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Table 1 - Geometric characteristic of the case study
	Building 
	Year 
	Construction typology 
	N. floors 
	Gross volume
	Total area
	Building height
	N. rooms

	
	
	
	
	m3
	m2
	m
	n

	 “Sedile” building
	1540
	Bearing wall structure in limestone, and vaulted ceilings 
	2
	5550
	1500
	13.00
	20

	 "Ridola" building
	1842
	Bearing wall structure in limestone, and vaulted ceilings 
	3
	3904
	1170
	10.10
	31

	“Bronzini” building
	1840
	Bearing wall structure in sandstone calcarenite, and vaulted ceilings
	4
	5113
	1352
	14.00
	12



Table 2 - Technical characteristic of case studies
	Building
 
	Total heat loss surface
	Opaque area 
	Windows area 
	S/V ratio
	Installed thermal power
	Heating terminals 

	
	m2
	m2
	m2
	 
	kW
	 

	 “Sedile” building
	2217
	2150
	67
	0.17
	280
	Radiators in classrooms and offices

	"Ridola" building
	1206
	1545
	104
	0.40
	116
	Radiators in classrooms and offices

	“Bronzini” building
	1416
	1352
	64
	0.28
	116
	Radiators in classrooms and offices



Table  3  - Thermos-physic parameters of opaque envelope of case studies
	Building 
	Opaque vertical envelope 
	Horizontal coverage
envelope 
	Transparent envelope

	
	C
	U
	Law limits
	U
	Law
limits
	U
	Law
limits

	
	W/(m2K)
	W/(m2K)
	W/(m2K)
	W/(m2K)
	W/(m2K)
	W/(m2K)
	W/(m2K)

	 “Sedile” building
	1.41
	0.63
	0.32
	1.04
	0.26
	3.15
	1.8

	“Ridola” building
	1.14
	0.98
	0.32
	0.33
	0.26
	3.16
	1.8

	“Bronzini” building
	1.31
	1.01
	0.32
	1.56
	0.26
	3.16
	1.8



Table 4 - Thermal dynamic properties
	Buildings
	Measures condition
	Yie
	Ki
	φ

	
	
	W/(m2K)
	kJ/(m2K)
	h

	“Sedile” building
	Old buildings
	0.349
	60.9
	10.41

	
	New building
	0.003
	56.1
	29.11

	"Ridola" building
	Room 7 
	0.029
	55.7
	20.3

	
	Percussion Room
	
	
	

	“Bronzini” building
	“Rota” Room
	0.0003
	55.1
	48.24

	
	Room 1
	0.0009
	55.1
	35.52



Table 5 – Activity parameters
	
	“Sedile” building
	“Ridola” building
	“Bronzini” building

	Occupacy schedule
	15/09 – 15/07
from 08:00 to 13:00   and from 15:00 to 17:00
	15/09 – 15/07
from 7:00 to 19:00
	01/09 – 30/07 
from 8:00 to 18:00

	Minimum fresh air
	1 l/s* person
	1 l/s* person
	1 l/s* person

	Occupacy
	0,015 people/m2
	0,011 people/m2
	0,30 people/m2

	Metabolic activity
	0,90 W/m2
	0,90 W/m2
	0,90 W/m2

	Heating set point
	20°C
	18°C
	20 °C

	Cooling set point
	26°C
	28°C
	28 °C



Table 6 - Inequality Coefficient for "Sedile" building
	Building
	Season
	Inequality Coefficient - IC

	
	
	Room 1
	Room 2
	Room 4
	Room 5
	Room 10
	Secretary 
	Administr.
	Supply 
	Average

	“Sedile”
 building
	Summer season
	0.15
	0.05
	0.17
	0.36
	0.15
	0.35
	0.45
	0.21
	0.24

	
	Intermediate season
	0.24
	0.21
	0.12
	0.26
	0.14
	0.34
	0.12
	0.37
	0.22

	
	Winter season
	0.25
	0.11
	0.11
	0.18
	0.27
	0.18
	0.05
	0.01
	0.14



Table 7 - Inequality Coefficient for "Ridola" building
	Building
	Season
	Inequality Coefficient - IC

