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Abstract: Wastewater treatment operations focus on removing pollutants from wastewater to meet
water quality standards for public health and environmental protection. However, in recent decades
new sustainability targets for wastewater treatment plants have been postulated and implemented,
which assume that energy is one of the key elements. Therefore, a transition from a negative energy
balance (energy demand covered by external sources) to an energy-neutral or unevenly positive
energy balance of wastewater treatment has been postulated. The carbon footprint (CF) is a new
measure of sustainability in the wastewater sector for determining the overall impact of wastewater
treatment plants on climate change. The following paper presents a method for estimating and
assessing the carbon footprint of wastewater treatment plants.
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1. Introduction

Wastewater treatment plants are one of the most expensive sectors in terms of energy
requirements in the European Union. It consumes a large amount of energy to treat
wastewater for its reuse or disposal in the environment. According to the International
Energy Agency, global energy consumption for wastewater storage and treatment will
consume more than 60% of the energy consumed in 2014. The amount of wastewater that
needs to be treated is increasing, linked to ongoing economic development [1].

Wastewater treatment plants (WWTPs) are a source of anthropogenic greenhouse
gas (GHG) emissions to the atmosphere that contribute to climate change [2–5]. GHGs
are emitted directly as methane (CH4) and nitrous oxide (N2O) or indirectly as carbon
dioxide (CO2) of fossil origin (due to energy and materials used in treatment processes) [6].
Unorganised CO2 emissions from wastewater treatment plants are not included directly
in the reporting of GHG emissions. They are considered to be emissions of biogenic
origin and therefore belong to the short carbon cycle [7]. The overall contribution of
wastewater treatment plants to climate change is obtained by assessment of the plant’s
carbon footprint. In recent years, there has been an increased interest in energy balance
reduction and increasing the efficiency of wastewater treatment plants. Consequently,
attention has been given to CF minimisation [8–10]. All relevant forms of energy demand
such as electricity, heat, chemicals, fossil fuels, transport), and GHG emissions—carbon
dioxide (CO2), methane (CH4), and nitrous oxide (N2O) are commonly included in CF
assessment. These GHGs are among the six GHGs to be reduced under the Kyoto Protocol
and reported in the GHG inventory [7].
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2. Carbon Footprint Objectives of a Wastewater Treatment Plant

The carbon footprint assessment is useful at two different stages of the CF reduction
implementation [4]:

- In the initial phase, when it is necessary to choose a strategy to reduce GHG emissions,
as it indicates the factors that cause the greatest environmental impact;

- In the final phase, the carbon footprint verifies the success of the measures taken to
change the energy balance.

Furthermore, the determination of the carbon footprint allows the stakeholders of
wastewater treatment plants to understand how much these facilities contribute to the
global emission of anthropogenic greenhouse gases. At the European level, the Euro-
pean Environment Agency promotes the assessment of the carbon footprint of water and
wastewater management facilities from a life cycle perspective [4].

3. Method of Estimating the Carbon Footprint

The carbon footprint is most accurately calculated using life cycle assessment or input-
output analysis [10–12]. In this sense, it is based on the ISO 14040 [12] and ISO 14043 [13]
standards for life cycle assessment (LCA). Specific standards for the carbon footprint of
companies and products are ISO 14064 (parts 1, 2, and 3) [14,15], ISO 14067 [16], and PAS
2500 [17]. The process of the carbon footprint calculation is shown in Figure 1.
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The general methodology for estimating the carbon footprint for the operations of
industrial production companies is based on the ISO 14067:2013 standard [16]. The CF
calculation methodology considered in this standard is based on the calculation of CF over
the entire life cycle of a company and divides the necessary inventory data into two general
categories [16,18]:

• Direct emissions and removals of GHGs—covering emissions occurring within the
company and determined by monitoring (stoichiometry or mass balance). Direct
emissions are those controlled by the organisation, but can also be interpreted as
having no prior or subsequent technological history,

• Activity data—covering inputs and outputs of materials entering and leaving the
organisation, which have their technological history resulting in GHGs emissions, e.g.,
transport of fuels [18,19]:

With this classification, ISO 14067:2013 [16] groups GHGs emissions into three scopes:

- Scope 1—GHGs emissions from sources owned or controlled by the organisation
(direct emissions);
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- Scope 2—GHGs emissions from the production of electricity, heat or steam consumed
by the organisation (indirect energy GHGs emissions);

- Scope 3—GHGs emissions other than indirect energy GHGs emissions that result
from the organisation’s activities, but are generated at sites owned or supervised by
other organisations.

To perform this analysis, the literature data can be used for each product consumed,
as well as transport volumes within the entire supply chain, or the product and process
LCA indicator databases available in the literature or included in commercial (Ecoinvent)
or free databases (JRC Ispra) [18].

4. Conclusions

Carbon footprint calculation makes it possible to control the energy balance of com-
panies and products, including water and wastewater facilities. It also helps to prevent
phenomena such as global warming, environmental change, reduced potable water sup-
plies, and forest loss. It may have also an important impact on business management.

Author Contributions: Conceptualization, E.S. and I.S.; methodology, I.S.; formal analysis, E.S.;
investigation, I.S.; resources, P.P.; data curation, P.P.; writing—original draft preparation, E.S. and
I.S.; writing—review and editing, E.S., I.S. and P.P.; visualization, E.S.; supervision, I.S.; project
administration, I.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Polish Ministry of Higher Education and Science grant
number WI/WB-IIŚ/21/2019.
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