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1. Introduction
In the time it takes to read this sentence more than 100,000 litres of bottled water are consumed globally.
This is enough water for an average person to shower every single day in the next five years. The annual
total of bottled water consumption is nearly 400 billion litres or enough water to fill 150,000 Olympic
swimming pools (IBWA, 2018). Furthermore, bottled water is now widely perceived as a necessity for the
health-conscious consumer and a status symbol of wealth and prosperity.
The growing popularity of the market has stirred a lot of controversies and a strong opposition from the
Anti-Bottled Water Movement (ABWM). The commodification of nature and the conversion of a collective
right into a consumer good may seem justified from a socio-cultural perspective but absurd from a
sustainability viewpoint.
This essay is going to explore the existing literature on sustainability from its inception through its impact
on economies and businesses to its measurements. Against this background, the environmental impact of
bottled water will be explored by relying on secondary data from Life Cycle Assessments (LCAs). A variety
of remedial actions logically following these impacts would then be presented. The discussion will be
enriched with a thoughtful consideration of the intricacies of consumer perceptions with regards to bottled
water.
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2. Literature Review

Figure 1 – Thematic continuity of the literature review
Bergquist (2017) conducted a survey of business history revealing that the earliest theme exploring the
environmental impact of economic growth dates back to the late nineteenth century when industries were
looking for ways to be less polluting. The field then gained momentum in the 1960s establishing the
theoretical foundations of sustainability and its subsequent practical manifestations from the 1980s. Around
the same time, the concepts of sustainability and sustainable development (SD) became recognised in the
field of environmentalism (Adams, 2005). One influential definition of SD comes the Brundtland
Commission report Our Common Future (1987): “meeting the needs of the present without compromising
the ability of future generations to meet their own needs” (p.8). The elegance and significance of the concept
lie in its attempt to bridge the need for development with the limits to growth, however, Mitcham (1995)
warns against the risk of ‘sustainability’ becoming a meaningless cliché abused by ideologists.
A more practical question is whether economic growth (measured as Gross Domestic Product GDP)) can be
decoupled from its consequent environmental impact. Given that, ultimately, economic growth always
results in bigger resource use and/or pollution (Ward et al., 2016) it is worth exploring how these conflicting
priorities can be reconciled.
Prevailing win-win paradigms suggest that it is possible to align the needs of people (society) and the planet
(environment) with the drive for profit (economy) resulting in the idea of the ‘triple bottom line’ (TBL)
(Elkington, 1994). The conceiver of the concept likens it to seven interrelated revolutions that would enable
our species to negotiate the complex transition to sustainable capitalism (Figure 2).

Figure 2 – Seven sustainability revolutions (Elkington, 2013)
Hahn et al. (2010), however, question the likelihood of achieving all three goals at once and argue that
conflicts and trade-offs in corporate sustainability (CS) are the norm rather than the exception. Furthermore,
they warn against the risk of ignoring such conflicts and propose a framework with different dimensions for
a structured analysis of the trade-offs (Figure 3).

Figure 3 – Analytical framework for trade-offs in corporate sustainability (Hahn et al., 2010)
Beyond demonstrating the complexity of CS trade-offs, the framework integrates the TBL concept in its
outcome dimension, highlights the conflicts between short- and long-term orientation and emphasises the
role of processes. The only thing that can be articulated better is the complex interaction leading to tradeoffs between dimensions and levels.
With a sober recognition of the important trade-offs that sustainable development poses, research efforts
have focused on identifying practical ways of making economies and businesses more environmentally
friendly. Worthington (2012) highlights the importance of corporate environmental policy, pollution
prevention measures, sustainable product development, strategic environmental alliances, and establishing
Environmental Management Systems (EMSs) from a business perspective. However, it is worth
emphasising that an integrated approach reaching to the very core of a business, its mission statement, is
often necessary for these initiatives to be effective.
On a larger, economic scale, some of the suggested measures include limiting throughput in line with
Earth’s carrying capacity, prioritising efficiency-increasing over output-increasing technological innovation,
enforcing harvesting rates lower than regeneration rates for renewable resources, limiting waste emissions to
the assimilative capacity of the environment, keeping non-renewables depletion rates below renewables
creation rates, setting usage thresholds according to the Environmental Utilisation Space concept,
‘dematerialisation’ of economies, ecotaxation, and ecological tax reform (ETR) (Dresner, 2008). The

behaviour of individuals and societies can also be guided toward sustainability. Low carbon initiatives,
sustainable mobility policies, low-carbon housing, smart grids, extending the lives of domestic goods,
strategically positioned behavioural nudges are all examples of effective social practices and interventions
(Strengers and Maller, 2014). Ultimately, the big challenge of behavioural change lies in the inability of
being sufficiently invested in outcomes beyond an individual’s lifetime.
With the implementation of such initiatives, it is important to have the tools to measure their effectiveness.
Starting from the Earth level, Rockström et al. (2009) propose a comprehensive planetary boundaries model
setting the safe limits within which humanity can operate and warning about the consequences of
transgressions (Figure 4).

