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Abstract: Energy consumption by transportation discharges a large amount of CO2. Hence, environmental issues caused by tourism 
cannot be ignored when promoting the regional economy and contributing to building a low-carbon society. Transportation in 
tourism has recently attracted attention. Previous studies on transportation for tourism in Japan have mainly focused on tourist 
activities, and a smaller group of studies have analyzed the relationships between energy consumption, CO2 emissions, and 
transportation for travel. To propose a suitable estimation method for energy consumption and CO2 emissions from transportation for 
tourism in a city, this study develops a new approach that solves the issues of data inaccessibility in previous studies by applying an 
open database, the Regional Economy Society Analyzing System (RESAS). A case study is also conducted in Chichibu City, located 
in Saitama prefecture, Japan. This new approach demonstrates the significance of environmental assessment, and it will help 
determine the most efficient transport system, considering movement distances, population, and time for city tourism planning and 
academic reference. 
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1. Introduction  

Building a sustainable society alongside an increase 

in tourism has attracted attention from researchers in 

environmental science because development of the 

tourism industry leads to increased energy demand 

and environmental pollution [1-3]. For instance, Liu et 

al. [4] stated that transportation for tourism is a 

noticeable contributor to energy consumption and 

carbon emissions. Furthermore, it is reported that the 

number of both domestic and foreign customers will 

increase in Japan, especially in 2020 during the Tokyo 
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Olympics [5]. Hence, investigating the relationship 

between tourism transportation, energy consumption, 

and carbon emissions is urgent. 

Furthermore, social issues are likely to affect 

energy supply and demand, such as the declining 

birth-rate, aging society, and ecological destruction. In 

Japan, environmental and energy fields are considered 

in building a next-generation smart energy system, 

community, and recycling society by the development 

of renewable energy and mobility with low emissions 

into the environment. In contrast, approaches 

stimulating tourism are also conducted to develop the 

economic income of communities and regions and 

meet their energy demands [6]. However, a 

sustainable society has not yet been achieved as 

solutions for revitalizing tourism and reducing 

environmental loading are separately addressed within 

their respective fields.  
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Under these circumstances, and with the intention 

of building a sustainable society that adapts to 

increasing tourism, we believe that estimating energy 

consumption by transportation for travel is an 

essential task from both environmental and leisure 

perspectives. This study develops a new estimation 

method for travel transportation as personal trip and 

city origin-destination national surveys cannot be 

conducted in Japan.  

Existing literature of tourism in Japan has generally 

focused on tourist activities, and studies on energy 

consumption as well as CO2 emissions during 

transportation for tourism have yet to be conducted. 

For example, Kasahara et al. [7] analyzed the 

relationship between preferences for tourist activities 

(within and between communities) and travel 

distances using GPS. Other authors, such as Higuchi 

et al. [8], investigated the relationship between 

transport methods selected by tourists in Kyoto City, 

Japan, by targeting automobile and public 

transportation users using in-car navigation. They 

found that people in northern Kyoto (Kinkaku Temple 

area) prefer to travel by cars, while those in southern 

Kyoto (Kyoto station area) prefer to use public 

transportation.  

In contrast with other works, this study estimated 

the CO2 emissions and energy consumption of various 

transportation vehicles for tourism. This research will 

help to solve the issues of data inaccessibility through 

the application of the Regional Economy Society 

Analyzing System (RESAS), which provides 

quantitative data and enables authors to propose 

suitable recommendations for local transportation for 

tourism and environmentally sustainable development.  

This article is structured as follows: section 2 

provides the research background of tourism and 

sustainable development in Japan, section 3 introduces 

the methodology followed in this study and the case 

study, section 4 contains empirical results and 

discussions, and section 5 concludes the study. 

 

2. Sustainable Tourism in Japan 

Tourism has increased rapidly in Japan in recent 

years, especially after the 2011 earthquake, reaching 

the largest numbers of visitors since. Areas visited by 

tourists are concentrated in the metropolitan zones of 

the Kanto (Tokyo and its surroundings) and Kinki 

regions (Osaka, Nagoya, Kyoto, Hyogo). 

