recoverable parts or the irrecoverable parts, the most end-of-life will be 

recycled. 
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3.1.2 Functional Units 

 

On functional units, since the research will be scoping the manufacturing phase, the use 

phase and end-of-life. On the manufacturing phase, the functional units will be 1 unit of 

production. On the use phase, the functional units will be based on the data collection on 

Appendix A which is 206,938.50 km. For the end-of-life, the functional units will be 1 unit 

of pickup’s truck air-conditioner.  
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Figure 1.0: The System Boundaries of Pickup’s Truck Air-Conditioner 
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3.2 Life Cycle Inventory 

 

3.2.1 Manufacturing Phase 

 

On the manufacturing phase as it is presented on Figure 1.1, there are many components of 

pickup’s truck air-conditioner (including the condenser, the evaporator, the compressor, the 

expansion valve, the liquid tube, the low pressure pipe, the high pressure pipe, the receiver 

drier, the cooling fan and the refrigerant). Some of them are purchased from the suppliers, 

some of them are manufactured at On Nut and some of them are manufactured at the other 

manufacturing plants. For those of the components (like the condenser, the evaporator, the 

liquid tube, the low pressure pipe and the high pressure pipe) which are manufactured at On 

Nut, the weighting of the material composition and the data of production processing will be 

collected. For those of the components (like the compressor, the expansion valve, the 

receiver drier and the cooling fan) which are not manufactured at On Nut, the weighting of 

material composition and the data of transportation will be collected. For the refrigerant, the 

chemical composition and the transportation data will be collected.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Manufacturing Phase 
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3.2.1.1 Condenser 

 

3.2.1.1.1 Material Composition of Condenser 

 

Table 1.0: The material composition of Condenser 

No. Part Name Material Quantity Weight 

1 Tube Aluminum 30 824.76 gram 

2 Louver Fin Aluminum 31 453.82 gram 

3 Side Bar R Aluminum 1 76.25 gram 

4 Side Bar L Aluminum 1 76.44 gram 

5 Cap Bar Aluminum 4 4.76 gram 

6 Wall Bar Aluminum 5 7.10 gram 

7 Plate Side Bar Aluminum 2 2.91 gram 

8 Flange Aluminum 1 60.28 gram 

9 Rubber Rubber 1 4.2 gram 

10 Plate Stainless Steel 1 12.14 gram 

11 Screw Stainless Steel 1 14.5 gram 

12 Bush-204 Aluminum 1 0.18 gram 

13 Bush-245 Aluminum 1 0.13 gram 

14 Flange Aluminum 1 7.75 gram 

15 Check Leak Polyethylene 1 8.2 gram 

16 O-Ring Rubber 1 0.40 gram 

17 Screw Stainless Steel 1 6.9 gram 

18 Pipe Out Aluminum 1 30.75 gram 

19 Bush-200 Aluminum 1 0.110 gram 

20 Bracket Aluminum 1 37.33 gram 

21 Bracket Aluminum 1 37.33 gram 

22 Bracket Aluminum 2 46.24 gram 

23 Bracket Aluminum 1 95.47 gram 

24 Bracket Aluminum 1 94.72 gram 

25 Bracket Stainless Steel 1 73.50 gram 

26 Bracket Aluminum 1 9.29 gram 

27 Screw Stainless Steel 4 22.8 gram 

28 Nut Stainless Steel 4 7 gram 

29 Pad Polyurethane 1 1.6 gram 

30 Pad Polyurethane 1 1.2 gram 

31 Screw Stainless Steel 3 19.1 gram 

32 Bush-008 Stainless Steel 2 13.30 gram 

33 Rubber Rubber 2 28.6 gram 

34 Rubber Rubber 2 25.9 gram 

 

Table 1.1: The summation of material composition of Condenser on SimaPro 

No. SimaPro Database Weight 

1 Aluminium alloy, AlMg3 {RER}| production | Alloc Def, S 1865.62 gram 

2 Steel, low-alloyed, hot rolled {RER}| production | Alloc Def, S 169.24 gram 

3 Polyurethane, rigid foam {RER}| production | Alloc Def, S 2.8 gram 

4 Synthetic rubber {RER}| production | Alloc Def, S 59.1 gram 

5 Polyethylene, high density, granulate {RER}| production | Alloc 

Def, S 

8.2 gram 
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On the material composition of the condenser, it composes of aluminum alloy, steel alloy, 

polyurethane, rubber and polyethylene. These material compositions as it shows on Table 

2.2 will be summed and categorized on Table 2.3. 

 

3.2.1.1.2 Production Processing of Condenser 

 

 

 

 

 

 

Figure 1.2: Production Processing of Condenser 

 

On the production processing of condenser, it will be ranging from core assembly, welding, 

heating, heating with nitrogen and helium leakage testing respectively. All of these 

production processes, it is operated by the electrical power and it is provided by company. 

The electrical consumption is not only the factor of environmental impact for the production 

processing of condenser. But there are the four production processes (like welding, heating, 

heating with nitrogen and helium leakage testing) which have more the factor of electrical 

consumption. To collect the data of electrical consumption of each process, we have to time 

the production processing and using the electrical meter to measure the electrical 

consumption. 

 

 

 

 

Figure 1.3: The inventory data of core assembly of Condenser 

 

Table 1.2: The total input of core assembly of Condenser on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.0682 kWh 

 

On the core assembly of condenser, the electrical consumption to operate is 1.49 kW. To 

collect the data of total electrical consumption, the total of assembling time for one unit of 

condenser is 2 minutes and 45 seconds. So the total electrical consumption for one unit of 

condenser is 0.0682 kWh as it shows on Figure 1.3. 

 

 

 

 

 

Figure 1.4: The inventory data of welding of Condenser 

 

Table 1.3: The total input of welding of Condenser on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.186 kWh 

Welding 

Length 

Welding, gas, steel {RER}| processing | Alloc Def, S 19.06 cm 

Core 
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with  

Nitrogen 

Helium 
Leakage 

Testing 

Core Assembly 0.0682 kWh 

Welding 
0.186 kWh 

19.06 cm 



 12 

On the welding of condenser, as it shows on Figure 1.4, the electrical consumption to 

operate is 3.72 kW. The total of welding time for one unit of condenser is 3 minutes to weld 

one unit of condenser. So the total of electrical consumption equals to 0.186 kWh as it 

shows on Figure 1.4. The amount of gas argon is also another factor for welding process. 

According to SimaPro software, to collect the amount of gas argon in welding process, we 

have to know the length of welding for condenser. The length of welding for condenser is 

provided by the company which is on the drawing and it is 19.06 cm.  

 

 

 

 

 

Figure 1.5: The inventory data of heating of Condenser 

 

Table 1.4: The total input of heating of Condenser on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.3333 kWh 

Heating 

Energy 

Heat, central or small-scale, other than natural gas {TH}| heat 

and power co-generation, biogas, gas engine | Alloc Def, S 

0.83560422 

mega joule. 

 

On the heating of condenser, as it shows on Figure 1.5, it is heated by the oven. The 

electrical consumption to operate is 40 kW. The total of heating time for one unit of 

condenser takes for 30 seconds and the total electrical consumption is 0.3333 kWh as it 

shows on Figure 1.5. The heating’s energy is also another factor of heating process. To 

collect the data of heating’s energy, we will collect from the oven’s monitor and heating’s 

energy is 440 Celsius. But on the software of Simapro, it requires to input heating’s energy 

in the unit of joules. So the 440 Celsius will be converted to 0.83560422 mega joule. 

 

 

 

 

 

 

 

 

 

Figure 1.6: The inventory data of heating with nitrogen of Condenser 

 

Table 1.5: The total input of heating with Nitrogen of Condenser on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.996 kWh 

Heating 

Energy 

Heat, central or small-scale, other than natural gas {TH}| heat 

and power co-generation, biogas, gas engine | Alloc Def, S 

1.17744231 

mega joule 

Nitrogen Nitrogen, liquid {RER}| air separation, cryogenic | Alloc Def, 

S 

60 grams 
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On the heating with nitrogen of condenser, as it shows on Figure 1.6, it is heated by the oven 

with nitrogen. The electrical consumption is the same as heating process. The total of 

heating time for one unit of condenser takes for 1 minute and 30 seconds to heat one unit of 

condenser and the total electrical consumption is 0.996 kWh as it shows on Figure 1.6. The 

heating’s energy is 620 Celsius which is converted to 1.17744231 mega joule. Nitrogen is 

another factor of environmental impact. To heat one unit of condenser and the amount usage 

is 60 grams. 

 

 

 

 

 

Figure 1.7: The inventory data of helium leakage testing of Condenser 

 

Table 1.6: The total input of helium leakage testing of Condenser on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.0932 kWh 

Helium Helium {GLO}| purification | Alloc Def, S 15 grams 

 

On the helium leakage testing, as it shows on Figure 1.7, it is the leakage testing of helium. 

The electrical consumption is 22.370 kW. The total of testing time for one unit of condenser 

takes for 15 seconds and the total electrical consumption is 0.0932 kWh. The electrical 

consumption is not only the factor of environmental impact. But the helium is also another 

factor of environmental impact and the amount usage is 15 grams.  

 

3.2.1.2 Evaporator 

 

3.2.1.2.1 Material Composition of Evaporator 

 

Table 1.7: The material composition of Evaporator 

No. Part Name Material Quantity Weight 

1 Laminated Coil 

Free 

Aluminum 1 1,030 gram 

2 Header Aluminum 1 29.20 gram 

3 Distributor Aluminum 1 40.25 gram 

4 Flang Aluminum 1 30.87 gram 

5 Screw Stainless Steel 2 15.00 gram 

6 Block Valve 

Knob 

Polypropylene 1 6.75 gram 

7 Rubber Rubber 2 1.80 gram 

8 PAD Polyethylene 1 0.011 gram 

9 PAD Polyethylene 1 0.0522 gram 

10 Foam Polyurethane 1 0.0014 gram 
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Table 1.8: The summation of material composition of Evaporator on SimaPro 

No. SimaPro Database Weight 

1 Aluminium alloy, AlMg3 {RER}| production | Alloc 

Def, S 

1,130.32 gram 

2 Steel, low-alloyed, hot rolled {RER}| production | Alloc 

Def, S 

15.00 gram 

3 Synthetic rubber {RER}| production | Alloc Def, S 1.80 gram 

4 Polyurethane, rigid foam {RER}| production | Alloc Def, 

S 

0.0014 gram 

5 Polyethylene, low density, granulate {RER}| production 

| Alloc Def, S 

0.0632 gram 

6 Polypropylene, granulate {RER}| production | Alloc 

Def, S 

6.75 gram 

  

On the material composition of evaporator, it composes of aluminum alloy, steel alloy, 

rubber, polyurethane, polyethylene and polypropylene. These material compositions as it 

shows on Table 2.9 will be summed and categorized on Table 3.0. 