Figure 4 – Categories of planetary boundaries (Rockström et al., 2009)
On a corporate level, Young and Tilley (2006) emphasise the importance of broadening the CS debate
beyond eco- and socio-efficiency to include eco-effectiveness, socio-effectiveness, sufficiency and
ecological equity for a total of six criteria that need to be satisfied by a sustainable business. The TBL
framework (Figure 5), is an attempt to quantify a broader and more environmentally-conscious definition of
business value creation.

Figure 5 – Economic, Environmental and Social dimensions of performance (Elkington, 1994)

Expanding on the three core themes of TBL, Ekins, Dresner and Dahlström (2008) propose a four-capital
model for evaluating regional sustainable development, which recognises the fundamental role of the human
factor (Figure 6).

Figure 6 – The four-capital model of evaluating sustainable development – adapted from Ekins,
Dresner and Dahlström (2008).
While all these proposed measures have a degree of usefulness, the complexities of assessing the planetary
impact mean that none of them is perfect. Nonetheless, an imperfect measure, as long as it is consistent, can
still be used to gauge progress.
Against the backdrop of global efforts toward sustainability an industry has evolved, which has stirred
several controversies. The bottled water industry is blamed for its commodification of nature (Opel, 1999;
Wilk, 2006), questionable health and safety status (Raj, 2005; Doria, 2006; Ward et al., 2009) and irrational
popularity (Gleick, 2010; Brei and Tadajewski, 2015; Brei, 2018).
The following sections will explore its environmental impact and propose strategies for mitigating it.

3. Analysis of the Environmental Impacts of Bottled Water
According to the latest IBWA statistics, bottled water producers’ revenues hit $18.5 billion in 2017, in the
US alone. This section will explore whether the undeniable commercial viability of the product is supported
by corresponding environmental sustainability.
Concerns about bottled water consumption revolve around its impact on the environment and, just as
importantly, on human health. By far the most popular and effective method for analysing the implications
of the product for the environment has been the LCA. It is recognised as a useful tool for policy decisionmaking input since it is the only method that explores products across their entire life and covers all areas of
impact (Finnveden, 2000). At the same time, it also suffers from variations in its application that can lead to
divergent results, modelling that misses important impact indicators, and inappropriate scoping (Curran,
2014). With this in mind, three potential strategies for overcoming these limitations include the spatial and
temporal expansion of LCA with the inclusion of social dimensions, the development of a toolbox to
complement or replace LCA, and a hybrid approach that uses LCA as a base and strategically enriches it
with appropriate tools (de Haes et al., 2004). The following LCA assessments of bottled water and plastic
bottles have been selected among many because of their scientific rigour and methodological robustness.
One of the most comprehensive studies conducted a comparative LCA of bottled vs tap water. Furthermore,
Dettore (2009) differentiated between single-use (~500ml) (Figure 7) and home and office delivery (HOD)
(~19liters) (Figure 8) bottled water as there are important differences in their LCs.

Figure 7 – Single-use bottled water LC (Dettore, 2009)

Figure 8 – HOD bottled water LC (Dettore, 2009)

The advantages of this comparative LCA methodology is that it results in a clear ranking of options and
offers a helpful context for comparing environmental impact. The author evaluates the three options against
four criteria, namely, energy use, solid waste production, greenhouse gases (GHG), and water use.
Throughout the presented figures Bs refer to single-use variants, Hs to HOD variants, and Ts to tap water
options.

Figure 9 – LC energy use comparison between single-use, HOD and tap water (Dettore, 2009)
Figure 9 demonstrates that compared to tap water, single-use bottled water uses 11-31 times more energy.
Compared to HOD systems, tap water is 45-65% more efficient. Still, HOD systems are preferable to singleuse bottles as they require 82-92% less energy. However, an important distinction exists between the
primary factor driving energy use depending on the distribution distance. Gleick and Cooley (2009) explain
that the wide range in the energy required for transportation means that long-distance distribution can
require as much if not more, energy than the manufacturing process (Figure 10).

Figure 10 – Total energy requirements for producing bottled water (Gleick and Cooley, 2009)

Figure 11 – LC solid waste comparison between single-use, HOD and tap water (Dettore, 2009)

Figure 11 reveals that single-use bottled systems generate 6-21 times more waste than tap water. HOD
systems, on the other hand, generate ‘only’ 19-58% more waste compared to tap water. In this metric, HOD
systems again outperform single-use bottles generating 73-91% less waste.