Regarding vehicle choice for transportation in Japan 

(see Fig. 1 [9]), it has been found that rail travel is 

selected when the distance is longer than 500 km, and 

air travel is chosen when the distance is longer than 

1000 km. Passenger vehicles are most commonly used 

(approximately 80%) when the travel distance is 

shorter than 300 km. Currently, travel for tourism has 

the following features: 1) utilization of passenger 

vehicles occupies 80% of the total transportation 

methods when the distance is shorter than 300 km. 

These passenger vehicles constitute approximately 52% 

of transport volume and consume 77% of the total 

energy, which has been proven to be an inefficient 

mobility system; 2) roads used for transportation are 

mainly municipal (84.1%) and prefecture roads 

(10.7%), based on Road Traffic Law classification, 

and 94.8% of total travel distance is on roads; and 3) 

transportation distances and mobility are the crucial 

factors in decisions on tourist actions.  

There are two significant perspectives for selecting 

suitable mobility options: short term and long term. 

Most development of local tourism is short term, 

which is conducted by the private sector and differs 

from governmental services. Private companies focus 

on returns on investment and their own convenience, 

for example, they may aim to expand the numbers of 

tourists to increase income. However, a long-term 

solution for sustainable tourism development is 

required. For example, wind and solar power 

generation, Light Rail Transit (LRT), and Electric 

Vehicles (EV) could be utilized during travel. These 

environment-oriented concepts intend to balance 

development aims so that they are beneficial for 

residents and visiting tourists.  
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This study aims to contribute to the development of 

long-term, sustainable tourism and determine the most 

efficient method of mobility in cooperation with the 

rapid development of tourism through a 

comprehensive perspective that not only considers 

factors such as distance, travel population size, and 

travel time, but also environmental sustainability. 

 

 
Fig. 1  Vehicle selection for transportation in Japan (excluding freight). 

 

3. Study Methodology 

To understand tourist movement and their relative 

energy use, the development of an estimation method 

for energy consumption and CO2 emissions to achieve 

low environmental damage with increasing numbers 

of tourists is significant and urgent. However, 

necessary data for this are not available. 

In order to calculate energy consumption by tourists 

travel, this study develops a method that uses an 

accessible database, the Regional Economy Society 

Analyzing System (RESAS). The RESAS is provided 

by the Cabinet Secretariat & Ministry of Economy, 

Trade, and Industry. It describes the current situation 

and enables the understanding of the characteristics of 

1800 municipalities in Japan. It ultimately helps to 

solve employment issues, the shrinking population, 

falling birth-rate, and aging society. The RESAS also 

provides maps and graphs, including industry, 

agriculture and forestry, fishery, tourism, population, 

and municipality maps. Meanwhile, the RESAS also 

enables various types of analysis, including creating 

tourism simulation models, conducting detailed 

analyses of municipal roads, and filtering out the most 

suitable mobility systems. The mesh analysis image 

applied in this study is presented in Fig. 2 [10]. 

And Fig. 3 illustrates the research method. Input 

data are indicated in light blue, and output data in dark 

blue. In contrast with other papers, we can estimate 

energy consumption and CO2 emissions using open 

data and avoid the need to implement inaccessible 

surveys, especially in local municipalities.  

Through applying RESAS, the area, ratio, and size 

of the fluid population by direction are estimated. 

Then, by applying the input data illustrated in 

estimation sheet1, we can calculate the number of 

passenger transport and other targeted vehicles, 

including cars, buses, and EVs. Next, by applying the 

input data illustrated in estimation sheet2, we can 

calculate energy consumption and CO2 emissions. 

This research method has the following advantages: 

it can solve the issues of data inaccessibility and offer 
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suitable proposals for local transportation based on 

quantitative indicators and analysis. It also provides 

knowledge for tourism and environmental authorities, 

academia, and the public. For instance, the parameters 

assessed in the four cases indicate the most efficient 

method of mobility to account for the rapid 

development of tourism, considering both 

environmentally-sustainable development and 

advancement of tourism. 

 
Fig. 2  Mesh analysis image of RESAS. 
 

 
Fig. 3  Research methodology. 