 

3.2.1.2.2 Production Processing of Evaporator 

 

 

 

 

Figure 1.8: Production Processing of Evaporator 

 

On the production processing of evaporator, as it shows on Figure 1.8, it is ranging from 

core assembly, heating, heating with nitrogen, welding and helium leakage testing 

respectively. On the production processing of evaporator, it is similar with the production 

processing of condenser. It is different procedure in part of welding process. In the 

production processing of condenser as it shows on Figure 1.2, the welding process is in the 

2
nd

 procedure of processing. But in the production processing of evaporator, the welding 

process is on the 4
th

 procedure of processing. The production processing of evaporator is 

operating in the same production machine of condenser. Some of them are operating with 

different time of production and different heating energy. 

 

 

 

 

Figure 1.9: The inventory data of core assembly of Evaporator 

 

Table 1.9: The total input of core assembly of Evaporator on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.1242 kWh 

 

On the core assembly processing, as it shows on Figure 1.9, the total time of production for 

one unit of evaporator, it takes for 5 minutes and the total electrical consumption is 0.1242 

kWh. 
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Figure 2.0: The inventory data of heating of Evaporator 

 

Table 2.0: The total input of heating of Evaporator on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.1242 kWh 

Heating 

Energy 

Heat, central or small-scale, other than natural gas {TH}| heat 

and power co-generation, biogas, gas engine | Alloc Def, S 

0.892577235 

mega joule 

 

On the heating processing, as it shows on Figure 2.0, the total time of heating one unit of 

evaporator, it takes for 30 seconds to heat the evaporator and the total electrical 

consumption is 0.1242 kWh. The heating’s energy is 470 Celsius and it is converted to 

0.892577235 mega joule. 

 

 

 

 

 

 

 

Figure 2.1: The inventory data of heating with nitrogen of Evaporator 

 

Table 2.1: The total input of heating with Nitrogen of Evaporator on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.996 kWh 

Heating 

Energy 

Heat, central or small-scale, other than natural gas {TH}| heat 

and power co-generation, biogas, gas engine | Alloc Def, S 

1.21542432 

mega joule 

Nitrogen Nitrogen, liquid {RER}| air separation, cryogenic | Alloc Def, 

S 

60 grams 

 

On the heating with nitrogen of evaporator, as it shows on Figure 2.1, the total time of 

heating one unit of evaporator, it takes for 1 minute and 30 seconds. The total electrical 

consumption is 0.996 kWh. The heating’s energy is 640 Celsius and it is converted to 

1.21542432 mega joule. And the amount usage of nitrogen is 60 grams. 
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Figure 2.2: The inventory data of welding of Evaporator 

 

Table 2.2: The total input of welding of Evaporator on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.248 kWh 

Welding 

Length 

Welding, gas, steel {RER}| processing | Alloc Def, S 17.95734 cm 

 

On the welding process, as it shows on Figure 2.2, the total welding time of one unit of 

evaporator, it takes for 4 minutes. The total electrical consumption is 0.248 kWh and the 

total length of welding for one unit of evaporator is 17.95734 cm. 

 

 

   

 

 

Figure 2.3: The inventory of helium leakage testing of Evaporator 

 

Table 2.3: The total input of helium leakage testing of Evaporator on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.0932 kWh 

Helium Helium {GLO}| purification | Alloc Def, S 15 grams 

 

On the helium leakage testing, as it shows on Figure 2.3, the total helium leakage testing 

time of one unit of evaporator, it takes for 15 seconds. The total electrical consumption is 

0.0932 kWh and the amount usage of helium is 15 grams. 
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3.2.1.3 Liquid Tube 
 

3.2.1.3.1 Material Composition of Liquid Tube 

 

Table 2.4: The material composition of Liquid Tube 

No. Part Name Material Quantity Weight 

1 Tube Aluminum 1 14.6 gram 

2 Tube Aluminum 1 129.91 gram 

3 Flange Aluminum 1 13.0 gram 

4 O-ring Rubber 1 0.09 gram 

5 Cup Polyethylene 1 0.6 gram 

6 Charge Valve Aluminum 1 7.62 gram 

7 Valve Stainless Steel  1 2.2 gram 

8 Rubber Rubber 1 29.2 gram 

9 Cup Polyethylene 1 1.3 gram 

10 Flange Aluminum 1 10.6 gram 

11 O-ring Rubber 1 0.09 gram 

12 Cup Polyethylene 1 0.7 gram 

13 Insulation rubber Rubber 1 0.05 gram 

 

Table 2.5: The summation of material composition of Liquid Tube on SimaPro 

No. SimaPro Database Weight 

1 Aluminium alloy, AlMg3 {RER}| production | Alloc 

Def, S 

175.73 gram 

2 Synthetic rubber {RER}| production | Alloc Def, S 29.43 gram 

3 Polyethylene, low density, granulate {RER}| production 

| Alloc Def, S 

2.6 gram 

4 Steel, low-alloyed, hot rolled {RER}| production | Alloc 

Def, S 

2.2 gram 

 

On the material composition of liquid tube, it composes of aluminum alloy, rubber, 

polyethylene and steel alloy. These material compositions as it shows on Table 3.6 will be 

summed and categorized on Table 3.7. 

 

3.2.1.3.2 Production Processing of Liquid Tube 

 

 

 

 

Figure 2.4: Production Processing of Liquid Tube 

 

On the production processing of liquid tube, as it shows on Figure 2.4, it is ranging from 

pressing, bending, cutting, grinding and welding respectively. Electrical consumption is not 

only the factor of environmental impact. But the usage of gas argon to weld the liquid tube 

is also another factor of environmental impact. The data collection of these productions 

processing, it will be timing the production processing for on unit of liquid tube. On the 

welding processing, it will be collecting from the drawing of liquid tube. On the drawing, it 

shows the length of welding on liquid tube.  
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Figure 2.5: The inventory data of pressing of Liquid Tube 

 

Table 2.6: The total input of pressing of Liquid Tube on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.04583 

kWh 

 

On the pressing process, as it shows on Figure 2.5, it takes for 30 seconds to press one unit 

of liquid tube. The electrical consumption of pressing machine is 5.5 kW. So the total 

electrical consumption to operate for 30 seconds is 0.04583 kWh. 

 

 

 

 

Figure 2.6: The inventory data of bending of liquid tube 

 

Table 2.7: The total input of bending of Liquid Tube on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.0625 kWh 

On the bending process, as it shows on Figure 2.6, it takes for 45 seconds to bend one unit 

of liquid tube. The electrical consumption of bending machine is 5 kW. So the total 

electrical consumption to operate for 45 seconds is 0.0625 kWh.  

 

 

 

 

Figure 2.7: The inventory data of cutting of Liquid Tube 

 

Table 2.8: The total input of cutting of Liquid Tube on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.00277 

kWh 

 

On the cutting process, as it shows on Figure 2.7, it takes for 1 second to cut one unit of 

liquid tube. The electrical consumption of cutting machine is 1 kW. So the total electrical 

consumption to operate for 1 second is 0.00277 kWh. 
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Figure 2.8: The inventory data of grinding of Liquid Tube 

 

Table 2.9: The total input of grinding of Liquid Tube on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc 

Def, S 

0.00008722 kWh 

 

On the grinding process, as it shows on Figure 2.8, it takes for 1 second to grinding one unit 

of liquid tube. The electrical consumption of grinding machine is 0.314 kW. So the total 

electrical consumption to operate for 1 second is 0.00008722 kWh. 

 

 

 

 

 

Figure 2.9: The inventory data of welding of Liquid Tube 

 

Table 3.0: The total input of welding of Liquid Tube on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.062 kWh 

Welding 

Length 

Welding, gas, steel {RER}| processing | Alloc Def, S 5.0264 cm 

 

On the welding process, as it shows on Figure 2.9, it takes for 1 minute to weld one unit of 

liquid tube. The electrical consumption of welding machine is 3.72 kW. So the total 

electrical consumption to operate 1 minute is 0.062 kWh and the total length of welding is 

5.0264 cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Grinding 0.00008722 kWh 

Welding 
0.062 kWh 

5.0264 cm 



 20 

3.2.1.4 Low Pressure Hose 

 

3.2.1.4.1 Material Composition of Low Pressure Hose 

 

Table 3.1: The material composition of Low Pressure Hose 

No. Part Name Material Quantity Weight 

1 Tube Aluminum 1 36.73 gram 

2 Tube Aluminum 1 44.89 gram 

3 Hose Rubber 1 156.6 gram 

4 Ferrule Aluminum 2 24.60 gram 

5 Charge Valve Aluminum 1 4.93 gram 

6 Valve Stainless Steel 1 2.2 gram 

7 Rubber Rubber 1 15.1 gram 

8 Cup Polyethylene 1 0.8 gram 

9 Flange Aluminum 1 25.28 gram 

10 O-ring Rubber 1 0.36 gram 

11 Cup Polyethylene 1 1.0 gram 

12 Flange Aluminum 1 33.07 gram 

13 O-ring Rubber 1 0.31 gram 

14 Cup Polyethylene 1 1.4 gram 

 

Table 3.2: The summation of material composition of Low Pressure Hose on SimaPro 

No. SimaPro Database Weight 

1 Aluminium alloy, AlMg3 {RER}| production | Alloc 

Def, S 

169.5 gram 

2 Synthetic rubber {RER}| production | Alloc Def, S 172.37 gram 

3 Steel, low-alloyed, hot rolled {RER}| production | Alloc 

Def, S 

2.2 gram 

4 Polyethylene, low density, granulate {RER}| production 

| Alloc Def, S 

3.2 gram 

 

On the material composition of low pressure hose, it composes of aluminum alloy, rubber, 

steel alloy and polyethylene. These material compositions as it shows on Table 4.3 will be 

summed and categorized on Table 4.4. 

