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1. Introduction 

The present document is part of the activities carried out in Work Package 4 (WP4) which 

foresees the start-up, tuning and performance/sustainability analysis of the water treatment 

system developed under LESS-WATER BEV.TECH project.  

All the WP4 deliverables are hereafter reported:  

Delive-

rable 

N° 

Deliverable name (self-

explanatory) 

Type of 

deliverable 

Quantifi-

cation 

For 

Publica-

tions: 

Language(s) 

Accessibility 

of delive-

rable 

Month 

of 

comple-

tion 

D4.1 
Plant start-up and operating 

parameters tuning 
Report 1 EN CO 30 

D4.2 

Performance & energy analysis, 

environmental and economic  

indicator assessment 

Report 1 EN PU 30 

D4.3 
Plant Life Cycle Assessment 

(LCA) 
Report 1 EN PU 30 

 

In particular, deliverable D4.2 reports on the activities of the environmental assessment of an 

innovative wastewater collection and purification plant tailored to a mid-size beverage 

industry aiming at locally closing the loop of the water chain, allowing its recirculation and 

local reuse. 

Nowadays the urgency in reduction of emissions and of depletion of resources makes 

necessary to pay attention to Design for Environment and Eco-design, in order to encourage a 

sustainable development. 

The reduction in the use of raw materials and natural resources, the spread of energy efficient 

processes and components are necessary from both the economic and the environmental 

viewpoints. Between the natural resources particular attention need the water, that is known as 

the ‘blue gold’, the key of life, and its availability is crucial for the equal growth of 

communities (UN Millennium Development Goal Report, 2011) [1]. Among the key 

resources to save, pure water is as important as critic due to its scarcity in large geographical 

areas and its essential role for life, progress and growth. So, during the last decades, rising 

attention from institutions, industry and the public opinion is toward solutions for the water 

intensity decrease and wastewater recovery. Wastewater recovery is a must at the EU level, 

with the aim to save the environment – water footprint of processes; to comply with the EU 

regulations; to match high technical/economic target in product/market.  

Focusing on the European Union (EU) area, the highest amount of water consumption is from 

industry. 

Furthermore, among all industrial activities, Food & Beverage industry is known as a very 

water intensive sector (~100.000 liters/hour of raw water generating thousands of litres of 

wastewater per day). Within F&B, standard mid-size plants require over 45m
3
/h of pure 

water, i.e. reverse osmosis water, to produce common beverages as juices and carbonated soft 

drinks. Actually, such water is pumped from wells and drained after use (open loop). The 

proposed plant aims at locally closing the loop of the water chain, allowing its recirculation 

and local reuse, with an important benefit on environmental impact. 

 

2. The plant 

The analysis concerns an innovative plant for water treatment and wastewater recovery and 

purification in the food & beverage industry. The key aspects of the plant are: water saving, 



wastewater recycling, solid waste minimisation and recovery. The rated drinkable water 

production of the plant object of this project is 50’000 l/h all spent in beverage preparation, 

divided in Non-Carbonated Beverage (NCB) and Carbonate Soft Drinks (CSD). Design and 

modelling of NCB or CSD water-saving production plant components will be developed 

considering the main goal of total water consumption minimisation and waste water amount 

reduction. The target is a mid-size F&B Italian company producing soft drinks, non-

carbonated beverages, juices and vegetable sauces. The annual water intensity is 2.4 billion 

liters/year actually supplied from five wells and managed in open-loop. 

The complete scheme of the prototypal wastewater recovery plant is reported in Figure 1. 

 

Figure 1: Scheme of the prototypal wastewater recovery plant 

The block diagram of the pilot plant is reported in Figure 2. 

The main components of the system are Carbon Filter, Tanks, Prefiltration, Ultrafiltration, 

Reverse Osmosis, Ultraviolet Treatment, Cleaning in Place (CIP), Pump for water recovery. 

The water streams of the plant and the reference indices, used for the following analysis are 

calculated considering a use rate of 90% and reported in Table 1 and in Table 2 (and also in 

D4.2). 

 

 

Table 1. Plant Working Parameters 

 

 

Nominal Plant Capacity 45000 liters/hour

Overall avg annual utilization factor 0.90 %

Input flow rate 40500 liters/hour

                 from "customer" RO 13500 liters/hour

                 from filler PET 27000 liters/hour

Avg annual worked days 320 days/year

Avg worked hours per day 20 hours/day

PLANT WORKING PARAMETERS (Std. Ref. year)



 
Figure 2: Block diagram of the pilot plant 



 

Table 2. Water streams and reference indices of the plant 

 

3  Life Cycle Assessment (LCA) 

The LCA is a useful tool for the evaluation of the environmental impact associated to a 

specific product life cycle. Topics and steps of the LCA methodology are regulated by the 

International Organization for Standardization (ISO). According to the ISO 14040:2006 (E), 

the complete LCA framework includes four steps [2], [3], [4], [5]:  

 goal and scope definition;  

 inventory analysis;  

 impact assessment;  

 interpretation of results.  

