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LCA and LCC Analysis for the 
Programming of Sustainable 
Interventions on Building Heritage
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8LI�SFNIGXMZI�SJ�XLI�VIWIEVGL�MW�XS�HIITIR�XLI�MQTSVXERGI�SJ�XLI�YWI�SJ�XLI�0MJI�']GPI�
%WWIWWQIRX� ERH� 0MJI� ']GPI� 'SWX� QIXLSHSPSKMIW� EW� HIGMWMSR� WYTTSVX� XSSPW� MR� XLI�
TPERRMRK�TLEWI�SJ�MRXIVZIRXMSRW�SR�XLI�FYMPHMRK�LIVMXEKI��MR�SVHIV�XS�MHIRXMJ]�ERH�TPER�
WYWXEMREFPI� GLSMGIW� JSV� XLI� VIRSZEXMSR� SJ� XLI� FYMPX�� %R� MRMXMEP� XLISVIXMGEP� XVIEXQIRX�
EREP]^IW� XLI� GSRGITX� SJ� WYWXEMREFPI� HIZIPSTQIRX� WXEVXMRK� JVSQ� XLI� EREP]WMW� SJ�
XLI� GYVVIRX� IRZMVSRQIRXEP� TSPMGMIW� SJ� XLI� )YVSTIER� 9RMSR�� 0MJI� ']GPI� 8LMROMRK� MW� E�
WYWXEMREFPI�ETTVSEGL�XLEX�EPPS[W�]SY�XS�QSZI�JVSQ�XLI�XVEHMXMSREP�HIWMKR�TVSGIWW�XS�E�
KPSFEP�ZMWMSR�SJ�XLI�TVSHYGXMSR�W]WXIQ��[LMGL�MRGPYHIW�EPP�XLI�MQTEGXW�XLEX�XLI�TVSHYGX�
LEW�MR�MXW�PMJI�G]GPI�
-X� SJXIR�LETTIRW� XLEX� WYWXEMREFMPMX]� MW� VIHYGIH� XS� XLI�IRIVK]�EWTIGX�SRP]�� PIEHMRK� XS�
MHIRXMJ]MRK�XLI�I\MWXMRK�FYMPHMRK�LIVMXEKI�EW�E�WSYVGI�SJ�IRIVK]�[EWXI�ERH�GSRWIUYIRXP]�
SJ� TSPPYXMSR�� *VSQ� XLMW� TSMRX� SJ� ZMI[� [I� SJXIR� GSQI� XS� EHSTX� I\XVIQI� VIWSPYXMSRW�
VERKMRK� JVSQ� MRZEWMZI� VIHIZIPSTQIRX� MRXIVZIRXMSRW�� XS� EFERHSRQIRX� SV� HIQSPMXMSR�
ERH�WYFWIUYIRX�VIGSRWXVYGXMSR��&YX�MR�VIEPMX]�XLIWI�GLSMGIW��SZIVWM^MRK�XLI�PSEH�SJ�XLI�
MRXIVZIRXMSRW��GER�HIXIVQMRI�E�KVIEXIV�MQTEGX�KMZIR�XLI�LMKL�[EWXI�SJ�IRZMVSRQIRXEP�
ERH�IGSRSQMG�VIWSYVGIW��3R�XLI�GSRXVEV]�� XLI�TVIWIVZEXMSR�SJ�I\MWXMRK�FYMPHMRKW�GER�
PIEH�XS�PIWW�RIKEXMZI�GSRWIUYIRGIW��IWTIGMEPP]�MJ�EHHVIWWIH�MR�E�WYWXEMREFPI�[E]��
8LI�WIGSRH�TEVX�SJ� XLI�[SVO�GSRWMWXW� MR� XLI�YWI�SJ�0'%�ERH�0''�QIXLSHSPSKMIW� XS�
IZEPYEXI� ERH� GSQTEVI� XLI� IRZMVSRQIRXEP� ERH� IGSRSQMG� TVSƼPI� SJ� X[S� HMJJIVIRX�
MRXIVZIRXMSR�WXVEXIKMIW�SR�E�L]TSXLIXMGEP����Qs�GSRGVIXI�WPEF�VSSJ��MRXIVIWXIH�MR�I\XVEHSW�
JVSQ�ER�EHZERGIH�WXEXI�EKMRK�SJ�XLI�[EXIVTVSSƼRK�GSEX�ERH�XLI�MRXVEHSW�JVSQ�QSPH�
and moisture spots caused by condensation
WYVJEGI�� 8LI� VIWYPXW� SJ� XLI� EREP]^IW� TVSZMHI� WIZIVEP� MRXIVIWXMRK� MRHMGEXMSRW� SJ� ER�
IRZMVSRQIRXEP�ERH�IGSRSQMG�GLEVEGXIV��YWIJYP� JSV� XLI�GSRWGMSYW�EHSTXMSR�SJ�HIWMKR�
GLSMGIW�SVMIRXIH�XS�XLI�WYWXEMREFMPMX]�SJ�XLI�IRXMVI�PMJI�G]GPI�SJ�XLI�FYMPHMRK�IPIQIRX�
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+VS[MRK� JIEVW� EFSYX� XLI� JYXYVI� SJ�
XLI� EZEMPEFMPMX]� SJ� VE[� QEXIVMEPW�
ERH� SJ� IRIVK]� WYTTP]� �TYWL��

XS[EVHW�VETMH�GLERKI��XLI�XVERWMXMSR�JVSQ�
a society that sees a continuous and 
uncontrollable growth in consumption 
XS�E�QSHIP�SJ� WSGMIX]�SVMIRXIH� XS[EVHW�
sustainable consumption, in which 
KVS[XL� IGSRSQ]� MW� LEVQSRM^IH� [MXL�
environmental and social needs. This is 
XLI�RI[�GLEPPIRKI�SJ�XLI�JYXYVI��
%�JYRHEQIRXEP�XEWO�MR�XLI�MQTPIQIRXEXMSR�
SJ� E� WXSV]� FIPSRKW� XS� XLI� GSRWXVYGXMSR�
sector, that is responsible at European 
PIZIP� SJ� EFSYX� ��	� SJ� ƼREP� IRIVK]�
GSRWYQTXMSR�� SJ� ��	� GSRWYQTXMSR� SJ�
VE[�QEXIVMEPW��EFSYX���	�SJ�KVIIRLSYWI�
KEW�IQMWWMSRW�ERH�EFSYX���	�SJ�[EWXI�
TVSHYGXMSR�� -QTEGXW� EXXVMFYXEFPI�QEMRP]�
to the comparison residential (which 
VITVIWIRXW� EFSYX� ��	� SJ� XLI� XSXEP�
FYMPHMRK�WXSGO��ERH�MR�PIWWIV�QIEWYVI�XS�
XLI�RSR�VIWMHIRXMEP�WIGXSV����	�ERH�GMZMP�
IRKMRIIVMRK� ���	�� -R� XLMW� TIVWTIGXMZI��
XLI� JYRHEQIRXEP� HEXE� EVI� FEWIH� SR�
maintenance strategies and constructive 
XIGLRSPSKMIW�EFPI�XS�STXMQM^I�XLI�YWI�SJ�
environmental resources.
The present study is aimed at reiterating 
XLI� MQTSVXERGI� SJ� XLI� YWI� SJ� XLI� 0MJI�
']GPI� %WWIWWQIRX� ERH� 0MJI� ']GPI� 'SWX�
methodologies as decision support tools 
MR�XLI�TPERRMRK�TLEWI�SJ�MRXIVZIRXMSRW�SR�
XLI�FYMPHMRK�LIVMXEKI��MR�SVHIV�XS�MHIRXMJ]�
ERH� TPER� WYWXEMREFPI� GLSMGIW� JSV� XLI�
VIGSZIV]� SJ� XLI� FYMPX�� 7TIGMƼGEPP]�� MX�
HIWGVMFIW�XLI�ETTPMGEXMSR�SJ�XLI�0'%�ERH�
0''� QIXLSH� XS� IZEPYEXI� ERH� GSQTEVI�
the economic and environmental impact 

SJ� X[S� HMJJIVIRX� MRXIVZIRXMSR� WXVEXIKMIW�
XLEX� EJJIGX� E� LSVM^SRXEP� STEUYI� GPSWYVI�
building component. The objective is to 
MHIRXMJ]� XLI� PIWW� MQTEGXJYP� GSRWXVYGXMSR�
XIGLRSPSK]�XLVSYKL�ER�MRXIKVEP��GVEHPI�XS�
KVEZI��EREP]WMW�
-R�TEVXMGYPEV��IRZMVSRQIRXEP�EWWIWWQIRXW�
[IVI� GSRHYGXIH� [MXL� XLI� LIPT� SJ� XLI�
7MQE4VS� WSJX[EVI�� 8LI� MRXIVZIRXMSR�
SR� E� ��� Qs� PEXIVS�GSRGVIXI� VSSJ� WPEF��
without a thermal insulation system, was 
WYKKIWXIH�� MRXIVIWXIH� MR� XLI� I\XVEHSW�
JVSQ� ER� EHZERGIH� WXEXI� SJ� EKMRK� SJ� XLI�
[EXIVTVSSƼRK�PE]IV��ƼK���ERH�XLI�MRXVEHSW�
JVSQ�WTSXW�SJ�QSPH�ERH�QSMWXYVI��ƼK����

1%8)6-%07�%2(�1)8,3(7

0ǣǦȨ�'ǓȱǠȨ�%ǙǙȨǙǙǟȨǞǘ

2EMHFWLYH�DQG�VFRSH
To solve the problem described 
FVMIƽ]�� ER� I\XIVREP� XLIVQEP� GSEX� LEW�
FIIR� TVSZMHIH�� MI� XLI� MRWIVXMSR� SJ� XLI�
MRWYPEXMRK� PE]IV� MR� XLI� WXVEXMKVETL]� SJ�
XLI�WPEF��FSXL�EGGSVHMRK�XS�XLI��LSX�VSSJ��
W]WXIQ� ERH� XLI� �MRZIVXIH� VSSJ�� W]WXIQ��
EW�[IPP�EW� XLI� VIFYMPHMRK�SJ� XLI� MRXIVREP�
TPEWXIV��%R�MRXIVZIRXMSR�SR�PIWW�XLER���	�
SJ� XLI� KVSWW� HMWTIVWMRK� WYVJEGI� [EW�
hypothesised, thus returning, according 
XS�XLI�(�1��������������MR�XLI�GEXIKSV]�
SJ� MRXIVZIRXMSRW� IRIVK]� VIUYEPMƼGEXMSR�
JSV�[LMGL�XLI�ETTPMGEXMSR�SJ�XLI�QMRMQYQ�
VIUYMVIQIRXW� HIƼRIH� MR� %XXEGLQIRX� ��
�� %TTIRHM\� &� MW� QERHEXSV]�� 4EVEKVETL�
���� WLS[W� XLI� PMQMX� ZEPYIW� SJ� XLI�
GLEVEGXIVMWXMG�TEVEQIXIVW�SJ�XLI�FYMPHMRK�

IPIQIRXW� MR� XLI� I\MWXMRK� FYMPHMRKW�
WYFNIGX�XS�IRIVK]�VIUYEPMƼGEXMSR��-R�SVHIV�
XS�HIƼRI� XLI�GPMQEXI�^SRI�� XLI�EREP]WMW�
[EW� GSRXI\XYEPM^IH� F]� L]TSXLIWM^MRK�
XLI� PSGEXMSR� MR� XLI� 1YRMGMTEPMX]� SJ�
4SQMKPMERS� (�%VGS� �2ETPIW� �'PMQEXI�
^SRI�'�Ɓ�(IKVIIW�(E]�������,EZMRK�XS�
KYEVERXII�E�ƼREP�XLIVQEP�XVERWQMXXERGI�
SJ�PIWW�XLER�SV�IUYEP�XS������;�Qs/��XLI�
X[S� IRIVK]� VIUYEPMƼGEXMSR� MRXIVZIRXMSRW�
LEZI� FIIR� HIWMKRIH� WXEVXMRK� JVSQ�
XLI� YRMX� XLIVQEP� XVERWQMXXERGI� SJ� XLI�
I\MWXMRK� ƽSSV�� GEPGYPEXIH� XLVSYKL� XLI�
ORS[R�VIPEXMSR�

Figure 1: Old demaged sheath
*MKYVI����7YVJEGI�EJJIGXIH�F]�QSPH�ERH�QSMWXYVI
Figure 3: Original section

C. Scognamillo

-X� MW� SFXEMRIH� XLEX� XLI� YRMX� XLIVQEP�
XVERWQMXXERGI� SJ� XLI� VSSJ� WPEF� MW� IUYEP�
XS� ������ ;�Qs/�� 8LI� XLIVQS�TL]WMGEP�
parameters relating to the materials 
ERH� XLI� ƽSSV� LEZI� FIIR� SFXEMRIH� JVSQ�
XLI�92-�������ERH��������%X�XLMW�TSMRX�
MX�[EW� TSWWMFPI� XS� GLSSWI� ERH� WM^I� XLI�
insulating layer to be inserted in the two 
HMJJIVIRX�WXVEXMKVETL]�
8LI� TVSNIGX� EPXIVREXMZIW� [MPP� FI� HIƼRIH�
EW�JSPPS[W�
• %PXIVREXMZI�%��,SX�VSSJ�
• %PXIVREXMZI�&��-RZIVXIH�VSSJ�

$OWHUQDWLYH�$
-R� XLI�ƼIPH�SJ�ƽEX� VSSJW�� XLI� X]TI�SJ�LSX�
VSSJ� MW� GIVXEMRP]� XLI� QSWX� [MHIWTVIEH��
%W�JEV�EW�XLI�WXVEXMKVETL]� MW�GSRGIVRIH��
XLI� EPXIVREXMZI� %� �ƼK�� �� ƼVWX� MRZSPZIW�
placing on the cementitious support, 
F]� QIERW� SJ� WPYHKI�� ER� EVQSVIH�
IPEWXSTPEWXSQIVMG� [EXIVTVSSƼRK� ZETSV�
FEVVMIV�QIQFVERI�����XLIR�ER�MRWYPEXMRK�
PE]IV�������ERH�ƼREPP]�XLI�[EXIVTVSSƼRK�
WLIEXL�EPWS�ƽEXXIRIH�RIEV�XLI�ZIMP�KPEWW�
that covers the outer insulation panel 
���� 8LI� EHZERXEKI� SJ� XLMW� WSPYXMSR� PMIW�
MR� FIMRK� ORS[R� ERH� ETTPMIH� JSV� E� PSRK�
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 Alternative A

&ǗǣǠȰǣǞǥ�ǟȳǘȨǚǣȳǠ 7ǣǟȳǜǚǝ�ȱǝǚǚȨǙǜǝǞȰǣǞǥ 7ǝǗǚȱȨ 5ǗȳǞǘǣǘǓ 9Ǟǣǘ

:ETSV�FEVVMIV &MXYQIR� WIEPMRK� :%��� EX�
TPERX�6)7�9

Ecoinvent 
system process

���

Kg

Bituminouswaterproo-
ƼRK�QIQFVERI

&MXYQIR� WIEPMRK� :���� EX�
TPERX�6)7�9 ���

4SP]WX]VIRI�I\XVYHIH�<47 4SP]WX]VIRI� I\XVYHIH�
<47��EX�TPERX�6)6�9 ���

Acrylic varnish %GV]PMG� ZEVRMWL� ����	� MR�
,�3��EX�TPERX�6)6�9 ��

'IQIRX�TPEWXIV &EWI�TPEXIV��EX�TPERX�',�9 ����

 Alternative B

&ǗǣǠȰǣǞǥ�ǟȳǘȨǚǣȳǠ 7ǣǟȳǜǚǝ�ȱǝǚǚȨǙǜǝǞȰǣǞǥ 7ǝǗǚȱȨ 5ǗȳǞǘǣǘǓ 9Ǟǣǘ

&MXYQMRSYW�[EXIVTVSSƼRK�
membrane

&MXYQIR� WIEPMRK� :���� EX�
TPERX�6)7�9

Ecoinvent 
system process

���

Kg
4SP]WX]VIRI�I\XVYHIH�<47 4SP]WX]VIRI�I\XVYHIH�<47��

EX�TPERX�6)6�9 ���

+VEZIP +VEZIP�� VSYRH�� EX� QMRI�
',�9 ����

'IQIRX�TPEWXIV &EWI�TPEXIV��EX�TPERX�',�9 ����
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time, reducing in this way the possibility 
SJ� IVVSVW�� *YVXLIVQSVI�� XLI� MRWYPEXMSR��
TVSXIGXIH� F]� XLI� [EXIVTVSSƼRK�
layer, retains its characteristics and 
TIVJSVQERGI� JSV� PSRKIV� ERH� HSIW� RSX�
YRHIVKS� XLI� PIEGLMRK� IJJIGX�� -R� XLMW�
VIKEVH��XLI�YWI�SJ�I\TERHIH�TSP]WX]VIRI�
TERIPW�MW�JSVIWIIR�I\XVYHIH�<47�GSYTPIH�
XS�IEGL�SXLIV� JSV�E� XSXEP� XLMGORIWW�SJ���
GQ�� QEXIVMEP� GLSWIR� FSXL� JSV� MXW� LMKL�
insulating capacity and because it is able 
XS� VIWTSRH� XS� LMKLIV� VIUYMVIQIRXW� SJ�
resistance to compression and humidity. 
-XW� TSWMXMSR� YRHIV� XLI� QERXPI� QEOIW�
MX� RIGIWWEV]� XS� YWI�� JSV� XLI� SYXIVQSWX�
PE]IV�� E� TVI�GSYTPIH� <47� TERIP� [MXL� E�
bituminous membrane. The decision 
not to use a single panel is dictated by 
maintenance and economic issues that 
will be dealt with later. Moreover, given 
XLI� EFWIRGI� SJ� LIEZ]� TVSXIGXMSR�� E�
QIGLERMGEP�Ƽ\MRK�MW�TVSZMHIH��QEHI�[MXL�
��I\TERWMSR�FPSGOW�TIV�TERIP��SRI�MR�XLI�
middle and the others in the corners, at a 
HMWXERGI�SJ����QQ�JVSQ�XLI�IHKIW�

EP[E]W� QEHI� SJ� I\XVYHIH� TSP]WX]VIRI�
TERIPW� SJ� �� GQ�� FYX� XLMW� XMQI� PEMH� HV]��
This stratigraphy allows to protect 
XLI� [EXIVTVSSƼRK� PE]IV� JVSQ� XLIVQEP�
changes, keeping it at temperatures 
GPSWI� XS� XLSWI� SJ� XLI� GEVVMIV�� ERH� EPWS�
EPPS[W�XLI�IPMQMREXMSR�SJ�XLI�ZETSV�FEVVMIV��
[LSWI�JYRGXMSR�MW�HMVIGXP]�TIVJSVQIH�F]�
the sealing layer. To protect the insulating 
TERIPW�� E� W]RXLIXMG� JIPX� MW� MRWXEPPIH� ERH�
then a heavy protection in washed round 
gravel, which also allows access to the 
VSSJ�JSV�QEMRXIRERGI�[SVO�
The thermophysical parameters relating 
XS�XLI�QEXIVMEPW�ERH�XLI�ƽSSV�LEZI�FIIR�
SFXEMRIH�JVSQ�XLI�92-������ERH��������
;I�SFXEMR�9RMX�XLIVQEP�XVERWQMXXERGI�9!�
������;�Qs/��9limit�!�������;�Qs/�
8LI� HIƼRMXMSR� SJ� XLI� FSYRHEVMIW� SJ�
XLI� EREP]^IH� W]WXIQW� GSRWMWXW� SJ� E�
necessary step to be able to construct 
XLI� IRZMVSRQIRXEP� FEPERGIW�SJ� XLI� 0'%�
EREP]^IW�
8LIVIJSVI� MX� [EW� RIGIWWEV]� XS� HMZMHI�
XLI� PMJI� G]GPI�TLEWIW�SJ� XLI� X[S�HIWMKR�
EPXIVREXMZIW�MRXS�JSYV�KVSYTW�
• 4VSHYGXMSR��[LMGL� MRGPYHIW� XLI�SJJ�

TVSHYGXMSR�TLEWIW�
• )\IGYXMSR�� [LMGL� MRGPYHIW� XLI�

TLEWIW�SJ�I\IGYXMSR�MR�[SVO�
• Maintenance, which includes the 

TLEWIW� SJ� I\IGYXMSR� XVMKKIVIH� F]�
TSWWMFPI�QEMRXIRERGI�MRXIVZIRXMSRW�

• Decommissioning, which includes 
EPP�XLI�IRH�SJ�PMJI�TLEWIW�

,QYHQWRU\�DQDO\VLV
8LI� WIGSRH� TLEWI� SJ� XLI� 0MJI� ']GPI�
%WWIWWQIRX� JSVQW� XLI� GSVI� SJ� XLI�
analysis and consists in the quantitative 
ERH� UYEPMXEXMZI� GSPPIGXMSR� SJ� HEXE�
VIKEVHMRK�XLI�ƽS[W�SJ�QEXXIV�ERH�IRIVK]�
entering and leaving the two systems.
For this reason it was necessary to 
associate the materials and processes, 
MRZSPZIH�MR�XLI�HMJJIVIRX�TLEWIW�EREP]^IH��
to the data present in the databases 
EZEMPEFPI�MR�7MQE4VS�

3KDVH�RI�SURGXFWLRQ
8LI� JSPPS[MRK� XEFPIW� MRHMGEXI� JSV� IEGL�
material the correspondence with the 
HEXEFEWIW� YWIH� F]� XLI� WSJX[EVI�� XLI�
source and the quantity required.

The thermophysical parameters relating 
XS�XLI�QEXIVMEPW�ERH�XLI�ƽSSV�LEZI�FIIR�
SFXEMRIH�JVSQ�XLI�92-������ERH��������
We obtain Unit thermal transmittance U 
!�������;�Qs/��9limit�!�������;�Qs/�

$OWHUQDWLYH�%
-R� GSRXVEWX� XS� XLI� [EVQ� VSSJ�� MR� XLI�
MRZIVXIH� VSSJ� �ƼK�� �� XLI� FMXYQMRSYW�
QERXPI����MW�PEMH�YRHIV�XLI�MRWYPEXMSR�����

Figure 4: Alternative A
Figure 5: Alternative B
8EFPI����7MQETVS�GSVVIWTSRHMRK�JSV�XLI�FYMPHMRK�QEXIVMEPW
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Alternative A

&ǗǣǠȰǣǞǥ�ǟȳǘȨǚǣȳǠ 8ǓǜȨ�ǝǦ�ǘǚȳǞǙǜǝǚǘ (ǣǙǘȳǞȱȨ 'ǝǟǜȳǞǓ 1ǗǞǣȱǣǜȳǠǣǘǓ

:ETSV�FEVVMIV

8VERWTSVX�ZER� ���X�
RES U

76,6 Km 4VIFMX &EXXMTEKPME��7%
Bituminous 
[EXIVTVSSƼRK�
membrane

4SP]WX]VIRI�I\XVYHIH�
<47

Acrylic varnish �����/Q Malvin +VMGMKRERS�HM�
%ZIVWE��')

'IQIRX�TPEWXIV �����/Q 'EH 'EMZERS��2%

Alternative B

&ǗǣǠȰǣǞǥ�ǟȳǘȨǚǣȳǠ 8ǓǜȨ�ǝǦ�ǘǚȳǞǙǜǝǚǘ (ǣǙǘȳǞȱȨ 'ǝǟǜȳǞǓ 1ǗǞǣȱǣǜȳǠǣǘǓ

Bituminous 
[EXIVTVSSƼRK�
membrane

8VERWTSVX�ZER� ���X�
RES U 76,6 Km 4VIFMX &EXXMTEKPME��7%

4SP]WX]VIRI�I\XVYHIH�<47

+VEZIP Transport, lorry 3,5-
���X��)YVS���6)7�9 15,5 Km Semac Roccarainola 

�2%

'IQIRX�TPEWXIV 8VERWTSVX�ZER� ���X�
RES U �����/Q 'EH 'EMZERS��2%

in_bo

8EFPI����8VERWTSVX�HEXIW�JSV�XLI�FYMPHMRK�QEXIVMEPW

3KDVH�RI�H[HFXWLRQ
To reduce the environmental impacts 
due to transport, the materials used 
JSV� XLI� MRXIVZIRXMSRW� GSQI� JVSQ� PSGEP�
JEGXSVMIW��%�GLSMGI�XLEX�VIGEPPW�TEVEKVETL�
�������(MWXERGI�SJ�WYTTP]�SJ�GSRWXVYGXMSR�
TVSHYGXW��SJ�XLI�(�1��.ERYEV]�����������
[LIVI� MX� MW� VIUYMVIH�� JSV� XLI� E[EVH� SJ�
XLI� VI[EVHMRK� WGSVI�� XLEX� EX� PIEWX� ��	�
F]�[IMKLX�SJ� XLI�QEXIVMEPW�YWIH� JSV� XLI�
MRXIVZIRXMSR� EVI� I\XVEGXIH�� GSPPIGXIH� SV�
recovered, as well as processed, within 
����OQ�SJ� XLI�WLMT]EVH�[LIVI� XLI]�EVI�
put in place.
-R� XLI� JSPPS[MRK� XEFPIW�� XLI� HMWXERGI� SJ�
XLI� TVSHYGXMSR� WMXIW� JVSQ� XLI� WMXI� ERH�
XLI�X]TI�SJ�XVERWTSVX�MW�HIƼRIH�JSV�IEGL�
QEXIVMEP��8EFPI���

Furthermore, the energy consumption 
VIWYPXMRK� JVSQ� XLI� YWI� SJ� XLI� TPEWXIV�
demolition equipment and the 
QIGLERMGEP� Ƽ\MRK� SJ� XLI� <47� TERIPW�
JSV� XLI� LSX� VSSJ� LEZI� FIIR� IWXMQEXIH�
�WGVI[HVMZIV� HVMPP� ����� O;L�� HIQSPMXMSR�
LEQQIV�������O;L�
%W�[IPP�EW�XLI�GSRWYQTXMSR�SJ�[EXIV�JSV�
XLI� VIGSRWXVYGXMSR� SJ� XLI� TPEWXIV� IUYEP�
XS� ���� PMXIVW�� ERH� XLI� GSRWYQTXMSR� SJ�
TVSTERI� KEW� JSV� XLI� PE]MRK� SJ� E� WMRKPI�
PE]IV�SJ�FMXYQMRSYW�QIQFVERI��TVSTERI�
KEW�XSVGL���/K�

3KDVH�RI�PDLQWHQDQFH
*SV�XLI�MQTEGX�EREP]WMW��E�YWIJYP�PMJI�SJ����
]IEVW�[EW�GSRWMHIVIH�� JSV�[LMGL� MX�[EW�
TSWWMFPI�XS�HIƼRI�XLI�XIQTSVEP�GEHIRGIW�
SJ� XLI� QEMRXIRERGI� MRXIVZIRXMSRW�
IRZMWEKIH�JSV�IEGL�MRXIVZIRXMSR�WXVEXIK]�
The investigations carried out to date, 
SR� I\MWXMRK� VSSJW�� LEZI� WLS[R� XLEX� XLI�
GSRGITX�SJ�HYVEFMPMX]�SJ�ER�MQTIVQIEFPI�
QERXPI� WLSYPH� RSX� FI� WITEVEXIH� JVSQ�
XLI�W]WXIQ� MR�[LMGL� MX� MW� MRWIVXIH�� JVSQ�
MRXIVEGXMSRW�[MXL� SXLIV� PE]IVW� ERH� JVSQ�
XLI� TVIWIRGI� SV� EFWIRGI� SJ� E� LIEZ]�
TVSXIGXMSR�EFPI�XS�TVSXIGX�MX�JVSQ�MRGMHIRX�
WSPEV� VEHMEXMSR�� JVSQ� XIQTIVEXYVI�
GLERKIW�� JVSQ�[MRH� ERH� LEMP� ERH� SXLIV�
QIGLERMGEP�WXVIWWIW��8LI�HYVEXMSR�SJ�XLI�
[EXIVTVSSƼRK�PE]IV�MW�WXVMGXP]�GSRRIGXIH�
to the stratigraphy in which it is inserted 
ERH�XS�XLI�GSVVIGX�HIWMKR�SJ�XLI�PEXXIV�
-R� ������ EVGLMXIGX� ERH� TL]WMGMWX� .SR�

(YVM�:MXEG�GSQTPIXIH�E����]IEV�VIWIEVGL�
SR� XLI� ƽEX� VSSJ�[EXIVTVSSƼRK� W]WXIQW�
FYMPX� MR� 7[MX^IVPERH�� %GGSVHMRK� XS� XLI�
EYXLSV�� [MXL� VIKEVH� XS� XLI� TVSFPIQ� SJ�
durability, the best results were obtained 
with the systems where the mantle 
MW� TVSXIGXIH�� IWXMQEXMRK� JSV� WSPYXMSRW�
WYGL� EW� XLI� MRZIVXIH� VSSJ� E� HYVEXMSR�
SJ���� ]IEVW��;LMPI� MR�ƽEX� VSSJW�GSZIVIH�
with traditional stratigraphy and without 
protection, where the mantle is made 
SJ� TSP]QIV� FMXYQIR� QIQFVERIW�� XLI�
IWXMQEXIH� HYVEXMSR� MW� ��� ]IEVW� [MXL�
TSSV� HIJIGXW�� 8LI� ƼRHMRKW� TYFPMWLIH�
F]� XLI� &VMXMWL� *PEX�6SSƼRK� 'SYRGMP� MR�
1995 include the results published by 
XLI� &VMXMWL� *PEX�6SSƼRK� 'SYRGMP� MR� E�
VIWIEVGL�GSRHYGXIH�F]�2ETMIV�9RMZIVWMX]�
SJ� )HMFYVK� SR� XLI� HYVEFMPMX]� SJ� XLI�
ƽEX� VSSJW�� 8LI� VITSVX� IWXMQEXIW� E� ���
]IEV� HYVEXMSR� JSV� XVEHMXMSREP� QYPXMPE]IV�
FMXYQMRSYW� W]WXIQW� MJ� VIMRJSVGIH� [MXL�
RSR�[SZIR� TSP]IWXIV� JEFVMG� ERH� E� ���
]IEV� WLIPJ� PMJI� JSV�QIQFVERIW�QEHI� SJ�
TSP]QIV� FMXYQIR� QIQFVERI�� -R� FSXL�
cases, according to the report, there are 
no protection systems.

-R� GSRGPYWMSR�� XLI� PMJI� WTER� SJ� E�
FMXYQMRSYW�QERXPI�MW�������]IEVW�[LIR�
MX� MW� TPEGIH� MRWMHI� E� LSX� VSSJ� W]WXIQ�
[MXLSYX�TVSXIGXMSR��SJ�������]IEVW�[LIR�
MRWXIEH�MX�MW�ER�MRZIVXIH�VSSJ�WSPYXMSR�
*SV� XLI� X[S� EPXIVREXMZIW� EREP]^IH�� MX�
[EW� IRZMWEKIH� XLI� YWI� SJ� RSR�WIPJ�
protected bituminous membranes, ie 
[MXLSYX� XLI� TVSXIGXMZI� PE]IV�� QEHI� JSV�
I\EQTPI�[MXL�WPEXI�SV�KVMX�WGEPIW��-RWXIEH�
XLI]� EVI� ƼRMWLIH� [MXL� XEPGYQ� SV� WERH��
WS� WMRGI� [MXL� XLI� WSPYXMSR� SJ� XLI� LSX�
VSSJ� XLI]� EVI� I\TSWIH� XS� HMVIGX� WSPEV�
radiations and to the consequent high 
XIQTIVEXYVIW� SJ� XLI� LSX� QSRXLW�� XLI]�
must be protected with acrylic paints. 
8LI� HYVEXMSR� SJ� XLI� TVSXIGXMZI� TEMRX�
IƾGMIRG]� LEW� FIIR� IWXMQEXIH� XS� FI�
EVSYRH� �� ]IEVW�� 8LI� VIGSRWXVYGXMSR� SJ�
XLI� MRXIVREP� TPEWXIV� LEW� FIIR� JSVIWIIR�
IZIV]� ��� ]IEVW�� [LMPI� MR� XLI� ��� ]IEVW�
no maintenance intervention has been 
JSVIWIIR� XS� XLI� MRWYPEXMRK� PE]IV� I\GITX�
JSV� XLI� VITPEGIQIRX� SJ� XLI� TVI�GSYTPIH�
<47�TERIP�XS�XLI�FMXYQMRSYW�QIQFVERI��
TVIWIRX� MR� XLI�WXVEXMKVETL]�SJ� XLI�[EVQ�
VSSJ�� 3TIVEXMSR� RIGIWWEV]� XS� EPPS[� XLI�

C. ScognamilloLCA and LCC Analysis for the Programming of 
Sustainable Interventions on Building Heritage
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8EFPI����8VERWTSVX�HEXIW�JSV�XLI�FYMPHMRK�QEXIVMEPW

VIGSRWXVYGXMSR�SJ�XLI�FMXYQMRSYW�QERXPI��
-X�MW�XLIVIJSVI�IZMHIRX�XLI�IGSRSQMG�ERH�
environmental savings obtained with the 
GLSMGI� SJ� YWMRK� SZIVPETTMRK� I\XVYHIH�
TSP]WX]VIRI�TERIPW�MR�XLI�[EVQ�VSSJ�
-R�WYQQEV]�� XLI� JSPPS[MRK� MRXIVZIRXMSRW�
were planned during the maintenance 
TLEWI�SJ�%PXIVREXMZI�%����,SX�VSSJ��
• XLI�VIGSRWXVYGXMSR�SJ�XLI�FMXYQMRSYW�

QERXPI�IZIV]����]IEVW�
• XLI� VIGSRWXVYGXMSR� SJ� XLI� TPEWXIV�

IZIV]����]IEVW�
• TEMRXMRK�SJ� XLI�FMXYQMRSYW�WYVJEGI�

IZIV]���]IEVW�
;LMPI�JSV�XLI�%PXIVREXMZI�&��MRZIVXIH�VSSJ��
• XLI�VIGSRWXVYGXMSR�SJ�XLI�FMXYQMRSYW�

QERXPI�IZIV]����]IEVW�
• XLI� VIGSRWXVYGXMSR� SJ� XLI� TPEWXIV�

IZIV]����]IEVW�

8LI�QEXIVMEPW�HIQSPMWLIH�EW�E�VIWYPX�SJ�
maintenance work were considered sent 
XS� VIG]GPMRK�SV� PERHƼPP�� EGGSVHMRK� XS� XLI�
JSPPS[MRK�TIVGIRXEKIW�
• MRIVX��TPEWXIV�����	�VIG]GPI�
• FMXYQMRSYW�WLIEXL�����	�PERHƼPP�
• <47� TERIP� �TVI�GSYTPIH� XS� XLI�

FMXYQMRSYW�WLIEXL�����	�PERHƼPP�

'HFRPPLVVLRQLQJ�SKDVH
For the decommissioning phase a 
manual and mechanical demolition 
was considered, with the consequent 
WITEVEXMSR�SJ�XLI�QEXIVMEPW�ERH�XLIMV�PSEH�
on the trucks.
The materials were sent to recycling 
SV� PERHƼPP�� EGGSVHMRK� XS� XLI� JSPPS[MRK�

TIVGIRXEKIW�
• EKKVIKEXIW� �TPEWXIV�� KVEZIP�� ���	�

VIG]GPI�
• FMXYQMRSYW�WLIEXL�����	�PERHƼPP�
• ZETSV�FEVVMIV�����	�PERHƼPP�
• <47� TERIP� �EPXIVREXMZI� &�� ���	�

VIG]GPMRK�
• <47� TERIP� �EPXIVREXMZI� %�� ��	�

VIG]GPMRK����	�PERHƼPP�

-R� XLMW� ƼVWX� TEVX�� XLI� GSRWYQTXMSR�
SJ� VIWSYVGIW� ERH� IRIVK]� VIPEXIH� XS�
XLI� IRXMVI� PMJI� G]GPI� SJ� FSXL� WSPYXMSRW�
I\EQMRIH� �MRTYX� [IVI� MHIRXMƼIH� ERH�
UYERXMƼIH�� EVVMZMRK� XLIR� XS� WXVYGXYVI� E�
real environmental balance with the help 
SJ� XLI� HEXE� TVSZMHIH� F]� XLI� 7MQE4VS�
WSJX[EVI� HEXEFEWI�� WYGL� EW� IQMWWMSRW�
MRXS�EMV��[EXIV�ERH�WSMP��SYXTYX��

(YDOXDWLRQ�RI�,PSDFWV
-R� XLMW� TLEWI� XLI� I\XIRX� SJ� XLI�
environmental impacts caused by the 
two intervention alternatives studied 
was assessed. This evaluation starts 
JVSQ� XLI� RYQIVMGEP� HEXE� GEPGYPEXIH� MR�
the inventory phase and allows, through 
XLI� YWI� SJ� EKKVIKEXIH� MRHMGEXSVW�� JSV�
MRXIVREXMSREP�YWI��XS�UYERXMJ]�XLI�MQTEGXW�
ERH� XS� MHIRXMJ]� XLI� IRZMVSRQIRXEP�
GVMXMGEPMXMIW�� ;I� XLIR� QSZI� JVSQ� XLI�
RYQIVMGEP� HEXE� XS� XLI� NYHKQIRX� SJ�
danger.
With the Eco-indicator 99 evaluation 
QIXLSH�TVIWIRX�MR�XLI�7MQE4VS�WSJX[EVI��
it was possible to quantitatively associate 
EPP� GSRWYQTXMSR� SJ� VIWSYVGIW� ERH�

environmental releases to certain impact 
GEXIKSVMIW��JSVQEXMSR�SJ�TLSXSGLIQMGEP�
WQSK�� WXVEXSWTLIVMG� S^SRI� HITPIXMSR��
IXG�� EXXVMFYXEFPI� XS� XLIQ� EMQIH� EX�
XLVII�QENSV�EVIEW�SJ�KIRIVEP�TVSXIGXMSR��
,YQER� ,IEPXL�� )GSW]WXIQ� 5YEPMX]� ERH�
6IWSYVGIW�� 8LI� VIWYPXW� SFXEMRIH� JVSQ�
XLI� [IMKLMRK� SJ� XLIWI� XLVII� GEXIKSVMIW�
SJ� HEQEKI� [IVI� EHHIH� XSKIXLIV� �JVSQ�
)GSMRHMGEXSV���MR�E�WMRKPI�WGSVI��GEPPIH�
IGS�MRHMGEXSV��4SMRX�SV�1MPPMTSMRX��[LMGL�
EPPS[IH� XS� UYERXMJ]� XLI� IRZMVSRQIRXEP�
impact associated with the systems 
studied.

&DWHJRULHV�RI�HQYLURQPHQWDO�LPSDFW
*SV� IEGL� TLEWI� SJ� XLI� PMJI� G]GPI� SJ� XLI�
X[S� HIWMKR� EPXIVREXMZIW�� XLI� EQSYRX� SJ�
IRZMVSRQIRXEP� HEQEKI� [EW� XLIVIJSVI�
IWXMQEXIH�JSV�IEGL�MQTEGX�GEXIKSV]�XLEX�
belongs to the materials used.

Alternative A
-R� XLI�TVSHYGXMSR� ERH� I\IGYXMSR�TLEWI��
the insulating panel determined the 
highest impact values, in particular with 
VIKEVH�XS�XLI�S^SRI�PE]IV�VIHYGXMSR�
During the maintenance phase, the 
greatest damage was generated by the 
VIRSZEXMSR� SJ� XLI� [EXIVTVSSJ� GSZIVMRK�
ERH�JSPPS[IH�F]�XLI�TEMRXMRK�MRXIVZIRXMSR�
with the protective acrylic paint.
-R� XLI� HIGSQQMWWMSRMRK� TLEWI� XLI�
MQTEGX�GEXIKSVMIW�LEZI�FIIR�WMKRMƼGERXP]�
GSQTVSQMWIH� F]� XLI� HMWTSWEP� SJ� RSR�
recyclable materials.

Alternative B
-R�XLI�TLEWI�SJ�TVSHYGXMSR�ERH�I\IGYXMSR�
SJ�XLI�MRZIVXIH�VSSJ��XLI�KVIEXIWX�HEQEKI�
was determined by the insulating 
TERIP� MR� I\XVYHIH� TSP]WX]VIRI� JSEQ�
ERH� F]� XLI� [EXIVTVSSƼRK� QIQFVERI��
7TIGMƼGEPP]�� XLI� MRWYPEXMSR� [EW�
VIWTSRWMFPI� MR� TEVXMGYPEV� JSV� HEQEKI�
VIPEXIH�XS�XLI�S^SRI�PE]IV�VIHYGXMSR�ERH�
GPMQEXI�GLERKI��[LMPI�XLI�QIQFVERI�SJ�
carcinogenic damage to humans and 
XLI�YWI�SJ�WSMP�ERH�QMRIVEPW�
%W� JSV� XLI� [EVQ� VSSJ�� HYVMRK� XLI�
maintenance phase the greatest 
HEQEKI� MW� HYI� XS� XLI� VIFYMPHMRK� SJ� XLI�
[EXIVTVSSJ�GSZIVMRK�
-R� XLI� HIGSQQMWWMSRMRK� TLEWI� EPP�
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4X
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,YQER�LIEPXL

4X

73,373 ������

Ecosystem quality ������ 35,751

Resources ������� 139,57

TOTAL 318,05 222,123
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8EFPI����4LEWI�SJ�QEMRXIRERGI��'EXIKSV]�SJ�HEQEKI�WGSVI
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the impact categories have been 
GSQTVSQMWIH� F]� XLI� [EXIVTVSSƼRK�
membrane, since it is the only non-
VIG]GPEFPI� GSQTSRIRX� SJ� XLI� MRZIVXIH�
VSSJ�WXVEXMKVETL]�

&DWHJRULHV�RI�HQYLURQPHQWDO�GDPDJH
Subsequently, the environmental 
impacts that compete with the two 
design alternatives have been traced 
FEGO�XS�XLI�XLVII�GEXIKSVMIW�SJ�HEQEKI�
• ,YQER�,IEPXL��QIEWYVIH�MR�(%0=�
• Ecosystem Quality, measured in 

4(*���Q�]�
• Resources, measured in MJsurplus.
• The results are shown as a single 

WGSVI��4SMRX���4X�

Alternative A
-R�XLI�TVSHYGXMSR�ERH�I\IGYXMSR�TLEWIW��
XLI�I\TPSMXEXMSR�SJ�VIWSYVGIW�VITVIWIRXIH�
XLI�QSWX�WMKRMƼGERX�GEXIKSV]�SJ�HEQEKI��
QEMRP]� GEYWIH� F]� XLI� <47� MRWYPEXMSR�
TERIP��XLI�[EXIVTVSSƼRK�QIQFVERI�ERH�
the vapor barrier.
8LI� VIFYMPHMRK� ERH� TEMRXMRK� SJ� XLI�
[EXIVTVSSƼRK� QERXPI� [IVI� XLI�
maintenance interventions responsible 
JSV�XLI�KVIEXIV�GSRWYQTXMSR�SJ�VIWSYVGIW�
and the greater damage to human health 
ERH� XS� XLI� UYEPMX]� SJ� XLI� IGSW]WXIQ��
%QSRK�XLI�GEYWIW��XLI�RIIH�XS�EPWS�LEZI�
to replace the pre-bitumed insulating 
<47�TERIP��XLI�MQTSWWMFMPMX]�SJ�VIG]GPMRK�
ERH�XLI�LMKL�JVIUYIRG]�MR�LEZMRK�XS�YWI�
acrylic paint.
During the decommissioning phase, the 
QSWX� WMKRMƼGERX� HEQEKI� GEXIKSVMIW�
[IVI� XLI� UYEPMX]� SJ� XLI� IGSW]WXIQ� ERH�
LYQER� LIEPXL�� -QTEGXW� HIXIVQMRIH� F]�
XLI�JEGX�XLEX�QSWX�SJ�XLI�QEXIVMEPW�YWIH�
MR�XLI�WXVEXMKVETL]�SJ�XLI�[EVQ�VSSJ�IRHW�
YT�MR�PERHƼPPW�

Alternative B
8LI� [EXIVTVSSƼRK� QIQFVERI� ERH� XLI�
<47� MRWYPEXMRK� TERIP� [IVI� VIWTSRWMFPI�
JSV� XLI� KVIEXIWX� HEQEKI� MR� XLI�
TVSHYGXMSR� ERH� I\IGYXMSR� TLEWIW�� -R�
particular, Resources was the most 
GSQTVSQMWIH� GEXIKSV]� SJ� HEQEKI�� %W�
JSV� XLI� EPXIVREXMZI� %�� XLI� VIFYMPHMRK� SJ�
XLI� [EXIVTVSSJ� GSZIVMRK� VITVIWIRXIH�
the maintenance intervention with the 

greatest environmental impact.
-R� XLI� TLEWI� SJ� HIGSQQMWWMSRMRK� XLI�
MQTSWWMFMPMX]�SJ�VIG]GPMRK�XLI�[EXIVTVSSƼRK�
membrane has determined damage to the 
UYEPMX]� SJ� XLI� IGSW]WXIQ� ERH� XS� LYQER�
LIEPXL��3R�XLI�SXLIV�LERH��XLI�MQTEGXW�SJ�XLI�
remaining materials were negligible.