 

3.2.1.4.2 Production Processing of Low Pressure Hose 

 

 

 

 

Figure 3.0: Production Processing of Low Pressure Hose 

 

On the production processing of low pressure hose, as it shows on Figure 3.0, it is the same 

production procedure as liquid tube. Also the production time of one unit of low pressure 

hose is the equal to production time of one unit of liquid tube. Except the welding 

processing, it takes different production time and different length to weld the low pressure 

hose.  
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Figure 3.1: The inventory data of welding of Low Pressure Hose 

 

Table 3.3: The total input of welding of Low Pressure Hose on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.186 kWh 

Welding 

Length 

Welding, gas, steel {RER}| processing | Alloc Def, S 12.4407 cm 

 

On the welding process, as it shows on Figure 3.1, it takes for 3 minutes to weld one unit of 

low pressure hose. The electrical consumption of welding machine is 3.72 kW. So the total 

electrical consumption to weld one unit of low pressure hose is 0.186 kWh and the total 

length of welding process is 12.4407 cm. 

 

3.2.1.5 High Pressure Hose 

 

3.2.1.5.1 Material Composition of High Pressure Hose 

 

Table 3.4: The material composition of High Pressure Hose 

No. Part Name Material Quantity Weight 

1 Tube Aluminum 1 24.59 gram 

2 Tube Aluminum 1 50.68 gram 

3 Hose Rubber 1 147.55 gram 

4 Ferrule Aluminum 2 29.6 gram 

5 Flange Aluminum 1 22.10 gram 

6 O-ring Rubber 2 0.26 gram 

7 Cup Polyethylene 2 1.0 gram 

8 Flange Aluminum 1 29.7 gram 

 

Table 3.5: The summation of material composition of High Pressure Hose on SimaPro 

No. SimaPro Database Weight 

1 Aluminium alloy, AlMg3 {RER}| production | Alloc 

Def, S 

156.67 gram 

2 Synthetic rubber {RER}| production | Alloc Def, S 147.81 gram 

3 Polyethylene, low density, granulate {RER}| production 

| Alloc Def, S 

1.0 gram 

 

On the material composition of high pressure hose, it composes of aluminum alloy, rubber 

and polyethylene. These material compositions as it shows on Table 4.6 will be summed and 

categorized on Table 4.7. 
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3.2.1.5.2 Production Processing of High Pressure Hose 

 

 

 

 

Figure 3.2: Production Processing of High Pressure Hose 

 

The production processing of high pressure hose, as it shows on Figure 3.2, it is the same 

production procedure as liquid tube. Except the welding processing, it takes different 

production time and different length to weld one unit of high Pressure hose. 

 

 

 

 

Figure 3.3: The inventory data of welding of High Pressure Hose 

 

Table 3.6: The total input of welding of High Pressure Hose on SimaPro 

Input SimaPro Database Amount 

Electrical 

Consumption 

Electricity, high voltage {TH}| production mix | Alloc Def, S 0.186 kWh 

Welding 

Length 

Welding, gas, steel {RER}| processing | Alloc Def, S 7.539822 cm 

 

On the welding process, as it shows on Figure 3.3, it takes for 3 minutes to weld one unit of 

low pressure hose. The electrical consumption of welding machine is 3.72 kW. So the total 

electrical consumption to weld one unit of low pressure hose is 0.186 kWh and the total 

length of welding process is 7.539822 cm. 

 

3.2.1.6 Receiver Drier 

 

3.2.1.6.1 Material Composition of Receiver Drier 

 

Table 3.7: The material composition of Receiver Drier on SimaPro 

SimaPro Database Weight 

Aluminium alloy, AlMg3 {RER}| production | Alloc Def, S 300 gram 

 

On the material composition of Receiver Drier, it is purely composed by aluminum alloy 

with 300 gram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pressing Bending Cutting Grinding Welding 

Welding 
0.186 kWh 

7.539822 cm 
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3.2.1.6.2 Transportation of Receiver Drier 

 

 

 

 

Figure 3.4: The inventory data of transportation of Receiver Drier 

 

Table 3.8: The transportation of Receiver Drier on SimaPro 

SimaPro Database Total Weight 

of Material 

Distance Freight 

Transport, freight, light commercial 

vehicle {GLO}| market for | Alloc 

Def, S 

300 gram 88.6 km 26.7 kg.km 

 

Since there a restriction of data collection in part of the production processing of receiver 

drier, our thesis will be cover only the transportation from the assembly plant at Thonburi to 

the assembly plant at On Nut. On the Table 5.0, the total weight of material is 300 gram and 

the transportation distance is 88.6 km, so the freight of receiver drier is 26.7 kg.km.  

 

3.2.1.7 Compressor 

 

3.2.1.7.1 Material Composition of Compressor 

 

Table 3.9: The material composition of Compressor 

No. Part Name Material Weight 

1 Clutch Assembly(1) (body) Steel 0.620 kg 

2 Clutch Assembly(2) (body) Steel 1.067 kg 

3 Clutch Assembly(3) (body) Steel 0.507 kg 

4 Wire Copper 0.005 kg 

5 Plastic Plastic 0.002 kg 

6 Clamp Brass 0.002 kg 

7 Screw Steel 0.002 kg 

8 O-Ring Steel 0.020 kg 

9 Nut Steel 0.006 kg 

10 Copper Wire Copper 0.361 kg 

11 Plastic Plastic 0.022 kg 

12 Main Body Section (1) (body) Cast Iron 0.767 kg 

13 Swash Plate Steel 0.455 kg 

14 Piston 1 Steel 0.095 kg 

15 Piston 2 Steel 0.095 kg 

16 Piston 3 Steel 0.095 kg 

17 Piston 4 Steel 0.095 kg 

18 Piston 5 Steel 0.095 kg 

19 Ring Steel 0.062 kg 

20 Piston (Additional Component) Steel 0.055 kg 

21 O-ring Rubber 0.002 kg 

22 Main Body Section (2) (body) Cast Iron 0.775 kg 

23 Main Body Section (3) (body) Cast Iron 0.404 kg 

24 Main Body Section (4) (body) Cast Iron 0.315 kg 

25 Plate 1 Steel 0.049 kg 

Assembly Plant 

at Thonburi 

Assembly Plant 

at On Nut 
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26 Plate 2 Steel 0.014 kg 

27 Plate 3 Steel 0.048 kg 

28 Plate 4 Steel 0.014 kg 

29 Plate 5 Steel 0.029 kg 

30 Plate 6 Steel 0.029 kg 

31 Plate 7 Steel 0.028 kg 

32 Bolt 1 Steel 0.054 kg 

33 Bolt 2 Steel 0.054 kg 

34 Bolt 3 Steel 0.054 kg 

35 Bolt 4 Steel 0.054 kg 

36 Bolt 5 Steel 0.054 kg 

37 O-Ring (2 pieces) Rubber 0.003 kg 

38 Small Plate 1 Steel 0.002 kg 

39 Small Plate 2 Steel 0.002 kg 

40 Small Steel Rod Steel 0.004 kg 

 

Table 4.0: The summation of material composition of Compressor on SimaPro 

No. SimaPro Database Weight 

1 Steel, low-alloyed {GLO}| market for | Alloc Def, S 3.758 kg 

2 Cast iron {RER}| production | Alloc Def, S 2.261 kg 

3 Copper {GLO}| market for | Alloc Def, S 0.366 kg 

4 Polyethylene, high density, granulate {RER}| production 

| Alloc Def, S 0.024 kg 

5 Brass {RoW}| production | Alloc Def, S 0.002 kg 

6 Synthetic rubber {RER}| production | Alloc Def, S 0.005 kg 

 

Since the compressor is not manufactured by Formula Industry and it is disallowed to 

disassemble the compressor, hence we have to buy the 2
nd

 hand of pickup’s truck 

compressor at maintenance’s shop and we disassemble it. Also we are using the digital scale 

to weight each of disassembled part as it shows on the bottom right of Figure 3.5. 

 

  
 

 

 

 
Figure 3.5: The disassembling of compressor and the digital scale 
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On the clutch assembly of compressor, we disassemble the part of clutch assembly and we 

weighting each component of clutch assembly as it shows on Table 5.1. But notice that on 

clutch assembly as it shows on Table 5.1, there are 2 types of copper wire and the weighting 

of these two wires are different as it shows on Figure 3.6. In addition, one of the main 

environmental impacts of compressor is copper. Based on the literature review (Yang Guan, 

Chaofeng Shao, Xiaogang Tian, Meiting Ju (2013)), it mentions that the aluminum is able to 

substitute of aluminum with copper in the Chinese indoor air-conditioner industry, hence it 

is applicable with vehicle’s air-conditioner. So our research, we will compare the 

environmental impact of compressor with copper and compressor with aluminum.  

 

  
 

  

 
Figure 3.6: The disassembling of clutch assembly and the weighting of copper 
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Thus, to assess the environmental impact more effective, we have to create the inventory of 

compressor with aluminum wire on SimaPro software with the same weighting of copper 

(on Table 5.2) as it shows on Table 5.3. 

 

Table 4.1: The inventory of Compressor with aluminum wire on SimaPro 

No. SimaPro Database Weight 

1 Steel, low-alloyed {GLO}| market for | Alloc Def, S 3.758 kg 

 Cast iron {RER}| production | Alloc Def, S 2.261 kg 

2 Aluminium alloy, AlMg3 {RER}| production | Alloc 

Def, S 0.366 kg 

3 Polyethylene, high density, granulate {RER}| production 

| Alloc Def, S 0.024 kg 

4 Brass {RoW}| production | Alloc Def, S 0.002 kg 

5 Synthetic rubber {RER}| production | Alloc Def, S 0.005 kg 

 

3.2.1.7.2 Transportation of Compressor 

 

 

 

 

Figure 3.7: The inventory data of transportation of Compressor 

 

Table 4.2: The transportation of Compressor on SimaPro 

SimaPro Database Total Weight 

of Material 

Distance Freight 

Transport, freight, lorry >32 metric 

ton, EURO3 {GLO}| market for | 

Alloc Def, S 

6.416 kilogram 48.6 km 311.81 kg.km 

 

Compressor is another part of air-conditioner which is not manufactured by company. It is 

imported from China. So the total distance from the port at Khlong Teoi to the main 

assembly plant at On Nut will be considered. As the Table 5.2 shows that the total weight of 

material is 6.416 kg and the transportation distance from the port at Khlong Teoi to the 

assembly plant at On Nut is 48.6 km, so the freight of compressor will be 311.81 kg.km.  

