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Abstract. This study aims to assess the energy consumption and greenhouse gas (GHG) 

emissions of Vietnam’s road transport service by establishing different scenarios during the 

period 2015-2050. Four scenarios are developed toward improving energy efficiency, floating 

automotive industry strategy, and then energy demands, the GHG emissions from road transport 

in these scenarios to be estimated. Transportation demand, technology penetrative rate, fuel type, 

fuel economy, emission standard, and impact of other factors on emissions are bases of the 

selected input data. Calculator 2050 is used as a support tool for interface and calculation. The 

results are shown as following: Energy consumption and the GHG emissions of road transport 

service will reach 11.28 Mtoe and 32.07 MtCO2e in 2030 as well as 36.95 Mtoe and 105.04 

MtCO2e in 2050 in the basic scenario, with the annual average growth rate reaching 6.4 %. The 

subscription to the increase of energy consumption and the GHG emissions of freight transport 

services is higher than that of passenger transport service. In the best case, the energy 

consumption and GHG emissions will decrease by 27.4 % and 30.3 %, respectively in 2030 and 

these percentages will rise to 37.8 % and 50.7 % in turn in 2050 compared to the basic scenario. 

This reduction is mainly due to the usage of alternative fuels/vehicles in these activities.      

Keywords: GHG emissions, road transport development scenarios, Calculator 2050. 

Classification numbers: 3.4.5, 3.8.2, 5.10.2. 

1. INTRODUCTION 

The energy consumption of Vietnam’s road transport service has been increasing 

significantly in recent years. Regardless of some performed solutions, the energy intensity of 

this activity still tends to rise, as it reached 0.51 kgoe/USD in 2012 and 0.62 kgoe/USD in 2018 

[1]. This indicator was higher than that of other countries such as EU15, Spain, and Japan. Thus, 
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it may lead to higher energy demand and GHG emissions as well as affecting the environment 

and living standard. To achieve dual targets of reducing both energy consumption and the GHG 

emissions from passenger and freight transport services, it is essential to plan out different 

scenarios to determine these parameters in a long time to figure out solutions toward sustainable 

development. 

Over the world, some studies related to the forecast of energy consumption and the GHG 

emissions have been carried out for both passenger and freight transportation as following: 

These studies have estimated the historical energy consumption, air pollutants trends and project 

their impact on road passenger transport in Mexico City Metropolitan area in the period 2008-

2028 [2] and London until 2050 for road freight transport [3] as well as in China the period 

2010-2050 [4, 5]. Mitigation potential of fuel consumption and the GHG emissions of public 

passenger transport in Nepal were analyzed [6] and also that of road freight transport in Finnish 

up to 2030 [7]. In the UK, factors that influence freight transport demand, truck fuel 

consumption, and related CO2 emissions are classified into six categories about different levels 

of logistical decision-making. Three scenarios have been constructed to assess CO2 emission 

levels of road freight transport in 2020 [8]. In Bahrain, an integrated approach was developed for 

the study to access the measures to reduce CO2e emissions for the road passenger transport 

sector [9]. Some other related studies have also been carried out in China [10, 11, 12]. Besides 

the researches, the development of forecasting and planning tools for timely mitigation solutions has 

been on focus. Among the tools, Calculator 2050, which was developed by the UK has been used in 

developing long-term energy use and the GHGs emission scenarios for industrial sectors, agriculture, 

transportation, and waste (up to 2050). Besides, the development of this national tool created a flexible 

structure that can be adjusted and altered to take account of structural differences between the UK 

economy and other economies. Therefore, when using the Calculator 2050, each country can create its 

own structure and conditions. Several countries have developed to use the tool including Australia, 

Japan, Korea, Mexico, Brazil, Indonesia, China, India, Thailand, Taiwan, and Viet Nam [13]. For the 

transportation sector, Calculator 2050 has been used in China to forecast energy demand and CO2 

emissions for the transport sector in general and road transport in particular [11, 14]. In Nigeria, 

this tool is also used to establish carbon mitigation scenarios by 2050 [15]. 

