. land

Supplementary Material A: Keywords for the selection of LCA studies

Table S1. Description of criteria taken into account within the LCA-NBS literature review.

Relevant
Search keywords for the NBS
for LCA
1. On the ground
1.1. Park and gardens
Large urban public park Y park
Heritage garden Y garden
Botanical garden Y garden
Pocket garden/park Y garden
Community garden Y garden
Green cemetery Y cemetery
Public urban green space (place, square, ., .\
Y green space
etc.)
Hedge and planted fence Y hedge, fence
Private garden Y garden
Flower field Y "flower field"
Urban green space with specific uses ., .\ .,
green space', playground, "camp
(school playground, camp ground, sport Y )
] ground", "sport field"

field, etc.)

(wood OR forest OR grove) AND (urban
Wood Y

OR city OR municipal)
Lawn Y lawn, turf
Single tree Y tree
1.2. Urban network structures
Green tram track Y "tram track”
Street tree Y "street tree"
Green strip Y strip, buffer, greenway
Green waterfront Y waterfront
Unsealed parking lot Y parking, "car park", unsealed
Green parking lot Y parking, "car park"
1.3. Structures characterised by food and
resource production
Vegetable garden Y garden

orchard AND (urban OR city OR
Urban orchard Y o

municipal)

vineyard AND (urban OR city OR
Urban vineyard Y

municipal)
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Meadow Y meadow

Urban farm y (farm OR agriculture) AND (urban OR
city OR municipal)

1.4.1. Ecological restoration

Quarry restoration Y quarry

Management of polluted area by plants .

(phytoremediation) Y phytoremediation

1.4.2. Choice of plants

Use of pre-existing vegetation Y xeriscaping

Introduced plants N =

Vegetation diversification N =

1.4.3. Systems for erosion control

Soil and slope revegetation Y “slope revegetation”, “erosion control”

Strong slope revegetation Y “slope revegetation”, “erosion control”

1.4.4. Works on soil

Structural soil N

Soil improvement N

Mulching Y mulch

2. Water

2.1. Natural and semi-natural water bodies and hydrographic network

Excavation of new water body (pond,

pond (includes "stormwater pond",

"stormwater management pond",

lake) Y "retention pond", "wet pond"), lake,
"retention basin"

Infrastructure removed on river (ex. dam) Y "dam removal", "river infrastructure"”
Reopened stream Y reopen
Remeander river Y remeander, "water transfer”
Reprofiling river bank Y "river bank", riverbank
Vegetation engineering system for .

Y "erosion control"
riverbanks erosion control
Revegetation of aquatic planting Y "aquatic planting", "aquatic revegetation”
Gravity fountain (captation of a spring) Y "gravity fountain”

2.2. Constructed wetlands and built structures for water management

Swale Y swale, bioswale, “infiltration trench”
"rain garden", raingarden, infiltration
(includes "infiltration garden", "infiltration
Rain/infiltration garden Y pit", "infiltration planter”, "infiltration

basin"), bioinfiltration, bio-infiltration,

bioretention (includes "bioretention
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basin", "bioretention cell"), bio-retention,

"recharge basin", "percolation pond",

sump

"de-sealed", unsealed, "sustainable

drainage system", SUD, trench (includes

Desealed area Y "infiltration trench", "percolation trench",
"drainage trench"), "grassed pavement",
"drainage pavement"
Floodplains Y floodplain, "flood plain”
Constructed wetlands for
L Y "constructed wetland"
phytoremediation
Constructed wetlands for wastewater
Y "constructed wetland"
treatment
Use of terrace (based on cultivation
o Y terrace
terraces principles)
> “drainage system”
> stormwater (to cover “urban stormwater
infrastructure”, “stormwater Best
General search for water systems Management Practices”, “stormwater
BMP”...)
> LID, “Low Impact Development”, “Low
Impact infrastructure Development”
3. On building and structures
3.1. Green roofs
Intensive green roof Y
. : "green roof", "sedum roof", "meadow
Semi-intensive green roof Y
roof", "vegetative roof", “vegetated roof”
Extensive green roof Y
Roof pond Y "roof pond"
3.2. Green walls
Climber green wall Y "green wall", "green facade", "vertical
Green wall system Y greenery", "vertical greening", "living
Planter green wall Y wall", “vegetated wall”
Vegetated pergola Y pergola
4. Strategies and Actions
4.1. Urban (green) spaces management
Direct human interventions
i . “organic fertiliser”, “organic fertilizer”,
Sustainable use of fertilisers Y T
biostimulant
"pest management", “biological control”,
Integrated pest management Y

“pest control”
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Integrated weed management Y

"weed management", “biological control”,

“weed control”

Integrated and ecological management:

spatial aspects

Integrated and ecological management:

time and frequency aspects

"on

"biodiversity shelter", "shelter for

Create and preserve habitats and shelters

Y biodiversity", "biodiversity habitat",

for biodiversity

"habitat for biodiversity"

Use of fauna

Use of grazing animals Y grazing
Insect hotel (for wild bees) Y insect
Beehive (for honeybees) Y beehive, honey
4.2. Waste management

Composting Y compost
4.3. Protection and conservation strategies

Limit or prevent access to an area N

Limit or prevent some specific uses and .

