
(QWH�SHU�OH�1XRYH�WHFQRORJLH��O¶(QHUJLD�H�O¶$PELHQWH 32/,7(&1,&2�',�%$5,

32/,7(&1,&2�',�%$5,

ECODESIGN DI UN EDIFICIO: analisi 
ambientale ed energetica mediante Life-

Cycle Assessment (LCA)

Tutor ENEA:
Ing. Paolo NERI

Relatore:
Prof. Ing. G.R. Dell’Osso

Tesi di laurea di:
Gaetano Berlingerio



(QWH�SHU�OH�1XRYH�WHFQRORJLH��O¶(QHUJLD�H�O¶$PELHQWH 32/,7(&1,&2�',�%$5,

2ELHWWLYR�GHOOR�VWXGLR

Va luta re il danno ambienta le dovuto a l c ic lo d i vita  d i 
un a lloggio e la  sua  d iminuzione a  seguito d i un 

p roc esso d i ec odesign;

Va luta re il vantaggio ottenuto, g razie a lla  sc elta  d i 
ma teria li loc a li effettua ta  da i p rogettisti, rispetto ad  

una  struttura  in c .a .

$QDOLVL�GHO�&LFOR�GL�9LWD
�/LIH�&\FOH�$VVHVVPHQW�± /&$�
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8QLWj IXQ]LRQDOH�� FRQILQL�GHO�VLVWHPD�
8QLWj IXQ]LRQDOH�
a lloggio tipo del p rimo p iano del c entro per anziani, c on impianto 

termic o autonomo, della  superfic ie utile d i 61,53 m2, durante la  sua  
vita  supposta  d i 80 anni.

&RQILQL�GHO�VLVWHPD�
• I c onfini del sistema inc ludono i p roc essi c he vanno da lla  rac c olta  

delle materie p rime a l fine vita  dei materia li. 
• Nell’ inventa rio vengono inc lusi tutti i materia li d i c ostruzione 

dell’ a lloggio, c ompresi g li a rred i fissi (sanita ri), la  rub inetteria  e g li 
imp ianti elettric o, termic o e sola re termic o.  

• Vengono inc lusi i c onsumi energetic i (gas da  risc a ldamento ed  
energ ia  elettric a  da  rete) ed  il c onsumo d i ac qua  potab ile.

• Non vengono inc luse nell’ inventa rio le mac c hine d i c antiere
• Non vengono inc lusi i c onsumi d i c antiere, ad  ec c ezione d i quelli per 

l’ impasto dei c ementi e delle ma lte.
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(FRGHVLJQ�GL�XQ�HGLILFLR
'HWHUPLQD]LRQH�GHL

FDULFKL�VWDWLFL�H�GLQDPLFL
&RPIRUW�WHUPR�LJURPHWULFR

QHOO·HGLILFLR

352*(772�'(//·(',),&,2

6FHOWD�GHL�PDWHULDOL 6FHOWD�GHJOL�LPSLDQWL�
GL�ULVFDOGDPHQWR

9HULILFD�VWUXWWXUDOH
&DOFROR�GHO�IDEELVRJQR�

HQHUJHWLFR�
9HULILFD�/HJJH������

$QDOLVL�GHO�FLFOR�GL�YLWD

(FRGHVLJQ &RVWL�HVWHUQL�PLQRUL
ULVSHWWR�DOOD�SURJ��WUDGL]LRQDOH

&RVWL�LQWHUQL�XJXDOL�R�PLQRUL
ULVSHWWR�DOOD�SURJ��WUDGL]LRQDOH
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/&$�QHOO·HFRGHVLJQ
/&$�YLHQH�XWLOL]]DWR�SHU�

• 9DOLGD]LRQH�GHOOH�VFHOWH�SURJHWWXDOL��VWUXWWXUD�LQ�SLHWUD�FDOFDUHD�ORFDOH�

• $QDOLVL�FRPSOHWD�GHO�FLFOR�GL�YLWD��IDVH�GL�FRVWUX]LRQH�H�GL�XVR�JHVWLRQH�
– ,QGLYLGXD]LRQH�GHOOH�IDVL�GHO�FLFOR�GL�YLWD�SL� GDQQRVH
– 3URSRVWH�GL�YDULDQWL�PLJOLRUDWLYH�DO�SURJHWWR