In this study SimaPro 7.3.3  by Pré Consultants is the software used as support.  

This LCA considers: raw material extraction processes, manufacturing and assembly of 

components, transports, use and disposal at the end of life, in “a cradle to grave” perspective.  

Life cycle impact assessment is carried out using three methods: Eco-indicator 99 

Hierarchical version (EI99H), ReCiPe H/A and IPCC 2007 Global Warming Potential 

(GWP).  

The first one focuses on the evaluation of midpoint indices: damage on human health, 

measured in “DALY” (Disability Adjusted Life Years); ecosystem quality, quantified in 

PAFm2year (Potentially Affected Fraction); resource preservation, evaluated in “MJ 

surplus”. Therefore, through weighting and normalisation, EI99H elaborates an endpoint 

index (Pt) that measures the total environmental impact of the analyses object: 1000 Pt 

Input wastewater flow 172,800,000 liters Steam index 0.4300 g/l

Drained water (losses) 642,92 liters Draining index 37.206 ml/l

Output wastewater flow 172,157,080 liters

Steam 74,304 kg

Input wastewater flow 258,557,080 liters Stage efficiency 0.9230 %

Drained water (losses) 19,908,895 liters Power need 0.1890 Wh/l

Output wastewater flow 238,648,185 liters NaClO 15% 0.0044 ml/l

Power 48,867 kWh Soda 30% 0.0038 ml/l

NaClO 15% 1,138 liters HCl 30% 0.0025 ml/l

Soda 30% 983 liters

HCl 30% 646 liters

Input flow rate 238,648,185 liters Stage efficiency 0.6150 %

Drained water (losses) 91,879,551 liters Power need 0.8054 Wh/l

Output flow rate 146,768,634 liters Antiscalant 100% 0.0060 ml/l

Power 192,207 kWh Na2S2O5 25% 0.0120 ml/l

Antiscalant 100% 1,432 liters HCl 30% 0.1333 ml/l

Na2S2O5 25% 2,864 liters

HCl 30% 31,812 liters

Input flow rate 146,768,634 liters Stage efficiency 10.000 %

Drained water (losses) - liters Power need 0.0922 Wh/l

Output flow rate 146,768,634 liters

Power 13,528 kWh

UV UNIT Reference indices

ACTIVATED CARBON FILTER UNIT Reference indices

ULTRA-FILTRATION UNIT Reference indices

REVERSE OSMOSIS UNIT Reference indices



corresponds to the average environmental burden introduced by a European citizen in one 

year.  

The ReCiPe method comprises two sets of impact categories with associated sets of 

characterisation factors. Eighteen impact categories are addressed at the midpoint level. At the 

endpoint level, most of these midpoint impact categories are further converted and aggregated 

into the following three endpoint categories: damage to human health (HH), measured in 

“DALY”; damage to ecosystem diversity (ED), measured in Ecosystem species*yr; damage 

to resource availability (RA), measured in Resources Surplus Cost. 

Global Warming Potential is defined as ”the climatic warming potential of a greenhouse gas 

relative to that of carbon dioxide and is calculated in terms of the 100-year warming potential 

of 1 kg of a gas relative to 1 kg of CO2” (Directive 2006/842/EC). The GWP of a gas is 

measured in mass of equivalent carbon dioxide CO2 (eq)). 

3.1 Goal and Scope definition 

The main objective of this LCA is the environmental impact evaluation of the whole life cycle 

of the industrial system, from the “cradle to grave” perspective, considering the 

manufacturing and assembly phases, the use phase and the dismantling phase. The final aim 

of this deliverable is to identify the phases or the plant components that, directly and 

indirectly, introduce the greatest impact on the final results. Finally the comparison with a 

traditional “open” plant without wastewater recovery and purification is conduct, in order to 

consider the environmental benefit of the introduction of the innovative plant. 

The characterization of the most relevant contributions is mainly intended to redesigning the 

plant in a greener perspective both about the constructive method and in the use parameters, 

with particular attention to the energy consumption and the draining water. 

For the present study, the functional unit is the construction, the use and the dismantling at the 

end of life of an innovative plant for water treatment and wastewater recovery and 

purification in the food & beverage industry. The confines of the system are from “the cradle 

to grave”. In the use phase the functional unit is the input flow of 1 liter of water, in order to 

conduct a parametric evaluation. 

