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)�e Life�C�cle Assessment .LCA/ is a stan�ar� a00roac� for eval�atin� t�e environmental im0acts of 0ro��cts 
an� 0rocesses� )�is 0a0er 0resents t�e LCA of Livin� �all ��stems .L��/  a ne- tec�nolo�� for �reenin� t�e 
!�il�in� envelo0e an� im0rove s�staina!ilit�� *m0acts of man�fact�re  o0eration  an� �se of t�e s�stems 
selecte�  -ere eval�ate� t�ro��� an LCA� L�� are closel� relate� to several environmental !ene1ts  incl��in� 
im0rove� air ��alit�  increase� !io�iversit�  miti�ation of �eat islan� effects  an� re��ce� ener�� cons�m0tion 
��e to savin�s in in�oor coolin� an� �eatin�� )-o 0rotot�0es �ave !een selecte�  ta2in� into acco�nt t�e 
mo��larit� an� t�e �se of or�anic s�!strate as selection criteria� )�e s�stems eval�ate� -ere a 0lastic�!ase� 
mo��lar s�stem an� a felt�!ase� mo��lar s�stem� )�e inventor� �ata -as �at�ere� t�ro��� t�e man�fac�
t�rers� )�e LCA a00roac� �as !een �se� to assess t�e im0act of t�ese sol�tions !� foc�sin� on t�e constr�ction 
0�ase an� its contri!�tion to !ot� t�e ener�� !alance an� t�e entire life c�cle of a !�il�in�� )�is a00roac� �as 
never !een �one !efore for L��� )�e st��� fo�n� t�at o�t of t�e t-o s�stems t�ro��� t�e man�fact�rin�  
constr�ction  an� maintenance sta�e of t�e LCA  t�e felt�!ase� L�� �as an im0act on almost 3445 of t�e im0act 
cate�ories anal�$e�  -�ile 0lastic�!ase� L�� �as t�e lo-est in6�ence on t�e total environmental im0act�   

1. Introdu
t�on�

)o�a�  t�e +�ro0ean constr�ction sector re0resents 745 of 0rimar� 
ener�� cons�me� from non�rene-a!le reso�rces  o�t of a total of 895 
�lo!all�� *n t�rn  t�e ��man ecolo�ical foot0rint �as increase� to 845 
!et-een 3:;4 an� <444 .*$rael et al�  <449/� �ne of t�e most im0ortant 
c�allen�es in constr�ction is t�e �se of ra- materials  an� t�e im0lica�
tions in terms of ener�� !alance  cons�m0tion an� t�e s�staina!ilit� of 
t�e !�il�in� ��rin� its �sef�l life .�ei en!er�er et al�  <437/� )��s  t�e 
re��ction in ener�� cons�m0tion an� its associate� emissions is a main 
iss�e in arc�itect�re an� en�ineerin�� 

)�e ��alit� of t�e life c�cle conce0t an� t�e constr�ction sector can 
!e s�mme� �0 in conce0ts s�c� as t�at of lo- ener�� !�il�in� or 
=,>+( .neat $ero ener�� !�il�in�s/  -�ic� aims to ac�ieve t�e re��c�
tion of t�e im0act on t�e environment ��rin� t�e !�il�in� life c�cle  t�e 
minimisation of t�e ener�� an� reso�rces cons�m0tion  as -ell as lan� 
�se .Lo�a et al�  <439/� An ener�� ef1cient !�il�in� �ses active an� 
0assive tec�nolo�ies to co�nteract transmission �eat loss t�at affect 
ener�� cons�m0tion� )�e �i��est ener�� in0�t in a !�il�in� is fo�n� in 

t�e materials  2no-n as em!o�ie� ener��� �i?it et al� .<43</ �e1ne t�e 
em!o�ie� ener�� li2e t�e ener�� se��estere� in !�il�in�s an� !�il�in� 
materials ��rin� t�e entire life c�cle� )�e constr�ction sector �as one of 
t�e most im0ortant environmental im0acts on cities  an� to face its 
conse��ences an� re��ce ener�� cons�m0tions is necessar� to 0romote 
sol�tions -it� an ef1cient 0erformance ��rin� its entire lifec�cle� 