-ǞǘȨǚǜǚȨǘȳǘǣǝǞ

3KDVH�RI�SURGXFWLRQ
-R� XLMW� PEWX� TLEWI� SJ� XLI� 0'%� EREP]WMW��
a comparative assessment was made 
between the two design alternatives 
according to the environmental impacts 

UYERXMƼIH� MR� XLI� TVIZMSYW� TLEWIW�� -R�
the production phase, the alternative A 
presented the largest environmental load in 
EPP�XLVII�GEXIKSVMIW�SJ�HEQEKI��[MXL�E�XSXEP�
MQTEGX�SJ�����TSMRXW��8LI�QSWX�WMKRMƼGERX�
KET�SGGYVVIH�[MXL�VIKEVH�XS�XLI�I\TPSMXEXMSR�
SJ� VIWSYVGIW�� ����� 4X� JVSQ� %PXIVREXMZI� &�
EKEMRWX������4X�JVSQ�%PXIVREXMZI�%�
8LI� GEXIKSV]� SJ� MQTEGX� XLEX� MRHMGEXIH�
XLI� KVIEXIWX� HMJJIVIRGI� FIX[IIR� XLI� X[S�
design solutions and at the same time 
XLI�QENSV� IRZMVSRQIRXEP� GVMXMGEPMX]� SJ� XLI�
EPXIVREXMZI�%��VIKEVHMRK�XLI�I\TPSMXEXMSR�SJ�
VIWSYVGIW��[EW�XLEX�GSRGIVRMRK�XLI�YWI�SJ�
minerals.

3KDVH�RI�H[HFXWLRQ
%PWS� MR� XLI� I\IGYXMSR� TLEWI�� XLI�
alternative A was the design solution 

VIWTSRWMFPI�JSV� XLI�QENSV�HEQEKI��[MXL�
E� XSXEP� IRZMVSRQIRXEP� MQTEGX�SJ� ����4X�
ZIVWYW�����4X�SJ�XLI�EPXIVREXMZI�&�

3KDVH�RI�PDLQWHQDQFH
%� WMQMPEV� WTIIGL� JSV� XLI� QEMRXIRERGI�
phase, where the gap between the two 
alternatives was more pronounced not 
SRP]� MR� XLI� GEXIKSV]�SJ� HEQEKI� VIPEXIH�

to resources but also in that relating to 
human health.
-R� XLMW� GEWI�� XLI� XSXEP� IRZMVSRQIRXEP�
MQTEGX�SJ�XLI�LSX�VSSJ�WSPYXMSR�[EW���	�
LMKLIV� XLER� XLI� MRZIVXIH� VSSJ� WSPYXMSR��

C. ScognamilloLCA and LCC Analysis for the Programming of 
Sustainable Interventions on Building Heritage
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,YQER�LIEPXL

4X

11,1 ����

Ecosystem quality ����� ����

Resources ���� ����

TOTAL 24,04 17,91

Alternative A

'ǝǙǘǙ

'ǝǞǙǘǚǗȱǘǣǝǞ ]IEV�� �Ɲ�����������

1ȳǣǞǘȨǞȳǞȱȨ   

acrylic paint ER]���]IEVW �Ɲ�����������

VIQEOI�[EXIVTVSSJ�QERXPI ER]����]IEVW �Ɲ�����������

remake plaster ER]����]IEVW �Ɲ�����������

(ȨȱǝǟǟǣǙǙǣǝǞǣǞǥ ]IEV��� �Ɲ�����������

Alternative B

'ǝǙǘǙ

'ǝǞǙǘǚǗȱǘǣǝǞ ]IEV�� �Ɲ�����������

1ȳǣǞǘȨǞȳǞȱȨ   

VIQEOI�[EXIVTVSSJ�QERXPI ER]����]IEVW �Ɲ�����������

remake plaster ER]����]IEVW �Ɲ�����������

(ȨȱǝǟǟǣǙǙǣǝǞǣǞǥ ]IEV��� �Ɲ�����������
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8EFPI����4LEWI�SJ�HIGSQQMWWMSRMRK��'EXIKSV]�SJ�HEQEKI�WGSVI
Table 8: Phases costs

because alternative A needs more 
MRXIRWMZI� QEMRXIRERGI� HYVMRK� MXW� PMJI�
G]GPI�� -R� JEGX�� WMRGI� XLI� [EVQ� VSSJ�
W]WXIQ�KYEVERXIIW�E�LEPJ�PMJI�GSQTEVIH�
XS� XLI� MRZIVXIH� VSSJ�� SZIV� XLI� ���]IEV�
WIVZMGI� PMJI�� MX� MW�RIGIWWEV]�XS�GEVV]�SYX�
two restoring works on the bituminous 
WYVJEGI�� XS� [LMGL� EHHMXMSREPP]� XLI�
painting operations must be added with 
acrylic protective paint. two years.

3KDVH�RI�GHFRPPLVVLRQLQJ
Even in the decommissioning phase the 
alternative B was the most sustainable 
solution, with a total environmental 

MQTEGX� ZEPYI�SJ� ������4X� GSQTEVIH� XS�
������4X�SJ�XLI�EPXIVREXMZI�%��8LMW�XMQI��
LS[IZIV�� XLI� GEXIKSVMIW� SJ� HEQEKI�
that they presented the main problems 
were those related to human health and 
XLI� UYEPMX]� SJ� XLI� IGSW]WXIQ��(EQEKI�
GEYWIH�F]�XLI�MQTSWWMFMPMX]�SJ�FIMRK�EFPI�
to recycle the bitumen-based material, 
[LMGL�MR�XLI�GEWI�SJ�XLI�WXVEXMKVETL]�SJ�
XLI�LSX�VSSJ�W]WXIQ�QEOI�YT���	�[LMPI�
MR�XLI�MRZIVXIH�VSSJ�W]WXIQ�EFSYX���	�
8LI� MRXIVTVIXEXMSR� SJ� XLI� VIWYPXW�
SFXEMRIH� GSRWMHIVMRK� XLI� [LSPI� PMJI�
G]GPI��VIJIV�XS�TEVEKVETL�����

0ǣǦȨ�'ǓȱǠȨ�'ǝǙǘǣǞǥ

%W� JSV� XLI� 0MJI� ']GPI� %WWIWWQIRX�
QIXLSHSPSK]�� EPWS� JSV� 0MJI� ']GPI� 'SWX�
%REP]WMW� XLI�TLEWIW�SJ� XLI� PMJI� G]GPI�SJ�
the two alternatives have been divided 
MRXS�HMJJIVIRX�KVSYTMRKW�
• 'SRWXVYGXMSR�� [LMGL� MRGPYHIW�

XLI� GSWXW� HYI� XS� XLI� TLEWIW� SJ�
I\IGYXMSR�MR�[SVO�

• Maintenance, which includes the 
costs triggered by maintenance 
EGXMZMXMIW�

• Decommissioning, which includes 
XLI� GSWXW� HYI� XS� XLI� IRH� SJ� PMJI�
phases.

;MXL� XLI� LIPT� SJ� XLI� 4VMGI� 0MWX� SJ�
'EQTERME�6IKMSR�ERH�I\XIVREP�WSYVGIW��
MJ� RIGIWWEV]�� E�QIXVMG� IWXMQEXI� ���[EW�
HVE[R� YT� JSV� XLI� HMJJIVIRX� TLEWIW� SJ�
each intervention, thus obtaining the 
VIPEXIH�GSWXW��8EFPI���
8S�XLIWI�GSWXW��MX�[EW�RIGIWWEV]�XS�EHH�
• costs related to energy consumption 

JSV�XLI�VIQSZEP�SJ�TPEWXIV��XS�QM\�XLI�
ƼRI�QSVXEV�MR�XLI�GIQIRX�QM\IV�ERH�
JSV�XLI�QIGLERMGEP�Ƽ\MRK�SJ�XLI�<47�
TERIPW�JSVIWIIR�JSV�XLI�LSX�VSSJ�

• the cost related to the consumption 
SJ� ���� PMXIVW� SJ� [EXIV� JSV� XLI�
VIQEOMRK�SJ�XLI�TPEWXIV��������Ɲ�

• the cost related to the consumption 
SJ� ���� PMXIVW� SJ� [EXIV� JSV� XLI� GSR-
WXVYGXMSR�SJ�XLI�WYFXPI�FEWI�WGVIIH��
Ɲ�������

• XLI� GSWX� SJ� TVSTERI� KEW�� YWIH� JSV�
XLI�PE]MRK�SJ�E�WMRKPI�PE]IV�SJ�FMXYQM-
RSYW�QIQFVERI�Ɲ����

8S�IWXMQEXI�XLI�0MJI�']GPI�'SWX�SJ�IEGL�
SJ�XLI�X[S�MWSPEXMSR�W]WXIQW��MX�MW�RIGIW-
sary to proceed with the discounting 
SJ� XLI�XEFYPEXIH�GSWXW��WS�EW�XS�IWXEFPM-
WL� XLI�GYVVIRX�ZEPYI�SJ�E�GETMXEP�[LSWI�
REXYVEP�I\TMV]�HEXI� MW�E�JYXYVI�HEXI�� -X� MW�
XLIVIJSVI�TSWWMFPI�XS�MHIRXMJ]��F]�ETTP]MRK�
E� HMWGSYRX� VEXI�� E� ƼRERGMEP� IUYMZEPIRGI�
FIX[IIR�XLI�X[S�GETMXEPW�XLEX�LEZI�HMJJI-
rent maturities over time.
8S� �GSVVIGX�� XLI�GEWL�ƽS[W�[I�QYPXMTP]�
IEGL� SJ� XLIQ� F]� E� HMWGSYRXMRK� JEGXSV�
�EGXYEP�ZEPYI�SJ�XLI�GEWL�ƽS[�



���

%ǠǘȨǚǞȳǘǣǖȨ�% %ǠǘȨǚǞȳǘǣǖȨ�&

'SRWXVYGXMSR  €       5.636,75 �Ɲ���������������

Maintenance �Ɲ���������������� �Ɲ���������������

Decommissioning �Ɲ����������������� �Ɲ�����������������

'ȳǘȨǥǝǚǓ�ǝǦ�ȰȳǟȳǥȨ 9Ǟǣǘ %ǠǘȨǚǞȳǘǣǖȨ�% %ǠǘȨǚǞȳǘǣǖȨ�&

,YQER�LIEPXL

4X

����� �����

Ecosystem quality ����� 56,53

Resources ����� ������

in_bo

*MKYVI����0MJI�']GPI�'SWXW
Table 9: Phases costs
*MKYVI����0MJI�']GPI�%WWIWWQIRX��MR�KVIIR�XLI�EPXIVREXMZI�%��MR�FPYI�XLI�EPXIVREXMZI�&
8EFPI�����'EXIKSV]�SJ�HEQEKI�WGSVI

8LI�KVETL�MR�*MKYVI���WLS[W�XLI�XVIRH�SJ�
HMWGSYRXIH�GSWXW� XLVSYKLSYX� XLI�YWIJYP�
PMJI�SJ�XLI�X[S�TVSNIGX�WSPYXMSRW��MR�KVIIR�
the alternative A, in blue the alternative 
&�
Taking also into consideration the 
GSRWXVYGXMSR� GSWX�� XLI� WYQ� SJ� XLI�

HMWGSYRXIH� GSWXW� VIJIVVMRK� XS� XLI�
maintenance phase and the discounted 
GSWX�SJ�XLI�HIGSQQMWWMSRMRK�TLEWI��[I�
obtained the global costs.
8LI�JSPPS[MRK�XEFPI�WLS[W�XLI�HMWGSYRXIH�
GSWXW�VIJIVVIH�XS�IEGL�TLEWI�SJ�XLI�X[S�
interventions.

RESULTS 

8LI� ETTPMGEXMSR� SJ� XLI� 0MJI� ']GPI�
%WWIWWQIRX� ERH� 0MJI� ']GPI� 'SWX�
methodologies to the present study 
has made it possible to evaluate 
and compare the environmental and 
IGSRSQMG� MQTEGX�SJ� XLI� X[S�TVSTSWIH�
TVSNIGX� EPXIVREXMZIW�� ERH� XLIVIJSVI� XS�
MHIRXMJ]�XLI�QSWX�WYWXEMREFPI�WSPYXMSR�
8LI�VIWYPXW�SJ�XLI�0MJI�']GPI�%WWIWWQIRX�
analysis showed that alternative B 
represents the least impacting choice 
MR�IEGL�TLEWI�SJ�XLI�PMJI�G]GPI�EREP]^IH��
SFXEMRMRK� MR� TEVXMGYPEV� E� VIHYGXMSR� SJ�
environmental damage related to the 
YWI�SJ� VIWSYVGIW�ERH�LYQER�LIEPXL�SJ�
EVSYRH���	�GSQTEVIH�XS�XLI�EPXIVREXMZI�
%��*MKYVI���
The greater environmental criticality 
SJ� XLI� EPXIVREXMZI� %�� MR� XLI� HMJJIVIRX�

GEXIKSVMIW� SJ� HEQEKI�� MW� HIXIVQMRIH�
FSXL�F]�XLI�RIIH�XS�TVSZMHI�JSV�E�QSVI�
intensive maintenance activity and by 
XLI�LMKLIV�TIVGIRXEKI�SJ�RSR�VIG]GPEFPI�
materials.
-R� XLMW� VIKEVH�� GSRWMHIVMRK� SRP]� XLI�
[EWXI� TVSHYGIH� F]� XLI� WXVEXMKVETL]� SJ�
XLI�X[S�VSSJW��MX�MW�GPIEV�XLEX�XLI�MRZIVXIH�
VSSJ� W]WXIQ� VITVIWIRXW� XLI� GPSWIWX�
solution to the European purposes 
VIKEVHMRK� XLI�VIG]GPMRK�SJ�GSRWXVYGXMSR�

ERH�HIQSPMXMSR�[EWXI��*MKYVI���
8LI� KVIEXIV� WYWXEMREFMPMX]� SJ� XLI� &�
EPXIVREXMZI�[EW�EPWS�GSRƼVQIH�JVSQ�XLI�
IGSRSQMG� TSMRX� SJ� ZMI[� XLEROW� XS� XLI�
0MJI�']GPI�'SWX�EREP]WMW�
-R� JEGX�� HIWTMXI� XLI� LMKLIV� MRMXMEP� GSWX��
this alternative constitutes the most 
economically advantageous solution 
[MXL�E�HMWGSYRXIH�KPSFEP�GSWX�SJ���������
IYVSW�GSQTEVIH�XS�XLI����������IYVSW�
SJ�XLI�EPXIVREXMZI�%�
8LI�MRGVIEWI�MR�XLI�I\TIRWIW�JSVIWIIR�JSV�
XLI�LSX�VSSJ�[EW�HYI�XS�XLI�QEMRXIRERGI�
TLEWI�� SFXEMRMRK� E� HMJJIVIRGI� MR� XLI�

maintenance costs, between the two 
HIWMKR�WSPYXMSRW��SJ���	��*MKYVI���
*YVXLIVQSVI�� [MXL� VIJIVIRGI� XS� XLI�
EZIVEKI�TVMGIW� MHIRXMƼIH� JSV� XLI�')6���
GSHIW��)YVSTIER�;EWXI�'SHI��XLI�GSWXW�
SJ�XVIEXQIRX��HMWTSWEP�ERH�VIG]GPMRK�SJ�
[EWXI� [IVI� IWXMQEXIH� JSV� FSXL� HIWMKR�
WSPYXMSRW��SFXEMRMRK�
• %08)62%8-:)�%���8SXEP�GSWX�!�Ɲ����
• %08)62%8-:)�&���8SXEP�GSWX�!�Ɲ����

(-7'977-327�%2(�'32'097-327

:IV]� SJXIR� XLI� GSQTEVMWSR� MR� XIVQW�
SJ� IGSRSQMG� GSRZIRMIRGI� FIX[IIR�
HMJJIVIRX�HIWMKR�WSPYXMSRW� MW�GEVVMIH�SYX�
IVVSRISYWP]�SR� XLI�FEWMW�SJ� XLI�GSWX�SJ�
VIEPM^EXMSR�EPSRI�
3R�XLI�SXLIV�LERH��JSVKIXXMRK�XLEX�MR�XLI�

C. ScognamilloLCA and LCC Analysis for the Programming of 
Sustainable Interventions on Building Heritage
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*MKYVI����6IG]GPI�ERH�0ERHƼPP�TIVGIRXEKI
Figure 9: Global costs

PMJI�SJ�E�FYMPHMRK�GSQTSRIRX� MW� XLI� VEXI�
SJ�QEMRXIRERGI�GSWXW�KIRIVEPP]�LEZMRK�E�
higher weight.
7S� XLI� MHIRXMƼGEXMSR� SJ� XLI� QSWX�
economically advantageous solution 
GER� RSX� MKRSVI� XLI� YWI� SJ� E� 0MJI� ']GPI�
approach that allows you to have an 
SZIVEPP�IGSRSQMG�ZMWMSR���JVSQ�XLI�GVEHPI�
XS�XLI�KVEZI��
8LMW� RIIH� MW� GPEVMƼIH� F]� XLI� VIWYPXW� SJ�
XLI�0''�EREP]WMW�GEVVMIH�SYX��WMRGI�XLI]�
WLS[�LS[�[VSRK�XLI�YWYEP�FIPMIJ�SJ�XLI�
GSRWXVYGXSVW� SJ� GSRWMHIVMRK� XLI� PE]IV�
SJ� TVSXIGXMSR� MR� KVEZIP� ER� YRRIGIWWEV]�
IGSRSQMG� FYVHIR�� 8LI� PEXXIV�� MR� JEGX��
KYEVERXIIMRK� E� PSRK� HYVEXMSR� SJ� XLI�
[EXIVTVSSJ� PE]IV� SJ� XLI� EPXIVREXMZI� &��
allows to limit the maintenance costs 
XS� XLI� TSMRX� SJ� VIZIVWMRK� XLI� VIWYPX� SJ�
IGSRSQMG�GSRZIRMIRGI�MHIRXMƼIH�MRMXMEPP]�
in the construction phase.
Added to this is the need to make the 
HIWMKRIV� VIWTSRWMFPI� EPWS� JVSQ� ER�
IRZMVSRQIRXEP�TSMRX�SJ�ZMI[��WS�XLEX�LI���
she is aware that a certain design choice 
MRZSPZIW� MQTPMGEXMSRW� MR� XIVQW� SJ� XLI�
impact on the environment associated 
[MXL� MXW� TLEWI� SJ� VIEPM^EXMSR�� YWI� ERH�
HMWTSWEP�� XLI� ƼREP�� *SV� XLMW� VIEWSR�� XLI�
TEVEQIXIV� �IRZMVSRQIRXEP� MQTEGX��
HIXIVQMRIH� [MXL� XLI� 0'%� EREP]WMW� [EW�
included in the comparative evaluation 
conducted, with which it was possible to 
GSRƼVQ�SRGI�EKEMR�XLI�WYWXEMREFMPMX]�SJ�
XLI�EPXIVREXMZI�&��-R�JEGX��XLEROW�XS�MXW�HV]�
WXVEXMƼGEXMSR�� [LMGL� KYEVERXIIW� KVIEXIV�
VIYWEFMPMX]� SJ� XLI� GSQTSRIRXW�� ERH� XLI�
HYVEXMSR� SJ� MXW� FMXYQMRSYW�QERXPI�� MX� MW�

TSWWMFPI� XS� QIIX� XLI� I\TIGXEXMSRW� SJ�
VIHYGXMSR�SJ�XLI�IRZMVSRQIRXEP�MQTEGX�SJ�
XLI�PMJI�G]GPI�SJ�XLI�FYMPHMRK�MRXIVZIRXMSR�
Moreover, the decision to intervene on 
the building envelope with a thermal 
GSEX� ERH� XLIVIJSVI� [MXL� ER� IRIVK]�
redevelopment intervention, involves 
E� JYVXLIV� VIHYGXMSR� SJ� XLI� MQTEGX� SR�
the environment, since decreasing 
XLI� IRIVK]� VIUYMVIQIRX� RIGIWWEV]� JSV�
LIEXMRK� HIGVIEWIW� XLI� EQSYRX� SJ� '3��
that is emitted into the atmosphere.
-R�GSRGPYWMSR��MX�GER�FI�WEMH�XLEX��TPERRMRK�
QEMRXIRERGI��[MXL� XLI� LIPT� SJ� HIGMWMSR�
WYTTSVX�XSSPW��WYGL�EW�XLI�0''�ERH�0'%�
QIXLSHSPSKMIW��MW�IUYMZEPIRX�XS��TPERRMRK�
WYWXEMREFMPMX]��� 8LI� QEMRXIRERGI�
XLIVIJSVI� I\GIIHW� XLI� HIƼRMXMSR� SJ�
�QEMRXIRERGI� SJ� XLI� IƾGMIRG]� SJ� XLI�
WIVZMGIW� SJJIVIH�� XS� I\XIRH� XS� E� QYGL�
broader science based on the reduction 
SJ� VIWSYVGI� GSRWYQTXMSR� ERH� XLI�
EGGSYRXEFMPMX]�SJ�FILEZMSVW�
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%ǠǠǣǝǞȨ�'��0ȳǞǒȳǖȨȱȱǤǣȳ�'���������'DOO̵HFRGHVLJQ�
DOO̵DUFKLWHWWXUD��8SVMRS��5YEHIVRM�HM�HIWMKR�

%ǚȰȨǞǘȨ�*�IX�EP��������/̵DQDOLVL�GHO�FLFOR�GL�YLWD�
DSSOLFDWD�DJOL�HGLͤFL�UHVLGHQ]LDOL��1MPERS��0E�
Termotecnica.

'ȳǘǘȳǞȨǝ�1���������0DQXWHQ]LRQH��XQD�VSHUDQ]D�
SHU�LO�IXWXUR�GHO�PRQGR��1MPERS��)H��*VERGS�%RKIPM�

(�0KW�����ETVMPI�������R����Codice dei contratti 
SXEEOLFL.

(�1�����KIRREMS�������$GR]LRQH�GHL�FULWHUL�
DPELHQWDOL�PLQLPL�SHU�JOL�DUUHGL�SHU�LQWHUQL��SHU�
O̵HGLOL]LD�H�SHU�L�SURGRWWL�WHVVLOL.

-78%8��$QQXDULR�VWDWLVWLFR�LWDOLDQR�����, dicembre 
������GET���

0ǗȱȱǤǣǞǣ�%��6ǣǒǒǣ�*���������m'MGPS�HM�ZMXE|��MR�%%�::���
&RVWUXLUH�6RVWHQLELOH��*MVIR^I��)H��%PMRIE�

0ȨǥȳǟȲǣȨǞǘȨ��������5HF\FOH�̰�/D�VͤGD�QHO�VHWWRUH�
GHOOH�FRVWUX]LRQL���q�6ETTSVXS�HIPPƅ3WWIVZEXSVMS�
Recycle.

3ȲȨǚǘǣ�-��������3URGRWWL�HGLOL]L�SHU�HGLͤFL�
FRPSDWLELOL��7ERXEVGERKIPS�HM�6SQEKRE��1EKKMSPM�
Editore. 

4ǣǞǘǝ�1�6��������m4VSGIHYVI�I�WXVYQIRXM�MRRSZEXMZM�
TIV�PE�KIWXMSRI�I�PE�QERYXIR^MSRI�HIKPM�IHMƼGM|��MR�6��
0ȳǞȰǝǠǦǝ, M. 0ǝǙȳǙǙǝ, M. R. 4ǣǞǘǝ���E�GYVE�HM��
,QQRYD]LRQH�H�VRVWHQLELOLW¢�QHJOL�LQWHUYHQWL�GL�
ULTXDOLͤFD]LRQH�HGLOL]LD��*MVIR^I��)H��%PMRIE�

7ǦȨǚǚȳ�%�7��������2ELHWWLYR�̸TXDVL�]HUR̹��8Q�
SHUFRUVR�YHUVR�OD�VRVWHQLELOLW¢�DPELHQWDOH��1MPERS��
Ed. Franco Angeli.

8ȳȱȱǝǞǣ�+��������6RVWHQLELOLW¢�LQ�HGLOL]LD�̰�
3URQWXDULR�GHOOH�QRUPH�H�GHOOH�OLQHH�JXLGD�HXURSHH��
QD]LRQDOL�H�UHJLRQDOL��1MPERS��;SPXIVW�/PY[IV�

m'VIWQI��ʢ�MP�ƈVIGYTIVSƉ�MP�QSXSVI�HIPPƅIHMPM^ME|��MR�7LOH�
,WDOLD��Rq���������TT�������

m1ERYXIR^MSRI�I�7SWXIRMFMPMXʚ|��MR�La Chimica & 
/̵,QGXVWULD��2q���������TT�������

%ǙǜǚǝǞȨ�(��4ǚǝǘȳ�%��1ȳǞǦǚȨȰǣ�+�IX�EP���������La 
YDOXWD]LRQH�GHOOD�VRVWHQLELOLW¢�LQ�HGLOL]LD, (available 
SRPMRI�LXXT���[[[�MRKIRMS�[IF�MX�%VXMGSPS����
0ECZEPYXE^MSRICHIPPEC�WSWXIRMFMPMXECMRCIHMPM^ME�LXQP�

&ǝȱȱǣȳ�0���������/D�'HPROL]LRQH�(FRORJLFD�SHU�LO�
UHFXSHUR�GHL�PDWHULDOL�HGLOL��EZEMPEFPI�SRPMRI�LXXT���
[[[�TVIJEFFVMGEXMWYP[IF�MX�KYMHE�PE�HIQSPM^MSRI�
IGSPSKMGE�TIV�MP�VIGYTIVS�HIM�QEXIVMEPM�IHMPM�LXQP�

&ǝǞǝǠǣ�%���������,�PDWHULDOL�ULFLFODWL�̸GULYHU̹�
GHOO̵HGLOL]LD�VRVWHQLELOH��EZEMPEFPI�SRPMRI�LXXTW���
[[[�MRKIRMS�[IF�MX������M�QEXIVMEPM�VMGMGPEXM�
HVMZIVHIPPIHMPM^ME�WSWXIRMFMPI�LXQP�

'ǣǞǣȨǚǣ�:���>ȳǟǜȨǚǣǞǣ�)���������5LTXDOLͤFD]LRQH�
VRVWHQLELOH�GHJOL�HGLͤFL�HVLVWHQWL�UHVLGHQ]LDOL�
�EZEMPEFPI�SRPMRI�LXXT���[[[�MRKIRMS�[IF�MX�

%LEOLRJUDSK\
%LEOLRJUDD

%VXMGSPS������6MUYEPMƼGE^MSRICWSWXIRMFMPICHIKPMC
IHMƼGMCIWMWXIRXMCVIWMHIR^MEPM�LXQP�

*ȳǠǝȱȱǝ�7���������/D�PHWRGRORJLD�GHOO̵DQDOLVL�
GHO�FLFOR�GL�YLWD��/LIH�&\FOH�$VVHVVPHQW� (available 
SRPMRI�LXXT���[[[�SVHMRIMRKIKRIVMGW�MX�WTE[��
YTPSEHW�ƼPIW�FMSIHMPM^ME��C��THJ�

1ȳǙȱǣǝǠǣ�%���6ǣǦǣȱǣ�'��������$SSDOWL�YHUGL��
QRYLW¢�JLXULGLFKH��RSSRUWXQLW¢�H�SURVSHWWLYH�
�EZEMPEFPI�SRPMRI�LXXT���JSVYQTE�����IZIRXMJTE�
MX�MX������������ETTEPXM�ZIVHM�RSZMXEKMYVMHMGLI�
STTSVXYRMXE�TVSWTIXXMZI�RI�TEVPIVIQS�JSVYQ�
TE�������

4ȨǥǤǣǞǣ�%��������/LQHH�JXLGD�$UFD�SHU�OD�̸/LIH�
&\FOH�$VVHVVPHQW̹��$5&$��EZEMPEFPI�SRPMRI�LXXT���
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