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Highlights
· The SGE-RED process environmental benefits are proved by a cradle-to-gate LCA method.	Comment by Tristan Teja, Carolina: Maximo 90 caracteres incluidos espacios
· The best RO desalination plant-RED scenario, regarding environmental issues, is found.
· LCA results will enable to identify the SGE-RED process bottlenecks and challenges.

1. Introduction
Salinity gradient energy (SGE) is a promising alternative source of energy, currently attaining growing attention among the scientific community. Reverse Electrodialysis (RED) is arising as one of the most advantageous membrane-based technologies for recovering energy from the controlled mixing of two solutions of different salinities. At present, research efforts are mainly focused on RED technical development as well as modelling and optimisation [1, 2]. Nonetheless, the environmental sustainability of an SGE-RED system must be compared against other energy renewable sources to verify the potential environmental benefits.
In this regard, the Life Cycle Assessment (LCA) is an effective tool used to evaluate the environmental sustainability of products, processes or services against a well-known benchmark [3].  Our research group is currently addressing the evaluation of the potential environmental benefits of SGE-RED units for the recovery of energy from desalination discharge effluents.  The study comprises the evaluation of the use of natural resources and the carbon footprint associated with an SGE-RED energy recovery process to partially substitute fossil-fuelled based supply to a reverse osmosis (RO) desalination plant, which features an intensive energy use
2. Methods
A “cradle-to-gate” LCA methodology has been applied in this study. First, a simple system (System-1) comprised by an SGE-RED is analysed (Figure 1(a)). The impacts related to the generation of a 1 kWh from the SGE-RED unit —defined as the functional unit in the LCA methodology— have been assessed and compared with other renewable power resources. The second system (System-2) integrates the SGE-RED unit in a RO desalination plant (Figure 1(b)). The energy supply required to treat 1 m3 of seawater (SW) or brine water (BW) in the RO plant is partially delivered by the SGE-RED unit and the RO untreated brine by RED is directly released to the marine environment. 
A mathematical model has been built for each system. The EGS-RED model consists of a set of mass and energy balances and experimental parameters obtained in previous activities [2]. The inputs and outputs obtained from the model are collected in the LCI. The infrastructure influence is evaluated by modelling the construction of an SGE-RED unit considering the lifetime of the membrane as the main variable.. A sensitivity analysis is performed including the following variables: flow water streams; streams concentrations; temperature; and membrane lifetime to evaluate different operation scenarios. 
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Figure 1.  Boundaries of (a) System-1 (RED design) and (b) System-2 (RED integrated in a reverse osmosis (RO) plant)

[bookmark: _GoBack]LCA is completed using the GaBi Professional software applying the mid-point method CML 2001. In this project, global warming and brine discharge impacts are considered. Global warming potential (GWP) is assigned as the main impact indicator to assess the carbon footprint of the analysed alternatives. The potential damage caused by concentrated brine effluents is evaluated by a new impact category developed within the study.
3. Results and discussion
 LCA results enable to identify the bottlenecks and challenges of SGE-RED process and its implementation in a RO desalination plant. The System-1 results shows the environmental effects of a 1,0 kWh SGE-RED system and allow their comparison with other renewable power sources. The System-2 results demonstrate the potential environmental benefits of the RO-RED hybrid system in the different proposed scenarios. The sensitivity analysis indicates the combination of the tested variables that ensures that the process is beneficial from an environmental perspective when compared with similar process options.
4. Conclusions
The LCA tool enables the quantitative assessment of the environmental benefits of the SGE-RED technology in a systematic way, and helps in finding the optimum environmental related RO-RED scenario. 
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