 

4. Results and Discussions 

4.1 Case Study and Data Selection 

To validate this methodology, it has been applied to 

Chichibu City, which was selected by the following 

tourism features: 1) it has high potential for tourism 

— the city shares tourist resources in suburban Tokyo 

and continually hosts 5 million tourists annually. 

Tourist destinations regularly attract 64,000 people 
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and 24,000 households [11]. 2) Round trips are easily 

conducted in Chichibu City. Among them, individual 

passenger vehicles account for 60% of vehicles used 

by tourists. 3) Chichibu City has a diverse array of 

tourist attractions, such as a temple, cultural 

destinations, and observation of flowers, nature, and 

outdoor tourism. Furthermore, Chichibu City has high 

potential for developing environmentally sustainable 

tourism. For instance, the city conducts a variety of 

renewable energy projects through collaboration 

between industry, the government, and academia, 

promoting and developing biomass businesses and 

creating a business environment for a 

biomass-centered ecosystem; it acts as a backland for 

the Tokyo market suburb; and the numbers of tourists 

with various purposes were 40% higher in 2015 from 

2011, travelling for nature, culture, and outdoor 

activities.  

From the perspective of energy consumption, 

secondary and tertiary industry contributes the most to 

consumption in Chichibu City. Energy efficiency 

needs to be improved in those industries [12]. 

Currently, there are numerous energy generation 

businesses operating within the city, including wood 

biomass and other ecosystems. For example, Chichibu 

City has been specified as a reference model for forest 

resources and energy use [13]. The Chichibu area has 

high opportunities for business as its energy supply 

and requirements are well balanced. Hence, the 

establishment of companies focusing on forest 

resources and energy is increasing in the city, and 

biomass becomes the main basis of employment. 

Furthermore, bio-gasification is attracting attention 

and is currently undergoing verification tests. 

Businesses in Chichibu City have a large influence on 

various fields including industry, the government, and 

academia. 

In this study, we selected popular tourism 

destinations in Chichibu City that have large fluid 

populations. The destinations studied include 

Chichibu City Centre (CCC), Chichibu Muses Park 

(CMP), Hashitate Stalactite Grotto (HSG), Mitumine 

Shrine (MS), and Michinoeki Ryusei Hall (MRH). 

The screening criteria of these destinations are cited 

from the officers in the Chichibu City tourism division 

[11], which were categorized into four points: 1) 

destinations with high admission capacity; 2) 

destinations popular during both the tourism and 

non-tourism seasons; 3) destinations that are well 

recognized among tourists; and 4) destinations that 

may be easily recalled by tourists. According to the 

RESAS, the population of the Chichibu City tourist 

area is organized and shown in Fig. 4 [14]. We found 

that the city center ranked the highest for annual fluid 

population. Similarly, the size of the population in 

weekends by each month was also obtained from 

RESAS (Fig. 5), and it shows that the population in 

the city center was the highest, and April was the peak 

month. April, September, and November were the 

most popular months for Muses Park. Furthermore, 

September was also the peak month for Ryusei Hall. 

Low numbers of tourists visited Mitumine Shrine and 

Hashitate Stalactite Grotto, however, they were more 

popular during November and October, respectively.  

4.2 Evaluation 

We calculated tourist mobility using the fluid 

population provided by RESAS. The annual number 

of passenger vehicles, buses and Electrical Vehicles 

(EV) are presented in Table 1 below. Other necessary 

data were as follows: 1) the passenger vehicle use 

ratio was 60% from Saitama prefecture in the 

Chichibu [15] local development center; 2) The 

average number of people transported using passenger 

vehicles was 1.3 people/vehicle, obtained from the 

Ministry of Land, Infrastructure and Transport (MLIT) 

[15]; 3) The average number of people transported 

people by bus was 13.59 people/vehicle, obtained 

from MLIT [15]. 