3.2 Inventory Analysis (LCI) 

The Inventory analysis considers raw material extraction processes; manufacturing and 

assembly of components; transports; water and energy consumption, maintenance during the 

use phase; recycling and disposal in the end of life phase. Process data, material and energy 

consumption information derive from direct observation or reliable assumptions, while 

pollutant emission and waste generation values are mined from Eco invent databank. In a few 

cases, in order to limit mismatches between data bank information and actual data on 

employed materials and processes, some simplifying hypotheses are made. In this analysis an 

important positive contribution is due to the “output avoided” in the water closed loop, due to 

the water recirculation and local reuse. 

Manufacturing and Assembly 

The plant is subdivided in the following functional parts: 

 Cleaning In Place (CIP) 

 Carbon Filter 

 Pump for water recovery 

 Reverse Osmosis 



 Tank 8000 l 

 Tank 3000 l 

 Ultrafiltration 

 Ultra Violet Treatment (UV) 

 Electrical system 

For each of these functional parts, all the constitutive components and materials are 

considered for the analysis. 

The inventory analysis, in this phase, incudes all the constitutive components and materials, 

with the exception of some elements with low influence on the global impact or of difficult 

characterisation, such as: the electrical system, the electronic measurement instruments, the 

gaskets, the heat exchanger, the aspiration spear, the hatchway, the PVC reduction, and the 

electronic components. 

Although the complexity of the plant, it is possible to list the main materials of which it is 

composed: Steel (S), Aluminium (AISI 304L), Polypropylene (PP), Polyamide (PA), 

Polyester, Polycarbonate, Polyvinyl fluoride film (PVDF).  

Thanks to the use of databanks, all the processes necessary to extraction and transformation of 

raw materials are considered in this analysis. All the processes required for manufacturing and 

assembly of the plant are included in this study. The main processes are: welding (with gas 

Argon), folding, cold impact extrusion, drawing of pipes, thermoforming, sheet rolling, wire 

drawing, injection moulding. 

The amounts of energy consumption and secondary materials used for manufacturing 

activities are also taken from the producer. 

The transportation phase is considered for all the components and materials: the metal sheet, 

the valves “Bardiani”, the piping and junctions, the osmosis houses, the UV, the pre-filtration 

housing, the pre-filtration canisters, the pump bodies come from Europe. The pump motors 

come from China, the ultrafiltration membrane come from Rimini (Italy), osmosis canister 

come from USA, the active carbon come from Thailand. 

In order to provide for lack of information, average geographical distances between suppliers 

and manufacturer are considered. Particularly the distances of the European suppliers are 

calculated as a mean of the distances between the manufacturer, located at Fornovo di Taro 

(Italy) and Sweden, Germany and Spain. The vehicles considered for the transportations are 

lorry >16t, fleet average and lorry 3.5-7.5t, EURO4. 

 

Use  

The analysis considers a life cycle of the plant of 15 year. In the use phase the analysis has 

considered the following inputs in 15 years: 

 Water consumption and draining water 

 Energy consumption 

 Maintenance of the plant (i.e. change of membranes and filters at fifth year and at 

tenth year) 

 Chemical substances used for the cleaning cycle 

In the use phase two avoided outputs are considered: the water output of the Ultrafiltration 

phase, because it is used in the follower process; the output of the Reverse Osmosis, that is 



recovery in activated carbon filter for the production of technological stream; the water used 

for the cleaning phase that is recovery respectively from UF water and RO water.  

 

Disposal  

In the disposal phase the percentages of recycle are taken from the process “Waste 

scenario/US” present in Simapro Database, as reported in Table 3, with the changes reported 

in Table 4: 

 
Table 3. “Waste scenario/US” modified 

 
 Original value Used Value  

Recycling steel and iron/RER S, steel 37,7% 85%* 

Recycling PE/PET/PP/PS/PVC/rubber and 

leather 

6,9% 55%** 

Incineration/CH S 20% 60%*** 

Landfill/CH S 80% 40%*** 
Table 4. Changes in waste scenario 

* European Life Cycle database 

(http://eplca.jrc.ec.europa.eu/ELCD3/processSearch.xhtml?stock=default); 

**value consistent with European objective about recovery and recycle (COM 2015/596). 

*** values consistent with Italian and European waste policy  

In the disposal phase the transportation from the plant to the nearest recycling centres, 

incinerator and landfill are considered, in Parma district. The distances considered are the 

following: 36 km to the incinerator, 100 km to the landfill, 40 km to the steel recycling centre 

and 80 km to the plastic recycling centre. 

3.3 Impact Assessment 

Life cycle impact assessment of the plant is carried out using Eco-indicator 99 Hierarchical 

version (EI99H), ReCiPe H/A and IPCC 2007 and Global Warming Potential (GWP). 