practices

4.4. Urban planning strategies

Ensure continuity with ecological .

network

Take into account the distribution of .

public green spaces through the city

Planning tools to control urban expansion N

Monitoring

Bio-indicator N

Keywords relative to LCA and to each NBS type were searched for in “Title, abstract,
keywords” on Science Direct. However, because ScienceDirect only includes the papers
published by the Elsevier journals, the literature review was then completed with an ad-
ditional search on Google Scholar with an advanced search limited to the “Title” field.
Google Scholar is a very powerful search engine for scientific and grey literature but it is
more complicated to obtain an overview of literature on a certain topic because it offers
limited options to combine multiple search terms with Boolean operators. Moreover, it
does not allow the search to be limited to, e.g., title, abstract, and keywords fields only.
Note that singular and plural forms of keywords have been considered (in particular, for
Google Scholar).

Given the large amount of close “water-related NBS”, a general search has completed
the search by NBS for water systems, using inclusive keywords: “drainage system”, “storm-
water”, which covers urban stormwater infrastructure and stormwater Best Management
Practices (BMP), “LID practices”, “Low Impact Development”, and “Low impact infrastructure
development”.

In addition, given the large coverage of some topics in the literature and/or to focus
on NBS as defined in the EU-funded Nature4Cities project—adopting the NBS definition
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of the European Commission (https://ec.europa.eu/info/research-and-innovation/re-
search-area/environment/nature-based-solutions_en), which precises that NBS solutions
should be inspired and supported by nature —restrictions have been applied: permeable
pavements included in the “de-sealed areas” category have been limited to grassed pave-
ments (e.g., pervious concrete paving blocks were excluded), and composting has been
limited to community compost (i.e., LCAs of large-scale, municipal composting facilities
have been excluded, and focus has been made of organic material from community, e.g.,
urban allotments, small-scale urban livestock, nearby restaurants, markets, fruit stores,
etc.).

Supplementary Material B: LCA studies analysed

Table S2. List of the studies analysed within the LCA-NBS literature review sorted by
type of NBS

Typology of NBS Publications
1. On the ground

Large urban public park [1,2]

Public urban green space (place, square, [3]

etc.)

Urban green space with specific uses [4-6]

(school playground, camp ground, sport

field, etc.)

Wood [7]

Lawn [8-13]

Single tree [14,15]

Green strip [7,16-18]
Vegetable garden [19,20]

Urban farm [21-35]
Management of polluted area by plants [36-39]
(phytoremediation)

Use of preexisting vegetation [9]

Soil and slope revegetation [40]

Mulching [41,42]

2. Water

Excavation of new water body (pond, [17,18,43-46]
lake)

Remeander river [47,48]

Swale [17,18,44,45,49,50]
Rain/infiltration garden [9,17,18,44,46,50-55]
Constructed wetlands for wastewater [17,18,44,56-70]
treatment

3. On building and structures

Green roof [7,18,55,71-93]
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10.

11.

12.

13.

14.

15.

16.

Green wall [73,94-100]
4. Strategies and Actions

Sustainable use of fertilisers [101-106]
Composting [107-110]

Duan, N.; Liu, X.D.; Daj, ]J.; Lin, C.; Xia, X.H.; Gao, R.Y.; Wang, Y.; Chen, 5.Q.; Yang, J.; Qi, J. Evaluating the
Environmental Impacts of an Urban Wetland Park Based on Emergy Accounting and Life Cycle Assessment: A
Case Study in Beijing. Ecol. Modell. 2011, 222, 351-359, doi:10.1016/j.ecolmodel.2010.08.028.

Oliver-Sola, J.; Montserrat, N.; Gabarrell, X.; Rieradevall, J. Service Sector Metabolism Accounting for Energy
Impacts of the Montjuic Urban Park in Barcelona. J. Ind. Ecol. 2007, 11.

Strohbach, M.W.; Arnold, E.; Haase, D. The Carbon Footprint of Urban Green Space — A Life Cycle Approach.
Landsc. Urban Plan. 2012, 104, 220-229, doi:10.1016/j.landurbplan.2011.10.013.

Finnegan, S.; Sharples, S.; Johnston, T.; Fulton, M. The Carbon Impact of a UK Safari Park - Application of the
GHG Protocol Using Measured Energy Data. Energy 2018, 153, 256-264, doi:10.1016/j.energy.2018.04.033.
Productschap Akkerbouw; Plantum; Blonk Milieuadvies GRASS Really Is Green. Working toward Sustainable
Sports Fields - Set-Up, Results, and Conclusions of Research into the Environmental Impact of Grass Sports Fields; 2012;
Tidéker, P.; Wesstrom, T.; Kétterer, T. Energy Use and Greenhouse Gas Emissions from Turf Management of
Two Swedish Golf Courses. Urban For. Urban Green. 2017, 21, 80-87, d0i:10.1016/j.ufug.2016.11.009.

Wang, Y.; Ni, Z; Hu, M.; Li, J.; Wang, Y.; Lu, Z,; Chen, S.; Xia, B. Environmental Performances and Energy
Efficiencies of Various Urban Green Infrastructures : A Life-Cycle Assessment. J. Clean. Prod. 2019, 248, 119244,
doi:10.1016/j.jclepro.2019.119244.

