
Enhancing urban environmental sustainability 
with the hosting of Olympic Games:

reality or dream?

Master Thesis

Marie Wouts

Msc in Engineering

Sustainable Cities
June 2020



Summary
Olympic Games are sporting mega-events occurring in a different city every four years. Neg-
ative economic, social and environmental impacts from the staging of the Games led in the
middle of the 1990’s to the creation of a new model for the Olympic Games based on the
concept of sustainability by the International Olympic Committee, the main international non-
governmental organisation owner of the Games. Since then, a growing integration of new
practices and knowledge towards the implementation of the concept of sustainability in the
planning, preparation and staging of the Games has been experienced. Part of those new
practices are the new sustainability tools used by the organisers of the Games. Despite those
new practices, the Games still entail negative environmental impacts. Yet, the Olympic Games
also play a positive role in the urban development of the city. The review of the existing
literature shows that the relation between environmental sustainability and Olympic Games is
still at an early stage of research. This project thus examines the role of the Olympic Games
in the development of the environmental sustainability in the host city.
First, the existing sustainability tools used during the planning of the Games are analysed.
Even though the application of those tools promotes the development of new practices to-
wards sustainability within the practices of the Games’ organisers, they do not ensure the
staging of sustainable Olympic Games. Their methodological limitations reduce their impact
on decision making towards sustainability. Besides, those tools do not provide any guidelines
nor good practices to be implemented by the Games’ organisers to enhance the environmental
sustainability and thus reduce the negative impacts.
In order to further understand the dynamics of the Olympic Games towards environmental
sustainability, the example of the water sector is used, and especially how the Olympic Games
impact the water sustainability in the host city. By using a multi-case study on three different
Olympic Games - Beijing 2008, London 2012 and Rio 2016 - this project presents the main
responses taken during the preparation of the Games towards water sustainability and their
efficiency. Those responses are divided into three main challenges related to water: water
quality, water availability and climate change. The Driver-Pressure-State-Impact-Response is
used as an analytical framework in order to frame the structure of the analysis, and to further
understand the specific target of each type of response. Based on those responses and the
analysis of the underlying dynamics, some initiatives towards more sustainable practices are
recommended both to the Games’ organisers and to the International Olympic Committee.
Those initiatives for instance include the setting of specific sustainability requirements or the
releasing of specific quantitative data regarding environmental sustainability in order to increase
the transparency of the Organising Committees.
Overall, regarding the water sector, the Olympic Games act as a tool for developing new
and modern water-related infrastructures in the host city, are an accelerator for existing sus-
tainability development plans and are an innovation lab for new sustainable practices. Those
findings are all related to the water sector, but can be generalized to some extent to the other
sustainability dimensions such as transport, water or energy. This way, the Olympic Games
can enhance the environmental sustainability in the host city. Yet, the positive impacts of
the Olympic Games on the environmental sustainability of the host city are still limited by,
for instance, mismanagement or the prioritisation of other prevailing aspects. There is thus
a need for the stakeholders of the Olympic movement to engage in a more transparent and
meaningful way towards the integration of the environmental sustainability concept within all
their practices.
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1 Introduction
The Summer Olympic Games are the world’s main sporting mega-events, occurring every four
years in one city or region around the world. Those events gather thousands of athletes and
spectators from all around the world. During the Games, many systems of the city, such
as the waste management, the energy supply, the transport, the water supply, or the city’s
accommodation stock are pressured, and the city must accommodate those systems to the
specific needs of the Games and the growing number of people living in the city for a very
short period of time.
In parallel, cities must deal with other challenges. First, urbanization is a global trend around
the world, as it is expected that 68% of the population will live in cities 2050, compared to
55% in 2018 (United Nations, 2018). Besides, the impacts of climate change threaten cities,
with a rising number and intensity of extreme events. Advancing urbanization in combination
with increasing vulnerability towards climate change stress the need to develop sustainable
cities.
The concept of sustainable development has been, for decades, one of the main focus of the
urban discussion. This concept is currently considered as relatively established, as one def-
inition for sustainability has been widely used since the Brundtland Commission: the ability
to “meet the needs of the present without compromising the ability of future generations to
meet their own needs” (World Commission on Environment and Development, 1987, p16).
Three pillars are often used to describe the concept: the social, the environmental and the
economic. This concept is highly discussed and integrated in the strategies of many companies
and organisation. This is the case for the International Olympic Committee, which integrated
this the environmental dimension as the third dimension of the Olympic Movement. At first
sight, the integration of the concept of sustainability could appear as nonsense, because it
contradicts with the concept of the Games. During the Olympic Games, there is a concen-
tration of investments and people in time and space, while sustainable development suggests
the dispersion of investments in time and space (Furrer, 2002). The Olympic Games further
pressure the environment with a concentration of new infrastructures in few places across the
cities.
Hosting the Olympic Games is nonetheless a strategy for urban regeneration because it justifies
the enhancement and redevelopment of urban areas. In fact, mega-events are often consid-
ered as accelerators for major urban transformation or renewal projects (Essex and Chalkley,
1998). For instance, major events can boost wider urban regeneration project by extending or
accelerating existing plans. As well, mega-events are increasingly used to showcase sustain-
able urban development. Therefore, in this project, the Games are considered as both having
adverse impacts on the environment, that should be mitigated, but also act as an opportunity
to enhance the urban environment of the host city.
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Rising awareness over the negative environmental impacts of the Games by local inhabitants
and non-governmental organisations, as well as a public reluctance for hosting the Games due
to their high costs have called the International Olympic Committee for the development of a
new model for Olympic Games in the middle of the 1990’s (Furrer, 2002). Besides, this model
is a response to the decreasing number of cities willing to host the Games, for fear of building
mega infrastructures with non-futuristic projects of use after the Games. In fact, one of the
main issues regarding the Olympic Games is that some the infrastructures built for the Games,
including sport venues and Olympic Village, are left abandoned and completely unused after
the Games, because of lack of public demand or maintenance (Davis, 2019).
This model relies on the integration of the concept of sustainability in all the practices of
the Olympic movement, including the ones from the Games’ organisers. Overall, this new
model should enhance the benefits and reduce the economic, environmental and social impacts
related to the Games. Additionally, the model promotes long-term legacies over short-term
investments, especially in order to reduce the number of unused infrastructures after the
Games. This new model has been developed since the 2000 Games in Sydney, which were
considered as the first “sustainable” Olympic Games (Weiler and Mohan, 2010). Since then,
all the host cities have tried to design Games in a more sustainable way (Konstantaki, 2018),
developing new practices and using different environmental evaluation tools to enhance the
sustainability of the Games. Besides, the Games’ organisers have started to integrate the
concept of legacy in the bid process by selecting the cities that best consider the incorporation
of the Games in their urban development policies (Abebe et al., 2014).
Despite the implementation of this new model and the use of sustainability assessment tools,
there are still negative impacts and mismanagement during the Games. For instance, the
last Summer Games in Rio were heavily criticized because of the water quality of the venues
for the sailing competition, as it was considered by some too polluted to ensure a safe and
healthy bathing quality (The Guardian, 2015). Likely, during the Games in Beijing in 2008,
an algae outbreak occurred at the Olympic sailing venue (UNEP, 2009). Those two situations
raised a debate among non-governmental organisations and citizens on the difficulty of Games’
organisers and host cities to fulfill some of the environmental commitments made during the
planning of the Games. Those two examples deal with the water issues, yet other examples of
unfulfilled commitment can be found for other environmental sustainability dimensions (e.g.
energy, transportation, waste).
This project specifically focuses on the issue of water sustainability and Olympic Games. First,
from a methodological perspective, this focus intends to limit the scope of the project, and
water should then be considered only as an example of how the Olympic Games impact the
environmental sustainability of the host city. Then, this issue was as well chosen because
no paper in the existing literature has specifically focused on the relation between Olympic
Games and water management in the host cities. No paper really calls for the analysis of the
relation between water sustainability and Olympic Games. Yet, it does not mean that this
relation should be overlooked. The two practical examples presented above on Beijing and Rio
show that this issue is still problematic during the Olympic Games. Moreover, the growing
challenges of cities towards decreasing water resources and the fact that Olympic Games are
held during the summer month, so when the demand for water is the highest, highlight this
need to start a discussion on water sustainability and Olympic Games.
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A part of the urban sustainable development is the management of natural resources, such
as water resources. In fact, urbanized areas concentrate the demand for water. Water sus-
tainability comprises different challenges, including the water supply and access to sanitation
which is a global target around the world. In fact, the Sustainable Development Goals include
one goal towards clean water and sanitation: “ensure availability and sustainable management
of water and sanitation for all” (United Nations, 2016, p20). As mentioned before, the Games
can act as catalyst for urban development, and thus be used as a response to enhance water
sustainability of cities. But in order to strengthen even more the benefits and reduce the
still existing negative impacts, it is essential to know the types of response, and the main
technological and governance issues met in their implementation.
The aim of the project is thus to perform a qualitative investigation and analyse if and how,
through the hosting of the Games, the environmental sustainability of the host can be enhanced
by specifically focusing on the water sustainability dimension.

Research question
The following main research question is considered throughout the report:

What roles do the Olympic Games play in the environmental
sustainability of the host city?

To answer this main research question, three sub-question are specifically examined:
• What are the existing sustainability assessment tools used during the planning and prepa-

ration of the Games and what are their limits?
• What are the current Olympic Games responses related to urban water sustainability

and how efficient are those responses?
• Which initiatives are to be recommended for future Olympic Games and the International

Olympic Committee to enhance environmental sustainability of cities and reduce the
negative environmental impacts?

The first chapter of this report sets the context of the project, with information about the
Olympic Games, the evolution of their impacts on the environment, but also their governance.
The second chapter presents and shows the limits of the existing literature on the relation
between environmental sustainability and Olympic Games. The third chapter deals with the
analytical framework, the Driver-Pressure-State-Impact-Response approach that is used to
structure the analysis. The next chapter explains the research design, a multi-case study,
the scope of the project and methods used for this project. Then, the existing sustainability
assessment tools for Olympic Games are presented in order to highlight their limit, and to show
why they do no ensure the staging of sustainable Olympic Games.This further help understand
the need to provide effective new practices and initiatives for future Olympic Games to enhance
their sustainability. The fifth chapter displays the main findings, by first presenting the cases
analysed and the main responses towards water sustainability. The identification of the main
measures and responses provides useful insights on whether those measures are useful and
successful. This leads to the proposition of possible initiatives to guide future Games organisers
to increase sustainable management of water resources both during the Games and in long
term. Finally, the last chapter discusses the results and limits of the project, and likewise
examines the relation between sustainability and Olympic Games.
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2 Contextual Framework
This chapter provides information on the Olympic Games, in order to set the contextual
framework of the project. It mainly includes knowledge on the Games, with first an historical
review of the motives of cities behind the hosting of the Games. The understanding of the
urban context in which the Games occur is important for the understanding of the project.
Then, a review of the main stakeholders of the Olympic Games, their relations and a description
of the planning process of the Games is carried out.

2.1 History of the Olympic Games
During the last few decades, the reasons for hosting the Games have evolved. The following
parts dive into the development of Olympic Games, and how they have become a worldwide
event. Besides, those parts present the types (economic, social, environmental spatial and
governance) of motives and how the strategies have changed throughout the 20th century.

2.1.1 From a sporting event to a strategy of urban regeneration:
1896-1972

The modern Olympics were initiated by Pierre de Coubertin in 1896, under the motives that
sport could promote physical renewal but also cultural revival (Gordon, 1983). Until 1960,
the reasons for hosting the Games were mostly limited to sportive ones. One exception was
for the Games in Berlin in 1936, when the political motives were prevailing over sporting ones
(Essex and Chalkley, 1998). The impacts on the urban environment were lessened first to new
sports infrastructures, then to an Olympic quarter in the city (Liao and Pitts, 2006).

Then, until 1984, the Games were used to develop and especially modernize the urban envi-
ronment. The Games were considered as stimulating the urban regeneration and economic
development (Kitchen, 1996). In 1960 (Rome) and 1964 (Tokyo), the cities used the Games
to improve the urban environment through important regeneration projects. These projects
include the development of new and modern infrastructures such as better public transport
or new airport facilities. Especially, those two cities built new water systems (Liao and Pitts,
2006). The main reasons for those two cities to host the Olympic Games was to benefit from
the economic dynamic behind the Games to modernize the cities.

For the Games in Munich (1972) and Montreal (1976), spatial development was the main
reason to host the Games, with the development of already existing city plans. The Games,
in those cases, were used to speed up the implementation of those plans (Essex and Chalkley,
1998).

2.1.2 A new paradigm: 1976-1992
Even if the Games in Montreal led to the improvement and renovation of many city infrastruc-
tures, the costs associated were too high, leaving the city with an enormous debt. A striking
example is the building of the Olympic Stadium which cost $1.5 billion and still costs every
year in maintenance $32million. It took 30 years for taxpayers to pay it off (Weiler and Mo-
han, 2010). Those types of huge infrastructure, that are an economic loss for cities are called
“white elephant”, and are still one of the main challenges in modern Olympics. To avoid such
economic losses, the Games in Moscow in 1980 favoured the use of existing infrastructures.
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In 1984, Los Angeles had to deal with the unwillingness of taxpayers to pay for the Games,
so those Games were privately funded. This was an important shift in the economic model
of the Games (Weiler and Mohan, 2010). First, the International Olympic Committee wanted
to refuse those privately funded Games, but as Los Angeles was the only city bidding for
the 1984 Games, the IOC did not have the choice but to accept the bid, due to the lack
of other alternatives. This absence of other cities bidding for the Games was due to the
negative impacts and political events of the previous Games: political protests in Mexico in
1968, terrorists attacks against Israeli Olympians in Munich in 1972, the debt of the Games
in Montreal in 1976 and the boycott of the Games in Moscow in 1980 (Essex and Chalkley,
1998).

To face this unwillingness to pay and to avoid the economic disaster of the Games in Montreal,
the Los Angeles Organising Committee required that Olympic sponsors and multinational
corporations should pay for a larger share of the costs. Consequently, few infrastructures were
built and many already existing facilities were widely used. This led to a financial success, with
$225 million of operating surplus. Those Games are often characterized as a turning point of
the Olympic Games (Weiler and Mohan, 2010). Afterwards, cities and countries started to
realise the importance of economic benefits of the Games and a growing number of bids was
noticed after those Games. The motive behind a candidature was, among all, economic reason.
For the Games in Barcelona, back in 1992, an economic crisis was affected the city during the
bid process back in the early 1980’s. Games were seen as catalyst of both short and long term
economic growth, and therefore considered as a tool to reduce the impacts of this economic
crisis (Gratton and Preuss, 2008). Especially, the Games enhanced the international prestige
of the city and improved its competitiveness. This led to a rise by 31% of tourists coming to
visit the city after the Games, compare to the situation prior to the Games (Sananhuja, 2002).
Thus, the Games really brought long-term economic benefits to the City.

2.1.3 Recent Games: 1992-2020
Up to 1992, using the Games to improve the urban environment of the host city has almost
always been one motive to host the Games, maybe apart from the Games in Los Angeles.
To go even further, the Games in 1992 in Barcelona addressed the social aspects of the
Games, through enhancing the social integration by improving low quality neighbourhoods
and providing sport facilities in those areas. The largest park of the city was used for the
Games, and was redeveloped and refurbished (Garcia-Ramon and Albet, 2000). Since those
Games, there was a transition in the development strategies of host cities which before focused
on the construction of massive sport and urban infrastructures, and which is now more focused
on a broader notion of urban regeneration. Atlanta (1996), Sydney (2000) and London (2012)
built their Olympic Parks on contaminated sites, Athens (2004) built it on a former military
base (Liao and Pitts, 2006).

The main motives behind the Games in Sydney in 2000 was to internationalize Australia and
to promote international tourism (Chen et al., 2013). For Beijing 2008, the motives were
several: to showcase the country, to show that China is very capable to host such mega-event
and to enhance China and Beijing redevelopment (Zhou et al., 2012). For London, in 2012,
one of the main motives, as mentioned by the former mayor of London, was that hosting the
Games would create an opportunity to get more money from the government to develop new
infrastructures in the city (Chen et al., 2013). Rio had the same motives as Barcelona, back in
1992, as Rio wanted to improve the infrastructure (transport, waste) and improve the prestige
of the city to attract international tourists (Gaffney, 2010).
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2.1.4 Overview of the motives behind the Games
The motives for hosting the Games have evolved through history. The economic motives,
which have prevailed, include the restructuring of the local economy like for Barcelona in
1992, the improvement of city’s competitiveness and the development of a new image to
promote international competitiveness, and city branding, as in Sydney in 2000. In terms of
spatial motives, the improvement of urban infrastructures and regeneration of some areas are
among the most important, such as in 1960 and 1964 and Rome and Tokyo. For Barcelona,
Atlanta, Sydney, Athens and London, a strong focus was put on a regeneration of a specific
area of the city. Beijing and Rio were more into a general development of the city with
the improvement and development of new infrastructures (public transport, water and waste
systems). An important issue raised by this historical review is that there are never been any
environmental reasons as main motives for hosting mega-event.

2.2 Games’ design
This section presents the actors and stakeholders of the Games. It then dives more specifi-
cally into the explanation of the bid process and planning of the Games, from a governance
perspective.

2.2.1 Stakeholders and governance of the Olympic Games
The Organising Committee of Olympic Games (OCOG) is the main organisation responsible for
planning, preparing and staging the Olympic Games. At each Olympiad, the National Olympic
Committee (NOC) of the host country and the government of the host city establish an OCOG,
which then must follow the requirements from the International Olympic Committee (IOC).
The IOC is the owner of the Olympic Games, and the leader of the Olympic Movement. This
non-governmental organisation is responsible for ensuring the staging Summer and Winter
Games, and selecting the host cities. Finally, another actor is the Olympic Delivery Authority
(ODA) which is a public entity created by the OCOG to coordinate the work of the national,
regional and municipal governments in the provision and operation of the infrastructures needed
for the Games. Those actors are the main ones considered in this project, but many other
important stakeholders are involved in the staging and preparation of the Games, such as the
sponsors, and the international federations.

Figure 1 shows the main stakeholders of the Olympic Games, and their relations. The coloured
circles highlight the main actors that have an important role in this project, and that are
widely discussed: the International Olympic Committee (IOC), the Organising Committee
for Olympic Games (OCOG), the local governments, the Olympic Delivery Authority (ODA)
and the non-governmental organisations. The term Games’ organisers that is used along
this report groups the OCOG, the local governments and the ODA. The environmental non-
governmental organisations, such as Greenpeace or WWF, are important stakeholders for this
project as well. They play the role of external observers of all the environmental practices of
the Games’ organisers and their impacts. They also sometimes work in collaboration with the
organisers to help them set the environmental strategies and objectives.

2.2.2 Governance of the Games
The concept of governance deals with the organisation of decision-making processes. It is
important to understand those for the Olympic Games, because they are different from normal
urban planning processes. This part presents some of the main governance processes that are
important to be aware of for this project.
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Figure 1: Stakeholders of the Games

Bid process
The bid for the Olympic Games is a long process taking several years and involving different
candidate cities that are in competition. Each candidate city must first have the support from
their respective National Olympic Committee. Then, a specific company, often called ”City +
Year of the Games” (e.g. London 2012, Rio 2016) is created to take care of the bid procedure.
This company is responsible to get the support from important stakeholders for the Games,
such as the local governments, the national one and other important organisations. This
support is essential in order to make the bid stronger, and to ensure that the local and national
governments will be financially involved in the Games. During the bid, this company is further
responsible for preparing a master plan representing the overall design of the Games, which is
made in collaboration with the local governments. The choice of venues, new infrastructures,
development plan and sustainability commitments are determined by discussions between the
company, the national, regional and municipal governments and the owners of the existing
infrastructures.
The growing public expectation for more responsible Olympic Games, in terms of social,
economic and environmental impacts (Weiler and Mohan, 2010), combined with the mandatory
inclusion of the concept of sustainability in the bid, lead to the introduction of new principles
and practices in the bid of the candidate cities, in order for their application files to appear
stronger and innovative.
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Preparation and staging of the Games
Once the bid is won, a new company is created: the Organising Committee for Olympic Games
(OCOG). There is some knowledge transfer sessions between the company created for the bid
and the OCOG, which is responsible for the implementation of the plan, the staging of the
Games and the wrap-up. The knowledge transfer is essential in order for the OCOG to fully
understand the details of the master plan and the overall strategies behind the Games. The
OCOG signs the Host City Contract along with the local government, the NOC and the IOC,
as shown in figure 1. This contract sets all the mandatory technical requirements for the
Games, and makes the OCOG legally responsible for the staging of the Games.
The preparation for the Olympic Games is different from usual planning procedure, because
there is only seven years between the end of the bid process and the staging of the Games.
First, two years are often needed to refine the master plan, to buy the lands needed for the new
infrastructures and to relocate the businesses and inhabitants living in those lands. It is the
Organising Committee for the Olympic Games which decides the operational strategies, which
must comply with the bit commitment. The next five years are used for the construction. Any
delay in the building of infrastructure cannot be accepted, so most of the time the planning
procedures are accelerated, and even overlooked. Finally, the Games are held for a two weeks
period during Summer.
Regarding the sustainability commitments, the Host City Contract does not provide any sus-
tainability objectives. It is the OCOG which is the main actor responsible for the environmental
management during the preparation and staging of the Games. One of the key driver to in-
tegrate environmental sustainability in the design of the Games is the strong relation between
OCOG and non-governmental organisations starting at an early stage of the project (Green-
peace, 2008; Weiler and Mohan, 2010).