In Viet Nam, some studies have been implemented for the entire transport sector [16, 17] or 

only transport in large cities [18]. Some studies about transportation focus on low carbon social 

development of freight transport up to 2030 [19] and a recent report has also been made by the 

World Bank; however, it focuses on logistics transport expenses of freight transport [20].   

Thus, the number of researches focusing on environmental scenarios in passenger and 

freight transport services in our country is very limited. The purpose of this study is to develop 

GHGs mitigation scenarios for road transport service (passenger and freight) in Viet Nam in the 

period 2015-2050. Also, its result may assist in adjusting and planning new policies, strategies to 

improve the traffic as well as energy consumption for this transport section.     

2. METHODOLOGY  

2.1. Identify energy consumption and GHG emissions  

Energy consumption of road transport services (ECy) is determined as following [11]: 

    ∑      ∑                             
  

                                    (1) 

in which: TVx,f,y is activity level (in this case the total traffic demand of passenger/freight, 
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passenger/ton.km); TRx,y denotes the share for vehicle type x in year y; ELx,f,y (ktoe/xe.km) is the 

amount of energy consumption on each unit of traveling distance of vehicle x using fuel f in year 

y; PVx,y (passenger or ton/vehicle) is the load factor of vehicle x in year y; when x is a vehicle 

type, f is fuel type; i is transport mode; y is the calendar year. 

The GHG emission comes from road transport service is calculated as following [21]:  

   ∑     ∑                                                     (2) 

in which: Ey denotes GHG emissions; EFn are emission factors of emissions n (CO2, CH4, N2O) 

and defined in sources of IPCC, UNEP, and other Asian countries [22-24]. 

2.2. Scenario development using Calculator 2050  

This study uses Calculator 2050 as a support tool in interface and calculation to showcase a 

comparative estimation of energy balance and GHG emissions. The energy balance is to match 

the primary energy supply to the final energy demand. It uses a set of existing and future 

technologies to ensure that energy supply satisfies the varying demand. The demand sectors of 

this tool include industry, agriculture, transport, residence, and commerce. The demand is 

defined by the user which is selected of these demand sectors. The energy supply is determined 

by the Calculator 2050 to compare between demand and supply based on the user selection. The 

primary energy supply types consist of coal, gas, oil, and biomass; the GHG emission sources in 

the calculator 2050 are grouped into fuel combustion, industrial process, solvent, and forestry 

(LULUCF), waste, other, bioenergy credit, carbon capture, and storage; then energy 

consumption and the GHG emissions are estimated [15]. However, this study focuses on road 

transport services. The structure of the tool and its input-output data for road transport services is 

shown in Figure 1. 

 

Figure 1. Structure of Calculator 2050 for the developed scenarios. 

Four scenarios are set up for road transport including scenario 1 (S1), which is called the 

basic scenario (BAU) and does not consider any ties of decreasing energy consumption and the 

GHG emissions. Three mitigation scenarios are scenario 2 (S2), scenario 3 (S3), and scenario 4 

(S4). These scenarios are established as follows:  
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S1: Scenarios are commonly developed, without considering constraints on energy 

consumption and emissions (no efforts); S2: Implement to achieve the objectives of the strategy 

and planning (little efforts); S3: More determined but not final result (greater efforts); S4: The 

maximum level is achieved, all barriers are basically removed (highest efforts). 

Types of the vehicle which are employed and signed for setting up comprise motorcycle 

(MC), small car (SM), bus (BU), light-duty vehicle (LDV) and heavy-duty vehicle (HDV). 

Types of fuel consumed are signed as gasoline (GO), diesel (DO), compressed natural gas 

(CNG), biofuel E5/E10 (BE), and electricity (E). 

The established scenarios are based on: 

- For the base year of 2015: Vietnam’s Paris Agreement in 2015 committed that: “…8 % of 

the total greenhouse gas emissions will be reduced in comparison to normal development 

trajectory and the target can rise to 25 % when receiving international support using bilateral, 

multilateral cooperation and performing new mechanisms” [25] and Decree No 2359/QD-TTg 

dated 22/12/2015 of the Prime Minister approving the national GHGs inventory system with the 

annual GHG emissions reduction target by at least 1.5 %-2 % in 2020-2030 and 2030-2050 [26].  