,e- tec�nolo�ies an� !�il�in� constr�ction 0rocesses are !ein� 
�evelo0e� in or�er to im0rove t�e s�staina!ilit� an� ef1cienc� of 
!�il�in� envelo0s� Researc� �as !een carrie� o�t to �evelo0 ne- 
a�a0ta!le an� intelli�ent faca�es t�at �i��li��t t�eir t�ermal !e�avio�r 
an� a�a0ta!ilit� to �ifferent climatic conte?ts .*ommi  <438/  -it�in 
t�ese  t�e ve�eta!le fa@a�es are 0artic�larl� note-ort��� 

%reenin� t�e !�il�in� envelo0e 0rovi�es !ene1ts relate� to 
im0rove� ef1cienc�  a contri!�tion to t�e imme�iate conte?t t�ro��� 
tem0erat�re re��lation an� re��ce� -in� s0ee�  as -ell as increase� 
!io�iversit� in �ense �r!an environments .Aerini et al�  <433/� Livin� 
-all s�stems .L��/ as 0art of vertical �reen sol�tions can im0rove t�e 
��alit� of �r!an livin� an� re��ce t�e �lo!al environmental im0act 
ca�se� !� climate c�an�e .��nnett an� Bin�s!�r�  <448/� )�e �se of 
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%reenin� t�e !�il�in� envelo0e -it� L�� ta2in� into acco�nt t�e 
materials involve� is a 2e� ste0 in selectin� a sol�tion t�at lea�s to an 
environmentall� frien�l� 0erformance� )�is st��� �i��li��te� t�at t�e 
�se of rec�cle� materials  or�anic s�!strates  an� lo- environmental 
im0act materials are 0art of t�e s�staina!le strate�ies for t�e �esi�n of 
t�ese s�stems� )�ese s�o�l� !e consi�ere� as 2e� strate�ies for t�e 
environment  s�staina!ilit�  an� lo- ener�� cons�m0tion of L��  
t�ro���o�t t�eir life c�cles� 

#
$no%��d���nt��

)�e a�t�ors -ant to t�an2 to t�e 0roIect L*#+ L��o (io�inamico
RefG L*#+37CCAH+�H44478:  f�n�e� !� t�e +�ro0ean Commission  for 
t�e s�00ort of t�is researc�� 

#&&�nd�'�#. (u&&����nt�r)�d�t��

��00lementar� �ata relate� to t�is article can !e fo�n� at �tt0sGHH 
�oi�or�H34�343;HI�Ienvman�<43:�34:97J� 

��*�r�n
���

Altan  E�  'o�n  ,�  Mos�imi  '�  *l�as  )�  %ala�ari  D�  <43L� Com0arative Life C�cle 
Anal�sis of %reen �all ��stems in t�e �2 n���  

Asif  D�  D�neer  )�  Belle�  R�  <449� Life C�cle AssessmentG a case st��� of a �-ellin� 
�ome in �cotlan�� (�il�� +nviron� )imes 7<  3J:3 3J:7� �tt0sGHH�oi�or�H34�343;HI� 
!�il�env�<44L�33�4<J� 

(ro�n  R�  Den$ies  %�#�  <433� Life c�cle ener�� an� environmental anal�sis of 0artition 
-all s�stems in t�e CB� Aroce�ia +n� <3  8;7 89J� �tt0sGHH�oi�or�H34�343;HI� 
0roen��<433�33�<488� 

Coma  '�  Aere$  %�  �ole  C�  Castell  A�  Ca!e$a  L�#�  <437� ,e- �reen faca�es as 0assive 
s�stems for ener�� savin�s on !�il�in�s� +ner�� Aroce�ia L9  38L3 38L:� �tt0sGHH 
�oi�or�H34�343;HI�e��0ro�<437�34�47:� 

�i?it  D�B�  #ernan�e$��ol&s  '�L�  Lav�  ��  C�l0  C�E�  <43<� ,ee� for an em!o�ie� 
ener�� meas�rement 0rotocol for !�il�in�sG a revie- 0a0er� Rene-� ��stain� +ner�� 
Rev� 3;  J9J4 J97J� �tt0sGHH�oi�or�H34�343;HI�rser�<43<�4J�4<3� 

��nnett  ,�  Bin�s!�r�  ,�  <448� Alantin� %reen Roofs an� Livin� �alls� Aortlan�  �r�  
+�ro0ean Commission  <433� *nternational Reference Life C�cle �ata ��stem .*LC�/ 