• 0RGLILFKH�DL�PDWHULDOL��LVRODPHQWR�
• 0RGLILFKH�DJOL�LPSLDQWL��SRPSD�GL�FDORUH��LPSLDQWR�IRWRYROWDLFR�

• 6HOH]LRQH�GL�DOWHUQDWLYH�SURJHWWXDOL�
– &RQIURQWR�WUD�SDQQHOOL�GL�LVRODQWH
– &RQIURQWR�WUD�GLYHUVH�IRQWL�GL�DOLPHQWD]LRQH�GHOOD�SRPSD�GL�FDORUH

• $QDOLVL�GHOOH�FULWLFLWj DPELHQWDOL�OHJDWH�DL�VRWWRVLVWHPL�GHOO·RUJDQLVPR
– /·LPSDWWR�GHL�SDQQHOOL�IRWRYROWDLFL�² LPSRVWD]LRQH�GHO�ILQH�YLWD�
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,WHU�SURJHWWXDOH
9DOLGD]LRQH�GHOOH
VFHOWH�SURJHWWXDOL

/&$�IDVH�FRVWUX]LRQH /&$�GHOOD�IDVH�G·XVR

$QDOLVL�/&$�FRPSOHWR

PRGLILFKH

LPSLDQWLVWLFKHFRVWUXWWLYH

6HOH]LRQH�LVRODQWL 6RVWLWX]LRQH�FDOGDLD�FRQ
SRPSD�GL�FDORUH

(QHUJLD�HOHWWULFD�GD
LPSLDQWR�IRWRYROWDLFR

1XRYL�PDWHULDOL (QHUJLH�DOWHUQDWLYH

$QDOLVL�/&$�PRGLILFDWR1XRYR�IDEELVRJQR�HQHUJHWLFR
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/·RJJHWWR�GHOOR�VWXGLR
Il c entro per anziani nella  c ittà d i Andria
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&HQWUR�SHU�DQ]LDQL�� SODQLPHWULH

planovolumetria del complesso
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&HQWUR�SHU�DQ]LDQL�² SURVSHWWL

Prospetto Sud

Prospetto Nord
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&HQWUR�SHU�DQ]LDQL�² SLDQWD�UHVLGHQ]H

Pianta primo piano - residenze
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&HQWUR�SHU�DQ]LDQL�² SLDQWD�UHVLGHQ]H

Alloggio termo-autonomo
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,QYHQWDULR

3LDQWD�DOORJJLR

•)RQGD]LRQL��FDOFHVWUX]]R�DUPDWR��[�����
•6HWWL�SRUWDQWL�HQWUR�WHUUD��F�D����[�����
•6RODL��ODWHUR�FHPHQWR � VSHVVRUH����FP�
�[�����
•6WUXWWXUD�LQ�HOHYD]LRQH��PXUDWXUD�
SRUWDQWH�LQ��WXIR�ORFDOH��� VSHVVRUL�����
�������FP
•7UDPH]]DWXUH��ODWHUL]LR
•,PSLDQWR�HOHWWULFR
•,PSLDQWR�LGULFR
•,PSLDQWR�D�F�V���VRODUH
•,PSLDQWR�WHUPLFR��JDV�PHWDQR
•6DQLWDUL�
•)LQLWXUD�SDUHWL��LQWRQDFR�H�SLWWXUD
•,QILVVL�HVWHUQL�HG�LQWHUQL��OHJQR

3ULQFLSDOL�FRPSRQHQWL�GL�LQYHQWDULR
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/&$�GL�XQ�HGLILFLR

/&$�IDVH�GL�FRVWUX]LRQH/&$�IDVH�GL�FRVWUX]LRQH
6WUXWWXUH��FKLXVXUH��LPSLDQWL��ILQLWXUH

&RPSXWR�PHWULFR�
GHL�PDWHULDOL

)DEELVRJQR�
HQHUJHWLFR�WHUPLFR�HG�HOHWWULFR�

FRQVXPR�GL�DFTXD

/&$�IDVH�G/&$�IDVH�G··XVRXVR
0DQXWHQ]LRQH�HQHUJLH��ULVRUVH

)LQH�YLWD
GHL�PDWHULDOL

/&$�ILQH�YLWD/&$�ILQH�YLWD
,QFOXVR�LQ�RJQL�SURFHVVR

/&$�FRPSOHWR
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9DOLGD]LRQH�GHOOH�VFHOWH�SURJHWWXDOL
&RQIURQWR�FRQ�VWUXWWXUD�LQ�F�D��H�

WRPSDJQDPHQWL LQ�ODWHUL]LR
�� &RQ�YLWD�SDUL�� ����DQQL��

LO�GDQQR�q PROWR�VLPLOH�

�� &RQ�YLWD�GHOOD�PXUDWXUD�SRUWDQWH�
GRSSLD�� �����DQQL�

Considerando c he la  mura tura  portante 
in tufo tende ad  una  vita  p iù c he 
dopp ia , il danno rela tivo a lla  
struttura  in c .a . è p iù eleva to. I 
risulta ti a  fianc o sono c autela tivi, 
poic hé la  vita  d i una  struttura  in 
tufo va  oltre il dopp io d i quella  
della  struttura  in c .a .

c.a. tufo

c.a.
tufo

����DQQL

���DQQL
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,O�SURFHVVR�´EORFFR�GL�WXIRµ

WUDFFLDWULFH

VWRFFDJJLR

VFDO]DWULFH

$FTXD�GL�UDIIUHGGDPHQWR

SROYHUL
7UDVIRUPD]LRQH�HG�RFFXSD]LRQH�GHO�VXROR
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/&$�IDVH�GL�FRVWUX]LRQH�� FDUDWWHUL]]D]LRQH

+HDW JDV��FRSHUWXUD�������1DWXUDO JDV�(7+�������(��0-(QHUJLD
+HDW JDV��FRSHUWXUD��������1DWXUDO JDV�(7+�������0-�6SO5HVRXUFHV

������VRODLR�GL�FRSHUWXUD

�������&RQY��WR LQG� DUHD�
�������SROYHUL�

6RVWDQ]D�H���VXO�WRW�

�FRSHUWXUD�������½&RVWR

)RU�VSUXFH �FRSHUWXUD������3')P �\U(FRV\VWHP�4XDOLW\
&HPHQW �FRSHUWXUD���������'$/<+XPDQ�+HDOWK

3URFHVVR9DORUH�GDQQR&DWHJRULH�GL�GDQQR
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/&$�IDVH�GL�FRVWUX]LRQH�� YDOXWD]LRQH

Il VRODLR�GL�FRSHUWXUD è responsabile del maggior danno, ma va considerato che esso è
lievemente più esteso rispetto agli altri.

L’impatto più marcato di questo processo è dovuto alla presenza dei polimeri utilizzati per 
le guaine e di un maggiore spessore di calcestruzzo alleggerito con argilla espansa
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)DVH�G·XVR�² IDEELVRJQR�HQHUJHWLFR

Vengono c a lc ola ti:

• Fabb isogno termic o (legge 10/ 1991):  5(&$/���5(&$/���
• Fabb isogno id ric o
• Fabb isogno d i energ ia  elettric a

Per l’ intero a rc o d i vita  c onsidera to (80 anni)
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9HULILFKH�HQHUJHWLFKH��OHJJH�Q����������
/D�OHJJH�������LPSRQH���YHULILFKH��DO�ILQH�GHO�ULODVFLR�GL�FRQFHVVLRQH�HGLOL]LD�

• &&GG ��&��&G�G�OLPOLP
�FRHIILFLHQWH�YROXPLFR�GL�GLVSHUVLRQH��>:�P�.@

• KKJJ !�!�KKJ�J�PLQPLQ
�UHQGLPHQWR�JOREDOH�PHGLR�VWDJLRQDOH�QHO�SHULRGR�GL�ULVFDOGDPHQWR�

• )�(�1����)�(�1��)�(�1����)�(�1��OLPOLP
�IDEELVRJQR�HQHUJHWLFR�QRUPDOL]]DWR��>.-�P�**@

6LVWHPD�HGLILFLR�LPSLDQWR
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0HWRGR�GL�FDOFROR�VHFRQGR�OD�OHJJH������
3HU�YHQWLOD]LRQH 3HU�WUDVPLVVLRQH

Qv
(verso 

l’ esterno) Qvu
( verso loc a li 

non risc a lda ti)

Qva
(verso loc a li 

a  temp. fissa )

Qt

(verso 
l’ esterno) QG

(verso il 
terreno) Qtu

(verso loc a li 
non risc a lda ti)

Qta
(verso loc a li a  

temp. fissa )

44//
�HQHUJLD�GLVSHUVD�

Perd ite d i p roduzione
Perd ite d i d istribuzione
Perd ite d i regolazione
Perd ite d i emissione

,03,$172

(',),&,2

KKJ�J� � �KKS�S�[[ KKG�G�[[ KKF�F�[[ KKHH

44// ��DSSRUWL�HQHUJHWLFL�JUDWXLWL�XWLOL]]DWL �VRUJHQWL�LQWHUQH�H�JXDGDJQR�VRODUH�  
44KK �HQHUJLD�XWLOH�QHFHVVDULD�D�JDUDQWLUH�OD�WHPSHUDWXUD�LQWHUQD�GL�SURJHWWR�LQ�UHJLPH�GL�IXQ]LRQDPHQWR�FRQWLQXR�

KKJ�J� �4� �4�K�Y�V�K�Y�V���4��4
4�4�KYVKYV �HQHUJLD�XWLOH�QHFHVVDULD�D�JDUDQWLUH�OD�WHPSHUDWXUD�LQWHUQD�GL�SURJHWWR�LQ�UHJLPH�GL�

IXQ]LRQDPHQWR�QRQ�FRQWLQXR��LQWHUPLWWHQ]D�HG�DWWHQXD]LRQH�
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/HJJH�Q���������HQHUJLD�SULPDULD

VN)t(t
Q

FEN
emi ⋅⋅−

=

(QHUJLD�SULPDULD FRPSOHVVLYDPHQWH�LPSLHJDWD�GXUDQWH�LO�SHULRGR�GL�
ULVFDOGDPHQWR�

&RQVXPR�$86,/,$5, &RQVXPR�*(1(5$725(

LQYROXFUR =RQD�FOLP�

4� �4�K �KJ

VGG
Q

FEN
⋅

=

>.-�P�.G@

>.-�P�**@

JHQHUDWRUH LPSLDQWR
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/HJJH�Q���������ULVXOWDWL�SULQFLSDOL

0,676              [%]KJ�OLP
SRVLWLYD0,677              [%]KJ

78,53   [kJ/m3Kd])�(�1�OLP
SRVLWLYD44,61   [kJ/m3Kd])�(�1�

0,669     [W/m3K]&GOLP
SRVLWLYD0,567      [W/m3K]&G

14705    [MJ/anno])DEELVRJQR�GL�HQHUJLD�
SULPDULD

3654               [W]3RWHQ]D�GHOO¶HGLILFLR
YHULILFDYDORUH*UDQGH]]D

3ULQFLSDOL�ULVXOWDWL�UHODWLYL�DO�SURJHWWR�RULJLQDULR
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/&$�FRPSOHWR�² YDOXWD]LRQH�FRQ�(FR�,QGLFDWRU
Viene va luta ta  l’ inc idenza  della  fase d i c ostruzione sull’ intera  vita  dell’ a llogg io

2914

9941

6381

2882

I consumi energetici (gas ed elettricità) sono causa del ��� del danno totale

La fase di costruzione determina il ���� del danno totale
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/&$�FRPSOHWR�² LQWHUSUHWD]LRQH�H�PLJOLRUDPHQWR

• /H�VFHOWH�SURJHWWXDOL�FKH�GHWHUPLQDQR�OD�VWUXWWXUD�SRUWDQR�DG�XQ
YDORUH�GHO�GDQQR�JLj EDVVR��JUD]LH�DOO·XVR�GL�PDWHULDOL�ORFDOL�H�GDOOD�
EDVVD�HQHUJLD�LQWULQVHFD�

• &LUFD�OD�PHWj GHO�GDQQR�WRWDOH�q GRYXWD�DL�FRQVXPL�HQHUJHWLFL

• (· HYLGHQWH�FKH�JOL�VIRU]L�SURJHWWXDOL�GHYRQR�HVVHUH�RULHQWDWL�DO�
PLJOLRUDPHQWR�GHOOH�TXDOLWj DPELHQWDOL�GHL�SURFHVVL�SL� LPSDWWDQWL��
FKH�LQ�TXHVWR�FDVR�VRQR�UDSSUHVHQWDWL�GDO�FRQVXPR�GL�JDV�QDWXUDOH�
SHU�ULVFDOGDPHQWR�H�GDO�FRQVXPR�GL�HQHUJLD�HOHWWULFD�

6L�SURFHGH�DOOD�SURSRVWD�GL�YDULDQWL�DO�SURJHWWR�UHODWLYH�D�
�� 7HFQRORJLD�FRVWUXWWLYD
�� 'RWD]LRQL�LPSLDQWLVWLFKH
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0RGLILFKH�FRVWUXWWLYH�² GLUHWWLYD���������&(

7LSR�GL�
VWUXWWXUD

7UDVPLWWDQ]D�OLPLWH�SHU
=RQD�FOLPDWLFD�&�������**� 7UDVPLWWDQ]D�SURJHWWR�RULJLQDULR

9HUWLFDOL�
RSDFKH �������:�P�. �������:�P�.

2UL]]RQWDOL
RSDFKH �������:�P�. �������:�P�.
9HUWLFDOL�
WUDVSDUHQWL ������:/P�. �������:�P�.