The evaluation is conduct on: 

1. Manufacturing and assembly phase; 



2. Complete life cycle of the plant (included the use and disposal phases); 

3. Comparison between the scenario with the innovative Less-Water plant (closed loop) 

and the scenario without water recirculation and local reuse (open loop). 

Manufacturing and Assembly 

Eco-indicator 99 Hierarchical version 

Table 5 show the damage assessment of the single functional parts of the plant. In the 

proposed results life cycle is split in the eight functional parts: Cleaning In Place (CIP), 

Carbon Filter, Pump for water recovery, Reverse Osmosis, Tank 8000 l, Tank 3000 l, 

Ultrafiltration, and Ultra Violet Treatment (UV). Reverse Osmosis, Ultrafiltration and Carbon 

Filter are the components with the highest environmental burden. In particular the component 

that brings the highest damage is Reverse Osmosis that has the major impact in Ecotoxicity 

and Climate Change categories; Carbon Filter introduces significant damages in Land Use; 

Ultrafiltration generates significant damage in Radiation and in Oxone layer. 

The same results are visible in Figure 3. Figure 4 reports the same results in the impact 

categories’ perspective. Considering the Single Point indicator as assessment index, 4321,17 

Pt is the environmental impact values due to the production of Reverse Osmosis. 

Impact 

Categories 

Carbon 

Filter 

CIP Pumps for 

Water 

Recovery 

Reverse 

Osmosis 

Tank 

30k 

Tank 

8k 

Ultrafil

tration 

UV total 

Carcinogens 130,8 195,7 157,3 1056,7 363,1 330,1 304,9 0,0 2538,5 

Resp. 

organics 
0,3 0,0 0,0 0,4 0,0 0,1 0,3 0,0 1,2 

Resp. 

inorganics 
1181,5 111,3 77,8 1652,6 66,3 196,4 444,3 6,5 3736,7 

Climate 

change 
35,7 20,8 13,7 311,7 5,0 35,6 163,3 1,5 587,4 

Radiation 1,2 0,1 0,1 1,5 0,1 0,2 2,9 0,0 6,1 

Ozone layer 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,0 0,1 

Ecotoxicity 51,6 41,6 30,0 467,3 33,7 65,7 52,9 2,2 745,1 

Acidification/ 

Eutrophicatio

n 

33,2 3,2 2,3 50,1 1,7 6,8 20,0 0,2 117,6 

Land use 157,9 0,9 0,5 7,4 0,9 1,7 7,7 0,0 177,0 

Minerals 6,6 25,0 18,3 127,4 41,5 38,8 27,1 0,0 284,8 

Fossil fuels 114,8 46,8 29,1 646,1 19,1 94,8 487,1 2,3 1440,0 

total 1713,5 445,6 329,1 4321,2 531,4 770,4 1510,5 12,7 9634,4 

Table 5. Damage assessment of the water recovery plant with Eco-indicator 99 method [Pt] 

 



 
Figure 3: Damage assessment of the subgroups - Eco-indicator 99 method (Single Point) 

 

Figure 4: Damage assessment on impact categories - Eco-indicator 99 method (Single Point). 

ReCiPe H/A  

The results of the impact assessment are confirmed also by the analysis conduct with the 

ReCiPe H/A method. Table 5 show the damage assessment of the single functional parts of 

the plant with this method. 

Reverse Osmosis is the most damaging component and it has the major impact in Climate 

Change Human Heath and Climate Change Ecosystem; Ultrafiltration generates significant 

damage in Radiation and in Oxone layer.  
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Carbon Filter introduces significant damages in Agricultural land occupation and Particulate 

matter formation. Considering the Single Point indicator as assessment index, 3206,60 Pt is 

the environmental impact values due to the production of Reverse Osmosis system.  

In Figure 6 and 7 are reported the damage assessment respectively of the subgroups of the 

water recovery plant and on impact categories. 