Energy consumption and CO2 emissions were 

estimated using the annual number of mobile 

passenger vehicles. Other necessary data included the 
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following: 1) tourist movement distance (m/km) and 

time, which was traced using Google Maps ([16] ) as 

it could illustrate vehicle travel time as well as 

distance; 2) fuel (gasoline) efficiency, which was 16.8 

km/ℓ for passenger vehicles in this study, provided by 

the Japan Automobile Manufacturers Association 

(JO08 mode, [17]); 3) CO2 emissions from gasoline 

use (kg-CO2/ℓ), which was 2.322 (kg-CO2/ℓ) in this 

study, according to data from the Business Activities 

of Specified Emitters Ordinance by the Ministry of 

Economy, Trade and Industry and the Ministry of 

Environment [18]. The annual energy consumption 

was 702 kL of gasoline, and the annual CO2 emissions 

were 1,630 t-CO2 (Table 2). The energy consumption 

and CO2 emissions of buses were calculated using the 

same methodology. Fuel efficiency differed from that 

of passenger vehicles. In this study, 7.09 km/ℓ, 

provided by Japan Automobile Manufacturers 

Association (JO08 mode), was applied for buses, and 

the resulting annual energy consumption was 159 kL 

of gasoline and the annual CO2 emissions were 369 

t-CO2. 
 

 
Fig. 4  Virtualization of the fluid tourist population in Chichibu City among popular tourist destinations. 

 
Fig. 5  Fluid population in Chichibu City 2015 (weekend) by month. 
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Table 1  Calculation of the annual fluid population (pp) and mobility. 

Departure Destination 
Total fluid 

(pp) 
Ratio (%)

Route fluid
(pp) 

Passenger vehicle 
users (60%) 

PV number Bus number EV number

CCC 

CMP 

1,528,200 

44.2% 674,746 404,848 311,421 29,790 404,848

MS 14.8% 225,472 135,283 104,064 9,955 135,283

MRH 34.2% 522,761 313,657 241,274 23,080 313,657

HSG 6.9% 105,220 63,132 48,563 4,645 63,132

CMP 

CCC 

161,600 

88.2% 142,536 85,521 65,786 6,293 85,521

MS 3.1% 5,037 3,022 2,325 222 3,022

MRH 7.2% 11,677 7,006 5,390 516 7,006

HSG 1.5% 2,350 1,410 1,085 104 1,410

MS 

CCC 

54,000 

83.0% 44,844 26,907 20,697 1,980 26,907

CMP 8.8% 4,742 2,845 2,189 209 2,845

MRH 6.8% 3,674 2,204 1,696 162 2,204

HSG 1.4% 739 444 341 33 444

MRH 

CCC 

125,200 

86.4% 108,158 64,895 49,919 4,775 64,895

CMP 9.1% 11,437 6,862 5,279 505 6,862

MS 3.1% 3,822 2,293 1,764 169 2,293

HSG 1.4% 1,784 1,070 823 79 1,070

HSG 

CCC 

25,200 

81.8% 20,605 12,363 9,510 910 12,363

CMP 8.6% 2,179 1,307 1,006 96 1,307

MS 2.9% 728 437 336 32 437

MRH 6.7% 1,688 1,013 779 75 1,013

Total 1,894,200 - 1,894,200 1,136,520 874,246 83,629 1,136,520
 

Table 2  Annual energy consumption (EC) and CO2 emissions from passenger vehicles (PV) and buses. 

Departure Destination 
Distance 

(m) 
Travel distance 

of PV (km) 
EC of PV 

(L) 
CO2 Emission 
of PV(kg-CO2)

Total travel 
distance of buses 

(km) 

EC of 
buses (L) 

CO2 Emissions 
of buses 
(kg-CO2) 