Smetana, S.M.; Crittenden, J.C. Landscape and Urban Planning Sustainable Plants in Urban Parks: A Life Cycle
Analysis of Traditional and Alternative Lawns in Georgia, USA. Landsc. Urban Plan. 2014, 122, 140-151,
doi:10.1016/j.landurbplan.2013.11.011.

Jeong, H.; Broesicke, O.A.; Drew, B.; Li, D.; Crittenden, J.C. Life Cycle Assessment of Low Impact Development
Technologies Combined with Conventional Centralized Water Systems for the City of Atlanta, Georgia. Front.
Enwiron. Sci. Eng. 2016, 10, 1, doi:10.1007/s11783-016-0851-0.

Adachi, J.; Jansen, C.; Lindsay, M.; Park, A.; Villacis, C. Comparison of the Lifetime Costs and Water Footprint of Sod
and Artificial Turf: A Life Cycle Analysis; 2016;

Morris, ].; Bagby, J. Measuring Environmental Value for Natural Lawn and Garden Care Practices. Int. J. Life
Cycle Assess. 2008, 13, 226-234.

Silvenius, F.; Niemelainen, O.; Kurppa, S. LCA Case Study on Lawn Establishment and Maintenance with
Various Peat and Compost Contents in Substrates. Integr. Environ. Assess. Manag. 2016, 12, 459-464,
doi:10.1002/ieam.1789.

Wesstrom, T. Energy Use and Carbon Footprint from Lawn Management - A Case Study in the Uppsala Region
of Sweden, 2015.

McPherson, E.G.; Kendall, A.; Albers, S. Life Cycle Assessment of Carbon Dioxide for Different Arboricultural
Practices in Los Angeles, CA. Urban For. Urban Green. 2015, 14, 388-397, d0i:10.1016/j.ufug.2015.04.004.

Petri, A.C.; Koeser, A.K.; Lovell, S.T.; Ingram, D. How Green Are Trees? — Using Life Cycle Assessment Methods
to Assess Net Environmental Benefits. . Environ. Hort. 2016, 34, 101-110.

Golkowska, K.; Rugani, B.; Koster, D.; Van Oers, C. Environmental and Economic Assessment of Biomass
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Sourcing from Extensively Cultivated Buffer Strips along Water Bodies. Environ. Sci. Policy 2016, 57, 31-39,
doi:10.1016/j.envsci.2015.11.014.

Xu, C; Hong, J.; Jia, H.; Liang, S.; Xu, T. Life Cycle Environmental and Economic Assessment of a LID-BMP
Treatment Train System: A Case Study in China. J. Clean. Prod. 2017, 149, 227-237,
doi:10.1016/j.jclepro.2017.02.086.

Moore, T.L.C.; Hunt, W.F. Predicting the Carbon Footprint of Urban Stormwater Infrastructure. Ecol. Eng. 2013,
58, 44-51, d0i:10.1016/j.ecoleng.2013.06.021.

Cerdén-palma, I.; Sanyé-mengual, E.; Oliver-sola, J.; Montero, ].-1.; Ponce-Caballero, C.; Rieradevall, ]. Towards a
Green Sustainable Strategy for Social Neighbourhoods in Latin America: Case from Social Housing in Merida,
Yucatan, Mexico. Habitat Int. 2013, 38, 47-56, d0i:10.1016/j.habitatint.2012.09.008.

Cleveland, D.A.; Phares, N.; Nightingale, K.D.; Weatherby, R.L.; Radis, W.; Ballard, J.; Campagna, M.; Kurtz, D.;
Livingston, K.; Riechers, G.; et al. The Potential for Urban Household Vegetable Gardens to Reduce Greenhouse
Gas Emissions. Landsc. Urban Plan. 2017, 157, 365-374, d0i:10.1016/j.landurbplan.2016.07.008.

Benis, K,; Ferrao, P. Potential Mitigation of the Environmental Impacts of Food Systems through Urban and Peri-
Urban Agriculture (UPA) - a Life Cycle Assessment Approach. . Clean. Prod. 2016, 1-12,
doi:10.1016/j.jclepro.2016.05.176.

Fisher, S.; Karunanithi, A. Contemporary Comparative LCA of Commercial Farming and Urban Agriculture for
Selected Fresh Vegetables Consumed in Denver, Colorado. In Proceedings of the Proceedings of the 9th
International Conference on Life Cycle Assessment in the Agri-Food Sector Contemporary; Schenck, R.,
Huizenga, D., Ed.; 2014.

Goldstein, B.; Hauschild, M.; Fernandez, ].; Birkved, M. Testing the Environmental Performance of Urban
Agriculture as a Food Supply in Northern Climates. J. Clean. Prod. 2016, doi:10.1016/j.jclepro.2016.07.004.

He, X,; Qiao, Y.; Liu, Y.; Dendler, L.; Yin, C.; Martin, F. Environmental Impact Assessment of Organic and
Conventional Tomato Production in Urban Greenhouses of Beijing City, China. J. Clean. Prod. 2016, 1-8,
doi:10.1016/j.jclepro.2015.12.004.