Impact Category  
Carbon 

Filter CIP 

Pumps 

for Water 

Recovery 

Reverse 

Osmosis 

Tank 

30k 

Tank 

8k Ultrafiltration UV total 

Climate change 

Human Health 102,68 60,16 39,72 899,95 14,60 103,09 466,34 4,41 1690,96 

Ozone depletion 0,01 0,00 0,00 0,04 0,00 0,01 0,06 0,00 0,12 

Human toxicity 116,56 48,20 38,29 269,88 87,66 80,79 94,75 0,03 736,16 

Photochemical 

oxidant formation 0,06 0,01 0,00 0,09 0,00 0,01 0,04 0,00 0,21 

Particulate matter 

formation 297,39 33,46 23,42 534,93 18,48 58,18 136,62 2,08 1104,56 

Ionising radiation 0,39 0,04 0,03 0,51 0,04 0,07 0,98 0,00 2,07 

Climate change 

Ecosystems 67,15 39,35 25,98 588,57 9,55 67,42 304,84 2,88 1105,75 

Terrestrial 

acidification 1,96 0,18 0,13 3,52 0,12 0,32 1,16 0,01 7,40 

Freshwater 

eutrophication 0,12 0,18 0,14 1,07 0,31 0,29 0,61 0,00 2,71 

Terrestrial 

ecotoxicity 14,70 0,09 0,06 0,77 0,09 0,15 0,33 0,00 16,19 

Freshwater 

ecotoxicity 0,02 0,02 0,02 0,15 0,04 0,04 0,07 0,00 0,37 

Marine ecotoxicity 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Table 6. Damage assessment of the water recovery plant with ReCiPe H/A method [Pt] 

 

Figure 5: Damage assessment of the subgroups of the water recovery plant with ReCiPe H/A method 

(Single Point) 
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Figure 6: Damage assessment on impact categories of the water recovery plant with ReCiPe H/A 

method (Single Point) 

IPCC 2007 Global Warming Potential 

The same conclusion can be achieved considering the analysis with GWP method. The whole 

water recovery plant produces 60872 kg CO2 eq. Also in this method the Reverse Osmosis is 

the group with the major impact. Particularly the manufacturing of this component produces 

32400 kg CO2 eq that represent the 53,2% of the total kg CO2 eq. The ultrafiltration group is 

the second in term of GWP emissions. Table 7 and Figure 7 report the results of the GWP 

analysis. 

Impact 

Category Unit Total 

Carbon 

Filter CIP 

Pumps for 

Water 

Recovery 

Reverse 

Osmosis 

Tank 

30k 

Tank 

8k 

Ultrafil

tration UV 

IPCC 

GWP 

100a 

kg 

CO2 

eq 60872,6 3696,9 2165,9 1430,2 32400,5 525,84 

3711,

5 

16782,

78 158,78 

Table 7: Damage assessment of the subgroups of the water recovery plant with GWP 100a method 

 

Figure 7. Impact assessment of the subgroup of the water recovery plant with GWP 100a method 
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Complete Life Cycle  

Eco-indicator 99 Hierarchical version 

The analysis of the complete life cycle of the plant considers the different phases of the plant 

life: the construction (plant), the use of the different components (Reverse Osmosis, 

Ultrafiltration and Other) and the disposal scenario. 

Table 8 show the damage assessment of the different phase of the plant life.  

Categoria d'impatto Unità Plant RO_use UF_use Other_use 

Plant_LessWater 

Disposal scenario 

Carcinogens Pt 2922,3 26127,1 678,0 295,2 12087,8 

Resp. organics Pt 2,2 48,6 5,0 5,4 184,2 

Resp. inorganics Pt 5380,5 96173,7 11229,7 11490,5 99838,1 

Climate change Pt 925,4 42815,4 5479,2 5590,0 30181,9 

Radiation Pt 13,1 748,9 48,0 36,1 330,1 

Ozone layer Pt 0,2 79,8 2,3 1,5 23,6 

Ecotoxicity Pt 809,1 5721,8 278,7 373,4 7950,2 

Acidification/ 

Eutrophication Pt 179,0 4440,2 578,3 565,9 6528,2 

Land use Pt 349,5 772,2 -2,8 0,0 4222,2 

Minerals Pt 305,2 2227,7 -128,1 2,2 1152,4 

Fossil fuels Pt 2570,5 160339,8 21604,4 22206,6 165289,2 

Total Pt 
13457,1 339495,1 39772,7 40566,8 327788,1 

 Table 8. Damage assessment of different phases of the plant life cycle - Eco-indicator 99 method 

(Single Point) 

Plant Disposal and Reverse Osmosis use are the phases with the highest environmental 

burden. In particular the phase that brings the highest damage is the Use, particularly the 

Reverse Osmosis Use that has the major impact in Fossil Fuels and Resp. inorganics 

categories. Also the Plant Disposal scenario introduces significant damages in Fossil Fuels 

Resp. inorganics and Climate Change categories. The same results are visible in Figure 8. 

Considering the Single Point indicator as assessment index, 339495,1 Pt is the environmental 

impact values due to the Reverse Osmosis use, and 327788,1 Pt is the environmental impact 

values due to the Plant Disposal. The negative values in Table 8 are due to the negative 

impact of the water recovery and avoided outputs of water during the use phase, especially in 

Ultrafiltration use. 

ReCiPe H/A  

The results of the impact assessment are confirmed also by the analysis conduct with the 

ReCiPe H/A method. Table 9 show the damage assessment of the plant phases. 