- Some other bases are included such as metro lines were oriented to implement; E5 

gasoline has been used since December 01, 2015 [27]. The approval of adjusting the 

transportation development strategy, Vietnam road transport until 2020 and orientations until 

2030 sets the aim to forecast road passenger rotation demands; The approval of national strategy 

about climate change sets the aim of using CNG for the bus; National strategy about green 

growth in the period 2011-2020 and vision until 2050 sets the aim of reducing GHG emissions 

annually and the regulation of the Prime Minister about using new and renewable energy for 

transport vehicles [28]. 

-  In a recent study, our group has analyzed the trend of rising the energy intensity of road 

transport and proposed a few solutions such as controlling motorcycle vehicles growth and 

encouraging the usage of public transport; improving energy economy (consumption per 

kilometer); enhancing the penetration of new technologies such as electric vehicles and 

gradually increasing the use of environmentally friendly fuels such as ethanol biofuels (E5) and 

CNG [1]. 

The input source, which comes from the General Statistics Office, consisting of passenger 

and freight transport demands, population; vehicle ratios, load factors, traveling distance, ratio, 

and economy of fuel was referenced from previous studies. Further details will be illustrated in 

the result descriptions of the scenarios.     

3. RESULTS AND DISCUSSION 

3.1. Scenarios established for Vietnam’s road transport services 

Transport demand is determined based on the volume of transport per kilometer and used 

for each mode of transport. Passenger transport demands achieved an average annual growth rate 

of 11.2 % in 2005-2010 and 9.6 % in 2010-2015. Meanwhile, the growth rate of road passenger 

transport services reached 12.4 % in 2005-2010 and 8.8 % in 2010 - 2015. Also during these two 

periods, air passenger transport service accounted for 13.7 % and 14.7 %, respectively [29]. 

Thus, its passenger traffic demand tends to decrease due to the shift to another transport mode 

such as aviation transport and possibly railway in the future. According to the plan of road 

transport No 356/QD-TTg dated 25/2/2013, the targeted average annual accelerating rate of 
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passenger transport demand would be 8.6 % in 2030. A study about traffic in Viet Nam showed 

that passenger transportation demands will reach 2,235 billion passenger.km in 2050 [16]. Thus, 

the selected growth rate would be 9.2 % in 2016 - 2030 and 8.6 %/year in 2030 - 2050, while 

passenger traffic demand will reach 2,013 billion passenger.km in 2050. Moreover, due to 

mitigation targets, in S2 and S3 as well as S4 these percentages will reduce by 0.27 %/year,             

4.2 %/year, and 5.8 %/year, respectively, when compared to BAU. 

Similarly, the freight transport demand had an average annual growth rate of 16.7 % in the 

period 2005 - 2010 and 7.3 % in the period 2010-2015 [29]. Thus, it is obvious that the traffic 

demand for freight transport services in general and by road, in particular, is having a downward 

trend. Moreover, according to pre-planned targets for development strategy of road transport 

sector No 356/QD-TTg dated 25/2/2013, the annual freight traffic demand would reach 7.44 

%/year in 2020 - 2030 [28]. Thus, this study assumes that the average annual growth rate will 

reach 7.8 % in 2016 - 2030 and 7.44 % in 2030 - 2050. For S2, S3, and S4, due to applying 

logistics management solutions, intensifying logistics tasks to reduce the transport volume, gaps 

limitation, each scenario after assumption will experience falls. To be specific, the demand 

amount in S2, S3, and S4 will decrease by 1 %, 3 %, and 7 %, respectively, in comparison to 

that in BAU. 

Types of alternative fuels for vehicles in each scenario are also established. Biological fuel 

is implemented according to decree No 1855/QD-TTg dated 27/12/2007 to replace about 5 % of 

the old one with new and renewable energy in 2020 and then by about 11 % in 2050. CNG fuel 

used in BU, according to the target in decree No 2139/QD-TTg dated 5/12/2011, is bound to 

achieve the replacement ratio of 20 % in 2020 and 80 % in 2050, respectively. However, until 

this time, the ratio has not met the expected target, so the study will establish targets for 2030 

and 2050.  