CCC 

CMP 6,700 2,086,523 124,198 288,387 199,594 28,151 65,368

MS 36,300 3,777,525 224,853 522,108 361,353 50,967 118,344

MRH 13,800 3,329,587 198,190 460,197 318,504 44,923 104,311

HSG 4,300 208,822 12,430 28,862 19,976 2,817 6,542

CMP 

CCC 6,700 440,764 26,236 60,920 42,163 5,947 13,808

MS 36,200 84,150 5,009 11,631 8,050 1,135 2,636

MRH 9,900 53,357 3,176 7,375 5,104 720 1,672

HSG 6,400 6,943 413 960 664 94 218

MS 

CCC 36,300 751,317 44,721 103,843 71,870 10,137 23,538

CMP 36,200 79,229 4,716 10,951 7,579 1,069 2,482

MRH 41,300 70,031 4,169 9,679 6,699 945 2,194

HSG 33,700 11,502 685 1,590 1,100 155 360

MRH 

CCC 13,800 688,880 41,005 95,213 65,897 9,294 21,582

CMP 9,900 52,259 3,111 7,223 4,999 705 1,637

MS 41,300 72,850 4,336 10,069 6,969 983 2,282

HSG 16,300 13,418 799 1,854 1,284 181 420

HSG 

CCC 4,300 40,893 2,434 5,652 3,912 552 1,281

CMP 6,400 6,436 383 890 616 87 202

MS 33,700 11,325 674 1,565 1,083 153 355

MRH 16,300 12,700 756 1,755 1,215 171 398

Total 11,798,510 702,292 1,630,723 1,128,629 159,186 369,630
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In conclusion, it was found that 78% of energy 

consumption and CO2 emissions can be reduced if 

buses are used for travel instead of passenger vehicles. 

CO2 emissions would reduce from 1631 to 369 t-CO2, 

and energy consumption would decrease from 702 kL 

to 159 kL. However, it would be difficult to exchange 

all passenger vehicles for buses. Therefore, suitable 

suggestions will be illustrated in the following 

sections using a variety of parameters. 

4.3 Proposals and Discussions 

This study enables a variety of future research using 

the outcomes of this estimation. For instance, 

visualization using tourism data included distances, 

time, and fluid population parameters. As shown in 

Fig. 6 [16], numerous qualitative and quantitative 

parameters were assessed, such as the relationships 

between travel distances, travel time the size of tourist 

population. Therefore, this study is also beneficial for 

regional transportation planning as it provides a social 

database. 

 
Fig. 6  Visualization outcome of Chichibu City’s tourism travel. 

 

4.3.1 Case Setting by Parameter 
This paper sets up four cases and estimates their 

energy consumption and CO2 emissions from three 

parameters for the specific tourist attractions: 1) 

tourist travel distances (10 km); 2) tourist travel time 

(20 min); 3) the number of tourists travelling (0.1 

million people). Case 1 focuses on the travel distances 

of tourists (see Table 3) and Case 2 covers tourist 

travel time — the long travel time is associated with 

buses and short time is passenger vehicles (see Table 

4). Case 3 analysis the number of tourist travel along 

certain routes in a certain tourist attraction, bus 

information are calculated when population above 0.1 

million while PV are estimated when under 0.1 

million (see Table 5). Case 4 covers the introduction 

of one-person EV when population is under 0.1 

million (see Table 6). This research enabled a variety 

of mobility estimations. 
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Table 3  Case 1: Energy consumption (EC) and CO2 emissions by travel distances. 

Departure Destination Distances (m) PV EC (L) PV CO2 Emissions (kg-CO2) Bus EC (L) Bus CO2 emissions (kg-CO2)

CCC 
 

CMP 6,700 -- -- 28,151 65,368

MS 36,300 224,853 522,108 -- --

MRH 13,800 198,190 460,197 -- --

HSG 4,300 -- -- 2,817 6,542

CMP 
 

CCC 6,700 -- -- 5,947 13,808

MS 36,200 5,009 11,631

MRH 9,900 -- -- 720 1,672

HSG 6,400 -- -- 94 218

MS 
 

CCC 36,300 44,721 103,843 -- --

CMP 36,200 4,716 10,951 -- --

MRH 41,300 4,169 9,679 -- --

HSG 33,700 685 1,590 -- --

MRH 
 

CCC 13,800 41,005 95,213 -- --

CMP 9,900 -- -- 705 1,637

MS 41,300 4,336 10,069 -- --

HSG 16,300 799 1,854 -- --

HSG 
 

CCC 4,300 -- -- 552 1,281

CMP 6,400 -- -- 87 202

MS 33,700 674 1,565 -- --

MRH 16,300 756 1,755 -- --

Total 529,912 1,230,455 39,073 90,727
 

Table 4  Case 2: Energy consumption (EC) and CO2 emissions by travel time.  