The Reverse Osmosis Use is the most damaging phase and it has the major impact in Fossil 

Depletion, in Climate Change Human Heath and Climate Change Ecosystem; Plant Disposal 

Scenario generates significant damage in Fossil Depletion and in Climate Change Human 

Heath too. 

Ultrafiltration use introduces significant damages in Fossil Depletion but generate also 

negative impacts due to water recovery. Considering the Single Point indicator as assessment 

index, 411057,9 Pt is the environmental impact values due to the Reverse Osmosis use, while 

322026,9 Pt is the environmental impact values due to the Plant Disposal scenario. 

Figure 9 reports the damage assessment of the phases of the plant in the different categories. 



 

Figure 8. Damage assessment of the different phase of the plant life cycle - Eco-indicator 99 method  

Categoria d'impatto Unità Plant RO_use UF_use Other_use 

Plant_LessWater 

Disposal scenario 

Climate change Human Health Pt 
2655,8 125007,1 15995,4 16313,9 87726,8 

Ozone depletion Pt 
0,3 66,1 1,8 1,1 25,8 

Human toxicity Pt 
958,5 16282,6 544,4 255,0 4942,0 

Photochemical oxidant formation Pt 
0,3 7,7 1,0 1,0 14,8 

Particulate matter formation Pt 
1518,8 30491,5 3765,8 3822,1 27152,5 

Ionising radiation Pt 
4,5 256,8 16,7 12,7 112,0 

Climate change Ecosystems Pt 
1736,5 81751,5 10460,6 10668,8 57371,6 

Terrestrial acidification Pt 
10,2 284,1 37,9 37,2 161,2 

Freshwater eutrophication Pt 
3,8 82,4 2,6 0,2 27,1 

Terrestrial ecotoxicity Pt 
31,4 190,2 6,1 3,5 164,5 

Freshwater ecotoxicity Pt 
0,5 7,9 0,1 0,0 4,5 

Marine ecotoxicity Pt 
0,0 0,0 0,0 0,0 0,0 

Agricultural land occupation Pt 
976,8 834,5 38,0 0,0 306,4 

Urban land occupation Pt 
32,8 263,1 -16,8 0,0 2127,7 

Natural land transformation Pt 
41,3 474,3 19,5 0,0 3972,5 

Metal depletion Pt 
13,5 60,1 -3,1 0,1 68,3 

Fossil depletion Pt 
3007,2 154998,0 19645,1 19721,8 137849,1 

Totale Pt 
10992,0 411057,9 50515,0 50837,5 322026,9 

Table 9. Damage assessment of different phases of the plant life cycle - ReCiPe H/A method (Single 

Point) 



 

Figure 9. Damage assessment of the different phase of the plant life cycle - ReCiPe H/A method 

(Single Point) 

IPCC 2007 Global Warming Potential 

Finally the whole life cycle is analysed with GWP method. The water recovery plant in the 

whole life cycle produces 8.917.751,6 kg CO2 eq. Also in this method the Reverse Osmosis 

use is the phase with the major impact. Particularly it produces 4.500.555,6 kg CO2 eq that 

represent the 50,5% of the total kg CO2 eq. The Disposal Scenario is the second phase in term 

of GWP emissions. Table 10 and Figure 10 report the results of the GWP analysis. 

 

Categoria 

d'impatto Unità Totale Plant RO_use UF_use Other_use 

Plant_LessWater 

Disposal scenario 

IPCC GWP 100a 
kg CO2 

eq 
8.917.751,6 95.596,3 4.500.555,6 575.874,0 587.338,8 3.158.386,9 

Table 10. Damage assessment of different phases of the plant life cycle- with GWP 100a method 

 



 

Figure 10. Impact assessment of the phases of the whole life cycle of the water recovery plant with 

GWP 100a method 

 

Comparison between closed loop and open loop scenarios 

A comparison between the scenario with the water recovery plant (closed loop) and the 

scenario without the water recovery pant has conducted with the same methods. Table 11 and 

Figure 11 reported the results of Eco-indicator 99 method; Table 12 and Figure 12 reported 

the results of ReCiPe H/A; Table 13 and Figure 13 reported the results of GWA 100a. 

Plant use is the scenario with the Less Water plant and it includes the manufacturing and 

assembly phases, the use for 15 years and the disposal phase. This is compared with the use 

without Less Water plant that involves the wastefulness of pure water. 

All the three methods prove that the traditional configuration without the water recovery plant 

has a higher impact than the introduction of the plant. 