Knowledge transfer program
A Knowledge Transfer Program was developed by the International Olympic Committee after
the Games in Sydney back in 2000. The Organising Committee in Sydney realised the value of
knowledge and information, first internally inside their organisation and to future Organising
Committees (Parent et al., 2014). The main elements of this program include the sharing
of services, information and personal experiences. Samuel and Stubbs (2013) show that
knowledge transferred can bring value to the staging of the Games. According to them, it is
important to learn from the past Games and the reporting made throughout the preparation
of the Games is one way forwards. This program also enables the diffusion of best practices
(Vanwynsberghe, 2015).
This program occurs at different stage. First, during the bid process when the overall design of
the Games is determined, the candidate cities have access to technical reports, can participate
to workshops and can have discussions with experts with hands-on experienced. One issue is
that the knowledge accessible to candidate cities and to the Organising Committees is filtered
by the IOC. This entails a design and planning of Olympic Games shaped by the same group of
elitist stakeholders (Kassens-Noor, 2019), and thus increasing similarities between the Games,
without consideration of the specificity of each local context.
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This program received other critics (Stewart, 2012). First, the fact that the Games only occur
every four years makes it difficult to identify best practices, especially when the technological
context evolves rapidly. Another issue is that the competition between the different Organ-
ising Committees creates reluctance to share their knowledge. Finally, the financial costs of
knowledge sharing can impede the Committees to really invest on it. In fact, those Commit-
tees prefer to invest in the gathering of knowledge for a future even host in the city. Overall,
Stewart (2012) concludes that Olympic Games do not need knowledge transfer but a total
transparency.
The numerous limitations of this knowledge program and the lack of evidence on whether it
really helped some Games’ organisers highlight the need to develop a new model for knowledge
sharing and organisation learning. Also, nothing was found on the types of knowledge that are
shared - is it only on technical issues, does it include anything on environmental sustainability?
Thus, if Games organisers and the IOC cannot ensure proper knowledge sharing, it is then
the role of other actors, including researchers, to analyse and recommend best practices and
positive dynamics towards sustainability.
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3 State-of-the-art: Environmental
Sustainability and Olympic Games

This chapter presents the existing literature on the environmental sustainability and Olympic
Games. Around 40 research and review articles, written from the end of the 1990’s to current
days, were found during the project. Those articles come from different type of journals -
planning, scientific, social science, environmental,management, sport & tourism - with an
overrepresentation of articles coming from journals on event, sport or leisure. The relation
between the environmental sustainability and Olympic Games is thus studied by a mix of
disciplines. In the chapter, this literature review is divided into five main topics of research in
which most of the papers found fall within: the history of sustainability and Olympic Games,
the environmental impacts, the Games and urban development, the legacy of Olympic Games
and finally the critics towards the possibility of creating sustainable Olympic Games. Those
five topics were identified during the project, when the different papers were reviewed. For
reasons of clarity and understanding, the following sections each represent one topic.

3.1 History of sustainability and Olympic Games
The history of the relation between sustainability and Olympic Games has been widely qual-
itatively reviewed by many different authors. Especially, an important focus is given to the
concept environmental sustainability, the historical integration of environmentalism in the
Olympic Movement and the greening of the Olympic Games (Cantelon and Letters, 2000;
Weiler and Mohan, 2010; Samuel and Stubbs, 2013; Gold and Gold, 2013; Krieger and Lan-
genbach, 2018; Ross and Leopkey, 2017). It is the most studied topic among the five identified
above, and most of the papers having this specific approach are published in academic journals
related to sports or events. The objective of almost all those papers is to provide an historical
analysis how the concept of sustainability emerged within the Olympic Movement and what
were the reasons for it, starting back at the beginning of the 1990’s until the beginning of the
2000’s.
It was in 1992, during the Winter Games in Albertville, that the negative environmental
impacts of the Games were for the first time publicly denounced. Among others impacts, the
destruction of biodiversity and alpine environment to build ski runs, the storage and use of
ammonia to refrigerate the bobsleigh track raised many protests from the inhabitants of the
city (Cantelon and Letters, 2000). In order to reduce this controversy and to restore a positive
image of the Games, the International Olympic Committee decided to introduce the concept of
sustainability in the Olympic Charter in 1994. The participation of the IOC in the Rio Summit
back in 1992 was as well a driving factor for the inclusion of the sustainability concept as the
third pillar of the Olympic Movement (Weiler and Mohan, 2010). Following this integration,
the IOC developed in 1999 an Agenda 21 for the Olympic called Olympic Movement’s agenda
21 for Sustainable Development, based on the Agenda 21 of the United Nations (Krieger and
Langenbach, 2018). This Agenda aims at promoting sustainable development, especially the
improvement of socio-economic conditions and the sustainable management and conservation
of resources in the Olympic Movement (IOC, 1999). Then, Sydney in 2000 was the first
Games to include the concept of sustainability in their bid (Samuel and Stubbs, 2013). After
the Games in Sydney, the IOC decided to make the concept of sustainability and environment
mandatory to integrate in the bid process.
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An interesting point that was identified is that the shaping of the sustainable and environmental
policy of the IOC mainly derives from the impacts of Games - such as the negative impacts in
Albertville in 1992 - or by the innovative initiatives taken by Games’ organisers - such as the
integration of the concept of sustainability within the bid process after the Games in Sydney
(Guthoff, 2016). Three main phases regarding the integration of environmental themes within
the Olympic Games was identified: first, the environment, then sustainability and finally zero-
impacts (Ross and Leopkey, 2017). The concept of zero-impact Games started with London
2012, the first Games which have tried to go for climate neutrality and zero-waste.

3.2 Environmental impacts of the Games
Similarly, the different environmental impacts of the Games are widely investigated, both
qualitatively and quantitatively. Different ways of studying the impacts of the Games were
identified during the literature review. First, the focus of the paper is on one specific Games and
a review of the economic, social and environmental impacts is performed. The other alternative
is to focus on multiple Games, and a review of one specific type of impact is performed. Another
way to is to analyse the impacts of the Games on one specific environmental sustainability
dimension - transportation, buildings, waste, air quality. Each of the following paragraphs
presents one specific approach.

Tziralis et al. (2008) focused on the Games in Athens, and quantitatively reviewed the economic
and environmental impacts, with the analysis of the evolution of specific quantitative data (e.g.
concentration levels of a fine particles in the city from 1996 to 2005). Their study only includes
the impacts of the Games on the transport sector and the air pollution. They found that the
Games in Athens had positive impacts on the development of the transport network. On the
other hand, the levels of pollution in the city started to rise around four years before the
Games, and this was attributed to all the construction works going on at that period for the
building of the infrastructures for the Games. This way, the Games had negative impacts on
the air quality of the city, especially during the preparation for the Games (Tziralis et al., 2008).
Gaffney (2013) presented some of the negative environmental impacts of the Games in Rio,
and the dynamics behind them. For instance, the construction of the golf course is given as a
striking example of how the Games negatively impact the biodiversity. This construction was
conducted on a protected area, one of the few wetland space remaining in the city and was
possible by a legal change made by the local government of the zoning of the area, making it
not a protected zone anymore. This was justified by the fact that the area had already been
altered by anthropogenic activities, and that the building of a golf course brings more legacy
than protecting the existing natural environment (Gaffney, 2013). This example shows how
the local governments can modify their existing laws to build the new infrastructures where
they want and by doing so they can indirectly enhance the negative impacts of the Games on
the environment.

Guthoff (2016) made a qualitative review of the positive and negative impacts of four Games,
Albertville 1992, Lillehammer 1994, Sydney 2000 and Rio 2016. Building on the review of
these impacts, some policies to be implemented by the IOC to reduce the negative impacts and
enhance the positive ones are proposed. Those policies include the implementation of best
management practices regarding environmental challenges and the leading of independent
environmental audits by external stakeholders in order to avoid any misrepresentation and bias
from the Organisers of the Games (Guthoff, 2016).
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Finally, many papers also deal with the analysis of one specific dimension of the environ-
mental sustainability, and how the staging of the Games negatively or positively impacts this
sustainability dimension. Those papers are mostly found in scientific journals which subjects
depend on the sustainability dimension studied. One of the most widely studied environmental
dimension is the air quality. This is especially analysed in Beijing (Chen et al., 2013; Wang
et al., 2010) or in Rio (De La Cruz et al., 2019). In Beijing, the different studies found that
the Games had a positive impact on air pollution, with a reduction of the pollutant’s concen-
tration during the Games, but with the levels of pollution returning to the ones prior to the
Games afterwards. The impact of the Games on the transportation sector has been widely
discussed by Hensher and Brewer (2002), Zhou et al. (2010) and Kassens-Noor (2013). The
main outputs of those studies are that the Games have positive impacts on the development
of transport network, with a focus evolving from the expansion of the road networks for older
Games to the development of public transport in the most previous Games. Other studies
focus on the building sector (Maloutas et al., 2009), or on the waste sector (Douglas, 2011).

3.3 Games and urban development
The relation between Olympic Games and urban development is also examined. The papers
on this specific topic are mostly found in planning journals, and written by researchers in urban
planning or geography. This subject is widely studied in the existing literature. It is analysed in
the literature with mainly one specific angle, which is the analysis of several Games, or several
mega-events, including one Olympic Games and how those events shape urban development.

Rijina and Sujith (2019) analysed three mega-events, including one Olympic Games. They
only qualitatively examined the positive outputs of those events on the urban environment.
They shown that mega-events have the capacity to boost the efforts of the city to improve its
infrastructure, transport system and economy (Rijina and Sujith, 2019). Essex and Chalkley
(1998, 1999) reviewed the effects of the Olympic Games on the physical environment, through
an historical timelines and qualitative presentation of different Olympic Games. They show
that there is a growing use of the Games as a tool for urban improvement, accelerator of
existing plan and to stimulate the development of new infrastructures. This development is
also linked with the fact that there is a rising media coverage and the city being shown off.
The financial investments made during the Games are directly linked with the amount of urban
infrastructures that are modernized or built during the Games. This show an inherent relation
between the cost of the Games and the urban development in the city.

Liao and Pitts (2006) made an historical review of the urban patterns related to the Olympic
Games, similar to the study from Essex and Chalkley (1998). Their main contribution is the
creation of theoretical models representing the Olympic Site integration in the host city, based
on empirical investigations and analysis of different Games. In addition, they provide some of
the key factor of success of Olympic Games, such as the need for the Olympic Scheme to be
part of a holistic plan (Liao and Pitts, 2006). Lauermann (2014) made a study on the impact
of a failed bid on the urban development by studying the bid of multiple Games, and shown
that even when it fails, bidding for the Games brings a positive legacy for urban development
in the candidate city. This is possible because the bidding leads to the development and
formulation of a local planning strategies, that are, to some degree, often implemented.
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The relation between Olympic Games and urban development is further studied by only looking
at one specific Games, such as Sydney (Searle, 2012) and London (Poynter et al., 2015). In
Rio, many different authors shown that the urban development strategies of the city in the
last 20 years was based on the staging of mega-events, and this led to an exclusive urban
development and regeneration only shaped by elites group (Sánchez and Broudehoux, 2013;
Gaffney, 2010; Schwambach, 2012)

3.4 Legacy of the Games

Another studied topic related to the Olympic Games is the issue of legacy, which has not yet
been extensively studied. Most of the papers dealing with this specific topic are published
in sport-related academic journals. This concept deals with the long-term impacts, of many
different kinds, of the Games. Different definitions were proposed for this concept but there
is not yet a common consensus about it (Gratton and Preuss, 2008). This concept if quite
difficult to evaluate because it is based on the long-terms impacts of the Games on the city, and
there is a lack of follow-up actions by the host city to assess the legacy of the Games. Gratton
and Preuss (2008) argued that this lack of follow-up could be caused by political reasons,
due to the fear of highlighting the negative impacts that the event had. Leopkey and Parent
(2012) also pointed out the lack of definition and measurement techniques to conceptualise
it. Nonetheless, through the study of the bid documents and reports from the different Games
organisation, Leopkey and Parent (2012) tried to define the concept, through the division
between tangible (e.g. infrastructures) and intangible (e.g. cultural, image, educational)
legacies. The evolution of the concept, from a legacy based on sport infrastructures to changes
in the urban context, and its increasing focus on social, economic and environment, and finally
sustainability makes the concept of legacy a dynamic one (Leopkey and Parent, 2012).

In order to tackle those problems, Chen et al. (2013) created an analytical framework to try
and capture the long-term impacts on host cities of mega events. This framework was then
used for two case studies to qualitatively evaluate the long-term impacts of the Games. It
was shown that Olympics can be used as an opportunity to initiate green efforts, and enhance
environmental innovation in host city (Chen et al., 2013). Samuel and Stubbs (2013) shown
that through a multi-case study of three Games editions, environmental awareness made during
the preparation of the Games had positive impacts on some of the business which then started
to change their practices to more environmental friendly ones. Here, one type of environmental
legacy of the Games was highlighted. Yet, the relation between sustainability and legacy was
questioned, especially whether those two concepts are overlapping or are in contradiction. The
concept of legacy has grown within the Olympic Movement in parallel with the concept of
sustainability. Through a case study on London 2012, Gold and Gold (2013) shown how the
two concepts were used in practices. The failure of some sustainability practices, such as the
lack of use of renewable energy or zero waste plan, has, according to the authors, highlighted
that the focus was more put on the legacy part than on sustainability (Gold and Gold, 2013).
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3.5 Sustainable Olympic Games?
Many recent studies regarding environmental sustainability and Olympic Games are more crit-
ical, questioning the possibility to stage sustainable Games under the current conditions set
by the International Olympic Committee. This is the last of the five main topics identified
on the relation between environmental sustainability and Olympic Games. This topic is the
most recent ones that has been studied, and includes papers from different academic journals
- environmental policy, sustainability or urban planning.

Geeraert and Gauthier (2018) presented reasons why, despite its engagement to integrate the
environmental sustainability in the design of the Games, the International Olympic Committee
fails to incentivise Olympic Committee for Olympic Games to comply with the objectives set
towards sustainability. Based on a multi-case study design on multiple Games, from Beijing
to Tokyo, their study highlights some of the failures and the underlying dynamics regarding
environmental sustainability. Among others, the inefficiency of the latest reforms and lack of
mandatory goals are some of the reasons of this failure. Another issue is the lack of follow-up
after the Games in terms of impacts - mostly social, environmental and political impacts. Many
discussions and controversies raising from activists and media regarding environmental issues
occur prior to the staging of the Games. Yet, those issues are often forgotten after the Games
as the focus and discussions are oriented towards the next Games, and some mistakes or failures
that happened during one edition can be reiterated (Petersson and Vamling, 2016). Similarly,
the fact that the IOC is largely a follower of initiatives led by the Olympic Committee rather
than a leader in terms of environmental sustainability in the Olympic Movement is another
issue impeding the staging of sustainable Games (Müller, 2015). A striking example for this
problem is that the IOC only provides ideas on what initiatives could be implemented but there
are not any mandatory requirements regarding environmental sustainability standard (Guthoff,
2016). It is also argued that Olympic Games are increasingly similar to each other, and do not
consider anymore the specificity of each urban context. This is due to the consulting of the
same groups of stakeholders for the creation and design of Olympic Games. Finally, the gap
between the bid file and the reality is becoming larger. It is then more difficult for Organising
Committee to fulfill the promises made in the bid, which are sometimes unworkable (Gaffney,
2013).

Many possible solutions are proposed by different authors to tackle all those issues. Those
solutions include the use of a third party for the choice of the host city during the bid process
in order to avoid corruption and increase transparency (Geeraert and Gauthier, 2018), the
revision of the bid process in order to reduce the negative impacts (Gaffney, 2013), the setting
of mandatory sustainability objectives (Müller, 2015), the introduction of sanctions for host
locations that fail in achieving sustainability objectives (Geeraert and Gauthier, 2018), the
monitoring of the impacts of the Games afterwards (Petersson and Vamling, 2016), and the
introduction of an external third party to assess the measures towards environmental sustain-
ability (Paquette et al., 2011)

Those are examples of possibles initiatives to be implemented by the IOC which aim at tackling
the challenges presented before. Yet, it is not clear how those responses would help reduce the
environmental impacts and enhance the sustainability of the Games. More information should
be given on how concretely those measures should be implemented, and what would be their
effects on the Games, and what would it mean for the other stakeholders to respect those new
measures.
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3.6 Sub-conclusion
The literature review shows that most of the existing literature qualitatively deals with the
concept of sustainability and Olympic Games, through description or narrative reviews of
different Games. The papers found come from a mix of many different disciplines which
makes the subject studied under many different angles. Most of the reports take departure
in specific editions of Olympic Games and analyse those Games, mostly through a content
analysis of the report produce by the stakeholders of the Games. Other concepts are linked
with sustainability: the legacy and urban development. Besides, an increasing number of paper
focuses on the limit of the International Olympic Committee and the Olympic movement to
really ensure that the concept of sustainability is fully embodied during the Olympic Games.
With the low number of research papers on the subject, it appears that the research on the
relation of Olympic Games and environmental sustainability is at an early stage. Additionally,
there is a lack of systemic evaluation of the environmental impacts of the Olympic Games,
which makes it difficult to know whether the Games entails more negative or positive impacts.
Also, if the relation of some sustainability dimensions and the Olympic Games has been widely
analysed, some dimensions are still overlooked, such as the energy or the water sectors. Thus,
more research should be performed on the understanding of the dynamics behind the failures
and success of the sustainability responses by the Organising Committee and local govern-
ments. From those observations, by focusing on the understanding of the responses for water
sustainability during the Games, this project really tries to fill a gap found in the existing
literature regarding environmental sustainability and Olympic Games.

15



4 Analytical framework: the
Driver-Pressure-State-Impact-Response
model

This chapter presents the analytical framework used for this project, the Drivers-Pressure-
State-Impact-Response (DPSIR) model. It first provides a presentation of the framework,
then dives specifically into its application for urban water challenges and finally shows why
this framework is especially relevant for the problem raised in this project.

4.1 Presentation of the DPSIR framework
4.1.1 Origin
The Drivers-Pressure-State-Impact-Response (DPSIR) framework is an evolution of the Stress
Response framework (SR), developed at the end of the 1970s by Statistic Canada (Rapport,
1979). This first approach was then extended by different actors, including the Organization
for Economic Co-operation and Development for environmental reporting at the beginning
of the 1990’s (OECD, 1991, 1993) and the United Nations (Nations, 2001). This resulted
in the creation of the Pressure-State-Responses approach (PSR). An extension of the PSR
framework, also developed in the late 1990’s is the Drivers-Pressure-State-Impact-Response
framework. This framework was created by the European Environmental Agency (EEA, 1999).
This tool was developed for the analysis and reporting of environmental issues, from global
to local scale (Carr et al., 2007). Since then, it has been widely used to as an approach
to analyse the state of the environment, and further to organize and communicate complex
environmental challenges. In fact, one of its main advantage is that it can link social science
and environmental science, and the different scientific communities (Lewison et al., 2016),
and can be used to construct new knowledge (Carr et al., 2007).
The main belief behind this approach deals with the fact that a part of a system is best
understood when looking at the context of its relations and interactions with the other part of
the system (Bradley and Yee, 2015). The objective of the DPSIR is thus to clarify relationships
between cause and effects and highlight the dynamic characteristics between socioeconomic
changes and ecosystems, but also to assess progress towards sustainability.

4.1.2 The Components of the framework
The framework consists in a chain of components that are linked with each other. The
components of the framework are, according to Kristensen (2004):

• Driving forces represent the need of individuals or of the society. It often includes
production and consumption needs and are divided into economic sectors (e.g. energy,
transport).

• Pressures refer to the human activities which result from the driving forces. They are
often divided into three main categories: the overuse of environmental resources, the
emissions to air, water and soil and the changes in land use. Besides, pressures can
relate to human behavior.
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• States deal with the environmental conditions, which means that the quality of the
different compartments of the environment (water, air and soil) are affected. Overall, it
is a combination of the chemical, biological and physical state of the environment.

• Impacts refer to the different types of influences, related to the human health as well
as the ecosystems, that the changes in states imply.

• Responses involve the efforts made to address a part of the chain, from driving forces
to impacts.

Figure 2: The DPSIR framework

Figure 2 presents the chain between the components of the framework. The main point that
should be noted when looking at this figure is that the responses taken can affect any other
components of the chain.

4.1.3 Indicators
Practically, to apply the framework, there is a need to define indicators for each component.
It is then possible to monitor and quantify the relationships between the different components.
For instance, monitoring the effect of a specific response on the other components could be
an application of the framework.

Indicators for each components are quite different and are more or less responsive. Indicators
for driving forces are not very responsive, as well as impact indicators. It means that when
a measure is enforced as a response to reduce the driving forces or the impacts, it takes
time for the indicators to respond. On the other hand, pressure and states indicators are
more responsive, which means that it is possible to assess the reduction on the pressures of
a specific response. Monitoring of success can thus be observed through pressure and state
indicators (Fioravanti, 2008). Yet, responses to reduce the impacts and driving forces should
not be overlooked, even though they are hard to quantitatively assess.

This framework has been used by many countries to create indicators to assess policy making,
which has led to the listing of many different indicators, often classified depending on their
themes (Kristensen, 2004). There is not a common agreement on which indicators should be
used, or which ones are the best. Rather, the choice should rely on the theme and objective
of the study, and the researcher should well justify his choice towards specific indicators.
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4.1.4 Drawbacks of the framework
This framework has some drawbacks. First, there have been different interpretations of the
framework, especially in the definition of each component. For instance, it is unclear whether
the impact should include only the impacts on the human or consider the impact on the
environment as well (Lewison et al., 2016). It has further been criticized for being too sim-
plistic, which mean that this approach is not able to well represent the complexity of many
systems. This can be related to the fact that a linear relationships is considered between the
components, while the reality is much more complicated.