Figure 12 – LC GHG emissions comparison between single-use, HOD and tap water (Dettore, 2009)
Figure 12 shows that tap water generated 6-32 times less GHG emissions compared to single-use bottled
water. Tap water also outperformed HOD systems generating 43-65% less GHG emissions. HOD systems
once again outperformed single-use bottled water generating 69-92% less GHG emissions.

Figure 13 – LC water use comparison between single-use, HOD and tap water (Dettore, 2009)
Finally, with regards to water use throughout the LC (Figure 13), the differences are not as significant but
tap water still outperforms HOD systems, while single-use bottles are the least efficient.
This study provides robust and reliable data indicating the significantly greater environmental burden
resulting from single-use bottled water. However, as it studies variants rather than individual companies, it
doesn’t differentiate between the environmental impact of different brands.
The findings of this study are consistent with the work of Jungbluth (2006) who studied the impact of
different water delivery systems in Switzerland using LCA. The analysis of Van Hoof and Schowanek
(2002) and the work of Gleick and Cooley (2009) also revealed greater environmental impact resulting from
bottled water use.

In a more recent study of water consumption in Spain using LCA, Garfí et al. (2016) demonstrated that tap
water was the most sustainable choice, while bottled had significantly greater energy and raw materials
requirements and higher financial cost for consumers. Treenate, Limphitakphong and Chavalparit (2017)
used LCA to demonstrate the significantly greater environmental impact of disposal through incineration vs
recycling of high-density polyethylene (HDPE) plastic bottles.
Dunmade (2017) expanded the scope of bottled water assessment to include a social dimension for a more
holistic social LCA (sLCA). His study revealed workers’ health and safety and child labour issues as areas
that require urgent attention. Although these may not seem like strictly environmental impacts, in reality, it
is not possible to decouple the wellbeing of the planet from the wellbeing of people or vice versa.
Independent research is largely unanimous on the negative environmental impact of plastic-bottled water.
Themes emerging across all studies reveal the importance of the material composition of bottles, the end-oflife treatment and the distribution distance and method. These insights would form the basis for investigating
potential remedial actions in the next section.

4. Mitigation of the Environmental Impacts of Bottled Water
In evaluating the options for mitigating the environmental impact of bottled water, it is important to
recognise the factors that led to the establishment and growth of the market and the way it has been framed
and positioned before introducing practical remedial steps (Figure 14). This essential background would
enable recognition of the complexity of the market and the difficulties in reforming it.

Figure 14 – Thematic evolution of the section
According to some researchers, the bottled water market was ‘crafted’ thanks to its positioning as pure,
natural and healthy by influential institutions contrasting these qualities to the impurity and risks of tapped
water (Brei and Tadajewski, 2015). Health practitioners and celebrities then promoted these ideas, which led
to permanent shifts in consumer preferences and behaviour. While the health benefits of bottled vs regular
drinking water are debatable, a case can be made that bottled water fills an important gap in regions where
tap water is not fit for human consumption (Bullers, 2002). However, the sheer proliferation of luxury and
artisan brands and the heavy investment in marketing and advertising suggests that bottled water has gained
significance and meaning beyond its thirst-quenching capacity. The result is a socio-cultural narrative,
which seems logical and a simultaneous environmental and behavioural absurdity (Wilk, 2006).
Plastic bottled water is marketed as a fast-moving consumer good (FMCG) imbued with health-promoting
qualities versus a collective good distributed through established networks (Hawkins, 2017). Important here
is the subtle way in which such positioning can interfere with the public and political health values of tap
water. Illuminating in this domain is the view of plastic water bottles as objects with distinct roles far
exceeding their utilitarian value (Hawkins, 2009) and politically and ethically potent artefacts that beyond
their environmental impact shape markets and create meaning (Hawkins, 2011). Most significant in this
regard is the establishment of bottled water consumption as a symbol of economic power and social status
despite its negative effect on landfills, aquifers and the environment in general (Hawkins, Potter and Race,
2015). Consistent cause-related marketing efforts from leading manufacturers and insistent messaging from
the newly-developed hydration science perpetuate the commercial packaging of what is fundamentally a
human right.
Moving from theory to practice, a variety of mitigation strategies loosely grouped as ‘policy’, ‘production’
and ‘people’ will be proposed and investigated.
Policy
The “3 R’s” of sustainability are a reminder to reduce, reuse and recycle. Government policies aimed at
reduction can introduce production limits to address the issue effectively at source or consumption limits,
which can be more difficult to implement. Nonetheless, in the US there has been a ban on purchasing and
using bottled water across state agencies (Dettore, 2009). US colleges (D’Altrui, 2017) and UK universities
(Ward et al., 2009) have introduced bans or campaigns aimed at reducing bottled water use (Choate, Davis
and Verrecchia, 2018) among students with positive results. Practices such as the bottle-bills in the US that
require a small deposit from consumers upon purchasing certain beverage containers have been
implemented successfully in other countries as well. The Deposit Return Scheme (DRS), as it is known in
the UK (GOV.UK, 2019), led to the recycling of over 300,000 bottles in less than a year (Smithers, 2019).