Departure Destination Travel time (min) PV EC (L) PV CO2 emission (kg-CO2) Bus EC (L) Bus emissions (kg-CO2)

CCC 
 

CMP 15 124,198 288,387 -- --

MS 57 -- -- 50,967 118,344

MRH 26 -- -- 44,923 104,311

HSG 9 12,430 28,862 -- --

CMP 
 

CCC 15 26,236 60,920 -- --

MS 55 -- -- 1,135 2,636

MRH 18 3,176 7,375 -- --

HSG 11 413 960 -- --

MS 
 

CCC 57 -- -- 10,137 23,538

CMP 55 -- -- 1,069 2,482

MRH 61 -- -- 945 2,194

HSG 52 -- -- 155 360

MRH 
 

CCC 26 -- -- 9,294 21,582

CMP 18 3,111 7,223 -- --

MS 61 -- -- 983 2,282

HSG 28 -- -- 181 420

HSG 
 

CCC 9 2,434 5,652 -- --

CMP 11 383 890 -- --

MS 61 -- -- 153 355

MRH 28 -- -- 171 398

Total 172,381 400,268 120,113 278,903
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Table 5  Case 3: Energy consumption (EC) and CO2 emissions by tourist population (comparison between PV & Bus). 

Departure Destination Fluid 
population 

(PP) 

PV Travel 
distances 

(km) 

PV EC
(L) 

PV CO2 
Emission
(kg-CO2)

Bus 
passenger 

number (PP)

Bus travel 
distances 

(km) 

Bus EC 
(L) 

Bus CO2 

emissions
(Kg-CO2)

CCC 
 

CMP 490,369 -- -- -- 29,790 199,594 28,151 65,368

MS 162,190 -- -- -- 9,955 361,353 50,967 118,344

MRH 378,551 -- -- -- 23,080 318,504 44,923 104,311

HSG 75,495 208,822 12,430 28,862 -- -- --  --

MS 
 

CCC 490,369 -- -- -- 6,293 42,163 5,947 13,808

CMP 5,867 84,150 5,009 11,631 -- -- --  --

MRH 13,869 53,357 3,176 7,375 -- -- --  --

HSG 13,869 6,943 413 960 -- -- --  --

MRH 
 

CCC 162,190 -- -- -- 1,980 71,870 10,137 23,538

CMP 5,867 79,229 4,716 10,951 -- -- --  --

MS 4,497 70,031 4,169 9,679 -- -- --  --

HSG 1,457 11,502 685 1,590 -- -- --  --

HSG 
 

CCC 378,551 -- -- -- 4,775 65,897 9,294 21,582

CMP 13,869 52,259 3,111 7,223 -- -- --  --

MS 4,497 72,850 4,336 10,069 -- -- --  --

MRH 1,070 13,418 799 1,854 -- -- --  --

MS 
 

CCC 75,495 40,893 2,434 5,652 -- -- --  --

CMP 13,869 6,436 383 890 -- -- --  --

MRH 1,457 11,325 674 1,565 -- -- --  --

HSG 1,070 12,700 756 1,755 -- -- --  --

Total 723,913 43,090 100,055 75,873 1,059,380 149,419 346,951
 

Table 6  Case 4: Energy consumption (EC) and CO2 emissions by tourist population (comparison between EV & bus). 

Departure Destination 
Fluid 

population (PP) 
EV passenger 
number (PP)

EV Travel 
distances (km)

Bus passenger 
number (PP)

Bus travel 
distances (km) 

Bus EC 
（L) 

Bus CO2 emissions
(kg-CO2) 