4.2 Application to urban water challenges
The DPSIR framework can be used for assessing water related issues. This method has in
fact been widely applied to study water related challenges, either to look at water quality
of water bodies (Lalande et al., 2014), to analyse the sustainability of coastal areas (Bidone
and Lacerda, 2004) or to assess water resources (Sun et al., 2016; Venetsanou et al., 2015).
This model is well adapted for water challenges, because the main objective when managing
water sources is to maintain the sustainability of water ecosystems. It is thus essential to
both identify and quantify the state and different impacts on water environment, and their
evolution through time (Kristensen, 2004). Using this specific analytical framework for this
project based on water sustainability is therefore relevant, as the model is well adapted for
water challenges.

Figure 3: An example of DPSIR framework for water

The DPSIR framework applied to urban water is presented in Figure 3. It is based on different
frameworks developed by other authors, Sun et al. (2016), who analysed the sustainability of
the water system of a city in Mongolia, using the DPSIR framework. It also relies on Kristensen
(2004) who made a comprehensive paper on the DPSIR framework and its specific application
to water related issues. This figure does not aim to be a complete overview of the DPSIR
chain for water challenges in urban areas. It only presents few examples of driving forces,
pressures, states, impacts and responses.
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4.3 Relevance of the DPSIR model for the project
This specific analytical framework was chosen for this project because first, it has never been
used in the existing literature to analyse the dynamics between Olympic Games and the urban
environment. Again, this framework is especially relevant for Olympic Games, because as
previously mentioned, Olympic Games is both generator of negative environmental impacts
and catalyst of change in the urban context. Additionally, during the Games, specific standards
and requirements from the International Olympic Committee, as well as internal commitments
must be met, in order to reduce the environmental load of Olympic Games. Yet, if those
commitments and requirements are not reached, negative environmental impacts can arise.
It is then interesting to evaluate and analyse the type the responses applied to fulfill such
commitments and requirements.
Overall, this analytical framework is used to frame the structure of the analysis in order to
understand how the Games are driving forces for negative environmental impacts. Likewise,
this analytical framework helps to understand how the Games they can act as a response for
urban water sustainability issues, by reducing the pressure of water resources and mitigating
negative impacts.
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5 Methodology
This chapter provides an overview of the method and systematic reasoning used in this project.
Overall, this project aims at tackling the limits of the existing evaluation or assessment tools
promoting environmental sustainability at Olympic Games, through the identification of possi-
ble initiatives to be implemented by the Olympic Games organisers or the International Olympic
Committee. The first section presents the method used for the identification and analysis of
the existing sustainability assessment tools for Olympic Games. The second section details
and justifies the scope of the project. Finally, the third one displays the research design and
method used to assess the current responses towards water sustainability and to provide possi-
ble initiatives to enhance the environmental sustainability of the Olympic Games and the host
city.

5.1 Analysis of existing sustainability assessment
framework for Olympic Games

The first analysis seeks to identify and discuss the existing sustainability assessment tools for
Olympic Games. Two main types of tools were considered in this project: first, the tools that
are used by the Games’ organisers during the planning and preparation for the Olympic Games
and second, the sustainability assessment tools for Olympic Games used or discussed in the
academic literature.
Sustainability assessment tools used during the preparation for the Olympic Games
The first review was done within the documents produced by the Games’ stakeholders such
as the International Olympic Committee and the different Organising Committees, in order
to have more information on each sustainability assessment tools, their types, their uses, the
motivations behind the implementation of such tools. For instance, the sustainability strategy
of the IOC presents some of the tools uses (IOC, 2017b). Additionally, more information
on those tools were searched in the academic literature, in order to find whether they have
already been discussed. Only one paper was found on one specific tool (Vanwynsberghe,
2015), otherwise no paper really focus on the discussion of those tools that are used during
the preparation for the Olympic Games by the organisers.
Sustainability assessment tools in the existing literature
Secondly, in the academic literature, a search on papers dealing with the sustainability or
environmental assessment of Olympic Games was conducted. This was not done in a systematic
way, but was performed at the same time as the initial literature review performed on the
relation between environmental sustainability and Olympic Games, because during this initial
review, papers on sustainability assessment were found. Nonetheless, a specific literature
search was achieved afterwards in order to identify missing papers that would have not been
found in the initial literature review. This checking did not bring any additional papers.
Around 15 papers were identified assessing the environmental impacts or sustainability of
events, but those papers include the assessment of different types of event, from small-scale
to large scale and mega-events. To be more in line with the research on the Olympic Games
and to reduce the number of papers, specific criteria of selection were used.

20



Only papers dealing specifically with Olympic Games were included, and those on smaller-scale
events were put aside. In fact, the Olympic Games have much wider impacts than small-scale
event which are more specialized, so it did not make sense to include those. As well, tools on
mega-events but which do not deal with the Olympic Games but with other types of mega-
event were not included either. Finally, six papers found during the review respected all the
criteria.
Critical review
For each assessment tool identified, in order to highlight the limit of each tool a critical review
was performed. This was needed in order to link the assessment tools with the theory behind
sustainability assessment. This was further done in order to compare the real outcomes of
the tools with the motivation behind their implementation and whether they fulfill the original
goal.

5.2 Scope of the project
This section presents the scope of the project, and especially why Summer Olympic Games
and water sustainability are studied.

5.2.1 Summer Olympic Games
For this project, only Summer Games are considered. This choice was done because it is
considered that the Summer Games have much more impact on the urban environment, while
Winter Games are more specialized and occur in a specific environmental (Pitts and Liao,
2013). Yet, some knowledge from this project could be transferable to Winter Games and
other mega-sporting events, such as football cup, Asian Games or Panamerican Games. Other
non-sporting events having an impact on the urban environment could likewise benefit from
this project, such as world’s fairs. Yet, the overall impact of those mega-events on the ur-
ban environment are probably less important than for the Games, so generalization should
cautiously be carried out.

5.2.2 Focus on water sustainability
The sustainability plans of three Games were reviewed in order to identify the main dimensions
tackled by the Olympic Games, related to environmental sustainability. For each plan, the main
sustainability themes were retrieved. Table 1 presents the sustainability dimensions related to
the organisation of the three Olympic Games studied.

Table 1: Sustainability dimensions mentioned in the sustainability reports of three Olympic
Games

Beijing 2008 London 2012 Rio 2016
Air quality

Water
Transport

Energy
Green coverage & protected area

Solid waste
Olympic sites & venues

Climate neutrality

Climate change
Waste

Biodiversity

Transport & logistic
Design & construction

Environmental conservation
Waste management

21



From table 1, eight main recurrent environmental sustainability dimensions were identified.
These dimensions are the subjects that are the most addressed by the organisers of the Games,
as they are the ones approached in their sustainability objectives. Those eight sustainability
dimensions include the energy, infrastructures & venues, waste, transport, resources, climate
change, water and natural environment & biodiversity. Those are the main themes that
planners must consider during the process of developing a bid and a plan for the Games.
Each of those environmental sustainability themes are impacted positively or negatively by the
staging of the Games, and has its own challenges which sometimes can be tackled by hosting
the Games.

Not all the eight environmental sustainability themes identified were more deeply analysed in
the project. This limitation was needed to narrow the research, because of the time limit of this
project. This deep analysis was thus only performed for the challenges related to water, but
the same methodology used to analyse water challenges can be applied for the other themes.
The choice of the water issues among the eight sustainability themes was done based on the
existing literature on the relation between those themes and Olympic Games. Chapter 3 on
the existing literature shows a lack of study on the water related issues and Olympic Games,
while other dimensions have been extensively studied. From a more practical perspective, the
last Summer Games in Rio raised public discussions on the poor water quality at the sailing
venues. Those two aspects guided the choice towards the analysis of the water dimension, in
order to try and fill the gap in the existing literature, and provides practical initiatives to avoid
any negative public discussion and risk of competition’s cancellations during future Summer
Olympic Games.

Some of the recommendations and initiatives provided based on the analysis of the water
issues can be applied to the seven other sustainability dimensions identified above. Yet, gen-
eralization of the results for water sustainability should be carefully done, as more studies on
the other sustainability dimensions should be performed in order to know whether the same
recommendations could be provided.

5.3 Water sustainability and Olympic Games
This section presents an overview of the method used for the second analysis of this project:
the relation between environmental sustainability and Olympic Games through the examination
of a specific dimension, the water sustainability. A combination of qualitative and quantitative
approach was adopted in order to answer the research questions related. This project essentially
applied a qualitative research method with the review of reports on the three cases studies.
The Games were further compared quantitatively, with the use of indicators to contrast the
initiatives and responses of the different Games organisers.

5.3.1 Research design
The current existing frameworks used by Organising Committees might not ensure the staging
of sustainable Olympic Games. Especially, the first analysis pointed out that there was lack of
practical and concrete guidelines for Organising Committee. In order to create guidelines and
to propose initiatives that would increase the environmental sustainability, a review of existing
practices within the organisation must be fulfilled. This review must highlight the different
positive dynamics and challenges towards the achievement of environmental sustainability.
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A way to list and compare the initiatives related to water sustainability during the Olympic
Games is to analyse different Games’ editions. The research design used for this project is
thus a multi-case study design, as more than one case-study are used and compared (Bryman,
2016). Yin (2017) argues that a benefit of doing case studies is the possibility of incorporating
different sources. This is done by not only looking at official report but also other unofficial
sources, such as reports from non governmental organisation or articles from newspapers. Case
study are especially relevant to investigate contemporary phenomenon that happen within a
real-life context (Yin, 2011).

In the analysis, three Games were studied: Beijing 2008, London 2012 and Rio 2016. It
was considered to include Tokyo 2020, but as these Games have not yet happened, it would
have been difficult to know what was successfully achieved or not. The most recent Games
were investigated because they are likely to be the ones using state-of-the-art technologies,
and introducing new strategies in terms of environmental sustainability. Different countries
are represented by those three editions, developed country (United-Kingdom) and develop-
ing countries (China, Brazil). They also represent different continents (Asia, Europe, South
America) and thus socio-cultural differences. Besides, studying those three editions is inter-
esting in order to identify the evolution of practices of Games’ organisers. The goal of the
project is to analyse those three Games, but does not intend to find which Games were the
most sustainable regarding water issues. Indeed, due to lack of quantitative evidence to assess
the efficiency of each response, it was not possible to identify the most sustainable Games.
Rather, the objective was to uncover the different responses towards water sustainability, and
qualitatively discuss the efficiency of those responses.

Generalisation is an important issue when doing a case-study. Here, using three different cases
might not be enough to have an accurate representation of the overall Olympic Games and
thus one could argue it can be difficult to generalize the results (Blaikie and Priest, 2019). Yet,
it is supposed that each Games’ edition build on the previous one with as mention before, the
Olympic Games knowledge transfer program, but that the practices and technologies are rapidly
evolving and thus the sample here is considered sufficient to well represent the sustainability
practices.

5.3.2 Method: Data collection
One of the main source used to collect data was the Olympic World Library. This library
gathers public official reports from the Games, as well as research papers or any other articles
related with the Olympic Games. Thus, the main source of data can be considered as social
artifacts, as those reports trace social activities of people.
Presentation of the reports used
First, a literature review of the official reports of the three editions was carried out. Those
reports were analysed to identify the commitments and responses associated. The next para-
graphs present, for each editions, which official reports were reviewed.

For Beijing 2008, only two reports were used, the Independent Environmental Assessment
(2009) written by the the United Nations Environment Program (UNEP) and another re-
port called China after the Olympics (Greenpeace, 2008). Back in the 2000, it was not yet
mandatory for Games’ organisers to provide a comprehensive sustainability plan and write sus-
tainability progress reports and a post-Games report. This explains why external stakeholders,
in this case non-governmental organisations, which can be considered reliable, have made their
own “impartial” report (UNEP, 2009, p2) to analyse the work made by the Games’ organisers
to fulfill the commitments from the bid file.
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For London 2012, the sustainability plan called Towards a one planet 2012: London 2012,
written by the London Organising Committee of Olympic Games (LOCOG) in relation with
WWF provides the main sustainability themes that the Games cover, as well as the commit-
ments related to those themes, and some of the actions considered to fulfill those commitments.
A report written by the Olympic Delivery Authority (ODA), which was responsible for the con-
struction of the Olympic Park, called Delivering London 2012: environmental management
(Jackson and Bonard, 2011) was also handled. This report especially focuses on the measures
taken in the Olympic Park. Finally, the final report of the Olympic Games Impact Study (UEL,
2013) written by the University of East London (UEL) provides information on the impacts of
the measures taken for the Games.

For Rio 2016, three pre-Games reports were considered: the Sustainability Management Plan:
Rio 2016 Olympic and Paralympic Games (2013), Embracing Change: Rio 2016 Sustainability
report (2014) and the Post-Games Sustainability Report (2016a), all written by the Games’
organiser, called Rio 2016. The first one presents the commitments and main actions taken
to create sustainable Games, while the second one reports the progresses made towards the
commitments. The Post-Games Sustainability Report (2016a) presents the sustainable outputs
of the Games. Other sources were likewise considered for those Games, especially newspaper
articles, and academic papers.
How the data were retrieved?
The content of each report was studied individually. First, a look at each part of the report
related to water was reviewed. The rest of the report was then scrutinized by searching
for the term ”water” in the document. The elements inspected were first the commitments
associated with water, then all the responses proposed to fulfill the commitments and finally
all quantitative data related.

Coding was then used to group the findings between different categories. Those categories
are the following ones: water quality, water availability and climate adaptation. Those three
specific categories appear to be the three main areas tackled by the Games’ organisers. Within
each of those three focus points, another division was made between the commitments (in-
cluding specific targets), the measures taken to fulfill the commitments, and the final results
(i.e the efficiency of the responses). Those categories do not overlap to some extent, they
cover all the possible measures taken related to water during Olympic Games.

• Water availability comprises the issue of water supply, which represents the amount of
water that can be sustainably withdrawn from the different water sources (groundwater
and surface water), and the water accessibility, which corresponds to the transport
of sufficient water from the different sources to the places where water is used (e.g
households, businesses, industries). The challenge of water supply occurs in city facing
severe dry period, while water accessibility is mostly an issue in developing countries
(UNESCO, 2019).

• Water quality is another issue which refers to the chemical and biological characteristic
of water. This is especially important for the Games. Some of the competitions, like
open water swimming, sailing or rowing, are held in rivers or coastal areas. The athletes
are in direct contact with water, which must then fulfill bathing quality standard. This
focus point only includes the water quality of open water - quality of drinking water will
be addressed in the water availability. Water quality further refers to the treatment of
wastewater, because the discharge of untreated sewage in open water is one of the main
source of pollution.
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• Climate adaptation includes two main related water challenges. Climate change entails
a rising number and intensity of extreme events, including extreme rain or flood event.

Besides, the findings were classified depending on the scale of the responses. Two scales were
considered, the city scale and the scale of Olympic infrastructures - for instance, Olympic Park
or Olympic Villages. This division directly reflects the level of influence of the stakeholders
pursuing the responses. Indeed, the Organising Committee for Olympic Games is responsible
for the Games but work in collaboration with the local government. The local governments are
responsible for the delivery of all the infrastructures that are not specific to the Games, such
as the new transport infrastructures. The Delivery Authority and Organising Committee are
responsible for the delivery of the infrastructure that are specific to the Games: the Olympic
Park, Olympic Village, all the competition venues and other needed infrastructures, for instance
the media village.
Validity and reliability of the results
A careful attention was given during the process of data collection because most of the sources
used can be considered as skewed, as the main organisers of the Games are the authors of most
of the sources used. The authors of those reports can represent the reality in a manner that is
not detrimental for their work and their public image, but without saying the real truth. This is
especially the case regarding the achievement or not of the initial commitments. The validity
of the project can thus be questioned, as the conclusions made can be biased by the sources
of the data. Various other sources, like newspaper articles, reports from Non-Governmental
Organisations, and scholar publications were looked for in order to have a more objective and
critical view on the reports from the Organising Committees.

The reliability, which represents how can personal bias influence the project, was likewise
considered. The personal existing knowledge on the studied Olympic Games, and perception
of the performance of each Games towards sustainability were put aside for the project, as
much as possible. This was needed in order to make the project and results reproducible by
other people.

5.3.3 Method: Data treatment
This part deals with how the data collected were treated and analysed. The first level of
analysis seeks to map all the responses taken during the four Games studied. The second level
of analysis aims at comparing those responses and investigates which ones have been efficient
or not. The final level intends to provide recommendations for future Olympic Games.

In order to make sense of the data and frame the analysis, a specific analytical framework -
the Drivers-Pressure-State-Impacts-Response (DPSIR) was applied to the water sustainability
and Olympic Games.

Overall the analysis was specifically divided between the three categories identified above:
water availability, water quality and water adaptation.

At the beginning of the project, it was considered to quantitatively assess and compare the
different responses towards water sustainability. Yet, many difficulties were encountered to
do this. First, it was noticed that there was a lack of communication by the different Games
organisers on specific quantitative data related to water sustainability. Then, when common
indicators and their scores were available, it was found that each Games have their own
measurement method, which makes the comparison between the Games impossible. Besides,
the relevance of indicators changes by country and context (OECD, 2003). It is then quite
hard to compare quantitatively the three editions.
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Therefore, most of the analysis was based on qualitative description and discussion of the
responses, the underlying dynamics and their efficiency. Nonetheless, a quantitative approach
was included for a minor part, in order for the project to be closer to the initial idea of
quantitative assessment, and to show how the project could benefit from the use of this type
of approach.
This quantitative approach was based on the use of indicators. Usually, the selection of indica-
tors relies on on many different technical criteria, for instance, their validity, their interpretation
or the availability of data (Ciegis et al., 2009). To be correctly interpreted and to explain the
score, other qualitative and scientific information are provided. The most important criterion
used for this project was the data availability, due to the lack of quantitative data identified
during the research.
Water quality
For the water quality, two main indicators were identified. As the strategies and commitments
of the cities are different for water quality, the indicators should be adaptable to each specific
strategies.
To gauge the responses taken prior to the Games and analyse the state of the water quality
during the Games, a qualitative indicator called ”Water quality at Games Time” was defined
as the quality of the water bodies that the Games organisers intend to improve during the
preparation of the Games. A scale between one and five was used to gauge this quality: very
poor (1) - poor - normal - good - very good (5). The score given was based on qualitative
and personal interpretation. The indicator represents the commitment towards the quality
improvement of water bodies.
The second indicator used for the water is the percentage of wastewater that is safely treated
in the city during Games time. It is a quantitative indicator.
Water availability
One indicator was defined for the water availability which is the percentage of water savings
in new permanent venues. This indicator represents well the different types of responses,
including the use of water saving technologies and reclaimed water.

5.3.4 Initiatives
Finally, from the qualitative discussions of each responses and commitments, some initiatives
were provided for the stakeholders of the Games, including the Organising Committee, the local
government and the International Olympic Committee. Those initiatives were based on the
personal interpretation of the success or failure of the responses towards water sustainability.
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6 Assessment frameworks for sustainable
Olympic Games

Different tools are used by the Games’ organisers or other Olympics’ stakeholders in order to
enhance the sustainability of Olympic Games. This usage is part of the rising demand from
organisations to evaluate and assess the impacts of their activities. The first section of this
chapter elaborates on the need for such evaluation or assessment framework for sustainability.
The next section presents four sustainability assessment tools that are effectively used by
different stakeholders of the Olympics during the preparation of the Olympic Games. Finally,
the third section displays other sustainability tools that were applied or academically discussed
in the literature.

6.1 Theoretical perspective: Rising demand for
sustainability evaluation

6.1.1 Sustainability assessment
Many organisations have started to integrate the concept of sustainability in their develop-
ment strategies. Yet, this theoretical concept can be hard to capture, and further, to use in
practice. One way to convert the concept of sustainability from a theoretical perspective to
a decision-making approach is through the development of sustainability assessment (Ciegis
et al., 2009). Sustainability assessment attempts to quantify the characteristics of a specific
element. Quantification can be defined as the production of numbers, but also their commu-
nication, as it enables people and organisations to share the same language. In fact, many
organizations demand for the quantification of intangible phenomena, like sustainability. The
ultimate aim is to be able to work with those phenomena by making them visible (Espeland
and Stevens, 2008). This trend goes in line with the growing adoption of assessment tools,
which are used for the communication of results, but especially to justify projects. The overall
goal is to increase transparency and accountability of authorities or other organisation (Waas
et al., 2014).
Sustainability assessment has different objectives. From a theoretical perspective, it con-
tributes to strengthen the understanding of the concept of sustainability and its interpretation
(Ciegis et al., 2009). From a more practical perspective, the assessment of the sustainability
impacts helps integrate sustainability issues into decision-making, in order to ensure that the
final decision is taken based on the best knowledge of its full impact. Besides, the assessment
can provide sometimes different choice opportunities, and finally foster sustainability objectives
(Waas et al., 2014).
Sustainability assessment comprises many types of tools, that are used in different contexts,
from the use by planners or policy makers to personal use. These are well implemented tools
to assess sustainability at various scales, ranging from a national scale to a municipal scale,
but also to buildings and products. The accessibility and construction of those assessment
tools depend on the type of use and the object of assessment. Nonetheless, sustainable devel-
opment is characterized by its numerous dimensions and its great number of interpretations
which makes its assessment difficult and this creates a gap between discourse on sustainable
development and implementation (Waas et al., 2014). At least, sustainability assessment
should be used to structure the complexity of the concept.
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6.1.2 Sustainability assessment for events
The sustainability and impact assessment of events experiences a growing interest among
researchers. Yet, Getz and Page (2016) indicate that there is still a lack of uniformity in
terms of environmental evaluation approaches in the event area. Moreover, Collins and Flynn
(2008) point out that there is a need for quantitative assessment, as qualitative valuation
cannot always guides decision makers to prioritize actions to limit negative impacts. Those
missing elements might be due to the complexity of performing impact assessment of events.
This complexity relies on the various thematic areas related to the staging of an event, that
are interlinked, the geographical areas and the time-period related to the impacts (Theodoraki
et al., 2016). Moreover, the larger the event is the more difficult it is to assess its sustainability,
as this event can influence many different sustainability dimensions (Collins and Flynn, 2008).
In spite of those difficulties, different organisations tried to develop specific tools or used
existing ones to either assess the environmental impacts of events or enhance the sustainability
because, as mentioned in the last part, sustainability assessment has positive impacts on
decision-makers.

