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• Challenges and barriers in tourism sec-
tor toward sustainability are illustrated.

• A total of six key cross-disciplinary ele-
ments in sustainable tourism are pro-
posed.

• Strategies, framework and details of KPI
system for green tourism are provided.

• A case study of the Green Island, Taiwan
toward a circular economy is presented.

• Transformative changes in tourism such
as water-energy-food nexus are
described.
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This paper provides an overview of the interrelationships between tourism and sustainability from a cross-
disciplinary perspective. The current challenges and barriers in the tourism sustainability, such as high energy
use, extensive water consumption and habitat destruction, are first reviewed. Then the key cross-disciplinary el-
ements in sustainable tourism, including green energy, green transportation, green buildings, green infrastruc-
ture, green agriculture and smart technologies, are discussed. To overcome the challenges and barriers, a few
implementation strategies on achieving sustainable tourism from the aspects of policy/regulation, institution, fi-
nance, technology and culture are proposed, alongwith the framework and details of a key performance indicator
system. Finally, prospects of the potential for tourism to contribute to the transformative changes, e.g., a green
economy system, are illustrated. This paper shine a light on issues of importance within sustainable tourism
and encourage researchers from different disciplines in investigating the inter-relationships among commu-
nity/culture, environment/ecology, and energy/water/food more broadly.

© 2018 Elsevier B.V. All rights reserved.

Keywords:
Renewable energy
Green building
Sustainable transport
Green infrastructure
Smart technology
Water-energy-food nexus

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453
1.1. Significance and importance of sustainable tourism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453

Science of the Total Environment 635 (2018) 452–469

⁎ Correspondence to: S.Y. Pan, Carbon Cycle Research Center, National Taiwan University, 71 Fang-Lan Road, Da-an District, Taipei City 10672, Taiwan, ROC.
⁎⁎ Correspondence to: P.C. Chiang, Graduate Institute of Environmental Engineering, National Taiwan University, 71 Chou-Shan Road, Da-an District, Taipei City 10673, Taiwan, ROC.

E-mail addresses: d00541004@ntu.edu.tw (S.-Y. Pan), mygao@ntu.edu.tw (M. Gao), h_kim@uos.ac.kr (H. Kim), pcchiang@ntu.edu.tw (P.-C. Chiang).

https://doi.org/10.1016/j.scitotenv.2018.04.134
0048-9697/© 2018 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Science of the Total Environment

j ourna l homepage: www.e lsev ie r .com/ locate /sc i totenv

http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2018.04.134&domain=pdf
https://doi.org/10.1016/j.scitotenv.2018.04.134
pcchiang@ntu.edu.tw
Journal logo
https://doi.org/10.1016/j.scitotenv.2018.04.134
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/scitotenv


1.2. Definitions of tourism activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 454
1.2.1. Sustainable tourism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
1.2.2. Ecotourism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
1.2.3. Rural tourism (or agro-tourism). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
1.2.4. Culture (heritage) tourism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
1.2.5. Community tourism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
1.2.6. Others . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455

1.3. Objectives of this review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
2. Challenges and barriers in tourism sustainability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456

2.1. Large energy use and greenhouse gas emissions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456
2.2. Extensive water consumption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456
2.3. Inappropriate waste management and treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456
2.4. Loss of biodiversity and habitat destruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456
2.5. Threats to heritage management and cultural integrity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457
2.6. Lack of communication channels and information platforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457
2.7. Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457

3. A cross-disciplinary approach toward sustainable tourism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457
3.1. Renewable energy (green energy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457
3.2. Green transport and sustainable mobility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457
3.3. Green building. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 458
3.4. Green infrastructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459
3.5. Green agriculture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459
3.6. Smart technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459

4. Strategies on sustainable tourism. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459
4.1. Governance, policies and framework for sustainable tourism: reliability and security . . . . . . . . . . . . . . . . . . . . . . . . . . 460
4.2. Enhancement of institutional networks and public-private-people participation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 460
4.3. Provision of adequate economic instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 461
4.4. Implementation of integrated management programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 461
4.5. Bridging smart technology industry with tourism sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 461
4.6. Creation of cultural (heritage) responses and public awareness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462

5. Establishment of comprehensive performance evaluation (CPE) programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462
5.1. Criteria and framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462
5.2. Key performance indicators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463
5.3. Methodologies and tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463
5.4. Case study: the Green Island at Taiwan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463

6. Perspectives and prospects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464
6.1. Transition to a green economy from tourism business approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464
6.2. Sustainable materials management (SMM) for a circular economy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 465
6.3. Connection to water-energy-food (WEF) nexus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 465
6.4. Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466

7. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467

1. Introduction

1.1. Significance and importance of sustainable tourism

Travel and tourism have a tremendous contribution to our modern
economical system. According to the statistics reported by the United
NationsWorld Tourism Organization (UNWTO), global travel and tour-
ism industry, including tourism-related business such as catering and
cleaning, represents 9.8% of total global gross domestic product
(UNWTO, 2017a) and 7% of global trade (UNWTO, 2017b) in 2016.
They also create approximately 11% of theworld's existing employment
(direct & indirect) in 2016 (UNWTO, 2017a). However, this great contri-
bution to economic development also has a significant impact on the
environment and ecosystem. For instance, CO2 emissions for
global tourist trips including same-day visitors' amount to about
1302 million tonnes (Mt) CO2 (Peeters and Dubois, 2010), correspond-
ing to 5% of global anthropogenic CO2 emissions in 2005, i.e., 26,400 Mt
CO2 (IPCC, 2007).

In fact, considering the amount of CO2 emissions from tourism in-
cluding transportation, as well as the great growth rates of tourists, its
contribution to the climate change is not small comparing to that of all
other sectors (Bows et al., 2009). Peeters and Dubois (2010) first devel-
oped a 30-year projection model based on an emission inventory made

for 2005. They found that improvements in technology alone cannot
reach the targets of CO2 emission reduction for sustainability. Without
a radical shift, the future tourist travel system will not meet the signifi-
cant CO2 emission reduction required for avoiding dangerous climate
change (Peeters and Dubois, 2010). In other words, immense transfor-
mations innot only transportmodes but also destination choice are nec-
essary (Peeters and Dubois, 2010).

Fig. 1 shows a roadmap of connecting tourism industrywith sustain-
able development around the world. Since the late 1980s, the research
in tourism field has given substantial focus on the issue of sustainability
(or sustainable development) (Hall, 2010). At that time, the concept to
connect tourism activity and the environment, known as “alternative
tourism”, was proposed and developed (Aall, 2014). The United Nations
(UN) plan of action for “Sustainable Development Agenda 21” adopted
at the Rio Conference in 1992. After that, the UNWTO had presented
its perspectives on sustainable tourism. In 1996, a separate Agenda 21
for tourism, developed in a partnership with the UNWTO, the World
Travel & Tourism Council (WTTC), and the Earth Council (EC), was pub-
lished. Followed by this document, the Quebec Declaration on “Ecotour-
ism”was announced at TheWorld Ecotourism Summit in 2002, and the
Davos Declaration on “Climate Change and Tourism responding to
Global Challenges” was announced afterwards in 2007. Until the Rio
+ 20 in 2012, the outcome document “The Future We Want” largely
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