Production
According to Dettore (2009) significant GHG and energy reductions can be achieved by incorporating
recycled polyethylene terephthalate (rPET) into the production of bottled water containers. An essential
requirement for this is the recycling of bottles at the end of their useful life, which is also going to affect
multiple additional environmental dimensions (Figure 15). This issue is important in the domains of policy
and consumer behaviour as well. By replacing PET and rPET bottles with poly-lactic acid (PLA) bottles,
further reductions in GHG emissions and energy are possible.

Figure 15 - Tornado diagram portraying the per cent change in each impact category depending on
recycled/new material proportions against a 30% recycled 70% new baseline (Horowitz, Frago and
Mu, 2018, p. 20)
As a significant contributor to overall energy expenditure, transportation can be a fruitful intervention. By
focusing on regional production and distribution and eliminating national and international transportation,
there can be a significant improvement in energy expenditure and GHG emissions.
Although water use is an environmental impact shared across all means of water distribution, some bottled
water companies have taken strategic mitigating Water Resource Management (WRM) actions covering
exploration, monitoring, equipment, and sustainability (Le Fanic, 2009).
Finally, end-of-life treatment can also significantly reduce the environmental impact when recycling is
chosen over incineration (Figure 16).

Figure 16 – Environmental impact assessment in fifteen impact categories (Treenate, Limphitakphong
and Chavalparit, 2017)

People
Research indicates that there is a growing concern about plastic water bottles’ environmental impact among
consumers and their willingness to pay (WTP) a premium for more sustainable options can be influenced
through information and appropriate messaging (Orset, Barret and Lemaire, 2016). Furthermore, such
concerns have given rise to the ABWM, which is the de-facto opposition of the bottled water industry.
Embracing a framing perspective, Schuhmann (2016) explored how the two opposing forces use a variety of
rhetorical tactics describing the anti-neoliberal and human rights frames used by the ABWM.
The main difficulty in effective behavioural change on the consumer level lies primarily in the rigidity of
perceptions seeing bottled water as healthy and as a status symbol. Still, demand, as well as people’s WTP a
premium for sustainability, can be altered with visually impactful and educational information (Figure 17).

Figure 17 – Bottled water facts – did you know…? Adapted from Montgomery Schools (2018)
Alternative use and reuse are other options for individual-level mitigation strategies. In some household,
single-use plastic bottles are used as water storage containers long-term or cut and re-purposed into mini
flower pots.
The ultimate success of these interventions will depend on their joint implementation while the biggest
challenge is not going to be the complexity of the measures but the difficulty of changing consumer
perceptions.

5. Conclusion
Governments and industries around the world have been steadily moving toward sustainability.
Simultaneously, the bottled water market has established a prominent position in the minds and hearts of
consumers around the world as evidenced by its consistent annual growth since the 1990s., despite all the
controversies surrounding it. This has led to growing opposition from the ABWM and increasing scrutiny
regarding its environmental impact.
Research has been largely unanimous in concluding that bottled water, especially when single-use packaged,
has a significantly greater detrimental impact on the environment compared with tap water. According to
detailed LCAs, single-use bottled water uses 11-31 times more energy than tap water and 5-10 times more
than HOD bottled water. It also creates 6-20 times more waste than tap and 4-10 times more than HOD
variants. With regards to GHG emissions, single-use bottled water generates 6-32 more than tap and 3-10
times more than HOD bottled water. The differences with regards to water use are smaller but not
insignificant.
Due to powerful marketing and skilful rhetorics bottled water has developed prominence beyond its thirstquenching properties and has become a health and status symbol with economic and political power. This
complicates the introduction of steps aimed at managing its consumption. Still, policies aimed at reducing
use such as bottle bills in the US and DRS in the UK as well as direct use bans across some government and
educational institutions have been successful. Increasing the proportion of recycled materials in packaging,
reducing transportation distance, and effective WRM are methods for improving the sustainability of the
production process. Information sharing interventions and personal commitment to the environment are
fruitful interventions on an individual level. The ultimate challenge is to implement mitigating actions
jointly and work toward a perceptual shift among consumers.
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