6.2 Assessment tools used during the Olympic Games
As part of the growing trend of organisations to integrate the concept of sustainability in
their strategies and despite the difficulty of dealing with large-scale events, the stakeholders
of the Olympics have also started to use sustainability tools. This section presents the four
sustainability evaluation tools currently used by those stakeholders during the preparation of
the Games.

6.2.1 Olympic Games Impact Study
Presentation of framework and motivations behind
The International Olympic Committee developed a tool called ”Olympic Games Impact Study”,
which aims at understanding and quantifying the potential impacts of Olympic Games on the
host city, region and country. This tool was released in 2006 from a collaboration with
universities and advisors to select and design the most appropriate assessment tools (IOC,
2006). This tool was the first one to be designed especially by the IOC to be used by Games’
organisers. The main motive behind this creation was that the IOC was at that period trying
to integrate the concept of sustainability in the Olympic movement (IOC, 2007). As mention
in section 6.1.1, to be able to work with the concept of sustainability, the development of an
assessment tools is a possible solution. This creation was thus motivated by a growing need to
understand and structure the social, economic and environment impacts of staging Olympic
Games, and thus to visualise invisible flows (UEL, 2013). This tool was built as part of the
Knowledge Management Program, for Games Organisers to know more precisely the negative
and positive impacts of former Olympic Games, to know the areas they should focus on and
thus to stimulate the decision-making process of Games’ organisers (Vanwynsberghe, 2015).
Finally, the creation of this tool was also a way to facilitate the comparison between Olympic
Games, in terms of sustainability (IOC, 2006).
Application and advantages
This tool is an indicator-based assessment for cross-sector project specifically designed for
the Games, in order to make the concept of sustainability quantitative and operational. It
is a mandatory tool, which means that Games’ organisers must apply it. The presentation
of the indicators and use of this tool is available in the technical manual developed by the
International Olympic Committee, available here.
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The Olympic Games Impact Study includes 120 indicators which represent each a specific eco-
nomic (44 indicators), environmental (34 indicators) or social (48 indicators) aspects that can
be impacted for the Games, and well represents the concept of sustainability. It is performed
over a period of 11 years, including nine years before the Games and three after (IOC, 2007).
During this period, each indicator is measured four times, including three times before the
staging of the Games and one time after. It is then possible to observe the evolution of each
indicators over a long period, and then see whether the Games had a positive, negative or
none impact on the studied aspects (UEL, 2013). This study is to be performed by another or-
ganisation than the Organising Committee, even though it is the OCOG which has the overall
responsibility of delivering the different reports. This organisation is usually a local university,
because it is a time-consuming task to conduct such study, but also because the Organising
Committee does not necessarily have the skills to perform it.
The main audiences are first the future candidate and host cities which have the opportunity
to shape their strategies and enhance the long-terms benefits through the understanding of the
impacts of past strategic directions taken by former Olympic Games. The second audiences
are the stakeholders of the Olympic movement, as the application of this tool seeks to enhance
the understanding of the impacts of the Olympic Games.
The Olympic Games Impact study was first performed for the Winter Games in Vancouver in
2010, and is now mandatory to complete for each Olympiad. This tool was entirely performed
for the Summer Games in London in 2012 and for the Winter Games in Sochi, while the study
is still pending for Rio 2016, as the last report of the study has not yet been released. One
of the main advantage of this tool is that it was specifically built for the Olympic Games, so
it is very well adapted for this specific context. Likewise, it groups indicators from the three
sustainability pillars, which makes the tool quite comprehensive.
Limitations
Despite its recentness, this tool is already questioned. The main criticisms rely on its lack
of sustainability standard to compare the results to and its timeframe incompleteness (Van-
wynsberghe, 2015). This timeframe issue is probably one of the main problem. Indeed, this
framework intends to quantitatively measure whether hosting the Games represents a positive
change towards sustainability, but the last measurement for the indicators is performed two
years after the end of the Games, and it is often argued that only looking two years after the
Games do not enable to capture the long-term impacts (Gratton and Preuss, 2008). Besides,
the lack of sustainability standard creates uncertainty on whether sustainability is achieved. In-
deed, ”sustainability indicators should be linked to some reference values and targets” (Moldan
et al., 2012, p.12).
One of the main challenges when using the OGI study is to know whether the evolution
observed for a specific indicators can be attributed to the staging of the Games, or is due to
any other external factor (Vanwynsberghe, 2015). For instance, changes for an indicator could
be attributed to the implementation of an environmental measures not-related to the staging
of the Games, and the changes observed would be due to this implementation. Additionally, it
is not mandatory to use all the indicators; some are mandatory and other optional. Yet, when
the study is made, the choice of which indicators to include is mainly based on the availability
and accessibility of data (UEL, 2013), and not on the relevance of those indicators. This issue
questions the validity and reliability of using such tool.
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This tool is an evaluation tool rather than a decision-making one, and so far, none of the
Games’ organisers have used the results of the OGI studies from former Olympic Games to see
which sustainability issues should be taken more carefully than others. On the one hand, this
could be due to the considerable number of indicators that should be reviewed, more than 100.
It is indeed argued that to serve communication in order to guide towards decision-making for
sustainable development, a limited number of indicators should be used (Spangenberg, 2002).
On the other hand, it can be argued that the timeframe does not provide enough time to study
those reports. The final report of one Games, which really concludes on which aspects were
impacted, is released three years after the end of those Games so one year before the next
Games. Thus, it makes it very difficult for the future Games organisers to use the outputs
of the study. Also, the external stakeholders fulfilling the study mostly use data given by the
main Organizing Committee, while in order to be fully objective and transparent, this study
should be independently performed.
Overall, the positive impacts on the environmental sustainability of this indicator based assess-
ment tool specifically designed for the Olympic Games appear to be limited, mainly because
of methodological limitations. The complexity of the Olympic Games makes the assessment
of their impacts difficult. All those issues reduce the effects of the use of this tool on the
decision-making. Nonetheless, it provides a new and quantitative understanding on the possi-
ble impacts of the Olympic Games, and in this way, increases the understanding of the concept
of sustainability within the Olympic Games.

6.2.2 Certification: ISO 20121
Another type of tool for sustainability are the certifications or standards. It was made manda-
tory by the International Olympic Committee that each Organising Committee for Olympic
Games get a specific certification, called ISO 20121 (IOC, 2017b). It is a third party certifica-
tion created by the event industry to be used by event organisers. The use of this certification
aims at raising the credibility of the Olympic movements towards sustainability, and to further
orientate the practices of the Olympics’ stakeholders towards more sustainable ones. Legit-
imisation, and the need to be recognized by other stakeholders are further reasons for the
mandatory use of the tool. This is in fact necessary to, in a way, ”prove” to the public,
governments and all stakeholders that are against the staging of the Games that those Games
are prepared and staged in a sustainable way.
This standard was first introduced after the London Games in 2012, and establishes the
requirements for a sustainability management system. A management system is a combination
of policies, procedures and processes used by an organisation in order to ensure that the tasks
required can be fulfilled to achieve the objective (Bakos, 2019). Besides, this norm provides
guidance to support the implementation of a sustainable event for the organisers. It is not
a decision-making tool, but provides a framework guiding organisers to identify the potential
negative impacts of the Games. This ISO standard is relevant for mega-event as well as small
conference, and many other types of events were certified with the ISO 20121. The organizing
committee in London was the first one to use such kind of framework, and the IOC, in order
to further increase transparency and accountability of the Organising Committee decided to
make this standard mandatory (IOC, 2017b).
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This standard is based on the plan-do-check-act process (ISO, 2012).
• The planning phase deals with the decision of the scope, the definition of sustainable

development and the identification of main issues and objectives that must be fulfilled.
The Organising Committee for the Olympic Games creates a high level sustainability
plan (between three and four years before the Games) including the different issues and
principles that should guide the sustainable preparation and organisation of the G Games.
Functional areas or thematic areas are included in the program, those themes are chosen
by using reports from well-known international organisations (IPCC, United Nations
with the SDG, Conference of Parties, Olympic Charter etc.) which highlight current
challenges. The sustainability management plan is also based on the bid commitments,
the inputs received from sustainability experts, other key actors and important partners.

• The doing phase deals with the implementation of policies to fulfill the objectives pre-
viously defined through the provision of resources and communication between different
stakeholders. The actions defined in the plan are implemented by the different Games’
organisers.

• The checking phase deals with the verification of whether the targets or measures are
fulfilled through the monitoring and evaluation of actions. For this phase, the Organising
Committee releases progress reports consisting in qualitative discussion of what have
been done, the actions that have positively performed or not, and what still needs to be
done to fulfill the objective.

• The acting phase relies on the identification of non-compliance and the application of
corrective actions. In the progress reports, non-compliance are identified and specific
actions are presented to tackle this issue, and then implemented.

A final report is released after the Games to present the results, including whether the objectives
were achieved or not. Overall, the use of this tool really helps to integrate the concept of
sustainability within the Olympic Games. In 2008, Beijing did not have to be certified and
only made a list of 20 commitments, without any justification or detailed responses (UNEP,
2009). With the mandatory sustainability plan for each Games, the organisers really need to
include sustainability in their plan for the Games in a structured manner. This was the case
for London in 2012 and Rio in 2016, where the concept of sustainability was fully integrated
in their management and practices. This tool also increases transparency of the Organising
Committee towards their sustainability practices, and provides the public more possibility to
follow the strategy of the Games’ organisers.
If this standard plays a role in the integration of the concept of sustainability in the Olympic
movement, in practice, it does not ensure that the Games are sustainable. This tool does not
measure nor consider the sustainability consequences of an event. It is the organisation which
is compliant with the standard and not the event itself. The processes are regulated, but the
outcomes (or effectiveness) of those processes are not evaluated.
Moreover, it does not specify which sustainability issues should be managed and what per-
formance should be achieved. It means that each Organising Committee designs its own
framework depending on its own interpretation of the concept of sustainability. Objectives
and key performance indicators chosen are thus different among the Olympic Games.
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This non-specific particularity makes this ISO norm adaptable to many different types of event,
and to different context, so it means that it is a very flexible tool that can be easily applied
in many cases. It is then the responsibility of the organisers to select the main sustainability
issues and to find appropriate solutions to reduce the impacts. On the one hand, this is a
positive characteristic, as Games occur in different urban context. On the other hand, it does
not provide any guidance for the Games’ organisers about the main issues to be dealt with
and the type of initiatives to introduce in order to tackle those issues.

By looking at the different sustainability plans and reports from different Games, other lim-
itations related to the use of this ISO standard appear. First, for some key performance
indicators, there is a lack of target which makes the achievement of the objective related to
the indicators difficult (Rio 2016, 2013). As mentioned before, for the Olympic Games Impact
Study, sustainability indicators should be linked to targets or objectives in order to be effective
(Moldan et al., 2012). Some indicators, which are all defined before the Games, are not (or are
said to be not) measurable in the post-Games report and this prevent the acknowledgement
of whether the measures taken to fulfill the objective were effective. One can wonder whether
this is deliberately done by the Organising Committee, in order too hide some negative scores,
or if it is the reality. For instance, Rio 2016 had a target regarding the reduction of water
consumption which was measured with a specific indicator: ”% of new bathrooms procured by
Rio 2016 with water efficient fixtures” (Rio 2016, 2016a, p.36). In the final report, no score
is given to this specific indicator due to an impossible quantification.

Overall, even though some objectives are not achieved, there is no explanation of why and what
could have been done differently. In fact, organisations are not obliged to provide evidence of
positive results from the implementation of the ISO standard so it is difficult to know whether
the sustainability plan was successful or not. Then, numbers provided in the study are internally
measured, which mean that it is the Organising Committee which evaluates each indicator,
and third party is not required to maintain neutrality and fairness for those numbers. Another
important issue is the lack of post-Games objective. This is due to the fact that the Organising
Committee dissolves two years after the game, and their main commitments is towards the
good staging of the Games and not the management of the legacy after the Games. Finally,
organisers are not sanctioned if targets are not achieved, so the effectiveness of the tool can
be questionable because it is not mandatory to fulfill the objectives.

If this tool shows a great success over the integration of the concept of sustainability within
the practices of the Olympics’ stakeholders, some improvements are needed to make this ISO
standard a catalyst for sustainable Olympic Games. The implementation of new guidelines
for Games’ organisers to be used during the making of the sustainability plan is one of the
direction to take in order to increase the efficiency of this tool.

6.2.3 Green Building Certification
Another type of certification used during the Olympic Games is the green building certification.
Those certifications are tools used to decrease the impacts of buildings on the environment
through the use of state-of-the-art technologies and sustainable design. Many different types of
green certification have been developed around the world, and a growing number of buildings,
new or existing, or neighbourhoods are getting this type of certification (Qiu et al., 2015).
As part of this global trend, there is a rising adoption by the Organising Committees and
Olympic Delivery Authorities to try certifying the new permanent venues that they specifically
build for the Games. It is not mandatory that the new venues must get certifications, yet the
Committees really try to get them for their new buildings.
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Those certifications provide a framework guiding the fulfillment of sustainability commitments.
The certification company provides consultancy to the Delivery Authority and Organising Com-
mittee for the sustainable design of their new buildings. Like for the ISO standard, those tools
aspire to increase the legitimisation of the Games’ organisers, because it shows that the new
buildings are built under the highest sustainability standards, so with low impacts. The use of
this type of tool also shows that a specific procedure and guidelines were applied during the
planning and building of the new infrastructures.

For instance, in London, the BREEAM (Building Research Establishment Environmental As-
sessment Methodology) certification was used for some of the new permanent venues: the
Olympic Stadium, the Aquatic Center, the Velodrome (LOCOG, 2011). In Rio, the Olympic
Village was the first neighbourhood in Brazil to receive the LEED certification (Leadership
in Energy and Environmental Design). Overall, those tools aims at decreasing the environ-
mental impacts of the infrastructures built for the Games, because they ensure the use of
higher sustainability standards (for energy, water consumption, accessiblity etc.) than when
no certification is used. One can nonetheless wonder whether those really ensure that the
buildings or neighbourhoods are really sustainable. The fact that there is a strict deadline for
the delivery of the infrastructures often leads to the need to shorten some procedures, and
to leave behind requirements. For the Olympic Village in Rio, it was found that it was not
built with conscientiousness. Among others, electrical problems, water flowing on the walls
due leaking pipes and blocked toilets prevented some athletes to get access to the Village at
the beginning of the Games (Baum and Cherny, 2016).

Plus, the certification does not impede social or economic challenges. In Rio, households were
evicted from the area where the Olympic Village and surrounding roads were been built. The
Olympic Village was as well supposed to become a wealthy neighbourhood with expensive
apartments, but the project does not include any social mix housing, which is an important
part of the social part of the LEED certification (Ana, 2015). A lack of public consultation,
including all types of communities in the area, and not only stakeholders of the Games was also
experienced during the project (Ana, 2015). Additionally, building certification does not ensure
the use of the building after the Games. Even though a new building get a certification, this
building can be underused after the Games, and this questions the impacts of the whole life-
cycle of the building. For instance, the Olympic Village in Rio was supposed to be transformed
into a luxury neighbourhood. Yet, after the Games, only 7% of the apartments have been
sold, and still a great number of apartments are empty nowadays (Bauer, 2017).

One can wonder why not all the new infrastructures built for the Games are not externally
certified. It is not made clear by the Games’ organisers why some buildings are certified and
others not. The short delay to achieve the work for the Games and imperative deadline could be
one reason. This makes the aspect of sustainability less crucial. Another reason might be that
the Games’ organisers perfectly know that they are not building a sustainable infrastructure so
they would not engage in any sustainability assessment for those infrastructures. Yet, those
reasons are only presumptions and more research would be needed on the understanding of the
use of green building certification and underlying motivations within the Olympic movement.

It is mostly new buildings that get environmental certifications, but no existing venues used for
the Games have never been certified. Besides, green certification of temporary buildings is still
not extremely developed, and no temporary venues used for the Games has never been certified.
Yet, in the future Games, there will be a growing use of temporary and existing infrastructures.
Thus, Games’ organisers should consider getting certification for those buildings.
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6.2.4 Carbon footprint

A carbon footprint aims at measuring the total greenhouse gas emissions caused by a product,
an individual or an event. The carbon footprint measurement is a widely used tool among
organisations to reduce their impacts on climate change. The International Olympic Committee
released in 2019 a common methodology to measure the carbon footprint of the Games
(IOC, 2018). Previously, London (2012) and Rio (2016) both performed a carbon footprint
study for their Games, using each their own method (LOCOG, 2010; Rio 2016, 2016b). This
common methodology released by the IOC, available here is essential in order to have the
same framework between the Games and thus to be able to compare the Games. Making
a carbon footprint for the Games is an extensive work as a huge amount of data is needed.
This was implemented in order to provide a clear statement of the existing challenges of the
preparation and staging of the Games. The main benefit of using this tool is the possible
identification of the areas having the biggest impacts of the environment regarding climate
change (e.g. emission of carbon dioxide). This helps the identification of area where more
sustainable solutions must be found.

Even though this tool is still at an early stage of application, it seems to be quite a useful tool
for Games organisers to reduce the impacts on climate change. The Organising Committee
performs a carbon footprint prior to the Games, and this enabled the identification of the main
areas responsible for climate change. Rio and London both used the tool to take proactive
measures in those areas to reduce their impacts (LOCOG, 2010; Rio 2016, 2016b). For
London, the total carbon footprint was estimated at 3.4Mt CO2e . This study also shown that
the transport of spectator to the Games and the building of venues and infrastructures have
the highest impacts on climate change (LOCOG, 2010). Measures to reduce the footprint
included the reduction of energy use at venues, for instance through the lowering of the floor
space. The Games finally succeeded in decreasing their carbon dioxide emissions by 28%
(Chestney, 2012). Yet, this tool only deals with climate change and carbon dioxide emissions,
and climate change is only one type of impacts on the environment. This tool should thus be
complemented with additional tools tackling the other environmental issues, in order to have
an overall view of the environmental impacts of Olympic Games. Additionally, it is a complex
tool for the Olympic Games because the scope of the Games is extremely large. Then, the
scope of emissions is quite difficult to define, as it should be known which emissions can be
totally attributed to the Games and which are not entirely linked to it.

6.2.5 Sub-Conclusion

Four main tools have been integrated in the preparation of the Olympic Games. Table 2
presents an overview of the main information on those tools. Those are complementary, as
they all have different objectives and tackled different issues (climate change, infrastructure,
management system). Yet, none of those are completely satisfying, all have some limitations.
For some tools, there is still lack of evidence that the use of those really participate in the
improvement of the sustainability of the Games. Additionally, none of them provides specific
guidelines to be used by the Games’ organisers during decision-making.
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Table 2: A review of the sustainability assessment frameworks used during the preparation of
the Games by the Games’ organisers

Tool Olympic Games Impact ISO 20121 Green building certification Carbon footprint

Types
Indicator based

Cross-sector project
Mandatory for OCOG

Third-party certification
Cross-sector policy

Mandatory for OCOG

Third-party certification
Cross-sector project
Voluntary for OCOG

Model
Sector-specific project
Voluntary for OCOG

Object of
assessment Olympic Games Management system

of the Games organisers
New infrastructures built

for the Games Olympic Games

Aims
Quantitatively measure the
impacts of the Games to
increase the knowledge

Introduce a sustainable
management system within

the Olympic Games organisation
Structure the sustainability

objectives

Build new infrastructures
based on the highest

sustainability standards,
with state-of-the-art

technologies

Identify the areas having the
highest climate impact

Reduce the climate footprint
of the Games

Motivation
Make sustainability

quantitative & operational
Visualise invisible flows

Defining standards
Find common language,

Increase legitimacy

Show the best choice
between different

technologies
Increase legitimacy

Calculate the environmental
consequences of various

decisions

Used by London 2012
Rio 2016

Rio 2016
Tokyo 2020

Beijing 2008
London 2012

Rio 2016
London 2012

Rio 2016

Main receiver Future OCOG
All Games’ stakeholders Public Public

Local Governments
Public
OCOG

6.3 Tools developed in the academic literature
This section presents sustainability assessment tools for Olympic Games that are introduced,
used or discussed in the existing literature on sustainability assessment and Olympic Games.
6.3.1 Indicator-based sustainability assessment
Pitts and Liao (2013) developed an assessment technique in order to evaluate and promote
sustainable urban development and Olympic design. This tool was developed as an evaluation
framework, based on outcomes of previous events, using detailed analysis of the Olympic Games
since 1896. It seeks to be used by the Organising committee at an early stage, to reflect on the
decision associated with the development of the Games - mostly the planning and design. The
tool is divided into nine different assessment issues - including for instance the transportation,
the energy consumption, master plan and site selection or the water conservation - which
represent the main issues regarding development of large-scale event. Assessment criteria are
defined for each themes, and are only based on qualitative score - good, medium or poor. This
tool can be used for meaningful comparison between the performance of different Games (Pitts
and Liao, 2013). Yet, the evaluation is based on the assessor’s understanding of the design
and plan of the Games. Also, as the context of each Games is different, the tool needs to be
adapted for each edition, and the comparative goal of the tool is then weaken. Additionally,
only a presentation of the tool is provided in their paper, but it is not very clear how to use
it concretely for the Games, what it can bring for the Games’ stakeholders and what was the
motivation behind the creation of this specific tool. Nonetheless, as the authors mention, it is
more the outcome of the research that is valuable, while the tool provided should be refined
in order to be effective (Pitts and Liao, 2013).