Electricity vehicles have been widely used in many countries over the world, yet in Viet 

Nam, they are not popular and most of them are motorcycle. However, complying with the 

Prime minister's decision No 2075/QD-TTg dated 8/11/2013 approving the science and 

technology market development program up to 2020, electric vehicles are one of the alternative 

technology will develop in the following years, especially electric motorcycle. In fact, electric 

vehicle usage will help cut down a considerable amount of consumed energy. The world bank's 

report has pointed out that the energy consumption of an electric motorcycle and a car are 68.4 

kJ/km and 720 kJ/km, respectively [30] while using gasoline, it would be 765.7 kJ/km and 4,023 

kJ/km [18, 31]. In this study, the ratio of electrical vehicles is established to rise ascendingly in 

each scenario. 

Fuel economy is referred from previous studies for transport vehicles in Viet Nam [18, 31] 

and regulations of fuel standard for road transport vehicles. LDV and HDV have not been really 

effective over the years with their high energy intensity. This issue has been proved in our 

previous study [1]. Thus, efficiency improvement will gain from S2. It is assumed to be                 

0.3 %/year for S2, 0.5 %/year for S3, and 1 %/year for S4. A study in China established this 

improvement of 0.3 %/year for LDV and LDV in the period 2008-2030 [10]. 

The ratio of each vehicle (% of passenger.km) is determined by the traveling distance of it 

per year [32], load factor [33], and the number of vehicles. Besides, the ratio of BU will rise and 

that of the motorcycle will fall according to strategical plans. The population rate is chosen for 

the basic year and the forecast for growth rate in recent data. According to statistics, that rate in 

each 5-year period from 2020 to 2050 will be 5.3 %, specifically 1.06 % per year [29]. 

The input parameters of the scenarios are summarized in Table 1.   
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3.2. Discussing the potential of reducing energy consumption and GHG emissions  

Strategical orientations of the transport sector are set until 2020 and vision 2030 as well as 

goals of reducing the GHG emissions in 2030 and 2050 in the 2015 Paris Commitment and 

resolutions relating to the national GHG statistical system in 2015; time markers in focus for 

profound analysis include basic years 2015, 2030 and 2050. Thus, the scenarios are analyzed in 

two periods of 2015 - 2030 and 2030 - 2050.  

Table 1. The major assumption of established scenarios. 

Data inputs Years S1 S2 S3 S4 

Passenger and 

freight transport 

demand (billion 

passenger/ton.km) 

2015 155/230 154/228 148/231 140/207 

2030 481/618 480/612 461/594 436/555 

2050 2,013/2,189 2,008/2,167 1,927/2,104 1,821/1,966 

BE (%) for MC, 

SM, LDV 

2015 0 0 0 0 

2020 0 3 5 15; LDV: 7 

2050 0 7 11 25; LDV: 7  

CNG (%) for BU 

2015 0 0 0 0 

2030 0 5 10 20 

2050 0 10 30 50 

E (%) 
2050 0 MC: 5; SM: 3; 

and BU: 2 

MC: 7; SM: 5; 

and BU: 4 

MC: 10; SM: 7; 

and BU: 7 

Fuel economy  
2025-

2050 

0 Efficiency improvement of LDV and HDV: 0.2 

%/year for S2, 0.5 %/year for S3 and 1 %/year for S4 

Load factors 

(passenger or 

ton/vehicle) 

2015 MC: 1.2; SM:2; BU:35; LDV: 1.2; HDV: 8.4 

2030 MC: 1.23; 

SM: 2.18; 

BU: 8;  LDV: 

1.7; HDV: 9.2 

MC: 1.25; SM: 

2.22; BU: 38.58; 

LDV: 1.7; HDV: 

9.2 

MC: 1.3; SM: 

2.3; BU: 

40.06; LDV: 

1.7; HDV: 9.2 

MC: 1.33; SM: 

2.37; BU: 41.17; 

LDV: 1.7; HDV: 

9.2 
2050 MC: 1.26; 

SM: 2.36; 

BU: 41; 