• '�/JV������������
$WWXD]LRQH�GHOOD�GLUHWWLYD���������&(�UHODWLYD�DO�UHQGLPHQWR�HQHUJHWLFR�

QHOO
HGLOL]LD
,O�GHFUHWR�VWDELOLVFH�GHL�YDORUL�OLPLWH�GL�WUDVPLWWDQ]D�SHU�OH�VWUXWWXUH
,O�SURJHWWR�RULJLQDULR�HUD�VRJJHWWR�XQLFDPHQWH�DOOH�SUHVFUL]LRQL UHODWLYH�DOOD�OHJJH��������SRLFKp

OD�GRPDQGD�GL�FRQFHVVLRQH�HGLOL]LD�q VWDWD�SUHVHQWDWD�LQ�GDWD�SUHFHGHQWH�DO�GHFUHWR
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6HOH]LRQH�GL�DOWHUQDWLYH�SURJHWWXDOL�FRQ�/&$
6RQR�VWDWL�HVDPLQDWL�SDQQHOOL�GL�LVRODQWH�GL�FLQTXH�PDWHULDOL�GLYHUVL�
• (36��SROLVWLUHQH�
• /DQD�GL�YHWUR
• /DQD�GL�URFFLD
• 6XJKHUR
• )LEUH�GL�OHJQR�H�FHPHQWR��&HOHQLW�

3DUDPHWUR�GL�FRQIURQWR��SUHVWD]LRQH��UHVLVWHQ]D�WHUPLFD��3DUDPHWUR�GL�FRQIURQWR��SUHVWD]LRQH��UHVLVWHQ]D�WHUPLFD��aa �����P�����P��.�:.�:

���)LEUH�´FHOHQLWµ
�a �/DQD�GL�URFFLD
���a �/DQD�GL�YHWUR
�����(36

3HVR�>NJ�P�@6SHVVRUH�>FP@0DWHULDOH
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&RQIURQWR�WUD�LVRODQWL�² (FR�,QGLFDWRU�¶��

��������

��������

��������
&HOHQLW

�����������������������5HVRXUFHV

�������

�������
/DQD�GL�YHWUR

���������������(FRV\VWHP�4XDOLW\

������������+XPDQ�+HDOWK
/DQD�GL�URFFLD(36&DWHJRULH�GL�GDQQR

679

1699

607

200
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&RQIURQWR�WUD�LVRODQWL�² (36�����

��������������������������$ELRWLF VWRFN�5HVRXUFH
���������������������������������ELRGLYHUVLW\

������
������

&HOHQLW

�������
�������

/DQD�GL�YHWUR

��������������(FRV\VWHP�4XDOLW\
������������+XPDQ�+HDOWK

/DQD�GL�URFFLD(36&DWHJRULH�GL�GDQQR

7,877

9,424

2,6921,792
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9HULILFKH�WHUPLFKH�² QXRYL�ULVXOWDWL

�����������>:�P�.@�����������>:�P�.@&KLXVXUD�RUL]]RQWDOH�GL�FRSHUWXUD
�����������>:�P�.@��������>:�P�.@&KLXVXUD�YHUWLFDOH�HVWHUQD

WUDVPLWWDQ]D�SURJHWWR�
RULJLQDULR

7UDVPLWWDQ]D�GRSR�OH�
PRGLILFKH8QLWj WHFQRORJLFD

�������������������>�@�������������������>�@K J�OLP

�������������������>�@�������������������>�@KJ

��������>N-�P�.G@��������>N-�P�.G@)�(�1�OLP
���������>N-�P�.G@��������>N-�P�.G@)�(�1�
�����������>:�P�.@����������>:�P�.@&GOLP
�����������>:�P�.@�����������>:�P�.@&G
��������>0-�DQQR@���������>0-�DQQR@)DEELVRJQR�GL�HQHUJLD�SULPDULD
�������������������>:@�������������������>:@3RWHQ]D�GHOO¶HGLILFLR

YDORUH�SURJHWWR�
RULJLQDULRYDORUH*UDQGH]]D

'DWL�FDOFRODWL�FRQ�5(&$/���
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&$7(*25,$�',�&216802�
',�&$/25(