6.3.2 Ecological Footprint
The ecological footprint is a widely known tool, based on the a quantitative assessment of
the resource use, in comparison with the overall availability of this resource. It was used by
Collins and Flynn (2008) to assess the environmental sustainability of the Final Cup of the
UK’s Football Association, which is a small-scale event. The application of this tool for a case
study seeks to show how this tool could be used for larger event, such as Olympic Games.
The results show that the visitor travel, so the transport part, has the most significant impact
on the footprint, followed by the consumption of food and drink. As only one stadium is used
for this final cup and was already built, the impact of the infrastructure is very low.
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It is then concluded that the application of this tool shows that it is a good way to commu-
nicate the scale of the impacts associated with the events, and to suggest potential areas of
intervention to policy-makers, where different scenarios could be modeled (Collins and Flynn,
2008). It is finally argued that this tool could be used for Olympic Games, but the size of
these events, the number of infrastructure used and the indirect impacts of the Games would
make the use of this tool very difficult. In fact, no study was found during the project on the
measurement of the ecological footprint of an Olympic Games.

6.3.3 Life cycle assessment
Life cycle assessment (LCA) is also applied to assess the environmental impacts of events.
This tool is a method used to assess the environmental impacts of all the life-cycle stages of
a product. This methodology is only approached in the literature, and it has never been used
by any Organising Committee.
The LCA was first used to assess the direct and indirect emissions from different post-event
waste management scenarios, in a study called ”Life cycle assessment of integrated waste
management systems for alternative legacy scenarios of the London Olympic Park” (Parkes
et al., 2015). The overall objective of this study is to evaluate and then compare emissions
resulting from different waste management scenarios for the London Olympic Park (Parkes
et al., 2015). The main outputs of the study are that the savings occur through materials
recycling at a material recycling facility, as well as through energy recovery, which then should
be promoted over other waste disposal options. Another life cycle assessment was conducted
to assess the overall greenhouse gas emissions of the whole life-cycle of an urban project: from
the construction, staging of the event to the post-site redevelopment. It was applied to the
London Olympic Park and three design scenarios for the post-event site were compared (Parkes
et al., 2016). This assessment first shows that it is the legacy phase which has the highest
environmental impacts, with the transportation of residents within the Park. This shows that
the main focus during the planning of the Games should be on the legacy-phase rather than
on the usage during the Olympic Games.
Those applications show how life cycle assessment can be used as a valuable tool to compare
different planning strategies from an environmental perspective, and guide stakeholders to take
specific decision during the planning phase. Yet, this tool is not accessible to everyone, must be
performed by LCA practitioners, and requires a large amount of data. Those applications are
based on one specific sustainability dimension: the waste management or the infrastructures.
No study has been made on the overall life cycle assessment of an Olympic Games, probably
due to the complexity of such event. Yet, for less complex event, Dolf (2017) and Toniolo et al.
(2017) performed LCA for small scale event, considering the preparation, use and dismantling
phase in order to highlight areas where the negative environmental impacts are significant.
The main contributors to negative environmental impacts really depend on the type of event,
and no common conclusion can be drawn from those two studies.

6.3.4 Scoring tools
Besides, the literature includes sustainability scoring tools for Olympic Games.
Rowberg and Rincker (2019) tried to evaluate the environmental sustainability of Olympic
Games. The main goal of their tool is to provide feedbacks to the Organising Committee on
its environmental measures at an early stage, and to some extent refine its sustainability plan.
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A sustainability evaluation matrix was created based on the environmental sustainability di-
mensions from the Rio’s bid report, and then a comparison was made between Rio 2016 and
Tokyo 2020. Within each dimensions, activities or events which have an impact on the di-
mension are listed and are given a positive or negative weight. This weight chosen for each
activity depends on the effect of this activity, a high positive weight would mean that the
activity has a significant positive environmental impact, and a low negative weight a strong
negative impact. For the dimensions “Water treatment and Conservation” a score of -1 is
attributed to Rio and a score of 1 for Tokyo. Finally, each game that is evaluated is given a
final score, a weighted sum of the score for each dimension, eight for Rio and 14 for Tokyo
(Rowberg and Rincker, 2019). This tool is interesting because it provides an overview of the
environmental measures, and is dynamic, as the final score changes each time a measure is
added. The main problem with this tool is the lack of transparency on how each score was
given for each environmental measures, if it is based on the authors’ judgement or on specific
data. Another issue is the lack of explanation on how this tool can effectively provide feedback
on environmental measures, and who should use this tool.
Boroghi et al. (2018) developed an indicator based scoring tools in order to know whether the
hosting of the 2016 Games in Rio was consistent with the sustainability goals of the city. The
indicators used were selected from the existing literature about the impacts of mega-event,
and were divided into four main categories: physical, economic, environmental, and social.
Then, sustainability sub-themes were selected, in order to see the degree of sustainability of
the impacts of the Games on the host city. To represent this degree, for each indicator, a score
between -2 (extremely low) to 2 (extremely high) was attributed, but no explanation was given
on why a specific score was attributed to an indicator. It was found a majority of negative
scores, which show that hosting event mostly have negative impacts on the sustainability of
host city. This tool is a post-Games evaluation of the sustainability objectives. It does not aim
at guiding the organisers creating sustainable Games. The lack of transparency regarding the
creation of the tool and the scoring approach does not make it really useful for other Games.
The tools that were developed in the literature especially for Olympic Games (Pitts and Liao,
2013; Rowberg and Rincker, 2019; Boroghi et al., 2018) have some limitations. Those limi-
tations mainly rely on methodological aspects. The use of the Ecological Footprint and Life
Cycle Assessment for the Olympic Games has also been discussed, and the main results are
that it can provide valuable insights for decision-making, especially the LCA, but that those
tools are really complex to be used for the overall scope of the Games. Rather, they should
be used for specific sustainability dimensions.

6.4 The complexity of sustainability assessment for
Olympic Games

The sections above presented some of the frameworks use to either evaluate, assess or promote
the environmental sustainability of Games. It does not intend to cover all the existing tools,
rather it gives an overview of the existing literature on those. Additionally, many other tools
exist for assessing the environmental impacts of events, which are often easy to use, but too
simplistic for Olympic Games, because the Games imply much wider impacts (Boggia et al.,
2018).
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Overall, the environmental evaluation of Olympic Games experiences different approaches and
strategies. For the moment, there is not a common method that prevails over the others and
each approach has its advantages and drawbacks. Those drawbacks mainly include the lack
of transparency, the complexity or the inaccuracy of the framework. The Games-specific tools
developed in the literature are mostly based on qualitative evaluation, because of the lack of
available quantitative data. If more quantitative data were available, maybe new tools could
be created or some could be improved to fit the Games.
In terms of results and topics, the infrastructure, transport, waste sectors and climate change
are some of the most studied dimensions within the existing tools, probably because they
have greater impacts. Some other topics are overlooked, especially for instance the energy,
the water or the biodiversity, even though for instance water and energy are included in the
building sector.
There are still uncertainty about the outcomes of some of the tools, such as the Olympic Games
Impact Study, and especially whether the results are used as they are supposed to be. Usually,
tools are elaborated to be used in specific contexts. The Olympic Games give a common
structure and context, but each Games have its own design and plan, so it makes the use of
specific tools difficult. Thus, none of the tools presented above is completely satisfying. The
fact that many authors tried to contribute to the existing literature on assessing sustainability
of mega-events shows that there is not a common consensus on which type of tools should be
preferred over others. The right combination of several sustainability tools could be a solution.
All those observations show that to stage sustainable Games, the need might be for a com-
bination of tools and other types of tool that would really make the difference for Organising
Committee. In fact, there is not a common framework including the most important and
common positive and negative impacts of the Games, neither the best initiatives and feasible
solutions to reduce or enhance those impacts. The understanding of the dynamics behind
each success or failure of sustainability initiatives would be needed for instance for the ISO
standard, in order to guide the Organising Committee towards more achievable sustainability
objective, tailored to the local context.
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7 Environmental sustainability and Olympic
Games: the example of water

This chapter highlights the main findings of the multi-case study performed during this project.
The first section presents the case-studies analysed. A review of the responses towards water
sustainability is then provided, using the DPSIR framework to structure it. Finally, initiatives
for Games’ stakeholders to enhance the water sustainability of the host city are provided.

7.1 Presentation of the case studies
This first section sets the context of this second analysis, with a presentation of three case-
studies used in this project, in order to fully understand the context and the design of each
Games.

7.1.1 Beijing 2008
Beijing was awarded the Olympic Games in 2001, after the failure of the bid for the 2000 Games
back in 1993. This has been considered as a significant success by the Chinese government,
which wanted, through the hosting of the Olympic Games, to open up Beijing and China to
the world (Zhou et al., 2012). The failure of the first bid has motivated the government
to improve the qualifications needed for the Games, in terms of infrastructures and public
support. Billions of dollars were invested into public infrastructures every year, and prior to
the second bid, Beijing was equipped with a very large number of sport facilities and new
transport infrastructures. The winning of the bid would even more strengthen the public
investment in new infrastructures, and would speed up the existing environmental protection
plans (Beijing 2008, 2009).
The Beijing Games were held in August 2008. It was the third time that the Games were
hosted in an Asian country. The main concept behind the Games was “Green Olympics, High-
Tech Olympic and People’s Olympics” (Beijing 2008, 2009). The design of the Games mainly
relies on the extension of the northern axis of the city, with sport venues and other necessary
infrastructures built along this axis. In the northern part, a forest park was created for the
Games and remains as one major green legacy. Those constructions were possible because
of the availability of lands which was reserved to the 1990 Asian Games. This part of the
city was developed especially for the Games, but other investments were made for other parts
of the city. The government decided to invest in public infrastructures and in environmental
challenges, in order to improve the liveability of the city (Zhou et al., 2012). For instance, in
terms of transport infrastructures, the capacity of the Beijing Capital airport was increased,
new subway lines were built, as well as ring roads around the city and an airport express road.
In terms of environmental issues, the main challenge was to improve air quality during the
Games in order to avoid any health issue for the athletes and spectators. Many aggressive
measures were taken to reduce air pollution, such as the upgrading of coal-burning boilers,
restriction of the use on private automobile use and the shutdown of polluting industries in
the surrounding of Beijing during Games’ time (UNEP, 2009).
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Regarding water issues, Beijing was facing different challenges. First, the limited local water
resources combined with the population growth, as well as a reduction of water quality due
to pollution used to lead to severe water shortages (Probe International, 2008). There were
issues regarding the water quality of the water bodies and the seas, due to the uncontrolled
flowing of untreated sewage. Besides, a lack of water resource management was observed
back in the 1990’s. Better urban water management was needed to cope with the numerous
water challenges in the years preceding the Olympic Games (UNEP, 2009).

7.1.2 London 2012
Back in 2005, London won the bid for the 2012 Olympic Games. It was the third time in
history that London was awarded the Games, after the Games in 1908 and 1948. The willing
of the local government when making the bid for 2012 was to regenerate a neglected part of
the city, the Lower Lea Valley, and develop this part as the Olympic Park (LOCOG, 2005).
The site chosen was a former industrial site, a brownfield area, which was heavily polluted
with petrol, oil and heavy metals surrounded by poorly maintained waterways. Those Games
act as catalyst and fast-track process for urban redevelopment but also social and economic
change. This project was the biggest construction project that United Kingdom has seen for
decades (LOCOG, 2012). Apart from the regeneration of this neighbourhood, there has been
an extensive use of existing infrastructures, with 61% of the infrastructures needed for the
Games being already built in the city (Schmedes, 2015).

One of the main characteristics of those Games was the emphasis put on legacy. The Olympic
Park was transformed to become a new park, including housing, schools, business spaces etc.
The Olympic Village was transformed into flats and residences, including affordable housing.
Another aspect of the legacy is the transport refurbishment, with new bridges and new railway
lines built in order to connect the different Olympic Sites with the surrounding neighbourhoods.
An important emphasis was again put on the upgrading of cycling and pedestrian routes
throughout the city (LOCOG, 2005).

In terms of sustainability, the Organising Committee really tried to develop new and innovative
strategies and plan to improve the environmental conditions of the Games. The first ever
sustainability plan for Olympic Games was released seven years prior to the Games, including
the main sustainability themes, different targets, from the rate of demolition waste being
recycled to the reduction rate of drinking water usage, as well as responses and actions to
fulfill those targets (LOCOG, 2007). Then, the Organizing Committee was the first one to
get a certification for their sustainability management system. Finally, commitments for a
low-carbon Games were further taken with the very first carbon footprint for Olympic Games
being released (LOCOG, 2010).

Water management in London was already well-developed prior to the Games. The population
had access to safe drinking water. Yet, an increasing number of people and industry in the
city goes along with a rise in water demand. It is estimated that a quarter of the drinking
water is lost due to leakage in the city (London Assembly, 2012). Additionally, climate change
negatively impacts the water resources, with an increasing number of dry winters and hot
summers which put pressure on the water supply. Besides, rainfalls become more intense and
frequent, which constrains the capacity of the combined sewer of the city, built 150 years ago.
As a consequence, still a great amount of untreated sewage spills into the river Thames, the
main river crossing the city (London Assembly, 2012).
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7.1.3 Rio 2016
Rio de Janeiro is one of the largest city in Brazil. It is characterized by socio-economic
inequalities and high levels of poverty. The North region comprises the poorest areas of the
city, while the South region is wealthier(Azzali, 2018). Rio was awarded host of the 2016
Games in 2009. It was the first time that the Games were hosted in South America, and the
second time a developing country hosted the Games. Hosting mega-events was part of the
city’s strategy to rebrand its image of the city, as well as to enhance its development. The
first step of the local government has been to invest public funding for urban renewal projects
and then attract major sporting event. This way, Rio hosted the World football championships
in 2014, and the Olympic Games in 2016 (Azzali, 2018). A special committee was created in
2008 in order to align the existing city master plan and the content of the Games’ candidature
file. This led to the creation of a plan called the “Urban and Environmental and Legacy
Plan”, which included the development of four Olympic Clusters and the regeneration of
Porto Maravilha, the port area (Dupont et al., 2015). The Games were held in four different
areas: Copacabana and Barra de Tijuca neighbourhoods located in the south of the city, in
a high income area, and Maracana and Deodoro are situated in centre of the city, which is
a lower income neighbourhood. A mix of existing (44%), temporary (21%) and newly built
(34%) venues were used for the Games, and dispatched between the four areas of the Games
(Schmedes, 2015).
New transport networks and new permanent infrastructures were built for the Games. Those
new infrastructures include a transport system between Barra de Tijuca and the airport and
the renovation of the airport. The Olympic Park, which includes some sports venues and
the Olympic Village, in Barra de Tijuca, is located 30 km away from the city,was entirely
built for the Games and is accessible by car or by BRT (bus rapid transit) (Azzali, 2018).
The sustainability plan for the Games was built along the three usual pillars of sustainability,
but called differently: Planet - People - Prosperity (Rio 2016, 2013). This plan is quite
different than the one from London, as the plan for London had much more emphasis on the
environmental pillar.
Rio faces strong water challenges and inequalities in terms of accessibility. It is a developing
country where a part of the population lives on informal areas (slums), with no property
right. This low income population lives on poor quality dwellings, which lack of basic services,
including water supply and sanitation (Azzali, 2018). On the contrary, other parts of the city
are well connected with the water systems. Another important issue is the lack of treatment of
wastewater and the discharge of polluted water in waterways or in the open sea. This has led
to the pollution of many sources of water around the city, including the sea and the main Bay
of the city, Guanabara Bay. Water shortages are common in the city because either of severe
droughts which have depleted the city reservoirs, and because some of the water sources are
polluted (UNESCO and IANAS, 2015). Those considerations highlight the challenges faced
by the Games’ organisers and the local government when planning for the Games.
The presentations of the three case-studies highlight the different strategies taken by the
Organising Committees. Besides, all the cities face different types of water challenges.
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7.2 Olympic Games and water urban challenges
The findings presented in this section are the main elements which emerged from the cross-
case analysis. The first part presents how the framework Driving forces - Pressure - State
- Impact - Responses can be applied to Olympic Games. Then, each of the following parts
present the responses to a specific challenges. A review of the responses for the driving forces
is provided, and then water quality, water availability and climate changes are studied.

7.2.1 Including the Olympic Games in the DPSIR framework
First, it is essential to understand how the Olympic Games fit in the DPSIR framework of
the urban water challenges. This part qualitatively presents what are the components of the
chain affected by the staging of the Olympic Games and the components that can impede the
staging of the Games.
In terms of driving forces, the staging of the Games in the city intensifies the sport tourism
in this city for a short period of times - two weeks. This entails the need for new sporting
infrastructures, and also results in a greater number of people living in the city during the
Games. For Rio 2016, more than 500,000 athletes and tourists took part in the Games, which
represents a rise by 8% of the population of the city during the Games. For London, the number
of people attending the Games was even higher, with more than two million of visitors coming
to the city (Dominiczak, 2012). This is an increase of 22% of the population in the city. Those
numbers must be carefully considered, because they represent the number of visitors coming
to at least one event of the Games, but they do not indicate whether those spectators stayed
the entire period in the city. In terms of infrastructures, requirements from the International
Olympic Committee are very specific. Approximately 30 sport venues are needed, including
stadiums, indoor arenas and special sport facilities. Press pavilions, technical infrastructures
and an Olympic Village are as well required to host the Games. If some of those infrastructures
are built specifically, some others are retrofitted or used as they are.

Figure 4: An example of DPSIR framework for water and Olympic Games
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The pressures are the same than the usual ones presented in section 4.2 (i.e. pollution, climate
change, water abstraction) but are even more exacerbated by the driving forces presented
before. For instance, with the increasing number of people being in the city, more drinkable
water resource is needed to be able to meet the needs of all the spectators and athletes. It
has been estimated for the Games in Beijing a rise of 4.7 million m3, compare with an annual
water consumption of 3.4billion m3, which represents an increase by 1.4% (Greenpeace, 2008).
This then has an influence on the state of the environment, with the water quantity which is
diminishing.
Finally, the impact component mainly contain the issues that can impede the staging of the
Games. For instance, poor water quality can hinder the competitions occurring in open water,
as it can have a negative impact on athletes’ health. This occurred during the Games in Rio,
where the water quality was very poor and some athletes got ill after being in contact with the
water (The Telegraph, 2016). Even if those have not happened yet in any Games, episodes of
drought could be an important issue, with water restriction measures that would be needed
to be implemented. Floods could similarly threaten the staging of the Games.
This section presented how the Olympic Games fall within the DPSIR framework of urban
water challenges. Only the Driving forces, Pressures, States and Impacts were reviewed. The
next sections present the Response components.

7.2.2 Driving force mitigation

In the DPSIR framework, the responses can tackle all the other components of the chain,
including the driving forces. Mitigating the driving forces can be considered as being an
indirect measure to limit and reduce the impacts of the Games. As mention in the previous
part, two main driving forces can be attributed to the Olympic Games, as presented in figure
6: the construction of new infrastructures and the growing number of people during Games
time.
Since the first Games, back in 1896 in Athens, their size has continuously grown. From the use
of seven venues back in 1896, to an average of 30 competition venues currently, the Games
have become a mega-event (Long, 2013). But apart from those competitions’ venues, many
other buildings are needed – an Olympic Village, a media village etc. The IOC has decided
after the Games in Sydney in 2000 to limit the number of athletes (10500) and sports (28)
for the Games, in order to reduce the size but essentially the costs of the Games (Delaplace
and Schut, 2019). This limit has contributed to restrain the gigantism of the Games. This
way, there is a limit put on the water consumption.
Besides, there is an increasing use of either temporary infrastructure or existing infrastructures
instead of new infrastructures. Figure 5 well shows this decreasing trend of building new
permanent infrastructures for the Games. From a financial perspective, it is estimated that
the use of temporary infrastructures reduces the cost by one third to one half compared to a
new infrastructure (Long, 2013). Yet, there is a lack of study on the environmental impacts
of temporary infrastructures, so more researches should be performed in order to know the
extent to which the use of temporary infrastructures reduces the impacts on the environment,
compared with new infrastructures. In fact, the areas where those structures are settled and
the issue of reusing those structures are questionable.
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For instance, the basketball arena in London was an entire temporary structure, including
12.000 seats, which cost was almost equivalent to the Copper Box Arena, a new permanent
venue built for the Games in London. The basketball arena was dismantled after the Games
and the whole structure was supposed to be used for other events. Yet, it is still for sale,
and has not been reused yet (Smith, 2014). Regarding the water issue, the use of existing
infrastructures is a way to keep the water consumption rate in the city at the same order
of magnitude during the Olympic Games than the normal rate and avoid the rising of water
consumption due to the building of new infrastructures.

Figure 5: Evolution of the type of venues for the Olympic Games
Based on Schmedes (2015)

It can be more difficult to control the number of visitors coming for the Games, but this
number is often limited by the availability of places to stay in the city during the Games, and
the number of places at the competition venues. No major measures have never been taken
to reduce the number of spectators coming to the city during the Olympic Games.