Ean�!oo2 � %eneral %�i�e for Life C�cle Assessment � Arovisions an� Action �te0s� 
�tt0sGHH�oi�or�H34�<988H:7:89� 

#ava  '�A�  <44;� �ill t�e ne?t 34 �ears !e as 0ro��ctive in a�vancin� life c�cle 
a00roac�es as t�e last 3L �earsN *nt� '� Life C�cle Assess� 33  ; 8� 

#ava  (�  ' A  Consoli  #�  �ension  R�  �ic2son  B�  Do�in  )�  �i�on  3::J� A conce0t�al 
frame-or2 for life�c�cle im0act assessment� �oc� +nviron� )o?icol� C�em� �+)AC� 

%o�r�Ii  ��  <438� Revie- of 0lants to miti�ate 0artic�late matter  o$one as -ell as 
nitro�en �io?i�e air 0oll�tants an� a00lica!le recommen�ations for �reen roofs in 
Dontreal  O�e!ec� +nviron� Aoll�t� <73  J98 J89� �tt0sGHH�oi�or�H34�343;HI� 
env0ol�<438�4L�4LJ� 

*n�rao  C�  Datara$$o  A�  )ricase  C�  Clasa�onte  D�)�  E�isin��  ��  <43L� Life C�cle 
Assessment for �i��li��tin� environmental �ots0ots in �icilian 0eac� 0ro��ction 
s�stems� '� Clean� Aro�� :<  34: 3<4� �tt0sGHH�oi�or�H34�343;HI� 
Icle0ro�<437�3<�4LJ� 

*n�rao  C�  �cr�cca  #�  )ricase  C�  As�r�!ali  #�  <43;� A com0arative Life C�cle 
Assessment of e?ternal -all�com0ositions for cleaner constr�ction sol�tions in 
!�il�in�s� '� Clean� Aro�� 3<7  <8J <:8� �tt0sGHH�oi�or�H34�343;HI� 
Icle0ro�<43;�4<�33<� 

*��� for �� .*��/  +nvironmental Dana�ement e Life C�cle Assessment e Re��irements 
an� %�i�elines� *�� 37477�  n��� 

*��� for �� .*��/  +nvironmental Dana�ement e Life C�cle Assessment e Arinci0les an� 
#rame-or2� *�� 37474�  n��� 

*ommi  D�  <438� )�e me�iterranean smart a�a0tive -all� An e?0erimental �esi�n of a 
smart an� a�a0tive faca�e mo��le for t�e me�iterranean climate� +ner�� (�il�� 3L8  
37L4 37;4� �tt0sGHH�oi�or�H34�343;HI�en!�il��<439�33�4<L� 

*$rael  M�A�  �emenov  ��D�  Anisimov  ��A�  Ano2�in  M�A�  �elic�2o  A�A�  Revic�  (�A�  
��i2lomanov  *�A�  <449� )�e #o�rt� Assessment Re0ort of t�e *nter�overnmental 
Aanel on Climate C�an�eG �or2in� %ro�0 ** Contri!�tion� �tt0sGHH�oi�or�H34�J34JH 
�34;8J9J:494:4437� 

'es-ani  E�B�  A$a0a�ic  A�  �c�e0elmann  A�  Ritt�off  D�  <434� �0tions for !roa�enin� 
an� �ee0enin� t�e LCA a00roac�es� '� Clean� Aro�� 38  3<4 3<9� �tt0sGHH�oi�or�H 
34�343;HI�Icle0ro�<44:�4:�4<J� 

'im  C�M�  Ee  E�  <433� +stimatin� �eat 6�? transmission of vertical �reener� ecos�stem� 
+col� +n�� J9  333< 33<<� �tt0sGHH�oi�or�H34�343;HI�ecolen��<433�4<�44L� 

B�asreen  D�D�  (an1ll  A�#�%�  Den$ies  %�#�  <44:� Life�c�cle assessment an� t�e 
environmental im0act of !�il�in�sG a revie-� ��staina!ilit� 3  ;97 943� �tt0sGHH�oi� 
or�H34�JJ:4Hs�34J4;97� 

Blin�!er�  '�  (ro!er�  D�  �tran�!er�  (�  )�orsson  A�  AleiIel  E�  <439� *n6�ence of 
�r!an ve�etation on air 0oll�tion an� noise e?0os�re a case st��� in %ot�en!�r�  