 

3.2.1.8 Expansion Valve 

 

3.2.1.8.1 Material Composition of Expansion Valve 

 

Table 4.3: The material composition of Expansion Valve on SimaPro 

SimaPro Database Weight 

Aluminium alloy, AlMg3 {RER}| production | Alloc Def, S 146.9 gram 

 

 

 

 

 

 

 

 

 

The Port 

Khlong Teoi 

Assembly Plant 

at On Nut 
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3.2.1.8.2 Transportation of Expansion valve 

 

 

 

 

 

Figure 3.8: The inventory data of transportation of Expansion Valve 

 

 

Table 4.4: The transportation of Expansion Valve on SimaPro 

SimaPro Database Total Weight 

of Material 

Distance Freight 

Transport, freight, light commercial 

vehicle {GLO}| market for | Alloc 

Def, S 

146.9 gram 175.6 km 25.85 kg.km 

 

Expansion Valve is another part of air-conditioner which is not manufactured by company. 

It is delivered from the other company at Ayutthaya to the main assembly plant at On Nut. 

As the Table 5.5 shows that the total weight of material is 146.9 gram and the transportation 

distance from the other company at Ayutthaya to the assembly plant at On Nut is 175.6 km, 

so the freight of expansion valve will be 25.85 kg.km.  

 

3.2.1.9 Cooling Fan 

 

3.2.1.9.1 Material Composition of Cooling Fan 

 

Table 4.5: The material composition of Cooling Fan on SimaPro 

No. SimaPro Database Weight 

1 Polypropylene, granulate {RER}| production | Alloc Def, 

S 

347.8 gram 

2 Steel, low-alloyed, hot rolled {RER}| production | Alloc 

Def, S 

242.9 gram 

 

On the cooling fan, as it shows on Table 5.7, it is divided into two types of material which 

composed by polypropylene and steel alloy. The body of cooling Fan is composed by 

polypropylene. For the motor, it is composed by the steel alloy.  

 

3.2.1.9.2 Transportation of Cooling Fan 

 

 

 

 

 

Figure 3.9: The inventory data of transportation of Cooling Fan 

 

 

 

 

 

 

 

Supplier at  

Ayutthaya 

Assembly Plant 

at On Nut 

Assembly Plant at 

Krungthep Kreetha 

Assembly Plant 

at On Nut 
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Table 4.6: The transportation of Cooling Fan on SimaPro 

SimaPro Database Total Weight 

of Material 

Distance Freight 

Transport, freight, light commercial 

vehicle {GLO}| market for | Alloc 

Def, S 

590.7 gram 33.5 km 20.8 kg.km 

Since the data collection of production processing of cooling fan at Krungthep Kreetha is 

disallowed by the company, so the production processing at Krungthep Kreetha will be 

neglected. The total weight of cooling fan is 590.7 gram and the total distance of 

transportation from the assembly plant at Krungthep Kreetha to the assembly plant at On 

Nut is 33.5 km, the freight of cooling fan will be 20.8 kg.km.  

 

3.2.1.10 Refrigerant 

 

3.2.1.10.1 Material Composition of Refrigerant 

 

On the refrigerant, R134a is currently used in the market and it is producing a lot of 

greenhouse gases. The capacity of refrigerant R134a in the air-conditioning system will be 

based on the reference (http://www.nrf.eu/uploads/files/nrf_ac_70x100_zs_def_lr.pdf), and 

it is mentioned that the capacity of refrigerant R134a in air-conditioning system of ISUZU 

D-MAX is 650 gram. However, there are 2 alternatives refrigerant which are able to replace 

with R134a which is including R1234yf and R744. So on our research will investigate the 

environmental performance of the 3 types of refrigerant. 

 

Table 4.7: The material composition of Refrigerant 

Alternative Refrigerant Chemical 

Formula 

Weight 

Refrigerant R134a {RER}| production | Alloc Def, 

S 
        650 gram 

R1234yf        650 gram 

R744     650 gram 

 

Based on the literature review (J. Navarro-Esbri, J.M. Mendoza-Miranda, A. Mota-Babiloni, 

A. Barragan-Cervera, J.M. Belman-Flores, 2012), it mentions that R1234yf is able to replace 

with R134a. Hence, R1234yf will be used to compare of the environmental impact with 

R134a. So as the R1234yf is excluded in Simapro, the R1234yf will be constructed the 

proxy up in Simapro as it shows on Table 6.0. 

 

Table 4.8: The proxy of R1234yf on SimaPro 

SimaPro Database Atomic 

weight 

Weight 

Carbon black {GLO}| 

production | Alloc Def, S 

12.011 gram (                          )         

            
  

             

Hydrogen, liquid {RER}| 

hydrogen cracking, APME | 

Alloc Def, S 

1.008 gram (                      )         

            
  

            

Fluorine, liquid {RER}| 

production | Alloc Def, S 

18.998 gram (                            )         

            
  

             

 

http://www.nrf.eu/uploads/files/nrf_ac_70x100_zs_def_lr.pdf
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Based on the literature review (Ciro Aprea, Adriana Greco, Angelo Maiorino, 2013), it 

mentions that R744 is able to replace with R134a. Hence, R744 will be also used to compare 

of the environmental impact with R134a. Since R744 is excluded on Simapro Software, so 

the proxy will be created as it shows on Table 6.1. 

 

Table 4.9: The proxy of R744 on SimaPro 

SimaPro Database Weight 

Carbon dioxide, liquid {GLO}| market for | Alloc Def, S 650 gram 

 

3.2.1.10.2 Transportation of Refrigerant 

 

 
Figure 4.0: The weighting of the tank of refrigerant 

 

 

 

 

 

Figure 4.1: The inventory data of transportation of Refrigerant 

 

Table 5.0: The transportation of Refrigerant on SimaPro 

SimaPro Database Total Weight 

of the tank 

Distance Freight 

Transport, freight, lorry >32 metric 

ton, EURO3 {GLO}| market for | 

Alloc Def, S 

13.6 kilogram 48.6 km 660.96 kg.km 

 

Since the refrigerant is imported from China, so our thesis will be considering the total 

distance of transportation from the port at Khlong Teoi to the assembly plant at On Nut. 

Both type of the refrigerant is transported from the same company. So our research, the 

transportation of refrigerant R134a as it shows on Figure 4.0 that the total weight of the tank 

of refrigerant is 13.6 kilogram and the distance is 48.6 km, so the freight of one unit of 

refrigerant is 660.96 kg.km. For the rest of 2 refrigerants (R1234yf and R744), since the 2 

refrigerants are not currently existed in the market in Thailand and we are lack of the data of 

the total weighting of the tank of R1234yf and R744, our research will be assumed that the 

weighting of the 2 types of tank will be the same as R134a. 

The Port 
Khlong Teoi 

 

Assembly Plant 

at On Nut 
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3.2.2 Use Phase 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: The performance of pickup’s truck air-conditioner 

 

The use phase is a crucial part of the vehicle’s air-conditioner and it is the main 

environmental impact. On Figure 4.2, since the user starts the engine, the alternator will 

generate electrical energy to the cooling fan and the compressor is directly operated by 

mechanical energy of the engine with the belt. During the air-conditioner is operating, the 

refrigerant will be flowing in the air-conditioning system. In addition, the weighting of air-

conditioner’s components has effective of fuel consumption.  

 

On our research, we will compare the environmental impact of 4 factors (the fuel 

consumption of compressor, the electrical consumption of cooling fan, the flowing of 

refrigerant (R134a) in air-conditioning system and the carrying air-conditioning system). 

For the refrigerant, since R1234yf and R744 are replaceable with R134a, we will compare 

the environmental impact of these 3 types of refrigerant. In addition, since the vehicle’s air-

conditioner is currently operated by diesel engine and bio-diesel is replaceable with diesel, 

we will compare the environmental impact of these 2 types of fuel.  
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Figure 4.3: The structure of the use phase of pickup’s truck air-conditioner 

 

3.2.2.1 The comparison of 4 factors: the fuel consumption of compressor, the electrical 

consumption of cooling fan, the flowing of refrigerant (R134a) in air-conditioning 

system and the carrying of air-conditioning system 
 

To compare the 4 factors, we have to create the proxy of fuel consumption of operating air-

conditioning system and we have to do the experiment. On the experiment of pickup’s truck 

air-conditioning system, we had been driven from Bangkok to Ayutthaya and from 

Ayutthaya to Bangkok with turning off the air-conditioning system. Also at the second time 

of the experiment, we had been driven from Bangkok to Ayutthaya and from Ayutthaya to 

Bangkok with turning on the air-conditioning system.  

 

Notice that on Figure 4.4 and on Figure 4.5, the indicator shows the different amount of fuel 

consumption. On the Figure 4.4, it shows the amount of fuel consumption when the air-

conditioner is turned off and the indicator shows that it is 12.3 km/liter. On the Figure 4.5, it 

shows the amount of fuel consumption when the air-conditioner is turned on and the 

indicator shows that it is 10.1 km/liter. Hence, based on this experiment, the fuel 

consumption of air-conditioning system will be 21.78% of fuel consumption. 