Kulak, M.; Graves, A.; Chatterton, J. Reducing Greenhouse Gas Emissions with Urban Agriculture: A Life Cycle
Assessment Perspective. Landsc. Urban Plan. 2013, 111, 68-78, doi:10.1016/j.landurbplan.2012.11.007.
Pérez-Neira, D.; Grollmus-Venegas, A. Life-Cycle Energy Assessment and Carbon Footprint of Peri-Urban
Horticulture. A Comparative Case Study of Local Food Systems in Spain. Landsc. Urban Plan. 2018, 172, 60-68,
doi:10.1016/j.landurbplan.2018.01.001.

Perrin, A.; Basset-mens, C.; Huat, J.; Gabrielle, B. The Variability of Field Emissions Is Critical to Assessing the
Environmental Impacts of Vegetables: A Benin Case-Study. |. Clean. Prod. 2017, 153, 104-113,
doi:10.1016/j.jclepro.2017.03.159.

Romeo, D.; Blikra Vea, E.; Thomsen, M. Environmental Impacts of Urban Hydroponics in Europe: A Case Study
in Lyon. Procedia CIRP 69 2018, 540-545, d0i:10.1016/j.procir.2017.11.048.

Rothwell, A.; Ridoutt, B.; Page, G.; Bellotti, W. Feeding and Housing the Urban Population: Environmental
Impacts at the Peri-Urban Interface under Different Land-Use Scenarios. Land use policy 2015, 48, 377-388,
doi:10.1016/j.landusepol.2015.06.017.

Sanyé-Mengual, E.; Ceron-Palma, I.; Oliver-Sola, J.; Monteroa, J.I.; Rieradevall, J. Environmental Analysis of the
Logistics of Agricultural Products from Roof Top Greenhouses in Mediterranean Urban Areas. | Sci Food Agric
2012, doi:10.1002/jsfa.5736.

Sanjuan-delmas, D.; Llorach-massana, P.; Nadal, A.; Ercilla-montserrat, M.; Mufioz, P.; Montero, J.1; Josa, A.;
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32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Gabarrell, X.; Rieradevall, J. Environmental Assessment of an Integrated Rooftop Greenhouse for Food
Production in Cities. J. Clean. Prod. 2018, d0i:10.1016/j.jclepro.2017.12.147.

Hu, Y.; Zheng, J.; Kong, X,; Sun, J.; Li, Y. Carbon Footprint and Economic Efficiency of Urban Agriculture in
Beijing - a Comparative Case Study of Conventional and Home-Delivery Agriculture. J. Clean. Prod. 2019, 234,
615-625, d0i:10.1016/j.jclepro.2019.06.122.

Rufi-Salis, M.; Calvo, M.J.; Petit-boix, A.; Villalba, G.; Gabarrell, X. Exploring Nutrient Recovery from
Hydroponics in Urban Agriculture: An Environmental Assessment. Resour. Conserv. Recycl. 2020, 155, 104683,
doi:10.1016/j.resconrec.2020.104683.

Boneta, A.; Rufi-Salis, M.; Ercilla-montserrat, M.; Gabarrell, X.; Rieradevall, J. Agronomic and Environmental
Assessment of a Polyculture Rooftop Soilless Urban Home Garden in a Mediterranean City. Front. Plant Sci. 2019,
10, 1-11, doi:10.3389/fpls.2019.00341.

Kim, E.; Jung, J.; Hapsari, G.; Kang, S.; Kim, K.; Yoon, S.; Lee, M.; Han, M.; Choi, Y.; Kwon, J. Economic and
Environmental Sustainability and Public Perceptions of Rooftop Farm versus Extensive Garden. Build. Environ.
2018, 146, 206-215, d0i:10.1016/j.buildenv.2018.09.046.

Dillon, H.E. Life Cycle Assessment of Landfill Phytoremediation; 2008;

Suer, P.; Andersson-Skold, Y. Biofuel or Excavation? - Life Cycle Assessment (LCA) of Soil Remediation Options.
Biomass and Bioenergy 2011, 35, 969-981, doi:10.1016/j.biombioe.2010.11.022.

Vigil, M.; Marey-pérez, M.F.; Martinez Huerta, G.; Alvarez Cabal, V. Is Phytoremediation without Biomass
Valorization Sustainable? — Comparative LCA of Landfilling vs. Anaerobic Co-Digestion. Sci. Total Environ.
2015, 505, 844-850, d0i:10.1016/j.scitotenv.2014.10.047.

Witters, N.; Mendelsohn, R.O.; Slycken, S. Van; Weyens, N.; Schreurs, E.; Meers, E.; Tack, F.; Carleer, R;
Vangronsveld, J. Phytoremediation, a Sustainable Remediation Technology? Conclusions from a Case Study . I:
Energy Production and Carbon Dioxide Abatement. Biomass and Bioenergy 2012, 39, 454-469,
doi:10.1016/j.biombioe.2011.08.016.

Leal, D.; Winter, M.G.; Seddon, R.; Nettleton, LM. A Comparative Life Cycle Assessment of Innovative Highway
Slope Repair Techniques. Transp. Geotech. 2020, 100322, d0i:10.1016/j.trgeo.2020.100322.