LDV: 2.5; 

HDV: 9.6 

MC: 1.3; SM: 

2.43; BU: 42.16; 

LDV: 2.5; HDV: 

9.6 

MC: 1.39; SM: 

2.6; BU: 

45.12; LDV: 

2.5; HDV: 9.6 

MC: 1.45; SM: 

2.73; BU: 47.34; 

LDV: 2.5; HDV: 

9.6 

 Vehicle ratio (% of 

passenger/ton.km) 

2015 MC: 32; SM: 1.4; BU: 37.3; LDV: 4.9 ; HDV: 11.7 

2030 MC: 33.7; 

SM: 1.6; BU: 

32.8; LDV: 

5.2; HDV: 

14.8 

MC: 28.7; SM: 

1.7; BU: 36.8; 

LDV: 5.2; HDV: 

14.8 

MC: 28.7; SM: 

1.8; BU: 37.2; 

LDV: 5.2; 

HDV: 14.8 

MC: 21.7; SM: 

1.8; BU: 42.8; 

LDV: 5.2; HDV: 

14.8 

2050 MC: 33.7; 

SM: 1.6; BU: 

32.8; LDV: 4; 

HDV: 16 

MC: 26.1; SM: 

1.8; BU: 38.8; 

LDV: 4; HDV: 

16 

MC: 20.0; SM: 

2; BU: 43.7; 

LDV: 4; HDV: 

16 

MC: 9; SM: 2.4; 

BU: 50.8; LDV: 

4; HDV: 16 
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The economic sectors considered in the model include industry, agriculture, transport, 

resident, and commerce. The final energy demand for the transport sector will hold a 

contribution of 21.3 % in 2030 and 26.5 % in 2050 of the whole economy, while it occupied 

16.8 % in 2015. Only for road transport service (R), the outcomes of setting up scenarios help to 

determine levels of energy consumption and the GHG emissions as shown in Figure 2.  

 

Figure 2. Energy consumption and GHG emission of Vietnam’s road  

transport service in different scenarios. 

In the base scenario, the estimated result shows that the total energy consumption of road 

transport services will reach 11.28 Mtoe in 2030, 2.6 times as high as that in 2015 (4.26 Mtoe), 

and reach 36.95 Mtoe in 2050, 10.2 times as high as that in the base year. The average annual 

growth will be 6.7 % in 2015 - 2030 and 6.1 % in 2030 - 2050. The calculated results of the 

energy consumption of this sector in 2015 are similar to that of previous publications. Figure 3 

shows that the energy consumption of S1 in 2015 is higher than 1.41 Mtoe using table IO in 

2012 and less than 0.14 Mtoe when using table IO in 2016 [1; 34]. Next, the GHG emissions 

would have also risen to 32.07 MtCO2e in 2030 and 105.04 MtCO2e in 2050 with the same 

growth rate as energy consumption. In our study, the population of truck vehicles (LDV and 

HDV) has reached 0.86 million in 2015, while in the statistics data of the Ministry of Transport 

it was 0.85 million vehicles [35].  

 
Figure 3. Comparison of the energy consumption of road transport services.  

In mitigation scenarios, the energy consumption and GHG emissions of road transport 

services fall considerably due to these scenarios are replaced by input factors as in Table 1. The 

potential of reducing energy consumption is corresponding to 7.1 %, 13.5 %, and 27.4 % in 

2030 as well as 11.4 %, 22 %, and 37.8 % in 2050. Among two types of transport services, the 

freight transport service (RF) occupied a higher amount of the energy consumption and GHG 
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emissions than that of the passenger transport service (RP) every year. Figure 4 shows the GHG 

emissions shares in 2030 and 2050.  

 

Figure 4. The GHG emissions share of road transport services (passenger and freight).  