�-e�en� �ci� )otal +nviron� L:: ;44  39<8 39J:� �tt0sGHH�oi�or�H34�343;HI� 
scitotenv�<439�4L�4L3� 

Bosareo  L�  Ries  R�  <449� Com0arative environmental life c�cle assessment of �reen 
roofs� (�il�� +nviron� 7<  <;4; <;3J� �tt0sGHH�oi�or�H34�343;HI� 
!�il�env�<44;�4;�43:� 

Lo�a  )�  Eac2e  C�  DPller  A�  %ro 2los  D�  �tein  (�  (orn  R�  Ren$  *�  Ein$  +�  
Cisc�ins2�  E�  Eorner  D�  <439� (erPc2sic�ti��n� �es ,�t$erver�altens !ei 
ener�etisc�en �er!esser�n�en� *��, 38;8�44:9�  

Dalm�vist  )�  %la�mann  D�  �car0ellini  ��  >a!al$a  *�  Aran�a  A�  Llera  +�  �&a$  ��  
<433� Life c�cle assessment in !�il�in�sG t�e +,�L*C sim0li1e� met�o� an� 
��i�elines� +ner�� J;  3:44 3:49� �tt0sGHH�oi�or�H34�343;HI�ener���<434�4J�4<;� 

Danso  D�  Castro�%omes  '�A�  <43;� )�ermal anal�sis of a ne- mo��lar s�stem for 
�reen -alls� '� (�il�� +n�� 9  LJ ;<� �tt0sGHH�oi�or�H34�343;HI�Io!e�<43;�4J�44;� 

Danso  D�  Castro�%omes  '�  Aa�lo  (�  (entes  *�  )ei?eira  C�A�  <438� Life c�cle anal�sis 
of a ne- mo��lar �reenin� s�stem� �ci� )otal +nviron� ;<9  337; 33LJ� �tt0sGHH�oi� 
or�H34�343;HI�scitotenv�<438�43�3:8� 

Dariani  L�  Aarisi  ��%�  Cola  %�  Laforte$$a  R�  Colan�elo  %�  �anesi  %�  <43;� 
Climatolo�ical anal�sis of t�e miti�atin� effect of ve�etation on t�e �r!an �eat islan� 
of Dilan� *tal�  �ci� )otal +nviron� L;: L94  9;< 99J� �tt0sGHH�oi�or�H34�343;HI� 
scitotenv�<43;�4;�333� 

Da$$ali  C�  Aeron  #�  Roma�noni  A�  A�lselli  R�D�  (astianoni  ��  <43J� +?0erimental 
investi�ation on t�e ener�� 0erformance of Livin� �alls in a tem0erate climate� 
(�il�� +nviron� ;7  L9 ;;� �tt0sGHH�oi�or�H34�343;HI�!�il�env�<43J�4J�44L� 

,a�ia  ��  ,o�re��ine  ��  Eic�em  ,�  �Iamila  ��  <43J� +?0erimental st��� of t�ermal 
0erformance an� t�e contri!�tion of 0lant�covere� -alls to t�e t�ermal !e�avior of 
!�il�in�� +ner�� Aroce�ia J;  ::L 3443� �tt0sGHH�oi�or�H34�343;HI� 
e��0ro�<43J�49�33J� 

�livieri  #�  �livieri  L�  ,eila  '�  <437� +?0erimental st��� of t�e t�ermal�ener�� 
0erformance of an ins�late� ve�etal fa@a�e �n�er s�mmer con�itions in a 
continental me�iterranean climate� (�il�� +nviron� 99  ;3 9;� �tt0sGHH�oi�or�H 
34�343;HI�!�il�env�<437�4J�43:� 

�ttele  D�  Aerini  B�  #raaiI  A�L�A�  Eaas  +�D�D�  Raiteri  R�  <433� Com0arative life 
c�cle anal�sis for �reen fa@a�es an� livin� -all s�stems� +ner�� (�il�� 7J  
J73: J7<:� �tt0sGHH�oi�or�H34�343;HI�en!�il��<433�4:�434� 

Aan  L�  C��  L�D�  <43L� +ner�� �avin� Aotential an� Life C�cle +nvironmental *m0acts 
of a �ertical %reener� ��stem in Eon� Bon�G A Case �t���� +lsevier Lt�� �tt0sGHH�oi� 
or�H34�343;HI�!�il�env�<43L�4;�4JJ� 