Agrobiofilm Consortium Agrobiofilm: Compostable Films for Agriculture; SILVEX BIOBAG & ICSE, Ed.; Guide
Artes Gréficas, Portugal, 2013;

Razza, F.; Farachi, F.; Tosin, M.; Degli Innocenti, F.; Guerrini, S. Assessing the Environmental Performance and Eco-
Toxicity Effects of Biodegradable Mulch Films; 2009;

Filion, Y.; Maclean, H.L.; Karney, B.W. Life-Cycle Energy Analysis of a Water Distribution System. |. Infrastruct.
Syst. 2004, 119-130, doi:10.1061/(ASCE)1076-0342(2004)10.

Bixler, T.S.; Houle, J.; Ballestero, T.; Mo, W. A Dynamic Life Cycle Assessment of Green Infrastructures. Sci. Total
Environ. 2019, 692, 1146-1154, doi:10.1016/j.scitotenv.2019.07.345.

Byrne, D.M.; Grabowski, M.K.; Benitez, A.C.B.; Schmidt, A.R.; Guest, ].S. Evaluation of Life Cycle Assessment
(LCA) for Roadway Drainage Systems. Environ. Sci. Technol. 2017, 51, 9261-9270, doi:10.1021/acs.est.7b01856.
Bhatt, A.; Bradford, A.; Abbassi, B.E. Cradle-to-Grave Life Cycle Assessment (LCA) of Low-Impact-
Development (LID) Technologies in Southern Ontario. J. Environ. Manage. 2019, 231, 98-109,
doi:10.1016/j.jenvman.2018.10.033.

Raluy, R.G,; Serra, L.; Uche, J.; Valero, A. Life Cycle Assessment of Water Production Technologies - Part 2:
Reverse Osmosis Desalination versus the Ebro River Water Transfer. Int. ]. Life Cycle Assess. 2005, 10, 346-354,
d0i:10.1065/1ca2004.09.179.2.
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48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Munoz, I; Mila-i-Canals, L.; Fernandez-Alba, A.R. Life Cycle Assessment of Water Supply Plans in
Mediterranean Spain: The Ebro River Transfer Versus the AGUA Programme. J. Ind. Ecol. 2010, 14, 902-918,
doi:10.1111/j.1530-9290.2010.00271.x.

Petit-boix, A.; Sevigné-itoiz, E.; Rojas-gutierrez, L.A.; Paceli, A.P.; Josa, A.; Rieradevall, J.; Gabarrell, X.
Environmental and Economic Assessment of a Pilot Stormwater Infiltration System for Flood Prevention in
Brazil. Ecol. Eng. 2015, 84, 194-201, d0i:10.1016/j.ecoleng.2015.09.010.

Hengen, T.J.; Sieverding, H.L.; Stone, ].J. Lifecycle Assessment Analysis of Engineered Stormwater Control
Methods Common to Urban Watersheds. |. Water Resour. Plan. Manag. 2016, 142, 4016016,
doi:10.1061/(ASCE)WR.1943-5452.0000647.

Andrew, R.M.; Vesely, E.-T. Life-Cycle Energy and CO2 Analysis of Stormwater Treatment Devices. Water Sci.
Technol. 2008, 985-994, doi:10.2166/wst.2008.455.

Flynn, K.M.; Traver, R.G. Green Infrastructure Life Cycle Assessment: A Bio-Infiltration Case Study. Ecol. Eng.
2013, 55, 9-22, d0i:10.1016/j.ecoleng.2013.01.004.

O’Sullivan, A.D.; Wicke, D.; Hengen, T.J.; Sieverding, H.L.; Stone, J.J. Life Cycle Assessment Modelling of
Stormwater Treatment Systems. |. Environ. Manage. 2015, 149, 236-244, doi:10.1016/j.jenvman.2014.10.025.
Vineyard, D.; Ingwersen, W.W.; Hawkins, T.R.; Xue, X.; Demeke, B.; Shuster, W. Comparing Green and Grey
Infrastructure Using Life Cycle Cost and Environmental Impact: A Rain Garden Case Study in Cincinnati, OH.
J. Am. Water Resour. Assoc. 2015, 51, doi:10.1111/1752-1688.12320.

Wang, R.; Eckelman, M.].; Zimmerman, J.B. Consequential Environmental and Economic Life Cycle Assessment
of Green and Gray Stormwater Infrastructures for Combined Sewer Systems. Environ. Sci. Technol. 2013, 47,
11189-11198, doi:dx.doi.org/10.1021/es4026547.

Fuchs, V.J.; Mihelcic, J.R.; Gierke, ]J.S. Life Cycle Assessment of Vertical and Horizontal Flow Constructed
Wetlands for Wastewater Treatment Considering Nitrogen and Carbon Greenhouse Gas Emissions. Water Res.
2011, 45, 2073-2081, doi:10.1016/j.watres.2010.12.021.

Garfi, M.; Flores, L.; Ferrer, 1. Life Cycle Assessment of Wastewater Treatment Systems for Small Communities:
Activated Sludge , Constructed Wetlands and High Rate Algal Ponds. J. Clean. Prod. 2017, 161, 211-219,
doi:10.1016/j.jclepro.2017.05.116.