CCC 
 

CMP 490,369 --  -- 29,790 199,594 28,151 65,368

MS 162,190 --  -- 9,955 361,353 50,967 118,344

MRH 378,551 --  -- 23,080 318,504 44,923 104,311

HSG 75,495 48,563 208,822 -- -- --  --

MS 
 

CCC 490,369 --  -- 6,293 42,163 5,947 13,808

CMP 5,867 2,325 84,150 -- -- --  --

MRH 13,869 5,390 53,357 -- -- --  --

HSG 13,869 1,085 6,943 -- -- --  --

MRH 
 

CCC 162,190 --  -- 1,980 71,870 10,137 23,538

CMP 5,867 2,189 79,229 -- -- --  --

MS 4,497 1,696 70,031 -- -- --  --

HSG 1,457 341 11,502 -- -- --  --

HSG 
 

CCC 378,551 --  -- 4,775 65,897 9,294 21,582

CMP 13,869 5,279 52,259 -- -- --  --

MS 4,497 1,764 72,850 -- -- --  --

MRH 1,070 823 13,418 -- -- --  --

MS 
 

CCC 75,495 9,510 40,893 -- -- --  --

CMP 13,869 1,006 6,436 -- -- --  --

MRH 1,457 336 11,325 -- -- --  --

HSG 1,070 779 12,700 -- -- --  --

Total 81,084 723,913 75,873 1,059,380 149,419 346,951



Development of A Method for Estimating Local Tourism Transportation-Induced  
Energy Consumption and CO2 Emissions 

  

497

 

4.3.2 Analysis and Proposals  

In case 1, we assumed that the passenger vehicle 

was used when the distance was longer than 10 km, 

and the bus was chosen when the distance was shorter 

than 10 km. The annual energy consumption was 569 

KL, while the annual CO2 emissions were 1,321 t-CO2. 

Bus travel was recommended in case 2 when the 

travel time was above 20 minutes, and passenger 

vehicles for journeys shorter than this time. Similarly, 

the annual energy consumption was 269 KL, while the 

annual CO2 emissions were 676 t-CO2. In case 3, bus 

use and passenger vehicles were divided at 0.1 million 

people. The annual energy consumption was 193 KL, 

while the annual CO2 emissions were 447 t-CO2. In 

case 4, EVs were applied instead of passenger 

vehicles and annual energy consumption was 149 KL, 

while annual CO2 emissions were 347 t-CO2. 

After estimating the energy consumption and CO2 

emissions in five popular destinations of Chichibu city 

in each case, we found that reduction rate would be 49% 

in changing from case 1 to case 2, and 66% and 74% 

from case 1 into case 3 and case 4, respectively. 

Hence, the combination of bus and EV is 

recommended.  

The following recommendations can be extracted 

from the findings of this study: 1) energy conservation 

policies should be implemented by Chichibu to fulfill 

the needs of transforming from carbon-intensive 

tourism development into sustainable tourism, in line 

with increases in international tourist visitation, 

especially the expected peak during the 2020 Tokyo 

Olympics. EVs are also recommended. 2) Renewable 

energy systems that have already been applied in 

Chichibu should be addressed in the city tourism 

industry, because the development of tourism is a 

contributor to energy consumption and climate change; 

the additional energy demand that arises from tourism 

could be generated from renewable energy sources, 

such as solar photovoltaic panels, biogas, and thermal 

heat. 3) The selection of travel vehicles is significant 

for saving energy and reducing emissions. Hence, 

offering sustainable travel transportation vehicles and 

route guides is suggested.  

5. Conclusion 

This study investigated the relationship between 

tourism transportation, energy consumption, and CO2 

emissions, and underlines the need to develop an 

eco-tourism industry and low carbon society. To 

promote a sustainable society and transport system for 

tourism, this study developed a method for estimating 

energy consumption and CO2 emissions, and applied 

it to Chichibu City as a case study. It will provide 

knowledge on energy consumption and carbon 

emissions from which tourism and environmental 

authorities, academia, and the public can draw reliable 

conclusions. 

This research concentrated on the following: 1) it 

developed a new technique for energy and CO2 

assessment in tourism by applying an open database, 

RESAS, while offering a database and enabling a 

number of estimations at the popular tourist attraction 

level; 2) it enabled the visualization of travel for 

tourism through the method developed. We found that 

energy consumption and CO2 emissions can be 

reduced by 78% if transport options are changed from 

passenger vehicles to buses; 3) we offered a variety of 

proposals and set up cases by travel distance, tourist 

population size, and duration of travel, and 

recommend efficient mobility systems for each case. 
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