
Sustainable Tourism EXperience: a preliminary approach
to restaurants recommendation systems based on
sustainability
Daniel Zilio1, Ngoc Trang Dai Vu1 and Nicola Orio1

1Department of Cultural Heritage, University of Padua, Piazza Capitaniato 7, Padua, 35139, Italy

Abstract
This paper presents the initial phase of a project developing an innovative Tourism Recommender System
(TRS) focused on sustainability. The proposed system, while applicable to various aspects of tourism, initially
concentrates on restaurants as a case study. It utilizes three data sources: basic venue information, automated
content analysis, and user-generated content. The goal is to quantify sustainability in tourism by integrating
factors such as accessibility, environmental impact, and visitor perceptions. This early-stage research outlines
the planned approach and addresses preliminary challenges in data collection and analysis, proposing potential
solutions for automating the evaluation process. The project aims to promote more informed tourist choices and
support sustainable practices across the tourism sector.
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1. Introduction

This paper presents the initial stage of designing a recommender system for restaurants that con-
siders sustainability factors. The methodology outlined here addresses the issue of developing a
semi-automated solution to provide quantitative metrics for assessing restaurant sustainability. This
approach will enable us to compare restaurants not only based on their proximity to users’ needs but
also by evaluating the environmental impact of each suggestion. At the base of the development of
recommendation systems there is the challenge of identifying the best solutions to meet users’ needs.
This concept is applicable across various contexts, as evidenced by the well-known examples of Amazon
and Netflix over the years [1, 2]. By employing several approaches such as collaborative filtering,
content-based filtering, and hybrid systems, these platforms can suggest items that align perfectly with
our current preferences [3], like recommending TV series based on our viewing behavior. Additionally,
they can analyze the possibility of grouping users according to their cultural tastes [4], among many
other illustrative cases. Recommender systems (RS) have greatly influenced the tourism industry (we
refer to as Tourism Recommender System, TRS) by enhancing travelers’ experiences. These systems
aim to meet tourists’ needs and preferences better. Traditionally, recommendations are generated based
on user preferences gathered from historical data, such as ratings and reviews [5]. This information
assists in trip planning by providing personalized suggestions for destinations, accommodations, activi-
ties, and more. The more effectively a system can achieve these goals, the more valuable it becomes.
Over time, TRS must take into account various stakeholders beyond just tourists. These include host
destinations and information platforms, each with its own unique needs and objectives. For example,
host destinations may want to attract a large number of travelers. At the same time, information
and booking platforms may focus on promoting destinations with a higher likelihood of successful
transactions or better profit margins [6]. One of the main stakeholders that can no longer be overlooked
is sustainability. There are various definitions of sustainable tourism. One states: “tourism that takes
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full account of its current and future economic, social, and environmental impacts, addressing the needs
of visitors, the industry, the environment, and host communities.” [7]. The main challenge we want
to face is developing a TRS that incorporates sustainability while satisfying the needs of tourists and
other stakeholders. Although the reported definition embraces the essence, the primary issue is how to
measure sustainability in tourism. The European Tourism Indicators System (ETIS) [8] developed by the
European Commission serves as a comprehensive management tool and monitoring system designed
to assist tourist destinations in measuring and enhancing their sustainability performance. It provides
a set of core and supplementary indicators, along with detailed guidelines, that enable destinations
to adopt a more informed approach to tourism planning. This system, which has been voluntarily
implemented by over 100 destinations since 2013 through various pilot phases, offers a toolkit available
in multiple languages, as well as supporting documents such as destination profiles, data sheets, and
survey templates. The indicator also serves as an informational resource for policymakers, tourism
enterprises, and stakeholders, complementing existing international and European methodologies. The
European Commission actively promotes ETIS through conferences and awards, recognizing destina-
tions that have successfully implemented the system. Case studies from various locations across Europe
demonstrate the practical applications and benefits of ETIS in sustainable tourism management [9].

ETIS provides general guidelines for assessing tourism sustainability but does not offer specific or
detailed methods for quantifying it. To create a TRS that incorporates sustainability, we need to define
key elements that can be used to compare different destinations based on their sustainability practices.
Additionally, we face the challenge of variability among destinations. Tourism experiences can differ
significantly, whether it involves visiting a museum, relaxing on the beaches of a desert island, engaging
in unique outdoor activities, or dining at a restaurant. This research focuses primarily on a specific
case: restaurants. We chose this topic because it is not only an inevitable part of tourism experiences
but also involves food consumption, which notably impacts the environment. This topic also requires
the collection of user-generated content (UGC), and the examination of such data using text analysis,
which applies to other relevant sectors under the tourism umbrella.