Road transport services in Viet Nam mostly use gasoline and oil, which took approximately 

100 % in 2015. However, when replacing conventional fuel with BE, CNG, and E (Table 1) in 

vehicles, traditional energy consumption is undeniable in 2030 and 2050 (Figure 5). In 2050, the 

alternative fuel consumption in scenarios is as follows: At S2, BE is 0.4 Mtoe, CNG is 0.9 Mtoe 

and E is 0.2 Mtoe; at S3, BE is 0.7 Mtoe, CNG is 2.9 Mtoe and E is 0.3 Mtoe; at S4, BE is 0.7 

Mtoe, CNG is 5.3 Mtoe and E is 0.6 Mtoe. The results showed that the usage of traditional fuels 

including gasoline and diesel would tend to decrease from S1 to S4, whereas environmentally 

friendly fuels such as BE, CNG, and E would increase gradually. This contributes a significant 

deal to ensuring national energy security and the GHG emissions reduction potential.  

 
 

Figure 5. Energy consumption of each alternative fuel type used in road transport  

at S1, S2, S3, and S4.  

In the mitigation scenarios, the energy consumption and GHG emissions experience a 

considerable decrease by fuel replacement, transfer partly from road transport to other types 

such as railway, aviation, and fuel economy improvement. The energy consumption and GHG 

emissions have a similar relation; therefore, the reduction rate of GHG emissions is assessed to 

compare with the national strategical target. The study has shown the reduction parameters in 

mitigation scenarios of road transport services in general as well as in each section of freight and 

passenger services, in Table 2. 

As result, the expected GHG emissions in 2030 and 2050 are significant. If it is compared 

with the targets set in the 2015 Paris commitment, the potential is approximately equal or even 

higher than the highest target (25 %) for the road transport service sector and each separate 

transport mode. The annual GHG emission reduction potential of road transport service may be 

equal to or higher in S3 and S4 in two periods 2015-2030 and 2030-2050 (Table 2). To achieve 
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the expected reduction of energy consumption and GHG emissions as scenarios, it is necessary 

to perform policies, solutions of fuel and vehicle technology replacement for road transport 

service strictly and comprehensively.  

Table 2. GHG emissions in the mitigation scenario compare to BAU. 

Mitigation 

scenarios 

compared 

to BAU 

GHGs mitigation potential compared 

to BAU (%) 

Annual GHGs 

reduction in 

2015-2030 (%) 

Annual GHGs 

reduction in 

2030-2050 (%) 2030 2050 

R RP RF R RP RF R R 

S2 7.8 10.6 6.2 13.5 17.2 10.3 0.8 0.8 

S3 14.8 15.7 14.3 28.5 33.4 24.3 1.5 1.7 

S4 30.3 34.1 28.0 50.7 58 44.2 6.7 5.0 

The energy consumption as well as GHG emissions of the transport field has a significant 

impact on Vietnam’s entire economy. Thus, the analysis of energy demand reduction potentials 

of this field will be useful. The sensitivity analysis was conducted to evaluate quantitatively the 

transport sector lever on all energy consumption of the country. Therefore, the transport sector 

levers were changed from S1 (no efforts) to S2 (little efforts); S2 to S3 (greater efforts), and then 

S3 to S4 (highest efforts), while other sectors are kept at BAU (S1) levels. This is the next work 

that research will continue to perform and complete.  

4. CONCLUSION 

This study has established four scenarios in the period 2015-2050. The final energy 

demand for the transport sector shares 21.3 % in 2030 and 26.5 % in 2050 of the whole 

economy. Only for road transport service, the results of the energy consumption and GHG 

emissions will reach 11.28 Mtoe and 32.07 MtCO2e in 2030 as well as 36.95 Mtoe and 105.04 

MtCO2e in 2050 in BAU, with an annual average growth ratio reaching 6.4 %. The subscription 

to the increase of energy consumption and emission of freight transport service is higher than 

that of the passenger section. In the best case, the GHG emissions would be reduced by 30.3 % 

in 2030 and 50.7 % in 2050 compared to BAU. For mitigation scenarios of S2, S3, and S4, the 

annual GHG emissions reduction potential as well as energy consumption of road transport 

service activity in the period mentioned, would be respectively 0.8 %/year, 1.7 %/year, and                

5.0 %/year in the period of 2030-2050. To achieve this, it is necessary to conduct policies, fuel 

solutions, and traffic technology replacement for road transport activities in Viet Nam strictly 

and comprehensively. 
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