Risch, E.; Boutin, C.; Roux, P.; Gillot, S.; Héduit, A. LCA in Wastewater Treatment -Applicability and Limitations
for Constructed Wetland Systems: Using Vertical Reed Bed Filters. In Proceedings of the LCM 2011 International
Conference on Life Cycle Management, august 28-31, 2011 Berlin; 2011.

Rosell, L.F. Life Cycle Assessment of a Constructed Wetland System for Wastewater Treatment and Reuse in
Nagpur, India, 2015.

Corbella, C.; Puigagut, J.; Garfi, M. Life Cycle Assessment of Constructed Wetland Systems for Wastewater
Treatment Coupled with Microbial Fuel Cells. Sci. Total Environ. 2017, doi:10.1016/j.scitotenv.2016.12.186.
Kobayashi, Y.; Ashbolt, N.J.; Davies, E.G.R.; Liu, Y. Life Cycle Assessment of Decentralized Greywater
Treatment Systems with Reuse at Different Scales in Cold Regions. Environ. Int. 2020, 134,
doi:10.1016/j.envint.2019.105215.

Laitinen, J.; Moliis, K.; Surakka, M. Resource Efficient Wastewater Treatment in a Developing Area — Climate
Change Impacts and Economic Feasibility. Ecol. Eng. 2017, 103, 217-225, doi:10.1016/j.ecoleng.2017.04.017.
Lopes, T.A.S.; Queiroz, L.M.; Torres, E.A.; Kiperstok, A. Low Complexity Wastewater Treatment Process in
Developing Countries: A LCA Approach to Evaluate Environmental Gains. Sci. Total Environ. 2020, 720,
doi:10.1016/j.scitotenv.2020.137593.
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73.

74.

75.

76.

77.

78.

79.

Casas Ledon, Y.; Rivas, A.; Lépez, D.; Vidal, G. Life-Cycle Greenhouse Gas Emissions Assessment and Extended
Exergy Accounting of a Horizontal-Flow Constructed Wetland for Municipal Wastewater Treatment: A Case
Study in Chile. Ecol. Indic. 2017, 74, 130-139, doi:10.1016/j.ecolind.2016.11.014.

De Feo, G,; Ferrara, C. A Procedure for Evaluating the Most Environmentally Sound Alternative between Two
on-Site Small-Scale Wastewater Treatment Systems. ]. Clean. Prod. 2017, doi:10.1016/j.jclepro.2017.06.205.

Su, X.; Chiang, P.; Pan, S.; Chen, G.; Tao, Y.; Wu, G.; Wang, F.; Cao, W. Systematic Approach to Evaluating
Environmental and Ecological Technologies for Wastewater Treatment. Chemosphere 2018,
doi:10.1016/j.chemosphere.2018.11.108.

Lopsik, K. Life Cycle Assessment of Small-Scale Constructed Wetland and Extended Aeration Activated Sludge
Wastewater Treatment System. Int. |. Environ. Sci. Technol. 2013, doi:10.1007/s13762-012-0159-y.

Resende, ].D.; Nolasco, M.A; Pacca, S.A. Life Cycle Assessment and Costing of Wastewater Treatment Systems
Coupled to Constructed Wetlands. Resour. Conserv. Recycl. 2019, 148, 170-177, doi:10.1016/j.resconrec.2019.04.034.
Roux, P.; Boutin, C.; Risch, E.; Heduit, A. Life Cycle Environmental Assessment (LCA) of Sanitation Systems
Including Sewerage: Case of Vertical Flow Constructed Wetlands versus Activated Sludge. In Proceedings of
the 12th IWA International Conference on Wetland Systems for Water Pollution Control, Venise, Italy —4-8
October; 2010; pp. 879-887.

Zhao, X.; Yang, J.; Zhang, X.; Wang, L.; Ma, F. Evaluation of Bioaugmentation Using Multiple Life Cycle
Assessment Approaches: A Case Study of Constructed Wetland. Bioresour. Technol. 2017,
doi:10.1016/j.biortech.2017.07.170.

Kosareo, L.; Ries, R. Comparative Environmental Life Cycle Assessment of Green Roofs. Build. Environ. 2007, 42,
2606-2613, doi:10.1016/j.buildenv.2006.06.019.

Saiz, S.; Kennedy, C.; Bass, B.; Pressnail, K. Comparative Life Cycle Assessment of Standard and Green Roofs.
Environ. Sci. Technol. 2006, 40, 4312-4316.

Kim, J.; Hong, T.; Koo, C.-W. Economic and Environmental Evaluation Model for Selecting the Optimum Design
of Green Roof Systems in Elementary Schools. Environ. Sci. Technol. 2012, 46, 8475-8483,
doi:dx.doi.org/10.1021/es2043855.

Dabbaghian, M.; Hewage, K.; Reza, B.; Culver, K; Sadiq, R. Sustainability Performance Assessment of Green
Roof Systems Using Fuzzy-Analytical Hierarchy Process (FAHP). Int. . Sustain. Build. Technol. Urban Dev. 2014,
5,260-276, doi:10.1080/2093761X.2014.923794.