Figure 6: Examples of responses to mitigate the driving forces
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7.2.3 Olympic Games and water quality
This part presents and compares the main responses of the three Olympic Games to the water
quality challenge. Two main types of responses are considered in this part. First the long term
responses deals with the reduction of the pressure on water and the improvement of the state
of the water quality. Second, the short-term responses deals with the mitigation of negative
impacts.
Long term responses
First of all, it is necessary to know the main commitments related to the water quality challenge
of the Games studied. Beijing was committed to increase the water quality of the main water
reservoir of the city and to improve the treatment of sewage, in order to reduce the pollution of
the water bodies in the city. Those commitments were part of an existing water management
plan, developed years ago by the local governments (UNEP, 2009). London was committed
to improve the quality of the river Lea, which is located just next to the Olympic Park. The
improvement of this river was part the overall plan to redevelop and reduce the pollution on
the area (LOCOG, 2007). Rio was committed to clean the Guanabara Bay, the main bay of
the city, and other water bodies. This commitment was under the responsibility of the local
state and government (Rio 2016, 2013).
It should be noted here that those commitments are more or less constraining. In Beijing and
London, the failure would not have as much importance as in Rio, regarding the staging of the
Games. In fact, improving the water quality in the Guanabara Bay was essential because it
was one the area used for the sailing competition. On the other hand, the improvement of the
water quality in the river Lea in London was just part of the regeneration of the neighbourhood.
An unfulfilled commitments would not influence the staging of the Games.
Those commitments all relate to elements that are not especially built for the Games, but
already part of the existing environment in the cities. This explains why those commitments
are mainly related to the level of influence of the local government, and not on the hand of
the Organising Committee.

Figure 7: Examples of long-term responses to reduce the pressure and state related to the
challenge of water quality

The main responses taken to fulfill those commitments are thus related to the improvement of
water quality. It means that the pressure on water bodies, mainly different types of pollution,
should be reduced. Some of the sources of pollution in the water bodies are the flowing of
untreated sewage, or the solid waste pollution. Figure 7 presents the components of the DPSIR
chain that are influenced by the long-term responses.
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Table 3 shows the scores of each city towards the water quality challenges. Those scores
highlight the success or failure of each Games’ organiser towards the improvement of the
water quality, for their respective commitments.

Table 3: Indicators scores for the evaluation of long-term response
Indicators Components Beijing 2008 London 2012 Rio 2016

Safely treated wastewater at Games Time in the host city(%) Pressure 92% 100% 35%

Water quality at Games Time States Water reservoir
4

river Lea
3

Guanabara Bay
2

For the indicator water quality at Games time, a score of 1 indicates very poor quality, while a
score of 5 indicates very good quality

Beijing
In Beijing, many measures to protect the water supply reservoirs of the city, including both
surface and groundwater resources, were taken. Some of those measures include the establish-
ment of protective zones in the surrounding of the catchment areas for surface sources or the
installation of fences around the reservoirs. For groundwater sources, the focus was mainly on
reducing the external pollution, and this was done by creating a protection zone around the
groundwater recharge areas. Those measures started back at the end of the 1980’s and have
been gradually implemented (UNEP, 2009). This was a great success and the former polluted
sources became usable again for water supply (UNEP, 2009). By taking proactive measures,
anticipating the staging of the Games long before the bid, and integrating their water plan
for the Games in their long-term water management plan, the local government fulfilled its
commitments. That is why a score of four, representing a good water quality, was attributed
to Beijing 2008.
The responses taken to achieve the engagement regarding the improvement of the sewage
treatment in the city were first of all important investments made between 2001 and 2007
in order to increase the amount of sewage treatment plant, from four to nine. 92% of the
sewage produced in 2007 in the city was treated (UNEP, 2009), compare with 20% in 1998.
This example really shows how the Games can be used as a tool to speed-up the development
of wastewater treatment plants. Those numbers really highlight that hosting the Games has
really encouraged the local government to improve the wastewater treatment over the city.
London
In London, the Environmental Agency has monitored the quality of the river Lea for several
years, with different variables, and the results prior to the Games used to show that the water
quality was very low (UEL, 2013). Those waterways were polluted due to the presence of
former polluting industries in the surrounding areas. Waterways infrastructures not anymore
maintained, storm water from a pumping station discharged in the rivers, misconnection leading
to sewage flowing into the river and road runoffs have led to years of contamination and fish-
kill episodes (Patroncini, 2013). To improve the waterways, the measures taken were to repair
the waterways infrastructures (walls etc.), to dredge and clean waterways and to repair the
misconnection. The river banks were as well transformed into vegetated sloping banks (Jackson
and Bonard, 2011). In 2015, three years after the Games, there were still a high concentration
of dissolved oxygen in the water, which indicates poor water quality (Sánchez et al., 2007).
There were also problems with rainfall events and road runoff which increase the amount of
suspended materials in the water (UEL, 2013). Yet, no fish kills episodes occur after the
Games and there was a great reduction of the amount of sewage being thrown in the river.
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The results of the decontamination of the river are thus modest, and a score of three was
attributed to London 2012 in terms of water quality at Games time. In terms of wastewater,
London have an old and extremely developed wastewater management system. 100% of the
water is safely treated in the city, and no further measures were taken prior to the Games
regarding this aspect.
Rio
In terms of water treatment in Rio, the sewage collection system was expanded, with ten new
waste water treatment stations built (Rio 2016, 2016a). Despite those new infrastructures, at
Games time, only 35% of the wastewater was safely treated in the entire city. This number
can be explained by the fact that there were no sewers to collect wastewater from the sources
(household, business and industries) and bring it to the plants. One of the treatment plant,
which was built in 2000, only started to treat water in 2014, because for 14 years it has not
been connected to any sewage system. Also, most of the treatment plants do not work at
their full capacity, for the same reasons (The Guardian, 2015). A lack of an effective water
management plan prior to the Games period can explained those mismanagement.
Municipal and State Government of Rio de Janeiro, with other agencies, have planned for years
to improve environmental sanitation of some of Rio’s water bodies (Rio 2016, 2014). This was
the main promise made in the bid for the Olympic Games, and one of the main reason why Rio
was awarded the Games. For the Guanabara Bay, the improvement of its water quality is part
of a plan started in 1990, the Guanabara Clean-Up Programme (Rio 2016, 2013). The Games
were supposed to speed-up the plan and further improve the quality of the water and set a
deadline for the plan. It included 12 incremental actions which were more or less implemented
before the Games. One of the main action plan was to treat the untreated sewage that used to
flow into the Bay. Eight treatment plants were supposed to be built near the Bay, according to
the bid process, but only one has emerged (The Guardian, 2015). Around the bay, the sewage
treatment has increased from 12% in 2007 to 50% in 2016, while the target was supposed
to be 80% in 2016 (Rio 2016, 2016a). Even though this specific commitment has not been
fulfilled, the amount of raw sewage being treated has really grown, and it cannot be said that
the plan was a total failure. A score of two has thus been attributed to Rio regarding its water
quality at Games time.
Some of the difficulties regarding the cleaning of water can be related to the fact that the
sewage flowing in the Bay come from 16 different municipalities having their own practices and
standards, so it makes it difficult to gather them around similar commitments and practices
(Nolen, 2016). Additionally, problems of corruption occurred during the preparation of the
Games, where is has been estimated that that two billion of dollars were lost due to corrup-
tion (Eduardo Suarez, 2016). In addition, the building of new infrastructures is not extremely
popular in the city due to the need of expropriations and also because there is not an impor-
tant public expectation to have their sewage treated (Nolen, 2016). All those reasons reveal
the difficulties that the local governments face during the implementation of the Clean-Up
programme. It further highlights how the local context is really important to understand the
difficulty of the Organising Committee and local governments to introduce some of the re-
sponses planned. The action taken by the Organising Committee regarding the cleaning of
the Bay was to installed new monitoring units to measure water quality in different places in
the Bay.
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Finally, in Rio, awareness campaigns were led in schools located nearby the Olympic Zones, in
order to sensitize young citizens over the environmental management of water and the issue
of water quality. Those awareness campaigns are a good way to indirectly reduce the pressure
on the water bodies, yet the efficiency of such measures is difficult to gauge.
From the presentation of the long-term responses of the different cities towards water quality,
it appears that the strategies were contrasted between the three cities. This can be explained
by the fact that the commitments towards water quality were disparate as various types and
sizes of water bodies were considered.
Short term responses
The presence of an unforeseeable event affecting the water bodies, or the failure of the response
to improve water quality can lead to the implementation of last minutes measures. Those
measures are essential for the staging of the Games, and for reducing the impacts of a poor
water quality on the athletes competing in open water. Figure 8 presents the relation between
short-term responses or mitigation measures that are used to reduce the impacts.

Figure 8: Examples of short-term responses to reduce the impacts related to the challenge of
water quality

In Beijing, the focus for water quality was rather on the continuity of an already existing
plan - the improvement of the water quality in the water reservoirs of the city - than on the
implementation of new plan. Nothing was really implemented to improve the water quality of
other water bodies in the city. There was an algae outbreak a month before the beginning of
the Games, in June 2008 in the city of Qingdao, located in South Beijing, where the sailing
competitions was supposed to be held (UNEP, 2009). A fence of more than 50 km long was
installed in the sea in order to avoid the algae reaching the coasts and local inhabitants were
requisitioned to clean up the coast (Greenpeace, 2008). All those measures were implemented
to enable the sailing competition to occur in decent conditions, without obstacles for the
competition (The New York Times, 2008). Untreated sewage, as well as rivers flowing in the
sea, being contaminated by agricultural and industrial runoff, are important sources of pollution
of coastal water in China, and this might have been the reasons of the algae outbreak (UNEP,
2009). Thus, reducing the pressure, such as the pollution, could have been carried out prior
to the Games in order to ensure safe bathing quality, and avoid taking last-minutes measures
to mitigate the negative impacts.
In Rio, despite the measures taken to reduce the pressures on the water bodies, water quality
during the Games was heavily criticized. A year before the Games in 2015, 40 tons of dead
fish appeared in the Guanabara Bay (Watts and Vidal, 2016). A great amount of untreated
sewage, 65% of the total amount of sewage in the city was still flowing into the Bay. Many
studies shown that the water in the Bay was a health threat for athletes, as well as Rio residents
(Watts and Vidal, 2016).
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Yet, the water quality in the Bay fulfilled the IOC recommendations, based on the standards
of the World Health Organisation (WHO) (Rio 2016, 2016a). This was the case because the
WHO based its water quality standard only on the presence of bacteria in the water, while a
major study led by a team of Brazilian researchers analysed the level of viruses on the water
(The Guardian, 2015). Illnesses from water activities are mostly related to the presence of virus
in the water, and not based on the presence of bacteria. Those high levels of viruses originate
from human waste in the water system, and it has been found in the Bay a concentration
of viruses similar to the concentration found in raw sewage (Watts and Vidal, 2016). To
avoid athletes getting ill due to the contact with the polluted water during the competition,
athletes were vaccinated for viruses, and took protection measures during the race (Blount,
2016). Another issue, that has not been considered during the planning of the Games was the
presence of floating rubbish in the Bay. Just before the staging of the Games, last minutes
efforts were needed to have the site ready for the competition, as floating rubbish could damage
the boats. A cleaning of the Bay was performed, and eco-barriers were installed across all the
rivers flowing to the Bay in order to avoid solid waste flowing in the water (Rio 2016, 2016a).
Then, garbage teams picked the trash from the river in large dumpsters. Specialized boats
were put in the Bay, in order to remove trash, in relation with helicopters patrolling in the air
in order to search for large pieces of trash (Niiler, 2016).
London did not have any issue in terms of water quality during the Games that would have
affected the staging of the competition. This was due to the choice of the competition area,
located in South England, related to the fact that the United Kingdom does not have any
major issue in terms of water quality in its surrounding seas.
Barriers and positive elements
All the Games organisers committed to improve water quality of either rivers, sea or water
reservoirs. Yet, it appears that none of them really succeeded in achieving their commitments,
except Beijing. It was especially a failure for Rio 2016, which promise on the cleaning up
of water bodies was not delivered. Combining the long and short term responses, the main
reasons of the lack of success are:

• Too ambitious challenge
This was the case for Rio, which has claimed that the local government would improve
the water quality of the Guanabara Bay in seven years. The plan for cleaning the Bay
was established back in the 1990’s, and in 20 years, few measures were taken, so the
local government has been very optimistic to say that the Bay would be cleaned in seven
years. In fact, even though the Games bring financial investments and a great dynamic
in the city, the financial, cultural and political context can diminish this dynamic.

• Occurring of unforeseeable event preventing the competition to be held in safe
manner
The algae outbreak in Beijing prior to the Games is a great example of an unpredictable
event. Last-minutes measures had to be taken, and the sailing competition was held in
safe conditions, but this event generated a negative public image of the Games. Yet, it
can be argued that the staging of the Games had positive impacts, as it had probably
sped-up the cleaning of the sea, and one can wonder whether it would have been cleaned
that way if the Games were not held.
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• Tight timeframe
The fact that only seven years occur between the winning of the bid and the Games
makes the timeframe very short to fulfill some commitments. In London, the water
quality improvement of the river Lea has not really been a success, but this assertion
was made with data retrieved during the staging of the Games. One can thus wonder
whether the quality could be better if a longer timeframe was considered, for instance
with measures done this years, so eight year after the Games.

• Lack of investment by the local authorities
Even though the local authorities participate in the planning of the Games, and are re-
sponsible for some of the commitments, their lack of investment can prevent them from
respecting their engagement. This was especially the case in Rio. The lack of trans-
parency on how the financial resources allocated for sanitation prevented the efficient
implementation of long-term strategies. The state and city of Rio were in financial crisis
in 2015. Many city employees were fired, and public services were neglected for years.
The federal government injected $900 million dollars, but this money was only used to
prevent mass chaos during the Games. The clean-up of water bodies was not anymore
a priority, from a financial perspective (Trendafilova et al., 2017).

• Lack of comprehensive water management plan
The example of wastewater treatment plants in Rio being built but not functioning due
to the lack connecting pipes shows how the lack of water management plan can create a
lot of mismanagement. This can be explained by a lack of efficient and permanent public
policies in terms of sanitation in the city and the setting up of short term actions against
the establishment of long-term strategies, which limits the creation of an effective water
management plant (The Guardian, 2015).

Some positive responses and dynamics towards the improvement of water quality can nonethe-
less be retrieved from the analysis of the three cases.

• Increase the wastewater treatment in the host city
The Games in Beijing showed that it is possible to really improve the wastewater treat-
ment in the city with the building of new wastewater treatment plants and the extension
of the sewage system as part of the Olympic Games. This was possible due to an im-
portant financial investments of the local authorities, and the absence of any challenges
related to the local context, on the total opposite side of the situation in Rio.

• Integration of existing water management plan
Some host cities integrated the existing urban water management plan into the bid
and commitments for the Games. For instance, in Beijing, the strategies of the Games
organiser’s and local municipalities were in line with the overall urban water strategies
of the city, started back in the 1990’s. The Games has been used here to speed-up the
development of the management plan.

• Increasing number of monitoring stations for water quality
New monitoring stations are often installed prior to the Games in order to control the
water quality of the competition venues. This was the case in Rio, where the Organising
Committee invested in new water monitoring units in the Guanabara Bay. Those stations
are not to be used only for the Games and still function after the Games. This provides
a great legacy for the city. To go further, monitoring stations could be installed in water
bodies other than the ones used for the competition, in order to further promote the
monitoring of the water quality.
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• Awareness program on water quality
Only Rio has conducted awareness program for local citizens regarding water quality,
and even though it is difficult to know the efficiency of such program, they should be
promoted and largely used by future Organising Committees. An additional public to
include in the program could be the visitors of the Games.

• Release of a new water quality guidelines
After the polemic on water quality in Rio, the International Olympic Committee has
released a water quality guidelines for future Games organisers (IOC, 2017a). These
guidelines establish a framework for a positive long-term approach towards water quality.
It mainly includes new standards, including testing timelines and on-site inspections.
The reasons for setting up this standard are several, including the reduction of risk
of competitions’ cancellation and the reduction of the negative media coverage (IOC,
2017a). This example reveals how the IOC reacts to environmental negative image of
the Games through the creation of new guidelines for host city, in order to mitigate the
negative impacts. Yet, as those guidelines were created three years ago, they will be first
applied for the Games in Tokyo in 2021, so it is not yet known whether those guidelines
will really change the story.

Those positive dynamics between water quality and Olympic Games highlight some of the
specific responses improving the water quality in the host city. Yet, great efforts must be
pursued in order to ensure that the commitments taken during the bid are fulfilled and that
proactive measures are taken in order to avoid any negative impacts.

7.2.4 Olympic Games and water availability
This part presents and compares the main responses of the three Olympic Games to the water
availability challenge. The main objective, as presented in figure 9 is to reduce the use of
potable water, to further diminish water abstraction, which is a pressure on the environment,
and then increase the water quantity available, which represents the state. Two main strategies
are considered in this part: the saving and the reuse of water.

Overall, the analysis of the different responses towards water availability showed that those
responses are mainly implemented at the infrastructure level. It means that only the infrastruc-
tures built for the Games, the Olympic Park, the Olympic Village or any other new buildings
are part of the responses. This implies that no important responses towards water availability
are taken at the scale of the city. This is probably due to the fact that those responses mainly
rely on technological elements installed in those new infrastructures. The building of those
infrastructures mostly relies on the Olympic Delivery Authority, but the main sustainable com-
mitments are expressed by the Organising Committee. The growing use of green certifications
for new buildings by the organisers of the Games has promoted and make the use of water
savings and water reuse technologies extensively applied in new buildings.

One of the main indicator that is used by Organising Committee and that is considered in
this analysis is the percentage of water savings in new permanent venues. It represents the
percentage of water that is saved in the new buildings especially built for the Games. Those
new buildings include for instance the new competition venues as well as the Olympic Village.
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Figure 9: Examples of responses to reduce the pressure and state related to the challenge of
water availability

A reduction target can be settled prior to the Games in order to fix the percentage of water
that should be saved in the new venues using different technologies. For instance, London
2012 set in its sustainability plan that the demand for water in new permanent venues should
be reduced by 40% compare with the 2007 standard (LOCOG, 2007). On the contrary, Rio
and Beijing did not define any water savings target prior to the building of the Games. Table
4 presents the scores of each Games studied in this report towards the percentage of water
savings in new venues. It appears that Beijing and London have the same percentage, 40%
while for Rio this percentage is a bit lower. This could, in a way, indicate that Rio did not
take as much measures as in Beijing and London, but the standards used to compare water
savings are different between the Games. The numbers should thus be carefully considered,
and the comparison between the Games cautiously viewed.
As mentioned in the section 7.2.2 on the mitigation of driving forces, the number of new
venues is decreasing, with the increasing use of temporary or existing venues. From the
reports studied for the three Games studied, it appears that no measures were specifically
taken for water savings in temporary or existing venues.

Table 4: Indicators scores for the evaluation of water availability
Indicators Components Beijing 2008 London 2012 Rio 2016

Water savings in new permanent infrastructures(%) Pressure 40% 40% 30%

Water saving schemes
All the sustainability reports from the three Games highlight that all the new permanent venues
were built with water savings technologies, including low flush toilets, low flow taps and low
flow shower (UNEP, 2009; Jackson and Bonard, 2011; Rio 2016, 2014). It is nonetheless
difficult to know the efficiency of those water saving technologies, and how those technologies
were chosen. In London, a presentation day was held, during which companies developing
modern and new water savings technologies presented their products, in order to guide the
choice of the Olympic Delivery Authority towards which technologies should be used (Jackson
and Bonard, 2011). The lack of transparency towards the specific costs associated with each
technology and its efficiency makes the analysis difficult. Indeed, it is then difficult to know
which type of technologies has been used: the most costly but the most efficient? The less
costly? Or a balance between both?
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Those questions still need some answers to really understand the strategies of the Olympic
Committee. Yet, the use of these technologies has a limit and does not enable to save a great
amount of water. In fact, for London, only 18% of water savings could be achieved using water
saving technologies in new permanent venues (Jackson and Bonard, 2011). To enhance water
savings, other means were thus needed especially because London had a target of savings 40%
of water in new permanent venues.
Water reuse
In order to further enhance the reduction of water use, apart from using water saving tech-
nologies, the promotion of water reuse can be implemented. The water reuse technologies
can be based on three different types of water: rainwater, greywater or treated sewage water.
Most of the time, those types of water are reuse for non-water usage: irrigation, toilet etc.
Use of rainwater
First the catchment and reuse of rainwater is a widely spread measure in new urban spaces
created for the Games, mostly the Olympic Park and Olympic Village.
In Beijing, the rainwater was captured for irrigation and to boost the waterflow in waterways.
It has been estimated that 95% of the rainwater was reused in the Olympic Park (Greenpeace,
2008). This water was mostly collected with permeable bricks and collectors on the roof of
the venues (Salcines et al., 2013). Most of the new permanent venues, as well as refurbished
venues had rainwater collectors, and a recycling station was integrated in some of those in
order to use the rainwater onsite, including for cleaning or fire-fighting (UNEP, 2009). Beijing
also installed rainwater collectors in the streets across the city (Greenpeace, 2008). London
similarly used rainwater collection in its Olympic Park and Olympic Village.
Use of treated sewage water
Likewise, sewage water can be treated and reused for non-drinking purpose. Yet, the treatment
of sewage water is much more complex, as more polluted than greywater or rainwater. In
Beijing, a biological sewage water treatment plan has been built on the Olympic Village,
where water was then reused for irrigation or toilet flushing (LOCOG, 2007). In London, the
first blackwater treatment plant for water reuse was built in the Olympic Park. It was the first
time that this specific technologies was constructed in the United-Kingdom. It takes sewage
water from London’ sewers and treat it. Then it is used for toilet flushing, irrigation and for
the energy centers of the Olympic Park. A great amount of new knowledge and practices was
needed in order to make this first treatment plant working effectively Ali and Sarah (2015).
Awareness campaigns
Awareness campaigns are led in order to promote water savings and water reuse measures.
Those campaigns were widely pursued in Beijing, tackling the entire city. Households and
industries were encouraged to use the water more efficiently in order to reduce the stress on
local water resources. In London and Rio, no specific campaigns has been led, but the three
Organising Committees tried to raise awareness of athletes, visitors and spectators with water
savings campaigns during the Games in the sport venues and Olympic village.
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Improve access to potable water
Apart from the water savings and water reuse, water availability deals with the access to
potable water in households. In fact, water accessibility still needs to be upgraded in many
countries over the world. This aspect was included in the bidding file of Beijing and Rio. In
Beijing, the city upgraded three major drinking water treatment plants to provide potable water
for three million of people, representing a rising of 15% of the population having access to
potable water (UNEP, 2009). However, even though water quality was high at the treatment
plants, the quality was much lower at houses due to the type and age of materials used for
water pipes. Another measure was thus to change some of the pipes in order to have a higher
drinking water quality at households (Greenpeace, 2008).
In Rio, the main commitment towards water accessibility was to bring water supply in areas
where new infrastructures were built, so mostly in the area of the Olympic Village and Olympic
Park (Rio 2016, 2014). The commitments were fulfilled because water was available there
during the Games. Yet, nothing was done to improve water supply in other parts of the city,
like in favelas or other poorer areas. In this way, it can be said that the Games did not improved
the water accessibility in the city.
Barriers and positive elements
From the presentation above of the main findings related to water availability responses for the
Games, it can be said that most of the Games took measures and actions in order to decrease
the pressure (water abstraction), and thus the state (water availability). Yet, different levels of
achievement can be observed. Beijing seems to have achieved a lot in term of water availability
in the context of the Games, this can be explained by the fact that among the three cities,
Beijing is the one which has the highest water stress. London as well has used the Olympic
Games to introduce new practices for water reuse.
The main negative dynamics or missing points are the following ones:

• Absence of initiatives for existing and temporary infrastructures
As mentioned previously, none of the Games has done anything for the use of water
on temporary and existing infrastructures. In fact, some of the existing infrastructures
are retrofitted to host the Games, mostly in order to fit with the technical requirements
from the International Olympic Committee, but nothing is said on whether the water
systems are improved in those existing buildings. Additionally, no measures were taken
for the water use in temporary infrastructures, in spite of the fact that those infras-
tructures would need some specific installations to get water. With the growing use
of temporary and existing infrastructures, the Olympic Committee should first improve
their knowledge on water consumption in existing and temporary infrastructures, and
then include measures to sustainably manage water in those infrastructures.