Aere$  %�  Rincon  L�  �ila  A�  %on$ale$  '�D�  Ca!e$a  L�#�  <433� (e�avio�r of �reen 
faca�es in De�iterranean Continental climate� +ner�� Convers� Dana�� L<  
38;3 38;9� �tt0sGHH�oi�or�H34�343;HI�enconman�<434�33�448� 

Aerini  B�  Rosasco  A�  <43J� Cost�!ene1t anal�sis for �reen faNNa�es an� livin� -all 
s�stems� (�il�� +nviron� 94  334 3<3� �tt0sGHH�oi�or�H34�343;HI� 
!�il�env�<43J�48�43<� 

Aerini  B�  �ttele  D�  Eaas  +�D�  Raiteri  R�  Cn�ers  ��D�  <433� %reenin� t�e !�il�in� 
envelo0e   fa@a�e �reenin� an� livin� -all s�stems� �0en '� +col� 3  3 8� �tt0sGHH�oi� 
or�H34�7<J;HoIe�<433�33443� 

Aerini  B�  �ttele  D�  %i�lini  ��  Da�liocco  A�  Roccotiello  +�  <439� O�anti1cation of 
1ne ��st �e0osition on �ifferent 0lant s0ecies in a vertical �reenin� s�stem� +col� 
+n�� 344  <;8 <9;� �tt0sGHH�oi�or�H34�343;HI�ecolen��<43;�3<�4J<� 

��e-e2a  ��  Da���  ,�  <433� )�e livin� -alls as an a00roac� for a �ealt�� �r!an 
environment� +ner�� Aroce�ia ;  L:< L::� �tt0sGHH�oi�or�H34�343;HI� 
e��0ro�<433�4L�4;8� 

CB %reen �all Association  <43J� CB %�i�e to %reen �alls� 
�ei en!er�er  D�  'ensc�  ��  Lan�  ��  <437� )�e conver�ence of life c�cle assessment 

an� nearl� $ero�ener�� !�il�in�sG t�e case of %erman�� +ner�� (�il�� 9;  LL3 LL9� 
�tt0sGHH�oi�or�H34�343;HI�en!�il��<437�4J�4<8� 

�ernet  (�  %  (a�er  C�  �te�!in�  (�  Rein�ar�  '�  Doreno�R�i$  +�  �ei�ema  <43;� 
)�e +coinvent �ata!ase �ersion J .Aart */G �vervie- an� Det�o�olo��� �tt0GHHlin2� 
s0rin�er�comH34�3449Hs33J;9�43;�3489�8� 

�on�  ,�C�,�E�  B-an� )an  A�M�  C�en  M�  �e2ar  B�  )an  A�M�  C�an  ��  C�ian�  B�  
�on�  ,�C�,�E�  <434� )�ermal eval�ation of vertical �reener� s�stems for !�il�in� 
-alls� (�il�� +nviron� 7L  ;;J ;9<� �tt0sGHH�oi�or�H34�343;HI� 
!�il�env�<44:�48�44L� 

+�o���r)�

,� C3$ e . Climate c�an�e .CC/ 
,� C4C/** e . �$one �e0letion .��/ 
,� ��$�7 e  . Aartic�late matter formation .AD/ 
C��� . E�man toci?icit��no cancer effect .E)noc/ 
C��� . E�man to?icit��cancer effect .E)C/ 
,� 8�)3C e  . A�otoc�emical o$one formation .A�#/ 
mo�� " e  . )errestrial aci�i1cation .)A/ 
mo�� 8 e  . )errestrial e�tro0�ication .)+/ 
,� � e . #res�-ater e�tro0�ication .#+/ 
,� 8 e  . Darine e�tro0�ication .D+/ 
C��e . #res�-ater ecoto?icit� .#+?/ 
,� C �e9��t . Lan� �se .LC/ 
�+ -ater e  . �ater reso�rce �e0letion .�C/ 
,� �1 e  . Dineral an� fossil reso�rce �e0letion .D#R�/ 
56� . Livin� -all s�stem 
5C� . Life c�cle assessment 
5C' . Life c�cle inventor� 

)� 3 �e��o/D� Coo�a et a��                                                                                                                                                                                                                  


