Comparison between LCA of a traditional and an innovative wastewater treatment
plant aimed at water reuse for agricultural purposes
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ABSTRACT. Water scarcity is a pressing issue that affects many countries worldwide. Due to climate change,
this problem is likely to worsen if no drastic measures are taken to reduce greenhouse gas emissions. On the other
hand, approximately 70% of freshwater consumption worldwide is attributed to agricultural irrigation, the largest
human water consumer. Furthermore, the use of this precious resource increased with the expansion of cropland,
particularly irrigated land, due to the world’s population growth and the consequent rise in food demand over the
past few decades. In this scenario, water scarcity becomes a crucial issue in many countries, not only those located
in arid and semi-arid regions, but also in certain areas of the United States (particularly the western side) and
Australia (specifically the southeastern side).

A wastewater treatment plant can offer an opportunity to decrease water capture from the environment. If
properly designed, the treated effluent, instead of being released into surface water or within sewage plants, can
be further processed using advanced techniques to produce clean water that can be reused for agricultural purposes,
significantly decreasing the high percentage (70%) of freshwater consumption.

Advanced oxidation processes (AOPs) have been demonstrated to be highly effective in treating various
types of wastewaters. To degrade and eliminate organic contaminants, AOPs generate strong oxidizing agents
known as hydroxyl radicals (*OH). Among these, hydrodynamic cavitation is one of the most promising techniques
for treating wastewater, aiming to reuse it for various purposes. It consists of generating and subsequently
collapsing cavitation bubbles, running in a high-velocity flow. The result of this double action is the release of
such a high energy value, capable of degrading and removing pollutants.

However, wastewater treatment plants show an environmental impact, which cannot be neglected: they
need energy for moving pumps, compressors and agitators; they use chemical additives to adjust pH value, to
improve primary sedimentation and to successfully perform oxidation processes; they produce sludge, that must
be appropriately processed before disposal; and finally they emit some gases, which must be treated before
discharging in atmosphere.
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Fig. 1 — A wastewater treatment plant equipped with the Hydrodynamic Cavitation (HC) section

One method to evaluate the environmental impact of these plants is to conduct a Life Cycle Assessment
(LCA) analysis, a notable approach that can be applied to any industrial process, service, or agricultural practice.
It is based on a framework defined by ISO 14040 standard, which consists of four main steps (goal definition,
scope definition, inventory analysis, impact assessment), which are interconnected each other and whose results
permit to obtain some representative indicators that allow numerically evaluating the environmental impact of the
product/service/process investigated. In the following study, this approach will be applied to both a traditional and
an innovative wastewater treatment plant. The latter (Fig. 1) is equipped with an advanced process treatment,
namely hydrodynamic cavitation (HC), aimed at reusing the clear effluent for agricultural purposes. The
comparison of the results obtained shows that the environmental impact of the plant aimed at water reuse is lower
than that of the traditional one.
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