• Initiatives limited to new Games’ infrastructure
The measures and responses towards water quantity taken during the preparation of the
Games were limited to specific areas, most of the time Olympic Park and Olympic Village
- except for Beijing, which installed rainwater collectors across the city, and which led
campaigns in the entire city to promote water savings through efficient technologies.This
restriction limits the positive impact that the Games can have on urban water availability.
Most of the time, state-of-the-art solutions were only used for the new infrastructures,
but those solutions should be widely promoted in the city.
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• Lack of transparency
The choices made by the Delivery Authorities of the three Games on the types of water
saving technologies, their efficiency and their costs are not very transparent, and more
details should be provided on how the choice for a specific technology is made.

The main positive and effective measures are:
• Widespread use of water savings technologies

The use of water saving technologies in new permanent venues appears to be a widely
spread measure. The fact that the Games organisers try to get certification for their new
venues can explain why such measures are implemented, as those certifications include
requirements for water consumption and water saving.

• Awareness campaigns for water savings
A common measure that was identified for the three Games is the awareness campaigns
led on the rational use of water in competition venues, and other infrastructures specific
for the Games, like the Olympic Village.

• New sustainable initiatives
The implementation of the first sewage water reclamation plant in the Olympic Park
in London is one example of how the Games are stimulating sustainable practices. Ali
and Sarah (2015) show that this implementation has created substantial learning in the
United Kingdom for future water reclamation plants. Another example of the introduc-
tion of new sustainable initiatives is the LEED certification of the Olympic Village in
Rio, which was the first neighbourhood to be certified LEED in Brazil.

7.2.5 Olympic Games and climate adaptation
Climate change entails many negative impacts on the environment, which are even more
exacerbated in cities. The responses in this part thus deal with the mitigation and adaptation
to climate change impacts. Two main types of impact are considered in this part, as shown in
figure 10: the flood risk on one part, and the heatwave and drought mitigation on the other.
The main responses are taken at the scale of the infrastructures built for the Games and the
entire city does not benefit from it.

Figure 10: Examples of responses to reduce the water-related impacts of climate change

The responses heavily depend on the situation of the city towards climate change. In London,
the most important challenge is the flood risk, and the flood management. In Beijing, the
main issue deals with the growing amount of dry periods over the year. In Rio, the number
and intensity of heat waves has grown over the years and there is a high risk of flood. Heat
waves, droughts and flooding can all occur during the Games, as they are held in Summer.
For the moment, none of the Games has experienced such a climate-event, but the future
Organising Committees should be prepared to fight such events.
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In Beijing, no specific measures were taken for climate change adaptation. To reduce the
negative impacts of an increasing number of droughts, the recycling and use of water-saving
technologies, presented in the former section were the main contributions towards climate
change (UNEP, 2009). In London, a strong focus was put on storm water management. The
Olympic Park was designed in order to tackle a 100-year flood event and to face the rising
frequency of heavy rainfall events. First, the overall design of the new Olympic Park considered
the risk of flooding from the river Lea, by removing thousands of properties which were located
near the river. Then specific infrastructures for flood protection and to manage rainfall events
were built, including flood storage and a specific drainage system for rainwater (Jackson and
Bonard, 2011). As no major rainfall event or flooding have occurred yet in London, it is not
really possible to say whether the responses taken are efficient or not. In Rio, no specific
measures were taken regarding the water-related impact of climate change.
The responses to mitigate climate change urban impacts appear to be at an early stage in
the Olympic Games responses to enhance water sustainability. Again, this really depends on
the urban climatic context and on the current state of the city towards water management.
If London was able to invest in climate change infrastructures in the Olympic Park this was
probably due to the advanced situation of London towards water management, with already
performing infrastructures, while the priority in Rio was more to increase the number of water
infrastructures in the city.

7.3 Recommended initiatives
This section presents the main initiatives to be recommended that emerged from the analysis
of the cross-case study. Those recommendations do not aim to be applied to all the Games, as
the urban and socioeconomic context is quite different from one city to another. Rather, they
should be used as guidelines for designing the master plan of the Games, as well as defining
the sustainability objectives. Those initiatives were identified using the cross-case studies,
through the identification of the efficient, unsuccessful and missing responses towards water
sustainability. This section is divided into two main parts, which represents the two main groups
of actors that should receive the recommendations. The first part of the recommendations is
to be applied by the Games’ organisers. The second part mainly focuses on initiatives which
could be implemented by the International Olympic Committee.

7.3.1 At the Scale of the Games’ organisers
In this first part, the recommended initiatives are addressed to all actors involved in the design,
planning and staging of the Games. Those actors include specifically the company responsible
for the bid procedure, the Organising Committee for the Olympic Games as well as the Olympic
Delivery Authority and the local governments. Two main types of recommendations are given
in this part. First, technical solutions to improve water quality and water availability, in order
to reduce the pressures on the state of the environment are provided. Then, recommendations
related to the governance of the Games are presented.
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Initiatives related to technological solutions

• Certify all the new buildings with green building certifications. Those certifications
ensure that state-of-the-art water saving and reuse technologies are promoted. An
assessment of the current market on water saving technologies, in addition with the
consideration of the life-value and not only the costs of the technologies should be
promoted.

• Start considering to get environmental certifications for existing and temporary venues,
in order to ensure that those venues participate as well in the strategies towards water
saving and reuse.

• Promote the use of new and innovative technologies for new infrastructures, as well as
for other parts of the city that does not benefit from the Games. The Games provide
an unique opportunity to build, often from scratch, a urban area, by bringing financial
opportunities. Those two factors make the development of new systems, that could not
have otherwise been built in another context, extremely relevant.

• Continue awareness programs for environmental challenges. Those programs were widely
promoted during the last three editions, especially regarding the rational use of water
resources.

• Consider a wider integration of solutions for climate change mitigation and adaptation
in the master plan of the Games. The Games studied had really few measure towards
climate change adaptation. Yet, climate change will be an upcoming challenge for the
future Games, especially because the Games are held during the warmer months in
Summer in most of the host countries.

Initiatives related to the governance part
• Set clear sustainability objectives at the beginning of the project, with measurable tar-

gets. This is essential in order to increase the transparency towards the achievement
of those objectives. This measure would also enhance the sustainability management
as it is often argued that measurable goals should be formulated in order to manage
sustainability (Ciegis et al., 2009).

• Integrate as much as possible already existing urban development plan in the design of
the Games. It means that the design of the Games should as much as possible follow the
main development axis of the existing urban plan of the host city, including the water
management. This is needed in order to ensure that an appropriate accordance between
the urban development and the development needed for the Olympic Games.

• Encourage all the developers to engage in the sustainability initiatives settled by the
Organising Committee, in order to ensure that the Games are effectively built in safe
and sustainable manners.

• Encourage the release of data regarding the environmental performance of the Games.
The analysis showed the difficulty of assessing the environmental performance of the
Games. This initiatives would raise public awareness over the environmental impacts of
the Games.

• A focus on the long-term legacy of the Games should be preferred over short-term
measures. This is necessary in order to reduce the pressure before the occurance of any
negative impacts.
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7.3.2 At the scale of the International Olympic Committee
In this second part, the focus is on the International Olympic Committee. As this international
organisation is at the head of the celebration of the Olympic Games, and sets the require-
ments for the Games, it is relevant to propose some initiatives that could improve the current
situation. Those new initiatives could be implemented as new requirements for the Organising
Committee, and some of them could be added in the Host City Contract.

• Enforce the fulfillment of sustainability commitments. The host city commits to many
objectives towards sustainability in their bid process, that are sometimes too ambitious to
be fulfilled, such as the clean-up of the Guanabara Bay. The introduction of penalties in
case of non-compliance could make the host city reconsider their sustainability objectives
by proposing a more realistic and feasible plan.

• Set specific requirements for sustainability objectives. Those requirements could be for
instance a minimum goal to achieve. For instance, the International Olympic Committee
could set requirements for a minimum water savings requirement in new permanent
venues.

• Increase flexibility towards choice of venues. This initiative would reduce the risk of
competitions’ cancellation. The examples of Beijing and Rio doing a last-minutes clean-
up of their sailing competitions highlight the need for the organisers to have back-up
options. If the clean-up were successful in those cases, one can wonder what would
have happened if the venues were still too polluted after the clean-up. In this case, it
should be possible to change the competition venue, in order to ensure the staging of
the competition.

• Change the guidelines for the water quality in competition venues. This would be needed
in order to integrate the measurement of the levels of viruses in the water, and not only
of the levels of bacteria.

• Make the certification of new permanent infrastructures mandatory. To some extent,
this would ensure that those new infrastructures are built with modern water-saving and
reuse technologies. In order to provide flexibility, each Games’ organisers could choose
the green certification that they want to use.
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8 Discussion
This chapter first discusses the roles of the Olympics in the promotion of environmental
sustainability in the host city. Then, the limits of the project are reviewed and a presentation
of other approaches that could have been used is made. Finally, a reflection on the current
challenges and future perspectives on sustainability and Olympic Games is provided.

8.1 Enhancing environmental sustainability: a new role
for the Olympics

This first section presents insights on how the Olympic Games can be considered as a tool for
innovative and sustainable urban development based on the analysis. Then, the generalization
of the results found for water sustainability to other sustainability dimensions is discussed.

8.1.1 Olympic Games as a tool for innovative and sustainable urban
development

Olympic Games appear to be used as a tool to enhance water sustainability. The responses
used seek to reduce the pressure on water (i.e. the pollution) and to improve the state of
water in the city (i.e. quality and quantity). Overall, according the DPSIR framework, those
measures are indirect ways to reduce the negative impacts of both Olympic Games and already
existing water-related urban impacts.

Development of new water related infrastructures
The analysis showed that most of the time, the Games are used to develop new and modern
water infrastructures in the host city and region. Two main strategies of development were
identified with the multi-case study.
On the one hand, Rio and Beijing mostly focused on the upgrading and on the building
of new water infrastructures: sewage treatment plants and sewage networks. In developing
countries, where water accessibility and water treatment are still limited, the focus with the
Olympic Games is thus to improve the water sanitation in the city. This development of new
infrastructures is often part of an already existing water management plan, and the Games
are then used as a way to increase the financial investment for those new infrastructures.
The dynamics created by the hosting of the Games further make the construction of new
infrastructure easier. Improving the sewage collection and treatment reduces the flowing of
untreated sewage in the surrounding water bodies that are polluted. With new wastewater
treatment plants, a smaller amount of untreated sewage flow into surrounding areas, and then
the pressure on those water bodies is lowered.
On the other hand, as London mostly focused on the regeneration of a specific neighbourhood
in the city, most of the responses were taken towards this area, and nothing was done at the
scale of the city in terms of water related challenges.
Overall, those new infrastructures aim at increasing water quality and the environment in the
city, and therefore it can be argued that Olympic Games participate in the urban sustainable
development of the host city.
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Olympic Games as accelerator for urban development
One can argue that the implementation of the management plan, and the construction of new
water related infrastructures would have anyway occurred in the city, even though the Games
were not held. This is probably the case for the development of infrastructures for water
sanitation, but one can wonder how much time this would have taken without the staging
of the Games. In the literature, there is a lack of study on what happen when the bid of a
candidate city fails, and whether the development plan proposed in the bid is still considered
or not afterwards.
Olympic Games are used as a tool to accelerate existing development plan, both on the small
scale - the regeneration of a specific neighbourhood, like in London, or the development
of the water management plan of the city. In Beijing, the development of water related
infrastructures was part of the water management plan developed back in the 1990’s and
would have been implemented even without the staging of the Games. One can argue that
staging the Games really accelerated the development of the infrastructures, with the increasing
pace of construction for wastewater treatment plants from 2000 to 2007, just during the period
prior to the Games, when one plant was built every year (Greenpeace, 2008).
This catalyst aspect of the Games can be explained by different reasons. The first reason is
the financial aspect. The Games ensure important financial investments from different actors
directly to local governments and stakeholders of the Olympic Games. This was especially
the case for London, which mayor argued that the Games would bring the government to
financially invest in local projects, and thus accelerate the construction of development plan
already existing before the Games. Then, the fact that the planning and preparation for the
Games are really different from normal planning procedures can provide a positive dynamics
for the local government to accelerate their development plans. This difference is mostly
explained by the fact that no delay can be accepted for the construction works. Indeed, there
is a fixed date for the Games, and deadlines must be respected in order to ensure a staging of
the Games on time. Thus, some planning procedures can be sped up or made not mandatory.
Finally, the media coverage and international broadcast of the city often motivate and push
the local government to try and show its worth. This motivation was especially behind the
bid of Beijing for the Games in 2008. The national and local governments really wanted to
show that the city of Beijing could compete with other cities from developed countries, and
promote the quality of life in the city (Zhou et al., 2012).

Olympic Games as an innovation lab for new practices
This project showed that new sustainable practices emerged with the Games. First of all,
the fact that specific sustainability targets must be fulfilled, and that some buildings are
getting green certifications, increase the use of state-of-the-art water savings and water reuse
technologies.
This was especially the case in London, where the first blackwater treatment plant in the
United-Kingdom - treating sewage to be reuse for non-potable use - was built in the Olympic
Park. It was constructed to be used during the Games and for the legacy. New practices and
knowledge were needed in order to implement this innovative system. However, there is a
lack of evidence on whether this practice has spread in the United Kingdom after the Olympic
Games.
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In terms of tools, the Olympic Games promoted the use of building certifications in Brazil,
with the Olympic Park being the first neighbourhood to get a green certification. Those
types of certification ensure the implementation of water savings and reuse technologies, and
thus are a way to implement the concept of sustainability in practice. In this case, there
are evidences of Games as a learning process. First of all, this implementation enhanced the
relations between Green Building companies and sports stakeholders, including the IOC and
other event organisers. They started to consider the use of green building certifications for their
own events. Additionally, internal learning and new practices with the municipality of Rio was
experienced. New internal measures in the Municipality of Rio were implemented afterwards
in terms of green building - involving the inclusion of guidance and practices and the need to
not only consider the cost during the construction project for administration venues, but the
overall life-cycle stage. This way it can be said that the Games enabled the introduction of
new regulations and practices in the host city (Faria, 2016).

8.1.2 Generalization of the results for the other sustainability
themes

The analysis studied the dynamics behind urban water sustainability and Olympic Games. Yet,
as mentioned in chapter 5, other urban sustainability dimensions are affected positively or neg-
atively by the Olympic Games. Those dimensions are the transport, infrastructure & venues,
energy, climate change, resources, waste and natural environment & biodiversity. One can
thus wonder whether some of the results found and proposed initiatives can be generalised to
the overall environmental sustainability of the city. Concretely, to know whether the recom-
mendations found regarding the water challenges could be applied to other dimensions. This
part presents an overview of some of the dimensions, and how the findings could be appropriate
for the other sustainability themes.
Overall, the setting of clear sustainability objectives applies to all the sustainability dimensions,
as well as the public release of specific environmental data. Enforcing the fulfilment of sustain-
ability commitments as well as setting specific requirement for sustainability objectives would
as well be beneficial for all the dimensions. The growing use of green building certifications
and the implementation of certifications for existing and temporary buildings can positively
affect many other different sectors such as the energy, the resources, the infrastructures or
the biodiversity. Awareness campaigns and programs could also make a change for some of
the other sustainability dimensions, for instance the energy with campaigns for the reduction
of energy use, the promotion of green transport, recycling programs for waste management
etc. As well, the promotion of the use of state-of-the-art technologies can be done within each
sustainability dimensions. More studies would be needed for the biodiversity, because there is
still a lack of work on this specific dimension. This dimension is in fact quite different from
the other ones, because the Olympic Games mostly have negative impacts on it and there are
few evidences where the Games effectively enhance the biodiversity. The construction in Rio
of the golf course on a protected site or the use of temporary venues on green areas like in
London in 2012 are examples showing how the Games can have negative impacts based on
decisions made during the planning phase.
The initiatives identified for the water quality challenge appeared to be quite general and
can be applied to other sustainability dimensions. Yet, it it still needed to dive into each
dimensions in order to understand more thoroughly the underlying dynamics of the responses
of the Games’ organisers for each specific dimension.
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For instance, the analysis of the energy sector could be interesting and is quite similar to the
water sector in terms of structure of the analysis. The main objective would be to reduce the
energy consumption, and to use clean energies. The Driving-Pressure-State-Impact-Response
could easily be applied to the energy dimension, with the same driving forces as the ones used in
this project, but other pressures, states and impacts. Then, like for the water challenges which
heavily depend on the local context, measures taken in this sector highly depend on the local
energy mix in the host city. For instance, Brazil is characterized by its high share of renewable
energy with a large amount of hydropower. On the other hand, Beijing in 2008 mostly relied
on the use of coal or other non-renewable resources for energy production. This difference
might create disparate strategies towards the energy sector during the planning of the Games.
Another interesting point would be the use of renewable energy for the Olympic Games.
London was committed to use 20% of renewable energy produced onsite in the Olympic Park,
commitments which was not fulfilled as none of the energy consumed was based on renewable
energy. It would be interesting to understand the reasons behind this failure. The example
of the energy sector shows that generalisation should be carefully conducted, and much more
research for each sustainability dimensions is needed, in order to provide tailored and specific
initiatives.
Another question is whether the three main reasons why the Olympic Games appear as a tool
for innovative and sustainable urban development could be applied to the other sustainability
dimensions. It can be nonetheless said that the Games participate in the development of new
and modern infrastructures in the city for some of the sustainability dimensions. It has been
widely studied that the Olympic Games enable the development of the transport networks in
the host city (Hensher and Brewer, 2002; Zhou et al., 2010). More research would be needed
to have precise examples and practices for each sustainability dimensions.

8.2 Reflections on the project
This second section presents reflections on the project by first discussing the limits of inte-
grating the concept of environmental sustainability within the Olympic Games. Then, some
methodological limitations are discussed, and finally other approaches that could have been
relevant for this project are presented.

8.2.1 Limits of integration of sustainability in Olympic Games:
Greenwashing?

The analysis showed the limits of creating sustainable Olympic Games, especially regarding
the water challenges. This part tries to highlight the main issues regarding the achievement
of sustainability during Olympic Games.
Distance between bid commitments and reality
There is sometimes an important gap between the commitments made in the bid, the measures
taken afterwards and the final results. This goes in line with the observations from Gaffney
(2013) who also highlighted a distance between the bid and the reality. One can thus wonder
if the sustainability commitments and actions presented in the bid are only hollow promises, for
the International Olympic Committee to adhere to the project, and win the bid. Commitments
are often afterwards either scaled down or even ”forgotten” during the planning of the Games.
In fact, the IOC is increasingly sensible towards sustainability engagement in the bid, and it is
widely agreed that Rio won the bid for the Games in 2016 mostly because of their commitments
to revitalise the water bodies, commitments which were partly fulfilled.
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Additionally, the competition between candidate cities during the bid process sometimes makes
the cities pledge for unrealistic or unattainable targets, just to appear better than the other.
Yet, when the bid is won, the Organising Committees really struggle to fulfill those targets and
some of the commitments cannot be achieved. This highlights the need for the International
Olympic Committee to take measures in order to ensure that the commitments made in the
bid are really implemented and that the Organising Committees really walk their talk.