,1',&(�7(50,&2�
'(//·(',),&,2

$ d ���N:K�P�D
% d ���N:K�P�D
& d ���N:K�P�D
' d ���N:K�P�D
( d �����N:K�P�D
) d ����N:K�P�D
* !�����N:K�P�D

&/$66(�&
���N:K�P �D

&/$66(�%
���N:K�P�D

0RGLILFKH�FRVWUXWWLYH�� LVRODPHQWR
• '�/JV������������

• 1RQ�HVLVWRQR�LVWUX]LRQL�WHFQLFKH�VXO�FDOFROR�GHO�IDEELVRJQR�HQHUJHWLFR�
VHFRQGR�OD�GLUHWWLYD���������&(�SHU�LO�WHUULWRULR�LWDOLDQR�

• 9LHQH�TXL�FRQIURQWDWR�LO�IDEELVRJQR�GHOO·DOORJJLR�FRQ�L�SDUDPHWUL�GHOOD�
FHUWLILFD]LRQH�.OLPDKDXV�&DVDFOLPD��DGRWWDWD�GDOOD�3URYLQFLD�GL�%RO]DQR

(WLFKHWWD�HQHUJHWLFD�&DVDFOLPD
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,QHU]LD�WHUPLFD
• /D�JUDQGH�PDVVD�IURQWDOH������NJ�P���FRQVHQWH�GL�JRGHUH�GHL�EHQHILFL�HIIHWWL�GHOO·D]LRQH�

FRPELQDWD�GL�
• &DSDFLWj WHUPLFD
• 5HVLVWHQ]D�WHUPLFD

FKH�YDQQR�D�FRVWLWXLUH�OD�TXDOLWj QRWD�FRPH�´́LQHU]LD�WHUPLFDLQHU]LD�WHUPLFDµµ

• 4XHVWL�LQIOXLVFRQR�VXO�FRQIRUW�LQWHUQR�PHGLDQWH�GXH�HIIHWWL�
• 6IDVDPHQWR�GHOO·RQGD�GL�FDORUH

• $WWHQXD]LRQH�GHOO·RQGD�GL�FDORUH
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• Il D.M. 27-07-05 
p revede c he la  
trasmittanza  venga  
c orretta  c on un 
c oeffic iente c he tiene 
c onto dell’ inerzia  
termic a , funzione della  
massa  fronta le.

���������������������������&RHIILFLHQWH�FP

���������������������
0DVVD�IURQWDOH��

>NJ�P�@
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0RGDOLWj GL�DSSOLFD]LRQH

&KLXVXUH�YHUWLFDOL��
LVRODPHQWR�³D�FDSSRWWR´

&KLXVXUD�RUL]]RQWDOH�GL�
FRSHUWXUD��LVRODPHQWR�VRWWR�
SDYLPHQWR�JDOOHJJLDQWH
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/&$�FRPSOHWR�GHOO·HGLILFLR�LVRODWR

(QHUJLH�HOHWWU��WHUP��������QDWXUDO JDV�(7+������(��(QHUJLD��0-
(QHUJLH�HOHWWU��WHUP�������QDWXUDO JDV�(7+�������(�5HVRXUFHV 0-�6SO

������PDQXWHQ]LRQH

�������2FFXSDWLRQ DV JUHHQ�
XUEDQ ODQG�

������SROYHUL
6RVWDQ]D�H���VXO�WRW�

������(�&RVWR�½

SULQFLSDOH������(�(FRV\VWHP�4XDOLW\
3')P �\U

'XVW �PDQXWHQ]LRQH���������'$/<+XPDQ�+HDOWK '$/<
3URFHVVR9DORUH�GDQQR&DWHJRULH�GL�GDQQR

2960

9941

4713
3204

� ���

9DORUL�GHOOD�FDUDWWHUL]]D]LRQH
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*HQHUDWRUL�GL�FDORUH�� SUREOHPDWLFKH
• 3UREOHPD�

KKJ�J�OLPOLP QRQ�ULVSHWWDWRQRQ�ULVSHWWDWR

• &DXVD�
&DOGDLD�GLVSRQLELOH�LQ�FRPPHUFLR�WURSSR�JUDQGH�&DOGDLD�GLVSRQLELOH�LQ�FRPPHUFLR�WURSSR�JUDQGH�

• 3RVVLELOL�VROX]LRQL�
�� $FFRUSDUH�GXH�DOORJJL�SHU�RJQL�JHQHUDWRUH

���� ,QWURGXUUH�XQ�JHQHUDWRUH�D�SRPSD�GL�FDORUH��HOHWWULFR�,QWURGXUUH�XQ�JHQHUDWRUH�D�SRPSD�GL�FDORUH��HOHWWULFR�



(QWH�SHU�OH�1XRYH�WHFQRORJLH��O¶(QHUJLD�H�O¶$PELHQWH 32/,7(&1,&2�',�%$5,

&RQIURQWR�WUD�JHQHUDWRUL��FDOGDLD�D�PHWDQR�YV��
SRPSD�GL�FDORUH�HOHWWULFD

Pompa di calore Caldaia a gas

������������5HVRXUFHV
������
������

&DOGDLD�D�JDV

������(FRV\VWHP�4XDOLW\
������+XPDQ�+HDOWK

3RPSD�GL�FDORUH&DWHJRULH�GL�GDQQR

3086 4713
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FDOGDLD�D�PHWDQR�YV��SRPSD�GL�FDORUH�
HOHWWULFD�² (36�����

Pompa di calore Caldaia a gas

������������%LRGLYHUVLW\
����������$ELRWLF VWRFN�5HVRXUFH
�������
������

&DOGDLD�D�JDV

�����(FRV\VWHP�4XDOLW\
������+XPDQ�+HDOWK

3RPSD�GL�FDORUH&DWHJRULH�GL�GDQQR

46,11k 25,856k
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/·LPSLDQWR�IRWRYROWDLFR
• Fabb isogno d i energ ia  elettric a  per l’ a lloggio :2883 kWh/ anno.

– Costo stimato da rete (0.12 ¼/kWh) : ¼ 27676 
– Costo stimato da rete (0.22 ¼/kWh) : ¼ 50740

• kit d i pannelli in silic io monoc rista llino, c on inverter, 2 kWp 
– Certificato per rendimento min. 80% dopo 25 anni
– Produzione: circa 2900 kWh/anno presso Andria
– Costo: ¼ 11000 x 3 impianti/80 anni = ¼ 33000

3ULQFLSDOL�FRPSRQHQWL�
GHOOD�FHOOD

Silicio con drogaggio n

Silicio con drogaggio p

Argento:  griglia ant.

contatto post.
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/D�TXHVWLRQH�DPELHQWDOH�GHL�SDQQHOOL�I�Y��
LO�ILQH�YLWD

,O�SURFHVVR�GL�EDVH�0�6L�VRODU SDQHO��
FRQWHQXWR�QHOOD�EDQFD�GDWL�,9$0��
SUHQGH�LQ�FRQVLGHUD]LRQH�XQ�SDQQHOOR�
GD����FHOOH�IRWRYROWDLFKH��FDSDFH�GL�
���:S�

,O�ILQH�YLWD�SUHYLVWR�SHU�O·LQWHUR�SDQQHOOR�q
O·LQFHQHULPHQWR�

,Q�TXHVWR�FDVR�LO�FRQIURQWR�FRQ�O·HQHUJLD�
HOHWWULFD�GD�UHWH�YHGH�LO�IRWRYROWDLFR�
FRPH�XQD�IRQWH�GL�PDJJLRU�GDQQR�

&RQIURQWR�FRQ�(FR�,QGLFDWRU�µ��

&RQIURQWR�FRQ�(36�����

f.v.

13189 13028

rete

f.v. rete
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,O�UHFXSHUR�GHL�PHWDOOL�SUH]LRVL

• E’ sta to c rea to un 
p roc esso d i rec upero 
d i a rgento da  supporti 
tec nolog ic i, 
c onsistente in:

�� WULWXUD]LRQH
�� 5HFXSHUR�GHOO·DUJHQWR�

PHGLDQWH�HOHWWUROLVL
�� ,QFHQHULPHQWR�GHO�UHVLGXR

WULWXUD]LRQH

,QFHQHULPHQWR
ZDIHU

$UJHQWR�LQ�SDQQHOOR

5HFXSHUR�
FRQ�

HOHWWUROLVL
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&RQIURQWR�IUD�HQHUJLD�GD�UHWH�H�IRWRYROWDLFR

Inserito nel p roc esso uno sc enario d i fine vita  
p iù ac c ettab ile per i pannelli 
fotovolta ic i, è sta to c ondotto un LCA d i 
c onfronto fra

• HQHUJLD�HOHWWULFD�SUHOHYDWD�GD�UHWH�(1(/��
DQDOL]]DWD�VHFRQGR�LO�PL[�HQHUJHWLFR�
LWDOLDQR�GHO�����

• HQHUJLD�GD�LPSLDQWR�IRWRYROWDLFR�JULG�
FRQQHFWHG

&RQIURQWR�FRQ�(FR�,QGLFDWRU�µ��

&RQIURQWR�FRQ�(36�����

f.v.