Gargari, C,; Bibbiani, C.; Fantozzi, F.; Campiotti, C.A. Environmental Impact of Green Roofing: The Contribute
of a Green Roof to the Sustainable Use of Natural Resources in a Life Cycle Approach. Agric. Agric. Sci. Procedia
2016, 8, 646656, doi:10.1016/j.aaspro.2016.02.087.

Cubi, E.; Zibin, N.F.; Thompson, S.J.; Bergerson, J. Sustainability of Rooftop Technologies in Cold Climates -
Comparative Life Cycle Assessment of White Roofs, Green Roofs, and Photovoltaic Panels. J. Ind. Ecol. 2015, 20,
249-262, doi:10.1111/jiec.12269.

Li, Y.; Huang, Y.; Ye, Q.; Zhang, W.; Meng, F.; Zhang, S. Multi-Objective Optimization Integrated with Life Cycle
Assessment for Rainwater Harvesting Systems. J. Hydrol. 2018, 558, 659-666, doi:10.1016/j.jhydrol.2018.02.007.
Bibbiani, C.; Fantozzi, F.; Gargari, C.; Campiotti, C.A.; Incrocci, L.; Pardossi, A. Supporting Producers in
Designing More Efficient and Low-Impact Green Roofs through the Life Cycle Analysis: Environmental and
Energy Performance. In Proceedings of the International Symposium on Greener Cities for More Efficient
Ecosystem Services in a Climate Changing World, Bologna, Italy; 2018; pp. 377-382.

Bozorg Chenani, S.; Lehvavirta, S.; Hakkinen, T. Life Cycle Assessment of Layers of Green Roofs. ]. Clean. Prod.



Land 2022, 11, 649 11 of 12

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

2014, 1-10, d0i:10.1016/j.jclepro.2014.11.070.

Brachet, A.; Schiopu, N.; Clergeau, P. Biodiversity Impact Assessment of Building’s Roofs Based on Life Cycle
Assessment Methods. Build. Environ. 2020, 158, 133-144, doi:10.1016/j.buildenv.2019.04.014.

Rincon, L.; Coma, J.; Pérez, G.; Castell, A.; Boer, D.; Cabeza, L.F. Environmental Performance of Recycled Rubber as
Drainage Layer in Extensive Green Roofs. A Comparative Life Cycle Assessment; Elsevier Ltd, 2014; ISBN 3497300357.
Cuerda, I; Rivela, B.; Gazulla, C.; Olivieri, F.; Bedoya, C.; Neila, J. Environmental Profile of Green Roof Material
in Different Locations in Spain: Life Cycle Assessment and Optimisation.; 2010.

El Bachawati, M.; Manneh, R.; Belarbi, R.; Dandres, T.; Nassab, C.; Zakhem, H. Cradle-to-Gate Life Cycle
Assessment of Traditional Gravel Ballasted, White Reflective, and Vegetative Roofs: A Lebanese Case Study. J.
Clean. Prod. 2016, doi:10.1016/j.jclepro.2016.07.170.

Ferreira Alves, A.L. Life Cycle Assessment of Extensive Green Roofs in Lisbon; 2015;

Flynn, K.M. Evaluation of Green Infrastructure Practices Using Life Cycle Assessment, 2011.

Maiolo, M.; Carini, M.; Capano, G.; Piro, P. Synthetic Sustainability Index (SSI) Based on Life Cycle Assessment
Approach of Low Impact Development in the Mediterranean Area. Cogent Eng. 2017, 4,
doi:10.1080/23311916.2017.1410272.

Morau, D.; Rabarison, T.N.; Rakotondramiarana, H.T. Life Cycle Analysis of Green Roof Implemented in a
Global South Low-Income Country. Br. |. Environ. Clim. Chang. 2017, 7, 43-55, d0i:10.9734/BJECC/2017/30796.
Mtshiya, F. An Exploration of How Energy-Related Ecosystem Services Provided by Extensive Green Roofs in
Alberta May Be Quantified Using Life Cycle Assessment Tools, University of Calgary, 2015.

Muga, H.; Mukherjee, A.; Mihelcic, J. An Integrated Assessment of the Sustainability of Green and Built-up Roofs.
J. Green Build. 2008, 3, 106-127.

Peri, G.; Traverso, M.; Finkbeiner, M.; Rizzo, G. Embedding “substrate” in Environmental Assessment of Green
Roofs Life Cycle: Evidences from an Application to the Whole Chain in a Mediterranean Site. J. Clean. Prod. 2012,
35, 274-287, doi:10.1016/j.jclepro.2012.05.038.

Pushkar, S. Modeling the Substitution of Natural Materials with Industrial Byproducts in Green Roofs Using
Life Cycle Assessments. J. Clean. Prod. 2019, 227, 652-661, doi:10.1016/j.jclepro.2019.04.237.

Santiago de Matos Monteiro Lira, J.; Sposto, R.M. Life Cycle Energy (LCEA) and Carbon Dioxide Emissions
(LCCO2A) Assessment of Roofing Systems: Conventional System and Green Roof. In Proceedings of the SBE16
Brazil & Portugal - Sustainable Urban Communities towards a Nearly Zero Impact Built Environment; 2016; pp.
351-360.