Short-term measure to reduce the negative impacts
Some unforeseeable events, or the incompleteness of the planned measures sometimes raise
the need to focus on short-term actions in order the reduce the negative impacts. This was
observed during the 2008 Games in Beijing, after the algae outbreak and in 2016, with the last
minutes physical clean-up of the main bay of the city in Rio. Those measures were taken in
order for the sailing competitions to be held in safe and sanitary conditions. But those actions
seek to reduce the impacts and not the origin of the problem. In those cases, those actions
are not part of any positive environmental legacy, as the clean-up only benefits the water
bodies for a short period of time, and after this period, the problem will occur again. This
demonstrates the limit of the environmental actions taken during the Olympic Games that are
taken to give a positive image of the city for the Games but are not part of the environmental
legacy.
Other striking examples for other environmental aspects that are widely discussed regard the
measure taken to reduce the air pollution in Beijing during the Games in 2008. At that time,
Beijing was one of the most polluted city in the world, and the issue of air quality has been
widely discussed prior to the Games, especially regarding whether the conditions would be
safe enough for the athletes to compete outdoor. Short-term measures, only applied few days
prior to the Games, but also during, were used to reduce the air pollution in the city. Those
measures included for instance the limitation of the road traffic, the stopping of polluting
industries in the city etc. Those measures Were not carried on afterwards, so no long-term
positive impacts on the environment of the city was experienced regarding air quality.

Issue of temporality
Another issue that impede a good application of the concept of sustainability is the temporality
of the Games. The Games have fixed deadlines which can be difficult to achieve, as only five
years are given to the construction of new infrastructures, and this does not give any places
to delays. Some sustainability commitments and environmentalism issues are forgotten when
there is a need to complete all the construction in a limited times and at minimum costs. The
problems met at the Olympic Village in Rio, where leaking pipes and electrical problems were
found is an example. Additionally, with an increasing number of athletes and spectators and
a worldwide broadcast, the Games have become a showcase to a global audience. This led to
a tendency towards gigantism, which increases even more the difficulty to finish the work for
the infrastructures on time.

Greenwashing?
Some of the Olympic Games organisers claimed to organise the most sustainable Games. This
was the case for London (BBC, 2012). The fact that many sustainability commitments made
prior to the Games are not fulfilled might suggest that there is some greenwashing within
the Games’ organisation. In fact, empty green policies, claims and unfulfilled promises are
considered as greenwashing (Lyon and Montgomery, 2015).
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A striking example could be that in the sustainability plan of Rio 2016, it was planned to plant
24 million of trees as a carbon offsetting solution. Yet, in the final post-Games report, it is indi-
cated that only three million of trees were planted. This shows that many ambitious measures
are promised in the sustainability plan, in order to show the public and other stakeholders, such
as non-governmental organisation, that the Organisation is really committed to sustainability.
Yet, in the end, the measures are not fulfilled or only partially. Additionally, knowing the
situation in Brazil towards deforestation, this commitment appears as quite astonishing.
The concept of greenwashing relies on the misleading advertisement of corporations about
the environmental performance of their products (Delmas and Burbano, 2011). This strategy
has expanded over the last years, which has led to a greater scepticism of consumers and
investors toward the authenticity of green claims (Lyon and Montgomery, 2015). The use
of sustainability assessment tools, which increase transparency to the public seems to appear
as a way to reduce the aspect of greenwashing in order to strengthen the legitimacy of the
Games’ organisers. This is especially the case with the ISO standard 20121, which aims at
certifying that the organisation uses a sustainable management system, or with the green
building certification. Yet, the ISO 20121 deals with the sustainable management system
and the implementation of sustainable practices, but does not ensure that all the decisions
taken are made with environmental awareness. For instance, London 2012 tried to integrate
to incorporate the concept of sustainability in many different aspects of the Games, including
the partners. British Petroleum and EDF, among all, were two of those “sustainable partners”.
Protestations and critics over this partnerships reduced the organisers’ credibility over their
ongoing discourse of making sustainable Games (Gaffney, 2013). This aspect also shows that
the need for investment from sponsors, that are often international companies, prevails over
environmental concerns.

8.2.2 Analytical and methodological limitation
Some limitations have arisen during the project. The research design chosen for this project
was a multi-case studies. This type of design was interesting to use to have an overview of
the practices regarding water sustainability at different Olympic Games, and see how those
practices differ. Yet, the fact that several Games must be studied can make the assessment
more superficial than if only one edition was studied. If only one Games have been studied, the
design process of the Games, choices taken by the stakeholders regarding water sustainability,
the limitations and actors involved could have been more deeply analysed. Besides, interviews
could have been held with experts from those specific Games. This could have made the
project a bit clearer, but the project would have only considered one specific strategy of one
Games’ organisers and this would have limited the identification of multiple strategies about
the integration of water sustainability.
In addition, the limitation of the project relies on the comparison between Games. It is quite
difficult to compare different Games who have different targets and different development
plans, as well as local contexts extremely disparate. Those contexts make their comparison
and sustainability assessment quite difficult, and it might have been interesting to have more
similar cities, in terms of social, economic, political and environmental context in order to
really be able to compare the measures and their effectiveness.

64



As mention in section 5.3.2, the reliability of the results can be questioned. Most of the data
were retrieved from official reports from Organising Committees and other stakeholders of
the Games. First, those reports represent the view of the Games’ organisers, which can then
transform the reality into their own perspective and thus hide some aspects. Additionally, the
understanding of each report is based on a personal view which can be biased with existing
knowledge or perceptions.

This problem of transparency and reliability with the reports is nonetheless counteracted with
the analysis of reports from non-governmental organisations and press releases. Yet, it seems
that those press releases mostly focus on the most important failures of the Games’ organisers
regarding their environmental commitments, and thus provide the reader a wrong perception
of the situation. For instance, the water quality issue was widely discussed and reported in the
media for Rio 2016, but nothing was written on the problem for the river Lea in London. This
wider coverage seems to orientate the project towards the failure of the sustainability plan of
Rio 2016, while all the commitments were not unfulfilled and apart from few athletes getting
ill, most of them found the water quality safe enough (Blount, 2016).

This project was mostly based on the environmental practices and commitments of each
Games’ organisation towards water sustainability, but more details could have been given
on the governance part - who is responsible for the decisions, who is responsible for their
implementation etc. The financing part could have been more elaborated as well, in order to
know the cost of the environmental measures compare to the overall costs of the Games, in
order to really know the space given to the environment in the overall Games. Likewise, it could
have been interesting to know the investments of each Games towards water sustainability.
Yet, those data are not publicly available because too specific, and private.

Finally, this project only focused on the water sustainability as a window for the overall environ-
mental sustainability, which then raise the issue of generalisation. If some recommendations
and initiatives provided are quite general and can easily be generalised to the other sustainabil-
ity dimensions, it is nonetheless essential to conduct more studies on the other sustainability
dimensions as each have their own specificity and react differently with the Olympic Games.
This project showed that the Games mostly have positive impacts on the water sustainability,
but for some other dimensions it could be the contrary.

8.2.3 Different approaches
This project used one specific approach towards environmental sustainability and Olympic
Games. The example of water sustainability was used to analyse if and how the Games can
participate in the improvement of the urban environmental sustainability. A review of the
main responses and their impacts was performed in order to provide Games’ stakeholders
possible initiatives in order to further enhance the water sustainability in their host city. Other
approaches could have been considered to analyse the impacts of the Games on the urban
environmental sustainability.

First, analysing more than one sustainability dimension could have provided a more relevant
overview, as each dimension has its own challenges. Also, it could have been useful in order to
see whether some of the patterns identified and recommendations provided for the water sector
can be applied for another one, for instance, the waste or the energy. For instance, Beijing had
really important water problems prior to the Games, and they put an important focus on it, so
it seems that Beijing did a lot for the environment during the Games from a water perspective,
but another trend might have been found if the focus of the project was on another dimensions.
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Likewise, this project shows that Rio had some difficulties in achieving some of the targets
regarding water sustainability, but for other sustainability dimensions another tendency might
have been identified.
One direction that could have been considered would be to see how a sustainable assessment
tool could be used for Olympic Games, and how the Games could benefit from the use of
this tool. The Games’ organiser already use green building certifications for some of their
new infrastructures, but they do not use anything for existing and temporary buildings. An
assessment tool for the sustainable design of the Games, used during the planning of the
Games, with specific requirements regarding the environmental issues could be really valuable
for the Games’ organisers. This tool could include some of the recommended initiatives. Yet,
as seen in the analysis, the impact of the Games are very wide, and it would be extremely
complex to try and consider all the measures needed to tackled those impacts.
Another possible way to investigate the problem would have been to analyse other mega-events
like the FIFA world cup, the panamerican or asian Games, or non-sport mega-event such as
the World Fairs. Even though none of the other existing mega-events have as much impacts
as the Olympic Games, it could have brought valuable insights with the identification of
innovative practices. Similarly, some smaller events could have been taken into account, such
as music festivals. Those events, being smaller in size than mega-event, have some interesting
specificity that the Olympic Games could benefit from. Especially, a lot of small-scale events
use temporary infrastructures, while it is a rather new practice at the Olympics. Studying how
small-scale events tackle the environmental issues could then have offered interesting insights
to be implemented by the Olympics.
An additional possibility could have been to dive more specifically into the legacy of the
environmental responses of the Organising Committee. For instance, finding whether the
knowledge gained during the planning of the Games regarding environmental sustainability
has been integrated after the Olympic Games in the practices and overall learning of the
local governments and companies involved in the delivery of the Olympic Games. This is an
interesting subject which would need to be more studied, for instance with a single-case study
on one specific edition, with interviews of different stakeholders. It would bring an even more
specific answer to the question of whether hosting the Olympic Games really enhance the
environmental sustainability in the city on the long-term.

8.3 Environmental Sustainability and Olympic Games
This last section discusses the relation between environmental sustainability and Olympic
Games by first examining the enhancement of the use of sustainability tools for Olympic
Games. Then, future perspectives on the relation between environmental sustainability and
Olympic Games are provided.

8.3.1 Enhaning the use of sustainability assessment tools
The difficulty of quantitatively assess sustainability of Olympic Games
At the beginning of the project, it was considered to quantitatively assess the environmental
sustainability of Olympic Games. Yet, different challenges were identified. First, the finding
of quantitative data was difficult, and second the finding of common and quantitative data,
measured in the same way, for the different Games was almost impossible. It was not achievable
to go for the first idea of this project which was to quantitatively assess the environmental
impacts of the Olympic Games.
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Most of the papers found in the literature on the sustainability assessment of the Olympic
Games have a qualitative approach, and even though sometimes the assessment is based on
indicators, the score of those are based on the expert’s judgement of qualitative data (Pitts
and Liao, 2013). After this project and the difficulty of accessing specific quantitative data,
it makes sense why the authors in the academic literature mostly take qualitative approach as
no quantitative data are made available by the Games’ organisers.
Also, it explains why some studies only deal with the discussion on whether an existing tool,
such as the ecological footprint, can be useful for the Olympic Games and not specifically
apply the tool, due to the lack of quantitative data. Only the Olympic Games Impact Study,
the carbon footprint and the green building certification are based on quantitative data. Those
tools are used by the Games’ organisers who have access to those specific quantitative data
because they are the ones generating those data. In order to build new and innovative sus-
tainability assessment tools, a wider opening of quantitative data of different Games’ editions
on a specific platforms that could be accessible to anyone could really improve the discussion
on quantitative assessment of the impacts of the Olympic Games. This would really help
scientifics and other major interested parties to really involved in the overall improvement of
the existing tools, or the creation of new assessment tools. This platforms would also provide
a greater transparency.
The analysis of the existing tools used for the Olympic Games showed they do not provide
enough outputs for decision-making. Thus, one could argue that to better influence decision-
making, there is a need to manage sustainability in a better way. From the observations made
just previously, one can wonder whether the use of sustainability tools is the right solution to
enhance the sustainability of Olympic Games. Thus, it appears that tools are not sufficient to
effectively change the story.
Ways of improvement
From the description and discussion of each tool in chapter 6, it seems that even though the
tools have methodological limitations and do not ensure the staging of sustainable Olympic
Games, the use of those tools have nonetheless enhanced the sustainability of Olympic Games.
Sustainability tools are thus essential and their use should be promoted. One reason which
could explain the lack of total efficiency of the sustainability tools are their recent character.
Indeed, for most of them, they have been applied for the first time in London in 2012. Thus,
for the moment, the tools have only been used twice for Summer Olympic Games: in London
and Rio, and this might not be enough to get constructive feedbacks for improvement and
implement those. Thus, a continual improvement for those tools should be conducted by the
IOC and the other Olympic’ stakeholders.
Using sustainability assessment is a learning process. One problem for the difficulty of the
Games’ organisers towards the use of the tools can be that they use the tool only once for
the Games that they organise. Then, it can be difficult for them to really understand the
methodology behind and to know how to apply it. Some specific departments within the
Olympic Committee are responsible for the application of the tools, and for each new Games,
those departments need to get the overall understanding of the tools. One possible perspective
is that it could be the same group of person working with the tools for each Olympic Games,
a group which would be part of each Organising Committee. This way, one can argue that it
would increase the knowledge on the use of the tools.
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As well, it could ensure that those tools are well applied and that the benefits from their
usage are enhanced through the learning process from one edition to another. This group of
persons could be a group of independent experts working in collaboration with each Organising
Committees, and could act as an external and critical viewer on the measures taken by the
Organising Committees.

From the analysis and observations made during this project, one specific type of tool that
could be very valuable for the Olympic Games has emerged. This tool would be used during
the planning of the Games - during the bid and two years after the winning of the bid -
and should be designed like a sustainability certification tool like BREEAM, LEED or DGNB.
This tool would not tackle only one building or one neighbourhood but would integrate all
the different infrastructures of the Games, the new ones as well as the existing ones. The
overall goal of the tool would be to guide the planners of the Games towards the best choices
based on the available knowledge, obtained through the involvement of all the important
stakeholders. It could increase the transparency towards the choice of a specific design, because
it could give a clear message on the different possible alternatives. By including the existing
strategic development plans of the city, and involving environmental, economic, social and
legacy aspects, this tool could be a way to enhance the overall sustainability of the Olympic
Games. Nonetheless, designing the Games is highly complex, so much more research should
be performed on whether such a tool could really bring more value.

8.3.2 Future perspectives for sustainability and Olympic Games
This section presents some of the future perspectives on sustainability and Olympic Games. It
first deals with the inclusion of other pillars within the planning and management of Olympic
Games. Then, it discusses the future perspectives towards the integration of environmental
sustainability in the Olympics.
Economic, social and legacy aspects
In this project, only one pillar of the concept of sustainability was considered. Yet, this concept
also includes the social and economic pillars. Thus, in order to have an holistic overview of
the relation between the sustainability and Olympic Games, the three pillars should have
been considered, because one cannot say whether a Games is sustainable only based on the
environmental pillar.

Additionally, sustainability tools try to provide better information in order to guide the decision
making but in practice there are many other external factors influencing the decision making.
For the Olympic Games, first the technical requirements from the International Olympic Com-
mittee and to some extent the economic costs prevails over the environmental commitments.

The relation between Olympic Games and the economic pillar is widely reviewed in the liter-
ature. It appears that it is still a great challenge for Games’ organisers to respect the initial
costs of the Games. This can be due to an underestimation of the costs of future project,
a tendency which is observed for planners (Flyvbjerg, 2007). This is especially seen for the
Olympic Games, because during the bid process, there is a trend to estimate the costs down-
wards in order to be competitive with the other candidate cities. Then during the preparation
of the Games, the costs always rises. One reason is that as the delivery of the infrastructures
can not be delayed, the costs rise in order to finish the infrastructures on time. The facts that
the real costs are always higher than the planned costs and that not all the entire city bene-
fits from those investments really question whether the Olympic Games can be economically
sustainable.
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Equally, the concept of legacy should not be overlooked. Indeed, this project mostly focused
on the environmental state during the Games, and did not look forward. Yet, in order to fully
capture the environmental impacts of a project, the overall life-cycle of the Games should have
been considered. This would have needed more information on the situation after the Games,
how the new infrastructures are maintained and used. For London, this would have been very
easy as a special company to manage the legacy of the Games was created. For Beijing and
Rio, the management of the legacy is much more difficult, as the abandoned infrastructures in
their Olympic Parks suggest. This is again related to a tendency that the planners overestimate
their ability towards an effective delivery of the legacy outcomes (Flyvbjerg, 2007).
For instance, the Olympic Park in Rio was closed for safety reasons at the beginning of 2020.
Even though some of the venues reopened after two or three years of disuse, the lack of
maintenance in the venues as well as in the paths of the park has led to a deterioration of the
materials and infrastructures, which is now considered too dangerous (BBC, 2020). One can
thus wonder the necessity of the implementation of environmental measures in the Olympic
Park if this park is not used after the Games, because the environmental impacts of this disuse
would be extremely high from a life-cycle perspective. Therefore, it can be argued that before
focusing on the environmental sustainability of the new infrastructures, there is a need to
really work on the legacy aspects. This also highlights the reasons why existing infrastructures
should be preferred over new ones.
Evolution of Environmental sustainability within the Olympic Movement
The last Games’ editions were increasingly used to raise awareness of the local population as
well as the athletes over environmental challenges. Tokyo developed recyclable beds made in
cardboard for the Olympic Village. Old electronic devices from Japanese were used to make
the Olympic medals. Those two example surely do not have important positive environmental
impacts but they are good ways to raise awareness towards waste recycling by making the
inhabitants participate in the preparation for the Games. Also, those measures are often widely
presented and discussed in the media worldwide so that it reaches many people around the
world. Those two examples show that public participation can be used in the implementation
of the environmental responses to raise the overall awareness, and this has not been observed
for any Games yet.
If the sustainability tools used are not sufficient, another possibility to raise the sustainability
of the Olympic Games is the change of the overall framework of the Games. In 2018, the
IOC changed the mandatory requirements, in order to reduce the costs and size of the Games.
It is not presented as a way to tackle the ineffectiveness of sustainability assessment tools
that Games’ organisers were using. Rather, this new norm was released in order to reduce
the constraining measures. This document is called The New Norm, and introduces more
flexibility and less requirements for the host country. One of the main changes is that there
is no more requirements that all the competition venues must be located within the region of
the host city. It means that some competitions can be held in another city in the region, or in
another country. This is especially recommended for competition that need the construction
of new venue, but where the demand for this specific sport in the host country is very low. One
example could be the Olympic Venues for canoeing or kayaking, that are often built especially
for the Games but are left abandoned after, due to the very low public demand to use it, like
in Athens 2004, Beijing 2008 and Rio 2016 (Ravasi, 2018).
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Another challenge addressed in this norm to reduce the footprint of the Games is to maximise
the use of venues. In fact, competitions of different sports could be held in the same venue,
but due to the tight timeframe of the Games, only two weeks, several venues are needed to
host the competitions of those sports (Long, 2013). The IOC proposes to promote the sharing
of venues through more optimized calendars. This would reduce the need for building new
infrastructure, and thus reduce the gigantism of the Games.
This new norm highlights a strategic change within the International Olympic Committee,
which still has not set mandatory sustainability requirements, but increases the flexibility for the
design and choice of venues for the Olympic Games. Those propositions are quite innovative,
but they have not been applied yet. The first time those propositions will be considered will be
for the Winter Games in 2026 in Milano. It is still unknown how the host cities will consider
those new requirements, if they will be applied, and if the future Organising Committee will
actually address the issue of reducing the size and costs of the Games, and overall have a
lower environmental impacts on the host city.
Therefore, many efforts are still required towards sustainable Olympic Games, in order to
move beyond greenwashing, and to integrate the concept of sustainability in a meaningful and
transparent way within the Olympic movement.
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9 Conclusion
Taking departure in the negative impacts of mega-events and the difficulty of implementing a
new sustainability model within the Olympics’, this project studied the relation between urban
environmental sustainability and Olympic Games.
To integrate sustainability within the Olympic, different sustainability tools are used by the
Games’ organisers. Yet, the use of those tools do not ensure the sustainability of the Games.
In fact, despite their disparate but complementary approaches, they have many limitations
that impede their effectiveness. Overall, none of those tools provide sector-specific guidelines
in order to positively influence the decision-making during the planning of the Games.
In order to bridge this gap, a multi-case study was performed on the latest editions of Olympic
Games to understand the dynamics of the responses towards the integration of environmental
sustainability within the organisation of the Olympic Games. The case of water sustainability
was used to act as an example of how the environmental sustainability can be enhanced with
the hosting of Olympic Games. For water quality, the main responses rely on the building of
new wastewater treatment plants in order to decrease the pressure on water bodies appeared
to be efficient. For water availability, the use of state-of-the-art technologies for water saving
and reuse in the new infrastructures are the most common measures taken by the Games’
organisers. Different initiatives were provided, aiming at decreasing the environmental impacts
of the Games through the enhancement of sustainable practices. Those initiatives are addressed
to different Games’ stakeholders - the IOC and the Games’ organisers - and include the use
of state-of-the-art technologies and a better governance within the Games’ organisation, and
the setting of more ambitious and constraining sustainability requirements by the IOC to the
OCOG.
Related to the water sustainability, the Olympic Games play a positive role through the devel-
opment of new water-related infrastructures such as wastewater treatment plants. Besides, the
Olympic Games provide a framework in which the existing development plans are enhanced,
like the water management plans. Finally, the Olympic Games act as an opportunity to im-
plement new sustainability initiatives and innovative technologies during the Games, as well
as afterwards with the learning of new environmental practices in the host city. Those roles
can be generalized to some extent for some of the other sustainability dimensions, such as
waste, energy or transport. This way, it can be said that the Olympic Games can enhance the
environmental sustainability of the city.
Yet, the integration of the environmental sustainability within the Olympics has limitations.
The prevalence of economic aspects and technical requirements over environmental consider-
ations, the overestimation of the capacities during the planning and choice of sustainability
commitments, but also the mismanagement during the preparation of the Games still generate
negative environmental impacts. The Games then play a negative role in the host city regarding
environmental sustainability. Those challenges question whether the integration of environ-
mental sustainability is just a discourse or really positively influences the urban environment.
Therefore, in order to move beyond green-washing and integrate sustainability in the Olympic
movement in a meaningful and transparent way, efforts from the different stakeholders of the
movement must be continued.
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