9960 13028

rete

f.v. rete

167k 195k
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(QHUJLH�GD�IRQWL�FRQYHQ]LRQDOL�R�ULQQRYDELOL"

Elettricità +

pompa di calore

Elettricità +

caldaia gas
Energie da 
fotovoltaico

1302
1465

996

�����
������
������

(O����JDV�PHW�

������������5HVRXUFHV
������
������

(O� GD�IRWRYROWDLFR

������(FRV\VWHP�4XDOLW\
������+XPDQ�+HDOWK

(O����SRPSD�GL�FDO�&DWHJRULH�GL�GDQQR



(QWH�SHU�OH�1XRYH�WHFQRORJLH��O¶(QHUJLD�H�O¶$PELHQWH 32/,7(&1,&2�',�%$5,

&RQIURQWR�IUD�SURJHWWR�RULJLQDULR�H�PRGLILFDWR

RULJLQDULR
PRGLILFDWR

31896

25569

����������5HVRXUFHV
������
����

&RQ�SRPSD�GL�FDO �
,PSLDQWR�I�Y�

������(FRV\VWHP�4XDOLW\
������+XPDQ�+HDOWK

RULJLQDULR&DWHJRULH�GL�GDQQR
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&RVWL�HVWHUQL

Dall’analisi dei risultai ottenuti con i 
due metodi:

PHWRGR�(FR,QGLFDWRU si ha un 
costo esterno minore del ��� con la  
progettazione ecocompatibile,

mentre con il metodo (36 si ha 
costo esterno minore del ��� con la 
progettazione ecocompatibile

3URFHVVR &RVWR�HVWHUQR��¼�
HH DALY 0.319 9936.85  ¼
EQ PDF*m2*y 1,3E5 597,31 ¼

RES MJ surplus 3,18E5 19433 ¼

�������¼
HH ELU 5,33E+05 165614.17 ¼

EPC ELU 1,36E+07

ASR ELU 1,16E+04 3.23888E5 ¼

BD ELU 8,99E+04 9955,15  ¼

��������� ¼

'DQQR

E
.I.

99
E

P
S

 2
00

0

3URJHWWR�
RULJLQDULR

7RWDOH

7RWDOH

3URFHVVR &RVWR�HVWHUQR��¼�
HH DALY 0,28 8722 ¼
EQ PDF*m2*y 1,3E5 597,30 ¼

RES MJ surplus 1,9E5 11611  ¼
������¼

HH ELU 5,4E4 145366  ¼
EPC ELU 3,7E5

ASR ELU 8,7E4 1,31E5 ¼
BD ELU 6,4E3 ¼ 10338  ¼

�������¼

'DQQR

E
.I.

99
E

P
S

 2
00

0

3URJHWWR
PRGLILFDWR

7RWDOH

7RWDOH
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FRQFOXVLRQL
,O�SURFHVVR�GL�HFRGHVLJQ�VXSSRUWDWR�GD�/&$�FRQVHQWH�GL�ULGXUUH�LQ�PDQLHUD�

VLJQLILFDWLYD�LO�GDQQR�GRYXWR�DO�FLFOR�GL�YLWD�GHO�SURJHWWR�

• /H�VFHOWH�SURJHWWXDOL�RULJLQDULH��XVR�GL�PDWHULDOL�ORFDOL��KDQQR IRUQLWR�XQ�GDQQR�
LQIHULRUH�GHO��������VXL�PDWHULDOL�GD�FRVWUX]LRQH�

• /H�PRGLILFKH�SURSRVWH�QHO�FRUVR�GHO�ODYRUR�
– Isolamento
– Pompa di calore 
– Energie solo da fonti rinnovabili

ULGXFRQR�LO�GDQQR�GL�XQ�XOWHULRUH�����ULVSHWWR�DO�SURJHWWR�RULJLQDULR�

• /D�SURGX]LRQH�GL�XQD�EDQFD�GDWL�LWDOLDQD�RULHQWDWD�DO�VHWWRUH�HGLOL]LR�
FRQVWHQWLUHEEH GL�ULGXUUH�O·LQFHUWH]]D�OHJDWD�D�

– Danni relativi al processo di produzione edilizia (cantiere)
– Danni relativi ai materiali specifici

• 'XUDQWH�OD�IDVH�GL�SURJHWWD]LRQH�L�WHFQLFL�GRYUHEEHUR�XWLOL]]DUH LO�/&$�FRPH�
VXSSRUWR�GHFLVLRQDOH�SHU�OH�VFHOWH�WHFQRORJLFKH��FRVWUXWWLYH�H�GL�SURFHVVR�
SURGXWWLYR�
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Grazie per la  

SD]LHQWH a ttenzione