2. Related Work

One approach to measuring sustainability is presented in [10]. This study investigates the use of data
from online platforms to assess sustainable tourism. It employs web-scraped data from Tripadvisor and
machine learning techniques to predict which accommodations follow sustainable practices. The find-
ings indicate that machine learning models can effectively identify sustainable accommodations based
on publicly available online information. This approach provides a cost-effective and scalable method
for monitoring tourism sustainability, offering high spatial and temporal granularity. This systematic
review presented in [11] synthesizes research on environmental sustainability in restaurants. It identifies
key stakeholders, sources of unsustainability, green initiatives, outcomes, and performance indicators.
The study emphasizes the need for standardized sustainability metrics and comprehensive approaches
to implementing green practices across various types of restaurants. Additionally, it highlights research
gaps in areas such as the role of technology and the long-term impacts of sustainability efforts. The
study [12] presents a flexible multi-criteria decision analysis method that utilizes unweighted TOPSIS to
evaluate and rank alternatives based on their sustainability, without the need for precise weights for the
criteria. This approach is applied to sustainable tourism in Spain, considering both client and public man-
agement perspectives. It identifies strengths and weaknesses to help guide efforts toward achieving the
UN Sustainable Development Goals. A novel tourist recommender system (TRS) is designed in [13]. It
utilizes deep reinforcement learning to suggest sustainable itineraries aimed at preventing overcrowding
while optimizing visitor experiences. The proposed approach takes into account spatiotemporal factors,
weather conditions, and predicted crowd levels to generate comprehensive tour sequences. It reported
improved performance compared to traditional methods by effectively reducing wait times, increasing
visit durations, and promoting diversity in recommendations. In [14] sentiment analysis is utilized on
Chinese social media data to assess the quality of tourism in Spain, effectively measuring word-of-mouth



and identifying areas for improvement in tourist destinations. The research emphasizes that AI-powered
sentiment analysis of user-generated content offers more nuanced and authentic insights compared
to traditional survey methods. This approach enables better destination management and promotes
sustainability within the tourism industry. The Tourism Sustainability Index (TSI) described in [15]
measures tourism sustainability by combining open data with sentiment analysis of user-generated
content. The Green Destination Recommender (GDR) [16] is a web application aimed at promoting
sustainable tourism by suggesting environmentally friendly travel destinations. It combines various
sustainability factors, such as transport emissions, destination popularity, and seasonal demand, into a
single metric. This helps users make more responsible travel choices, addressing the increasing demand
for eco-conscious tourism solutions in a market that is becoming more environmentally aware. In [17]
the concept of sustainability-aware persuasive explanations in recommender systems is presented,
applying Cialdini’s persuasive principles to promote more sustainable choices across three product
domains: books, healthy food, and cars. Through a user study with 158 participants, the research
reveals that explanations based on the "authority" principle were generally most effective, while the
importance of sustainability aspects varied across domains, with higher perceived relevance in food
and car recommendations compared to books. Finally [18] proposes a novel approach to restaurant
recommendation systems by incorporating user and venue personality features derived from eWOM,
alongside topic modeling. Results demonstrate that personality-based models, particularly those using
MBTI, combined with XGBoost regression, outperform traditional collaborative filtering methods in
predicting user restaurant ratings.

3. Measuring the sustainability

This project aims to design a recommendation system for tourism applications that takes sustainability
into account. The case study focuses on restaurants, with the primary goal of developing a system to
evaluate and measure a restaurant’s sustainability. This first part of the research focuses on creating a
dataset of real restaurants, beginning with a chosen city, to establish a starting point for the subsequent
design phases. In the initial stage of the process, we need to determine how to evaluate restaurants
based on sustainability. Our assessment will focus on three main factors:

• Basic information about the restaurants
• The proposed menu
• Online User-generated content

These factors are initially gathered from the widely recognized tourism review platforms, Tripadvisor
and Google Maps (see Figure 1). After data retrieval and preprocessing stages, the next task will be to
compare the collected results and place each restaurant on a sustainability scale. In this paper, initial
considerations of the data retrieval process are presented.

3.1. Basic information about the restaurant

The information gathered at this stage is crucial for analyzing the fundamental elements related to
sustainability. Key considerations include the accessibility of the location via public transport, which
helps avoid the use of personal vehicles, as well as the venue’s hours of operation and delivery options.
The primary source for obtaining this information is Google Maps. This platform also offers real-
time data on the venue’s crowdedness, which can significantly influence the final recommendation.
Overtourism is a well-known challenge in the sustainability field, making this information particularly
relevant.

Additionally, some preliminary details about the menu can be sourced in this way, such as the
availability of vegetarian or vegan options. The restaurant’s own description may highlight the use of
local and seasonal products and the availability of regional dishes.