Eco-indicator 99 Hierarchical version 

Impact Categories Unit Plant use Use_without plant 

Totale Pt 761.079,8 1.648.605,2 

Carcinogens Pt 42.110,4 6.240,2 

Resp. organics Pt 245,5 251,2 

Resp. inorganics Pt 224.112,6 530.389,3 

Climate change Pt 84.991,9 353.375,9 

Radiation Pt 1.176,2 3.876,7 

Ozone layer Pt 107,5 171,5 

Ecotoxicity Pt 15.133,2 3.197,2 

Acidification/ Eutrophication Pt 12.291,6 31.952,3 

Land use Pt 5.341,1 0,0 

Minerals Pt 3.559,4 1.172,4 

Fossil fuels Pt 372.010,5 717.978,6 

Table 11. Comparison between closed loop and open loop configuration - Eco-indicator 99 (H) 



 

Figure 11. Comparison between closed loop and open loop configuration - Eco-indicator 99 (H) 

ReCiPe H/A  

Impact Categories Unit Plant use Use without plant 

Total Pt 845.429,4 2.763.998,2 

Climate change Human Health Pt 247.699,1 1.028.823,9 

Ozone depletion Pt 95,1 125,3 

Human toxicity Pt 22.982,4 8.983,5 

Photochemical oxidant 

formation 
Pt 24,8 59,8 

Particulate matter formation Pt 66.750,7 164.078,5 

Ionising radiation Pt 402,6 1.363,9 

Climate change Ecosystems Pt 161.988,9 672.833,3 

Terrestrial acidification Pt 530,6 1.353,2 

Freshwater eutrophication Pt 116,1 6,4 

Terrestrial ecotoxicity Pt 395,7 100,8 

Freshwater ecotoxicity Pt 13,1 2,5 

Marine ecotoxicity Pt 0,1 0,0 

Agricultural land occupation Pt 2.155,7 0,0 

Urban land occupation Pt 2.406,8 0,0 

Natural land transformation Pt 4.507,6 0,0 

Metal depletion Pt 139,0 39,0 

Fossil depletion Pt 335.221,2 886.228,1 

Table 12. Comparison between closed loop and open loop configuration - ReCiPe H/A 



 

Figure 12. Comparison between closed loop and open loop configuration - ReCiPe H/A 

IPCC 2007 Global Warming Potential 

Categoria d'impatto Unità Plant use Use_without plant 

IPCC GWP 100a kg CO2 eq 8.917.751,6 37.040.183,5 

Table 13. Comparison between closed loop and open loop configuration - GWP 100a 

 

 

Figure 13. Comparison between closed loop and open loop configuration - GWP 100a 

 



3.4 Interpretation of Results 

The Life Cycle Assessment analysis demonstrates that the construction, use and disposal of 

the innovative wastewater collection and purification plant have a minor environmental 

impact than the traditional one, without water recovery. So at an environmental point of view 

the introduction of the innovative plant object of this study is desirable. 

Table 14 reports the percentage of impact of the single phases of the whole life cycle of the 

innovative plant. The analysis prove that the Use (55,1%) and the Disposal scenario (43,1%) 

are the most impact phases and that, in the Use phase, the major impact is due to the Reverse 

Osmosis Use (44,6%). 

Plant RO_use UF_use Other_use Plant_LessWater Disposal scenario 

1,8% 44,6% 5,2% 5,3% 43,1% 

Table 14. Percentage of impact of plant life cycle  

Although the construction and assembly phase has the lesser impact, in an Eco-design 

perspective, some elements of the actual prototype design can be modifying in order to obtain 

minor environmental impact of the plant. 

Particularly, since Reverse Osmosis, Ultrafiltration and Carbon Filter are the parts with the 

greatest impact, the manufacturing and assembly phases of these components are considered 

in order to find the processes or the sub-components generating the majority of the damage.  

The impact assessment analysis demonstrates that the functional subgroup with the major 

impact is the Reverse Osmosis group, considering all the three methods. Particularly this 

subgroup is responsible of the 53,2% of the total kg CO2 eq. emitted, of the 44,85% of 

damage Pt in Ecoindicator99 and of 45,78% of damage Pt in ReCiPe H/A.  

The impact categories of Eco-indicator 99 method, characterised by major damage, are 

Resp.Inorganics (38,69%) Carcinogens (26,35%) and Fossil Fuels (14,95%). As regards 

ReCiPe H/A the impact categories mainly interested are Fossil Deplation (25,65%), Climate 

Change Human Health (24,14%) and Climate change Ecosystem (15,79%). 

Figure 14 reported the damage assessment (normalization) of the single component Reverse 

Osmosis. The major damaging contribution is due to the pressure vessel and pump 

components. So future change in manufacturing of this component is desirable for a more 

sustainable design. 