Use Phase 

Fuel 
Consumption of 

Compressor 
(4,373.68 liters) 

Electrical 
Consumption 
of Cooling Fan 
(88.80 liters) 

Refrigerants Flowing 
in Air-Conditioning 

System 

Carrying of Air-
Conditioning System 

Diesel Consumption of 
Carrying Air-

Conditioning System 
(80.22 liters) 

Diesel Consumption of 
Operating Air-Conditioning 

System 
(4,462.49 liters) 

Diesel Consumption  
(4,542.71 liters) 
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Figure 4.4: The fuel consumption of pickup’s truck when the air-conditioner is turned 

off 

 

 
Figure 4.5: The fuel consumption of pickup’s truck when the air-conditioner is turned 

on 
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The pickup’s truck is powered by diesel and to create the proxy of total diesel consumption 

of pickup’s truck air-conditioning system, we have to know the total diesel consumption of 

pickup’s truck. On Table 6.3, it shows that the diesel consumption of pickup’s truck is 10.1 

km per liter and the total life time of pickup’s truck air-conditioner is 206,938.50 km, hence 

the total diesel consumption of pickup’s truck will be 20,488.96 liters. 

 

Table 5.1: The total diesel consumption of pickup’s truck 

Diesel Consumption 

of pickup’s truck 

Total life time of pickup’s truck 

air-conditioner 

Total Diesel 

Consumption of 

pickup’s truck 

10.1 km per liter 206,938.50 km 20,488.96 liters 

 

Since the total diesel consumption of pickup’s truck is 20,488.96 liters and the percentage of 

diesel consumption in air-conditioning system is 21.78%, the total diesel consumption of 

operating air-conditioning system will be 4,462.49 liters as it shows on Table 6.4. 

 

Table 5.2: The total diesel consumption of pickup’s truck air-conditioning system 

Total Diesel Consumption of pickup’s 

truck 

Total of Diesel Consumption in Air-

Conditioning System 

(21.78%) 

20,488.96 liters 4,462.49 liters 

 

On the proxy of diesel consumption of operating the air-conditioning system on SimaPro as 

it shows on Table 6.5, the diesel consumption of operating the air-conditioning system will 

be 4,462.49 liters. Since the power consumption of compressor is 3 kW and the power 

consumption of cooling fan is 0.061 kW, the percentage of diesel consumption of operating 

the air-conditioning system on SimaPro will be 98.01% and 1.99%, respectively.  

 

Table 5.3: The proxy of diesel consumption of operating the air-conditioning system on 

SimaPro 

Output Power 

Consumption 

Percentage Amount 

Fuel Consumption of Compressor 3 kW 98.01 % 4,373.68 liters 

Electrical Consumption of Cooling Fan 0.061 kW 1.99 % 88.80 liters 

Input (SimaPro Database) Amount 

Diesel, at refinery/l/US 4,462.49 liters 

 

Since the weighting of air-conditioning system is another factor of fuel consumption, hence, 

we have to sum up the weighting of material composition of each component and calculate 

the freighting of each component as it shows on Table 6.6. For the refrigerant, since the 

refrigerant is a gas, it will be excluded. For the total distance, it will be based on the data 

collection on Appendix A. 
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Table 5.4: The freighting of air-conditioner’s components 

Components Weight Total Distance Freight 

Condenser 2.10 kg  

 

 

 

206,938.50 km 

434,570.85 kg.km 

Evaporator 1.153 kg 238,600.09 kg.km 

Liquid Tube 0.209 kg 43,250.15 kg.km 

Low Pressure Hose 0.347 kg 71,807.66 kg.km 

High Pressure Hose 0.305 kg 63,116.24 kg.km 

Receiver Drier 0.3 kg 62,081.55 kg.km 

Expansion Valve 0.146 kg 30,213.02 kg.km 

Cooling Fan 0.590 kg 122,093.72 kg.km 

Compressor 6.416 kg 1,327,717.41 kg.km 

Total 11.56 kg 2,393,450.691 kg.km 

 

To create the proxy of carrying air-conditioning system and to compare the environmental 

impact of each air-conditioner’s components, we have to know the diesel consumption of 

carrying each air-conditioner’s components. 

 

Notice that when the pickup’s truck is running, it is carrying the body of itself. Since the 

total diesel consumption of pickup’s truck for 1 lifetime is 20,488.96 liters as it shows on 

Table 6.3 and the gross vehicle mass of pickup’s truck is 2,950 kg, hence, the total diesel 

consumption of pickup’s truck (1 lifetime) for carrying 1 kg of component will be 6.94 liters 

and the diesel consumption of carrying each component will be expressed on Table 6.7. 

 
                                          

                                        
 

                 

        
                      

 

Table 5.5: The proxy of carrying each air-conditioner’s components on SimaPro 

Output Freight Input SimaPro Database 

(Diesel, at refinery/l/US) 

Carrying of Condenser 434,570.85 kg.km 14.57 liters 

Carrying of Evaporator 238,600.09 kg.km 8.002 liters 

Carrying of Liquid Tube 43,250.15 kg.km 1.45 liters 

Carrying of Low Pressure Hose 71,807.66 kg.km 2.40 liters 

Carrying of High Pressure Hose 63,116.24 kg.km 2.11 liters 

Carrying of Receiver Drier 62,081.55 kg.km 2.082 liters  

Carrying of Expansion Valve 30,213.02 kg.km 1.01 liters 

Carrying of Cooling Fan 122,093.72 kg.km 4.09 liters 

Carrying of Compressor 1,327,717.41 kg.km 44.52 liters 

Total 2,393,450.691 kg.km 80.22 liters 

 

To create the proxy of the use phase of pickup’s truck air-conditioner as it shows on Table 

6.8 and to compare the 4 factors (the fuel consumption of compressor, the electrical 

consumption of cooling fan, the flowing of refrigerant (R134a) in air-conditioning system 

and the carrying of air-conditioning system) of environmental impact, we have to input the 3 

factors (the fuel consumption of compressor, the electrical consumption of cooling fan and 

the flowing of refrigerant (R134a) in the air-conditioning system) for the operating of air-

conditioning system which is the output of Table 6.5 and we also have to input another 

factor for the carrying air-conditioning system as it is presented on Table 6.7. For the 

refrigerant flowing in the air-conditioning system, since the refrigerant R134a is currently 



 

35 

 

used in the market and it is currently existed in the SimaPro database, we have to input the 

refrigerant R134a from SimaPro database. 

Table 5.6: The proxy of the use phase of pickup’s truck air-conditioner on SimaPro 

Output Amount 

Use Phase 1 unit 

Input Amount 

Fuel Consumption of Compressor 98.01 % 

Electrical consumption of Cooling Fan 1.99 % 

Refrigerant R134a {GLO}| market for | Alloc Def, S 650 grams 

Carrying of Air-Conditioning System 80.22 liters 

 

3.2.2.2 The comparison of the use phase with the refrigerant R134a, R1234yf and 

R744. 

 

The refrigerant is a crucial component of the air-conditioning’s system and it is one of the 

main environmental impacts of the air-conditioning system. The refrigerant of R134a is 

currently existed in the market and most of the vehicle’s manufacturers prefer to purchase 

R134a for charging in the vehicle’s air-conditioner. But there are two alternatives which are 

able to replace with the refrigerant R134a and it is including R1234yf and R744 as we 

mentioned on the life cycle inventory of manufacturing phase. 

 

On Table 6.9, since R134a is already existed on SimaPro software, we will input the 

database of refrigerant R134a on SimaPro software. For the rest of the 2 alternatives 

(R1234yf and R744), it is not existed on SimaPro software, so we will create the proxy as 

we mentioned on the life cycle inventory of manufacturing phase. 

 

Table 5.7: The inventory data of refrigerant in air-conditioning system 

Alternative Refrigerant Chemical 

Formula 

Weight 

Refrigerant R134a {GLO}| market for | Alloc Def, 

S 
        650 gram 

R1234yf        650 gram 

R744     650 gram 

 

For the use phase with the 3 refrigerants (R134a, R1234yf and R744), we will create up on 

SimaPro software as it shows on Table 7.0 and Table 7.1. For the use phase with R134a, it 

will be based on the same inventory data on Table 6.8. 

 

Table 5.8: The Life Cycle Inventory of the use phase with R1234yf 

Output Amount 

Use Phase 1 unit 

Input Amount 

Fuel Consumption of Compressor 98.01 % 

Electrical consumption of Cooling Fan 1.99 % 

R1234yf 650 grams 

Carrying of Air-Conditioning System 80.22 liters 
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Table 5.9: The Life Cycle Inventory of the use phase with R744 

Output Amount 

Use Phase 1 unit 

Input Amount 

Fuel Consumption of Compressor 98.01 % 

Electrical consumption of Cooling Fan 1.99 % 

R744 650 grams 

Carrying of Air-Conditioning System 80.22 liters 

 

3.2.2.4 The comparison of the use phase with diesel and bio-diesel. 

 

Fuel consumption is the most crucial part of vehicle’s air-conditioning performance and it is 

the main factor of environmental impact of vehicle’s air-conditioner. Since the pickup’s 

truck is powered by diesel and bio-diesel is replaceable with diesel, we will compare the use 

phase of air-conditioner with diesel and bio-diesel. For the functional unit, it will be based 

on the average total distance on Appendix A. 