Vacek, P.; Struhala, K.; Matéjka, L. Life-Cycle Study on Semi Intensive Green Roofs. |. Clean. Prod. 2017,
doi:10.1016/j.jclepro.2017.03.188.

Ottelé, M.; Perini, K.; Fraaij, A.L.A.; Haas, E.M.; Raiteri, R. Comparative Life Cycle Analysis for Green Fagades
and Living Wall Systems. Energy Build. 2011, 43, 3419-3429, doi:10.1016/j.enbuild.2011.09.010.

Oquendo-Di Cosola, V.; Olivieri, F.; Ruiz-garcia, L.; Bacenetti, ]. An Environmental Life Cycle Assessment of
Living Wall Systems. J. Environ. Manage. 2020, 254, doi:10.1016/j.jenvman.2019.109743.

Manso, M.; Castro-Gomes, J.; Paulo, B.; Bentes, I.; Teixeira, C.A. Life Cycle Analysis of a New Modular Greening
System. Sci. Total Environ. 2018, 627, 1146-1153, d0i:10.1016/j.scitotenv.2018.01.198.

Feng, H.; Hewage, K. Lifecycle Assessment of Living Walls: Air Purification and Energy Performance. J. Clean.
Prod. 2014, 69, 91-99, doi:10.1016/j.jclepro.2014.01.041.

Serra, V.; Bianco, L.; Candelari, E.; Giordano, R.; Montacchini, E.; Tedesco, S.; Larcher, F.; Schiavi, A. A Novel
Vertical Greenery Module System for Building Envelopes: The Results and Outcomes of a Multidisciplinary



Land 2022, 11, 649 12 of 12

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

100.

110.

Research Project. Energy Build. 2017, doi:10.1016/j.enbuild.2017.04.046.

Altan, H.; John, N.; Yoshimi, . Comparative Life Cycle Analysis of Green Wall Systems in the UK. In Proceedings
of the 2nd International Sustainable Buildings Symposium, Ankara, Turkiye; 2015; p. 9.

Pan, L.; Chu, L.M. Energy Saving Potential and Life Cycle Environmental Impacts of a Vertical Greenery System
in Hong Kong: A Case Study. Build. Environ. 2015, 1-8, d0i:10.1016/j.buildenv.2015.06.033.

Hanserud, S.O.; Cherubini, F.; Falk Jgaard, A.; Miiller, D.B.; Brattebg, H. Choice of Mineral Fertilizer
Substitution Principle Strongly Influences LCA Environmental Benefits of Nutrient Cycling in the Agri-Food
System. Sci. Total Environ. 2018, 615, 219-227, d0i:10.1016/j.scitotenv.2017.09.215.

Miller, T. Comparative Environmental Assessment of Organic and Mineral Fertilizers-Case Study of Bioa
Fertilizers Produced from Industrial Waste, 2013.

Hasler, K.; Broring, S.; Omta, S.W.F.; Olfs, H. Life Cycle Assessment (LCA) of Different Fertilizer Product Types.
Eur. ]. Agron. 2015, 69, 41-51, d0i:10.1016/j.€ja.2015.06.001.

Avadi, A. Screening LCA of French Organic Amendments and Fertilisers. Int. ]. Life Cycle Assess. 2020.

Anand, K.G.V.; Eswaran, K.; Ghosh, A. Life Cycle Impact Assessment of a Seaweed Product Obtained from
Gracilaria Edulis - A Potent Plant Biostimulant. J. Clean. Prod. 2018, 170, 1621-1627,
doi:10.1016/j.jclepro.2017.09.241.

Ghosh, A.; Anand, K.G.V,; Seth, A. Life Cycle Impact Assessment of Seaweed Based Biostimulant Production
from Onshore Cultivated Kappaphycus Alvarezii ( Doty ) Doty Ex Silva — Is It Environmentally Sustainable ?
Algal Res. 2015, 12, 513-521, d0i:10.1016/j.algal.2015.10.015.

Aziz, R.; Chevakidagarn, P.; Danteravanich, S. Environmental Impact Evaluation of Community Composting by
Using Life Cycle Assessment : A Case Study Based on Types of Compost Product Operations. Agric. Technol. Biol.
Sci. 2016, 13, 221-233.

Righi, S.; Oliviero, L.; Pedrini, M.; Buscaroli, A.; Della Casa, C. Life Cycle Assessment of Management Systems
for Sewage Sludge and Food Waste: Centralized and Decentralized Approaches. J. Clean. Prod. 2013, 44, 8-17,
doi:10.1016/j.jclepro.2012.12.004.

Ray Lu, H.; Qu, X.; El Hanandeh, A. Towards a Better Environment - the Municipal Organic Waste Management
in Brisbane: Environmental Life Cycle and Cost Perspective. | Clean. Prod. 2020, 258,
doi:10.1016/j.jclepro.2020.120756.

Keng, Z.X,; Chong, S.; Ng, C.G.; Ridzuan, N.I; Hanson, S.; Pan, G.; Lau, P.L.; Supramaniam, C.V.; Singh, A,;
Chin, C.F,; et al. Community-Scale Composting for Food Waste: A Life-Cycle Assessment-Supported Case Study.
J. Clean. Prod. 2020, 121220, d0i:10.1016/j.jclepro.2020.121220.