Figure 1: Workflow of STEX project - Data Retrieval stage

3.2. Automatic menu analysis

The menu offered by restaurants will be an important element for comparison. Our goal is to establish
an automatic system that utilizes text analysis to examine the different available recipes and extract
the various ingredients for each one. Analyzing the individual ingredients will play a crucial role in
assessing their environmental impact. For instance, animal protein is considered to have a greater
environmental impact than vegetable protein [19, 20]. The presence of vegan or vegetarian dishes
will generally be viewed positively compared to meat-based options. In addition, we will evaluate
the restaurant’s use of local and seasonal foods due to their impacts on environmental, societal, and
economic sustainability [21]. Ultimately, the objective is to generate a sustainability score for each
element of the menu, allowing us to derive a quantitative comparative value.
This phase presents two main challenges. The first is related to the level of automation that can
be achieved. The goal is to automate all process steps, but retrieving digital menus is not always
straightforward. Ideally, the restaurant would provide the menu on its website, allowing a parser to
easily extract the required information. However, more often than not, the menu is available only as
a PDF file, and its varied formats and layouts can complicate the automatic extraction of recipes. In
the initial phase of the project, we will focus on selected cases where the menu is available online on a
webpage or, at the very least, in clearly editable PDF formats. Additionally, we will explore the use of
language model-based vision techniques to automate the extraction of menu text, or like in [22] directly
for the dishes pictures.

The second challenge involves the assumption that certain ingredients have a greater impact on the
environment and overall sustainability than others. Although there are studies on this topic, particularly
on the differences between plant-based and meat-based meals, a thorough analysis of the literature is



necessary to develop a more comprehensive understanding. This will help to design a metric that is as
accurate and valid as possible.

3.3. Online User-generated content

The third element to be included in our analysis is the emergence of information on sustainability
trends in online user reviews. We aim to investigate related topics such as considerations regarding
product quality, the restaurant’s policy on allowing customers to take home leftover food, and portion
sizes of dishes to assess potential food wastage. Among these topics, reducing the portion sizes, as
well as plate sizes, has been suggested for buffet restaurants to lower tourism’s carbon ‘footprint’ [23].
Additionally, we will examine information related to wait times and crowdedness in the restaurant. The
volume of reviews received is also an important factor; a restaurant with a high number of reviews in
a short period suggests that it attracts a substantial number of visitors, which is likely indicative of
over-tourism. Meanwhile, one with fewer reviews could suffer in a recommendation system. For this
part of the analysis, going beyond investigating the descriptive data related to waiting times and the
number of reviews in a certain period, we will employ techniques of word frequency and topic analysis.
The first is to figure out the most frequent words that reviewers leave for restaurants, which can notify
the appearance of sustainability trends. The latter will capture the main themes of the reviews while
highlighting the various types of information present. Given the possible low number of user reviews
on both Tripadvisor and Google Maps and the short and unstructured nature of these reviews, the
study will manually compile the review set and apply BERTopic [24]. Among various topic modeling
techniques, including Latent Dirichlet Allocation (LDA), non-negative matrix factorization (NMF) and
Top2Vec, BERTopic is more potential when extracting useful information from short text data [25].
The first phase of data collection for the project is in progress and poses some challenges as we retrieve
user reviews on Google Maps and Tripadvisor. Despite their ability to offer general information about
restaurants, such as restaurant features, cuisine, opening hours, restaurant types, rating scores, and
so on (see the extended box of restaurant information in Figure 1), Tripadvisor and Google Maps only
allow users to retrieve up to five reviews using their Application Programming Interface (API) on a free
basis.12 The limited number of reviews does not help to produce an adequate and meaningful topic
extraction and analysis. While Tripadvisor does not provide any further information for retrieving
more reviews, Google Maps allows business owners to gather all reviews of their businesses through
the Business Profile APIs.3 One way for researchers affiliated with EU-based organizations to retrieve
more reviews from Google Maps is through the Google Researcher Program.4 However, Google Maps
does not specify the duration of the evaluation for a research application process. Considering that this
process can take a long time and the low number of reviews retrieved from Tripadvisor, we decide to
gather user reviews from these two platforms using a Python scripted program.

Also, dynamic websites that generate pages with constantly changing web elements, along with their
web security techniques, challenge the data extraction process. Due to such particular technical reasons,
the data collection consumes more efforts and times, and some data is missing from this process; for
instance, rating scores of Tripadvisor reviewers are not scraped, or it takes several tries to retrieve all
reviews on both platforms.

4. Future steps

This paper presented the initial stage of the project development, which aims to design a sustainability-
based Tourism Recommender System. The primary focus will be on creating and refining the dataset,
with restaurants serving as the main case study. This phase aims to address the identified technical
and practical challenges related to data collection and analysis methodologies. Once the dataset is

1https://tripadvisor-content-api.readme.io/reference/overview
2https://developers.google.com/maps/documentation/places/web-service/details
3https://developers.google.com/my-business/content/review-data/#list_all_reviews
4https://requestrecords.google.com/researcher

https://tripadvisor-content-api.readme.io/reference/overview
https://developers.google.com/maps/documentation/places/web-service/details
https://developers.google.com/my-business/content/review-data/#list_all_reviews
https://requestrecords.google.com/researcher


successfully consolidated, the research will advance to the implementation and evaluation of various
recommender system models. Subsequent research will concentrate on a thorough analysis of end-user
perceptions regarding sustainability in tourism recommendations. This study will investigate how
sustainability-based recommendations influence tourist decision-making processes, satisfaction levels,
and long-term behavior patterns. The findings will be crucial for assessing the effectiveness of the
system in promoting sustainable tourism practices.
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