 

Since the used vegetable cooking oil is bio-diesel and it is recycled, the proxy of bio-diesel 

consumption of operating the air-conditioning system and carrying the air-conditioning 

system on SimaPro software will be avoided products with the density of vegetable oil (0.93 

kg/liter) and with the same diesel consumption (10.5 km/liter) as it shows on Table 7.2, 

Table 7.3 and Table 7.4 

 

Table 6.0: The proxy of the use phase with Bio-Diesel of pickup’s truck air-conditioner 

on SimaPro 

Output Power 

Consumption 

Percentage Amount 

Fuel Consumption of Compressor 3 kW 98.01 % 4,067.52 kg 

Electrical Consumption of Cooling Fan 0.061 kW 1.99 % 82.58 kg 

Input (SimaPro Database) Amount 

Vegetable oil, refined {GLO}| market 

for | Alloc Def, S 

4,150.11 kg 

 

Table 6.1: The proxy of carrying each air-conditioner’s components on SimaPro 

Output Freight Input SimaPro Database 

(Vegetable oil, refined 

{GLO}| market for | 

Alloc Def, S) 

Carrying of Condenser 434,570.85 kg.km 13.55 kg 

Carrying of Evaporator 238,600.09 kg.km 7.44 kg 

Carrying of Liquid Tube 43,250.15 kg.km 1.34 kg 

Carrying of Low Pressure Hose 71,807.66 kg.km 2.232 kg 

Carrying of High Pressure Hose 63,116.24 kg.km 1.96 kg 

Carrying of Receiver Drier 62,081.55 kg.km 1.93 kg 

Carrying of Expansion Valve 30,213.02 kg.km 0.9393 kg 

Carrying of Cooling Fan 122,093.72 kg.km 3.80 kg 

Carrying of Compressor 1,327,717.41 kg.km 41.40 kg 

Total 2,393,450.691 kg.km 74.60 kg 

 



 

37 

 

Table 6.2: The proxy of the use phase with Bio-Diesel of pickup’s truck air-conditioner 

on SimaPro 

Output Amount 

Use Phase 1 unit 

Input Amount 

Fuel Consumption of Compressor 98.01 % 

Electrical consumption of Cooling Fan 1.99 % 

Refrigerant R134a {GLO}| market for | Alloc Def, S 650 grams 

Carrying of Air-Conditioning System 74.60 kg 

 

 

3.2.3 End-Of-Life  

 

  
Figure 4.6: The 2

nd
 hand vehicle’s parts shop in Thailand 

 

Since the pickup’s truck air-conditioner components are the vehicle’s part and to collect the 

data at the end-of-life of pickup’s truck air-conditioner in Thailand, we have to collect at the 

2
nd

 hand vehicle’s parts shop in Thailand. But the 2
nd

 hand vehicle’s parts shop in Thailand 

is just a small shop as it shows on Figure 4.6 and it is unsystematic. 

 

On the observation at the 2
nd

 hand vehicle’s parts shop in Thailand, there are 2 types 

(irrecoverable parts and recoverable parts) of vehicle’s part in Thailand, the recoverable 

parts will be reused and the irrecoverable parts will be discarded to unplaced. Based on the 

observation, we assume that the discarded vehicle’s parts will be recycled. If the 2
nd

 hands 

of vehicle’s parts are reused and it is irrecoverable, the most end-of-life will be recycled. 

Thus, our research, the end-of-life of pickup’s truck air-conditioner components will be 

sending to recycle.  

 

3.3 Life Cycle Impact Assessment 

 

Based on literature review (C.H. Liu, Sue J. Lin, C. Lewis, 2009), IMPACT 2002+ can 

provide an outstanding advantage to simply identify the damage allocation of all concerned 

issues such as human health, ecosystem and resources consumption. In addition, the 

reference area of IMPACT 2002+ includes not only Europe but also the world; hence, 

Impact 2002+ is more applicable than other methodology from the viewpoint of geography. 

So from this statement, the IMPACT 2002+ will be used to assess the impact of pickup’s 

truck air conditioner in Thailand. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 Results and Discussion 

 

Since our research is investigating the environmental impact ranging from manufacturing 

phase, use phase and end-of-life, at the results and discussion, the data will be presented 

ranging from the manufacturing phase, use phase and end-of-life, respectively. On the 

manufacturing phase, it is dividing the result of material composition of each component, 

the result of production processing of each component and the transportation from the 

supplier and from the other assembly plants. On the use phase, since there are 3 factors of 

environmental in the air-conditioning system and the research is considering the weighting 

of air-conditioner’s components, the 3 factors (the electrical consumption of cooling fan, the 

fuel consumption of compressor and the refrigerant flowing in the system) will be compared 

and the weighting of air-conditioner’s components will be compared. For the end-of-life, 

since the waste treatment in Thailand is unsystematic and our research assumes that it will 

be recycled, the result will be expressed of recycle. 

 

4.1.1 Manufacturing Phase 

 

4.1.1.1 Material composition 

 

On the Figure 4.7, it shows the environmental impact of material composition of each 

component of pickup’s truck air-conditioner. Since the result is expressed on Figure 4.4, it is 

showing that the compressor has a highest environmental impact with the score 9.53 mPt, 

the 2nd highest environmental impact is the refrigerant (R134a) with 5.52 mPt, the 3rd 

highest environmental impact is condenser with 4.39 mPt, the 4th highest environmental 

impact is evaporator with 2.54 mPt and the rest of the components (like the receiver drier, 

the low pressure hose, liquid tube, high pressure hose, expansion valve and the cooling fan) 

have the least environmental impact.  
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Figure 4.7: The single score of material composition of each component 
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4.1.1.2 Production Processing 

 

4.1.1.2.1 Production Processing of Condenser 

 

On the Figure 4.8, it shows the environmental impact of production processing of 

condenser. It is ranging from core assembly, welding, heating, heating with nitrogen and 

helium leakage testing, respectively. The heating with nitrogen is the highest environmental 

impact with the score 201 µPt, the 2nd highest environmental impact is heating with the 

score 67.6 µPt, the 3
rd

 highest environmental impact is welding with the score 53.3 µPt, the 

4
th

 highest environmental impact is helium leakage testing is 37.4 µPt and the lowest 

environmental impact is core assembly with the score 12.8 µPt.  

 

4.1.1.2.1 Production Processing of Evaporator 

 

On the Figure 4.9, it shows the environmental impact of production processing of 

evaporator. It is ranging the same production processing as condenser. Except the welding 

process, it is on the fourth procedure of production processing of Evaporator. The heating 

with nitrogen is the highest environmental impact with the score 202 µPt, the 2
nd

 highest 

environmental impact is heating with the score 68 µPt, the 3
rd

 highest environmental impact 

is welding with the score 63.9 µPt, the 4
th

 highest environmental impact is helium leakage 

testing with the score 37.4 µPt and the lowest environmental impact is core assembly with 

the score 23.3 µPt.  

 

4.1.1.2.2 Production Processing of Liquid Tube 

 

On the Figure 5.0, it shows the environmental impact of production processing of liquid 

tube. It is ranging from pressing, bending, cutting, grinding and welding, respectively. The 

welding has the highest environmental impact with the score 16.5 µPt, the 2
nd

 highest 

environmental impact is bending with the score 11.7 µPt, the 3
rd

 highest environmental 

impact is pressing with the score 8.59 µPt, the 4
th

 highest environmental impact is cutting 

with the score 0.52 µPt and the lowest environmental impact is grinding with the score 

0.0163 µPt.  

 

4.1.1.2.3 Production Processing of Low Pressure Hose 

 

On the Figure 5.1, it shows the environmental impact of production processing of low 

pressure hose. It is ranging the same as liquid tube. The pressing, the bending, the cutting 

and the grinding have the same score of environmental impact as the liquid tube. The 

welding has the highest environmental impact with the different score with liquid tube 

which is 46.9 µPt. 

 

4.1.1.2.4 Production Processing of High Pressure Hose 

 

On the Figure 5.2, it shows the environmental impact of production processing of low 

pressure hose. It is ranging the same as liquid tube. These processing have the same score of 

environmental impact of liquid tube, except the welding. The welding has the highest 

environmental impact with the different score with liquid tube which is 42.2 µPt. 
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4.1.1.2.5 The Environmental Impact of Production Processing 

 

On the Figure 5.3, it shows the comparison of environmental impact of production 

processing of each air-conditioner’s part. The production processing of evaporator has the 

highest environmental impact with the score 394 µPt, the 2
nd

 highest environmental impact 

is the production processing of condenser with the score 372 µPt, the 3
rd

 highest 

environmental impact is the production processing of low pressure hose with the score 67.7 

µPt, the 4
th

 highest environmental impact is the production processing of high pressure hose 

with the score 63 µPt and the lowest environmental impact is liquid tube with the score 37.3 

µPt.  
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Figure 4.8: The single score of production processing of Condenser 
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Figure 4.9: The single score of production processing of Evaporator 
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Figure 5.0: The single score of production processing of Liquid Tube 
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Figure 5.1: The single score of production processing of Low Pressure Hose 
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Figure 5.2: The single score of production processing of High Pressure Hose 
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Figure 5.3: The comparison of environmental impact of production processing of each air-conditioner’s component 
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4.1.1.3 The Transportation of Air-conditioner’s Part 

 

Since our research is emphasizing the in production processing at main assembly plant at 

On-Nut and there are some of the air-conditioner parts which are not manufactured by the 

company, the production processing of the part like the compressor, the cooling fan, the 

expansion valve, the receiver drier and the refrigerant will be neglected and the 

transportation to the assembly plant at On Nut will be investigated for instead. On the Figure 

5.4, it shows the comparison of environmental impact of transportation to the assembly plant 

at On Nut. The highest environmental impact is the transportation of refrigerant with the 

score 30.9 µPt, 2nd highest environmental impact is the transportation of receiver drier with 

the score 18.1 µPt, the 3
rd

 highest environmental impact is the transportation of expansion 

valve with the score 17.6 µPt, the 4th highest environmental impact is the transportation of 

compressor with the score 14.6 µPt and the lowest environmental impact is the 

transportation of cooling fan with the score 13.6 µPt. 

 

4.1.1.4 The Comparison of the production processing, the transportation and the 

material composition 

 

On our research, we had been investigating the environmental performance of pickup’s 

truck air-conditioner whether the production processing, the transportation and the material 

composition. Hence, we have to compare the environmental impact of the production 

processing, the transportation and the material composition. On Figure 5.5, it shows the 

comparison of the production processing, the transportation and the material composition. 

The result shows that the material composition of pickup’s truck air-conditioner has the 

highest environmental impact with the score 25.1 mPt, the 2
nd

 highest environmental impact 

is production processing of pickup’s truck air-conditioner with the score 0.935 mPt and the 

lowest environmental impact is the transportation of pickup’s truck air-conditioner with the 

score 0.0949 mPt. 

 

4.1.1.5 The Single Score of the Total Environmental Impact of Each air-conditioner’s 

component of the manufacturing phase 

 

Since our research had done the investigating of environmental performance of pickup’s 

truck air-conditioner whether the production processing, the transportation and the material 

composition. On Figure 5.6, it shows the comparison of the total environmental impact of 

each component. The result is indifferent with the material composition and it shows that the 

highest environmental impact is compressor with the score 9.54 mPt, the 2
nd

 highest 

environmental impact is refrigerant (R134a) with the score 5.55 mPt, the 3
rd

 highest 

environmental impact is condenser with the score 4.77 mPt, the 4
th

 highest environmental 

impact is evaporator with the score 2.93 mPt and the rest of the 6 components (Cooling Fan, 

Expansion Valve, High Pressure Hose, Liquid Tube, Low Pressure Hose and Receiver 

Drier) has the least environmental impact with the score ranging from 0.344 mPt to 0.685 

mPt. 