 

Figure 14. Impact Assessment of Reverse Osmosis in Eco-Indicator 99 method – Normalization 



Referring to Ultrafiltration the impact assessment of this component is reported in Figure 15, 

where it is evident that the negative impact is mainly due to ultrafiltration membrane. 

 

Figure 15. Impact Assessment of Ultrafiltration in Eco-Indicator 99 method – Normalization 

Since the Disposal Scenario is the second critical phase in the plant life cycle, a different 

configuration of recovery and dismantling could be studied.  

Since Reverse Osmosis has high impact both in Construction phase than in Use phase, a 

specific analysis on Reverse Osmosis Life Cycle is conduct. Tables 15, 16 and 17 and Figures 

16, 17 and 18 reported the impact of the different phases (Construction, Use and Disposal) in 

the three methods (Ecoindicator 99, ReCiPe and GWA 100a).   

In all the three methods Reverse Osmosis Use appears to be the most impact phase, so, in 

order to reduce the impact of this plant component, the use of reverse osmosis (electrical 

consumption and maintenance) have to be redefine. 

Impact Categories Unit Total Reverse 

Osmosis 

Complete 

RO_use RO_LessWater 

Disposal 

scenario 

Total Pt 433.034,4 4.626,7 339.495,1 88.912,7 

Carcinogens Pt 30.448,7 1.074,5 26.127,1 3.247,1 

Resp. organics Pt 99,0 0,6 48,6 49,8 

Resp. inorganics Pt 124.871,1 1.724,7 96.173,7 26.972,7 

Climate change Pt 51.307,9 343,8 42.815,4 8.148,7 

Radiation Pt 840,0 1,9 748,9 89,2 

Ozone layer Pt 86,2 0,0 79,8 6,4 

Ecotoxicity Pt 8.718,8 471,6 5.721,8 2.525,4 

Acidification/ 

Eutrophication 

Pt 6.257,2 53,4 4.440,2 1.763,7 

Land use Pt 1.922,2 9,3 772,2 1.140,7 

Minerals Pt 2.667,8 128,8 2.227,7 311,3 



Fossil fuels Pt 205.815,7 818,1 160.339,8 44.657,8 

Table 15. Reverse Osmosis Life Cycle Analysis - Eco-indicator 99 (H) V2.08 / Europe EI 99 H/A [Pt] 

 

 

Figure 16. Reverse Osmosis Life Cycle Analysis - Eco-indicator 99 (H) V2.08 / Europe EI 99 H/A 

 

Impact Categories Unit Total Reverse 

Osmosis 

Complete 

RO_use RO_LessWater 

Disposal 

scenario 

Total Pt 501.581,0 3.547,3 411.057,9 86.975,7 

Climate change Human 

Health 

Pt 149.682,9 992,3 125.007,1 23.683,4 

Ozone depletion Pt 73,1 0,1 66,1 7,0 

Human toxicity Pt 17.898,6 278,9 16.282,6 1.337,1 

Photochemical oxidant 

formation 

Pt 11,8 0,1 7,7 4,0 

Particulate matter 

formation 

Pt 38.382,9 555,8 30.491,5 7.335,6 

Ionising radiation Pt 287,7 0,6 256,8 30,2 

Climate change 

Ecosystems 

Pt 97.888,9 649,0 81.751,5 15.488,5 

Terrestrial acidification Pt 331,3 3,7 284,1 43,6 

Freshwater 

eutrophication 

Pt 90,9 1,1 82,4 7,3 

Terrestrial ecotoxicity Pt 235,5 0,9 190,2 44,4 



Freshwater ecotoxicity Pt 9,3 0,2 7,9 1,2 

Marine ecotoxicity Pt 0,0 0,0 0,0 0,0 

Agricultural land 

occupation 

Pt 924,6 7,4 834,5 82,8 

Urban land occupation Pt 841,9 4,0 263,1 574,8 

Natural land 

transformation 

Pt 1.553,8 6,2 474,3 1.073,4 

Metal depletion Pt 85,7 7,1 60,1 18,5 

Fossil depletion Pt 193.282,1 1.040,2 154.998,0 37.243,8 

Table 16. Reverse Osmosis Life Cycle Analysis - ReCiPe  

 

Figure 17. Reverse Osmosis Life Cycle Analysis - ReCiPe 

 

 



Impact 

Categories 

Unit Total Reverse 

Osmosis 

Complete 

RO_use RO_LessWaterDisposal 

scenario 

IPCC GWP 

100a 

kg CO2 

eq 

5388949,2 35726,2 4500555,6 852667,4 

Table 17. Reverse Osmosis Life Cycle Analysis - GWA 100a [kg CO2 eq] 

 

 

Figure 18. Reverse Osmosis Life Cycle Analysis - GWA 100a [kg CO2 eq] 
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