 



 

49 

 

 
Figure 5.4: The comparison of environmental impact of transportation of each air-conditioner’s component 
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Figure 5.5: The comparison of the production processing, the transportation and the material composition 
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Figure 5.6: The total environmental impact of each pickup’s air-conditioner’s part of manufacturing phase 
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4.1.2 Use Phase 

 

4.1.2.1 The comparison of 4 factors: the fuel consumption of compressor, the 

electrical consumption of cooling fan, the flowing of refrigerant (R134a) in air-

conditioning system and the carrying of air-conditioning system 

 

On Figure 5.7, it shows the result of environmental impact of 3 factors (the fuel 

consumption of compressor, the electrical consumption of cooling fan, the flowing of 

refrigerant (R134a) and the carrying of air-conditioning system) that the fuel consumption 

of compressor has the highest environmental impact with the score 2.22 Pt, the second 

highest environmental impact is the electrical consumption of cooling fan with the score 

0.045 Pt, the third highest environmental impact is the carrying of air-conditioning system 

with the score 0.0406 Pt and the lowest environmental impact is the flowing of refrigerant 

(R134a in the air-conditioning system).  

 

4.1.2.2 The comparison of carrying each air-conditioner’s components  

 

Since, our research is considering the weighting of air-conditioner’s components, on Figure 

5.8, it shows the result of environmental impact of carrying each air-conditioner’s 

components. The main environmental impact is the carrying of compressor and the 

carrying of condenser. The result shows that the carrying of compressor has the highest 

environmental impact with the score 22.5 Pt and the second highest environmental impact 

is the carrying of condenser with the score 7.38 Pt. For the rest of the components, it has 

the least environmental impact. 

 

4.1.2.3 The tree diagram of the use phase in Thailand 

 

On Figure 5.9, it shows the tree diagram of the use phase in Thailand and it is showing the 

overall of the use phase in Thailand. It is showing that the pickup’s truck air-conditioner is 

operated by diesel and the weighting of air-conditioner’s components has the effective of 

fuel consumption. The result is showing that the compressor has the highest environmental 

impact whether the fuel consumption or the weighting of itself. 
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Figure 5.7: The environmental impact of use phase in Thailand 
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Figure 5.8: The environmental impact of carrying air-conditioner’s components 

 

 



 

55 

 

 
Figure 5.9: The tree diagram of the use phase in Thailand 
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4.1.3 End-Of-Life 

 

4.1.3.1 The End-Of-Life of Pickup’s Truck Air-Conditioner 

 

At the end-of-life of pickup’s truck air-conditioner, we assume that all of the air-

conditioner’s components will be recycled. Since the refrigerant is a gas, it will be excluded. 

On Figure 6.0, the result shows that the compressor has the most environmental benefit with 

the score -9.53 mPt. The second most environmental benefit is condenser with the score -

4.39 mPt and the third most environmental benefit is evaporator with the score -2.54 mPt. 

For the rest of components, it gives the least environmental benefit. 

 

4.1.4 The Whole Life Cycle of Pickup’s Truck Air-conditioner 

 

On the investigation of environmental impact, we had been investigating the manufacturing 

phase, the use phase and end-of-life, respectively. On Figure 6.1, it shows the result of the 

whole life cycle of pickup’s truck air-conditioner. The result shows that, the major 

environmental impact is the use phase with the score 2.31 Pt. The manufacturing phase has 

the least environmental impact with the score 0.0261 Pt and the recycling gives the 

environmental benefit with the score -0.0196 Pt. 
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Figure 6.0: The end-of-life of pickup’s truck air-conditioner 
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Figure 6.1: The whole life cycle of pickup’s truck air-conditioner 
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 CHAPTER 5 

IMPROVEMENT ANALYSIS 

 

5.1 Improvement Analysis 

 

Since the research is investigating the environmental impact of ranging from the 

manufacturing phase, the use phase and the end-of-life, respectively. On the manufacturing 

phase, the result has been showing on Figure 5.6 that the compressor has the highest 

environmental impact. On the use phase; the tree diagram shows on Figure 5.9 that the 

compressor has the highest environmental impact whether the weighting or the fuel 

consumption of itself. For the end-of-life, on Figure 6.0, as we mentioned before, the 

refrigerant is gas, hence, it will be excluded and the result shows that the overall has the 

environmental benefit, hence, it will not be considered on the improvement analysis. For 

the whole life of pickup’s truck air-conditioner, it shows on Figure 6.1 that the use phase 

has the highest environmental impact.  

 

5.1.1 Manufacturing Phase  

 

On the manufacturing phase, the result of the total environmental impact of manufacturing 

phase has been expressed on Figure 5.4 that the compressor has the highest environmental 

impact. But there are some materials and some refrigerants which are replaceable with the 

compressor and the refrigerant R134a, respectively. 

 

5.1.1.1 The comparison of the compressor with copper wire and the compressor with 

aluminum wire 

 

On Figure 6.2, it shows the comparison of material composition of compressor. The result 

shows that the copper has the highest environmental impact. As we mentioned on the life 

cycle inventory that the wire is composed by copper and the aluminum wire is replaceable 

with copper, so on the improvement analysis, we will compare the compressor with copper 

wire and the compressor with aluminum wire.  

 

On Figure 6.3, the result shows that the compressor with copper wire has the highest 

environmental impact with the score 9.53 Pt and the compressor with aluminum wire has 

less environmental impact with the score 5.97 Pt.  

 

5.1.1.2 The comparison of the 3 refrigerants: R134a, R1234yf and R744 

 

As the refrigerant R134a is currently purchased by Formula Industry, but there are 2 

alternative of refrigerants (R1234yf and R744) which is replaceable with R134a. 

 

On Figure 6.4, it shows the comparison of chemical composition of the 3 refrigerants 

(R134a, R1234yf and R744). On Figure 6.4, it shows that the refrigerant R134a has the 

highest environmental impact with the score 5.52 mPt. The second highest environmental 

impact is R1234yf with the score 2.05 mPt and the lowest environmental impact is R744 

with the score 0.132 mPt. 
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Figure 6.2: The comparison of material composition of Compressor 
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Figure 6.3: The comparison of Compressor with Copper Wire and Compressor with Aluminum Wire 
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Figure 6.4: The Comparison of the 3 refrigerants: R134a, R1234yf and R744 
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5.1.1.3 The comparison of the manufacturing phase before improvement and the 

manufacturing phase after improvement. 

 

On the improvement analysis of the manufacturing phase, we had been analyzing the 

material composition of compressor with copper. Also we had been comparing the 

compressor with copper wire and the compressor with aluminum wire. For the refrigerant, 

we had been comparing the 3 refrigerants (R134a, R1234yf and R744). On the 

improvement, the manufacturer of compressor should be replacing the aluminum wire with 

the copper wire and the manufacturers in Thailand should stop purchasing the refrigerant 

R134a and they should be purchasing R744.  

 

On Figure 6.5, it shows the comparison of the manufacturing phase before improvement 

and the manufacturing phase after improvement. The result shows that the manufacturing 

phase before improvement has more environmental impact with the score 26.1 mPt and the 

manufacturing phase after improvement has less environmental impact with the score 17.2 

mPt. If the manufacturing phase is improved, the environmental impact will be reduced for 

34%. 
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Figure 6.5: The Comparison of the manufacturing phase before improvement and the manufacturing phase after improvement 
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5.1.2 Use Phase 

 

As the result of the whole life of pickup’s truck air-conditioner shows on Figure 6.1 that the 

use phase is the major environmental impact. On the use phase, as the tree diagram shows 

on Figure 5.9, it shows that the compressor has the highest environmental impact whether 

the weighting of itself or the fuel consumption. However, as the 2 refrigerants with more 

environmental friendly (R1234yf and R744) are replaceable with R134a on the 

manufacturing phase, certainly, we will compare the 3 refrigerants (R134a, R1234yf and 

R744) on the use phase. In addition, since the air-conditioning system is operated by diesel 

and bio-diesel is replaceable with diesel, hence, we will compare the air-conditioning 

system operated by diesel and the air-conditioning system operated by bio-diesel. 

 

5.1.2.1 The comparison of the use phase with the refrigerant R134a, R1234yf and 

R744. 

 

Since the 2 alternatives of refrigerant (R1234yf and R744) are replaceable with the 

refrigerant R134a, hence, we will compare the 3 refrigerants flowing in the air-conditioning 

system. On Figure 6.6, it shows the result that the use phase with R744 has the least 

environmental impact with 0.5458 % improved and the use phase with R1234yf has 2
nd

 

least environmental impact with 0.1533 % improved. 

 

5.1.2.2 The comparison of the use phase with diesel and bio-diesel. 

 

Since the air-conditioning system is currently operated by diesel and bio-diesel is 

replaceable with diesel, hence, we will compare the 2 types of fuel consumption of the air-

conditioning system. On Figure 6.7, it shows the result that the use phase with diesel has 

the environmental impact with the score 2.31 Pt while the use phase with bio-diesel has the 

environmental benefit with the score -3.89 Pt. 

 

5.1.1.3 The comparison of the use phase before improvement and the use phase after 

improvement. 

 

On the improvement analysis of the use phase, we compare the use phase with 3 

refrigerants (R134a, R1234yf and R744) and we compare the use phase with 2 types of fuel 

(Diesel and Bio-Diesel). On the improvement, the maintenance shops in Thailand should 

stop purchasing R134a and they should be purchasing R744. For the fuel, the pickup’s 

truck users should stop filling diesel and they should be filling the bio-diesel. 

 

On Figure 6.8, it shows the result that the use phase before improvement has environmental 

impact with the score 2.306450718 Pt and the use phase after improvement has 

environmental benefit with the score -3.895360246 Pt. If the use phase is improved, it will 

give more environmental benefit as it shows the tree diagram on Figure 6.9. 
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No Process Unit 
Use Phase with 
R134a 

Use Phase with 
R1234yf 

Use Phase with 
R744 

  Total of all processes Pt 2.306450718 2.302912835 2.300992165 

1 Diesel, at refinery/l/US Pt 0.100391183 0.100391183 0.100391183 

2 Refrigerant R134a {GLO}| market for | Alloc Def, S Pt 0.00559055 0 0 

3 
Hydrogen, liquid {RER}| hydrogen cracking, APME | Alloc Def, 
S Pt 0 7.95595E-06 0 

4 Fluorine, liquid {RER}| production | Alloc Def, S Pt 0 0.001827735 0 

5 Carbon dioxide, liquid {GLO}| market for | Alloc Def, S Pt 0 0 0.000131997 

6 Carbon black {GLO}| production | Alloc Def, S Pt 0 0.000216984 0 

Improvement %  0.1533 % 0.5458 % 
Figure 6.6: The Comparison of the use phase with the refrigerant R134a, R1234yf and R744 
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Figure 6.7: The Comparison of the use phase with diesel and bio-diesel 
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No Process Unit 
Use Phase (Before 
Improvement) 

Use Phase (After 
Improvement) 

  Total of all processes Pt 2.306450718 -3.895360246 
1 Carbon dioxide, liquid {GLO}| market for | Alloc Def, S Pt 0 0.000131997 

2 Diesel, at refinery/l/US Pt 0.100391183 0 

3 Refrigerant R134a {GLO}| market for | Alloc Def, S Pt 0.00559055 0 

4 Vegetable oil, refined {GLO}| market for | Alloc Def, S Pt 0 -3.895492243 

Figure 6.8: The Comparison of the use phase before improvement and the use phase after improvement 

 



 

69 

 

 
Figure 6.9: The tree diagram of the use phase in Thailand after improvement 
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5.1.3 The comparison of total environmental impact before improvement and after 

improvement 

 

The investigation of the environmental impact is ranging from the manufacturing phase, the 

use phase and the end-of-life (recycle), respectively. On the manufacturing phase, since the 

compressor has the highest environmental impact, there are some materials and some 

refrigerants which are replaceable with the compressor and the refrigerant R134a, 

respectively. For the compressor, it is improved by replacing the aluminum wire with the 

copper wire. For the refrigerant R134a, it is improved by replacing the R744 with R134a. 

Since the comparison of manufacturing phase before improvement and after improvement, 

the result shows that the manufacturing phase is improved for 34%. 

 

On the use phase, the use phase is the crucial part and the comparison of the whole life 

shows that the use phase has the highest environmental impact. Since R744 is replaceable 

with R134a on the manufacturing phase, certainly, it will be improved by replacing R744 

with R134a on the use phase. For the fuel consumption, since the air-conditioning system is 

currently operated by diesel and bio-diesel is replaceable with diesel, on the improvement, 

the diesel will be replaced by bio-diesel. 

 

On Figure 7.0, it shows the result that the total environmental impact before improvement 

has environmental impact with the score 2.31 Pt and the total environmental impact after 

improvement has environmental benefit with the score -3.9 Pt. Based on this result, on 

Figure 7.0, if the manufacturers and the pickup’s truck users are able to improve by 

following this method, the total environmental impact of pickup’s truck air-conditioner will 

be producing more environmental benefit. 
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Figure 7.0: The Comparison of total environmental impact before improvement and after improvement 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATIONS 

 

6.1 Conclusion and Recommendations 

 

Since the research is investigated the environmental performance ranging from 

manufacturing phase, use phase and end-of-life, respectively, it is concluded that the 

compressor and the refrigerant are the major of environmental impact.  

 

6.1.1 Manufacturing Phase 

 

On the manufacturing phase, based on the result, it is concluded that the material 

composition of compressor and the chemical composition of refrigerant R134a are the 

major of environmental impact. Based on the material composition analysis of compressor 

on Figure 6.0, it shows that the copper has the highest of environmental impact. However, 

based on the improvement analysis, since the wire is composed by copper and the 

aluminum wire is replaceable, we recommend that the manufacturers of compressor should 

be replacing the aluminum wire with the copper wire. For the refrigerant, since the 

refrigerant R134a is the 2
nd

 highest of environmental impact, based on the improvement 

analysis, the refrigerant R134a should be replaced by the refrigerant R744. If the 

manufacturers are able to implement by following this improvement analysis, the 

environmental impact will be improved for 34%. 

 

6.1.2 Use Phase  

 

On the use phase, it is concluded that the environmental impact of pickup’s truck air-

conditioner depends on the fuel consumption of the engine. But the major of environmental 

impact of air-conditioner’s component is the compressor, based on the tree diagram on 

Figure 5.7, it is concluded that the compressor is the major of environmental impact 

whether the weighting of itself and the fuel consumption of itself. Additionally, the 

flowing of refrigerant in the air-conditioning system is also another factor of environmental 

impact. Since there are 2 factors (the weighting of compressor and the fuel consumption of 

compressor) of environmental impact of the compressor, based on the literature review (D. 

Srinivasan and Prasad Phadke (2006)), it is mentioned the downsizing of compressor and 

the result is demonstrated that AC power consumption and refrigerant quantity are reduced 

by 25% and 5% respectively, hence, on our research, we recommend that the vehicle’s 

manufacturers should be reducing the weight of compressor to reduce the fuel consumption 

of air-conditioning system. 

 

For the refrigerant, R134a is currently used in the market and it is producing a lot of 

greenhouse gases. Since the refrigerant R744 is replaceable with the refrigerant R134a on 

the manufacturing phase, certainly, it is replaceable in the use phase. Based on the 

comparison of the use phase with R134a, R1234yf and R744 on Figure 6.4, it shows that 

R744 is the least environmental impact, hence, the maintenance’s shops should stop 

purchasing R134a and they should purchasing R744 to reduce the green house gases 

during the use phase. 

 

For the type of fuel, the pickup’s truck air-conditioning system is currently powered by the 

diesel engine and bio-diesel is replaceable with diesel. Based on the comparison of diesel 

and bio-diesel on Figure 6.5, the result shows that the diesel has the environmental impact 
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while the bio-diesel has the environmental benefit. Thus, we recommend the pickup’s truck 

users to replace bio-diesel with diesel.  

 

6.1.3 End-Of-Life 

 

At the end-of-life, we are scoping only the recycle and the result is expressed on Figure 5.8 

that the recycle has the environmental benefit. So at the end-of-life of pickup’s truck air-

conditioner should be remaining recycled. Additionally, based on the observation, as we 

mentioned on the life cycle inventory of the end-of-life, since the waste treatment of 

vehicle’s parts in Thailand are unsystematic, hence, the 2
nd

 hand’s shops should be 

systemized and optimizing the facility. 
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CHAPTER 7 

DATA GAPS ANALYSIS AND FURTHER STUDY 

 

7.1 Data Gaps Analysis and Further Study 

 

On our research, we had done the manufacturing phase, the use phase and end-of-life. But 

there are the gaps of data whether the manufacturing phase, the use phase and the end-of-

life.  

 

7.1.1 Manufacturing Phase 

 

On the manufacturing phase, we had done the weighting all of the components and we had 

done the data collection of each production processing (Condenser, Evaporator, Low 

Pressure Hose, Liquid Tube and High Pressure Hose) at the main production plant at On-

Nut. In addition, since some of the components (Compressor, receiver drier, expansion 

valve, cooling fan and refrigerant) are not manufactured at On-Nut and not manufactured 

by the company, we have to collect the data of transportation and neglected the production 

processing. On the data collection of each production processing, we did not consider the 

emission, there are inaccuracies of the data and the production processing is uncompleted.  

 

Thus, on further study, the researchers should use the equipment to measure the emission 

and the researchers should be recollecting all of the data.  

 

7.1.2 Use Phase 

 

On the use phase, we had done the data collection of the total distance of one life time of 

pickup’s truck at the 2
nd

 hand car’s dealer in Thailand for 30 samples. Also we consider the 

effective of fuel consumption on the weighting of air-conditioner’s components. But there 

are gaps of the research. On the research, since the refrigerant pressure has the effective on 

fuel consumption, we did not consider the correlation of refrigerant pressure and the fuel 

consumption. Since the conclusion and recommendation is mentioned the downsizing of 

compressor, we are unable to optimize the weighting of compressor. For the replacement 

of materials (aluminum wire and copper wire) in the compressor, we did not compare the 

performance of the compressor with copper wire and the compressor with aluminum wire.  

 

Thus, on the further study, the researchers should consider the correlation of refrigerant 

pressure and the fuel consumption. For the compressor, the researchers should be able to 

optimize the weighting of compressor and they should be comparing the performance of 

the compressor with copper wire and the compressor with aluminum wire. 

 

7.1.3 End-Of-life 

 

At the end-of-life, as we mentioned before, since the waste treatment in Thailand is 

unsystematic, the researchers should be cooperating with the 2
nd

 hands shop by 

systemizing the waste treatment. Since the waste treatment is systemized, the researchers 

will be able to collect the data more accuracy. 
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APPENDIX A 

 

 

The Data Collection of the Use Phase in Thailand 
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Number Name Total Distance (km) 

1 ISUZU 170,537 

2 ISUZU 120,000 

3 ISUZU 250,000 

4 ISUZU 300,000 

5 Mitsubishi 170,000 

6 Nissan 200,000 

7 Nissan 225,000 

8 Toyota 220,000 

9 Toyota 180,000 

10 Toyota 195,000 

11 Toyota 189,879 

12 Toyota 160,000 

13 Toyota 160,000 

14 Toyota 195,000 

15 Toyota 174,790 

16 Toyota 167,000 

17 Toyota 110,000 

18 Toyota 400,000 

19 Toyota 240,000 

20 Toyota 106,000 

21 Toyota 256,314 

22 Toyota 201,552 

23 Toyota 106,573 

24 Toyota 232,394 

25 Toyota 177,000 

26 Toyota 220,000 

27 Toyota 160,000 

28 Toyota 350,000 

29 Toyota 359,212 

30 Toyota 211,904 

 Average 206,938.50 
 