	
	
	Hall
	Room 6
	Room 7
	Percussion
 room
	Average

	“Ridola” 
building
	Summer season
	0.13
	0.31
	0.49
	0.30
	0.31

	
	Intermediate season
	0.32
	0.16
	0.10
	0.36
	0.24

	
	Winter season
	0.18
	0.07
	0.17
	0.17
	0.15



Table 8 - Inequality Coefficient for "Bronzini" building
	Building
	Season
	Inequality Coefficient - IC

	
	
	Nino Rota Room
	Room 1
	Room 2
	Average

	“Bronzini” 
building
	Summer season
	0.34
	0.14
	0.25
	0.25

	
	Intermediate season
	0.31
	0.12
	0.00
	0.15

	
	Winter season
	0.11
	0.12
	0.17
	0.13












Table 9 – Dynamic thermal parameters
	“Sedile” building

	Yie 
	Ki
	U
	Φ

	W/m2K
	kJ/m2K
	W/m2K
	h

	0,003
	56.,1
	0.631
	29.11

	“Ridola” building

	Yie 
	Ki
	U
	Φ

	W/m2K
	kJ/m2K
	W/m2K
	h

	0.029
	55.7
	0.865
	20.3

	“Bronzini” Building

	Yie 
	Ki
	U
	Φ

	W/m2K
	kJ/m2K
	W/m2K
	h

	0.0009
	55.10
	0.53
	35.52



Table 10- Energy savings of the envelope
	Building
	Energy
 strategies
	Primary energy consumption before  intervention
	EPnren before interventions
	EPnren after interventions
	Primary energy savings

	
	
	kWh
	kWh/(m2 year)
	kWh/(m2 year)
	kWh
	%

	"Sedile" building
	Transparent envelope
	79909
	85
	68
	15723
	20

	
	Horizontal envelope
	
	
	74
	10011
	13

	
	Vertical envelope
	
	
	80
	4367
	5

	
	Opaque and transparent envelope
	
	
	62
	21279
	27

	"Ridola" building
	Transparent envelope
	103029
	88
	69
	22062
	21

	
	Horizontal envelope
	
	
	86
	2821
	3

	
	Vertical envelope
	
	
	77
	12434
	12

	
	Opaque and transparent envelope
	
	
	54
	39344
	38

	"Bronzini" building
	Transparent envelope
	58269
	43
	34
	11810
	20

	
	Horizontal envelope
	
	
	39
	5864
	10

	
	Vertical envelope
	
	
	34
	12349
	21

	
	Opaque and transparent envelope
	
	
	20
	31835
	55









Table 11- Energy saving on plant
	Buildings
	Energy strategies
	Primary energy consumption 
	EPnren before interventions
	Primary energy after interventions
	EPnren after interventions
	Primary energy savings


	
	
	kWh
	kWh/(m2 year)
	 kWh
	kWh/(m2 year)
	kWh 
	%

	“Sedile” building
	Absorption heat pump and thermostatic valves
	 79909
	85
	47993
	51
	31916
	40

	
	Compression heat pump and fan coil unit
	
	
	70116
	75
	9793
	12

	"Ridola" building
	Absorption heat pump and thermostatic valves
	103029
	88
	58912
	50
	44117
	43

	
	Compression heat pump and fan coil unit
	
	
	88734
	76
	14295
	14

	"Bronzini" building
	Absorption heat pump and thermostatic valves
	 
58269

	43
	37181
	27
	21088
	36

	
	Compression heat pump and fan coil unit
	
	
	71639
	53
	-13370
	-23



Table 12- Comparison between electricity consumption measured and simulated
	Building
	Electric consumption
	Average of electric consumption
	Electric needs for lighting
	Error

	
	2009
	2010
	2011
	2012
	2009-2012
	
	

	
	kWh
	kWh
	kWh 
	% 

	Sedile building
	37469
	44587
	31613
	27425
	35273
	33629
	5%

	Ridola building
	19317
	19427
	13925
	16114
	17196
	14231
	17%

	Bronzini building
	9059
	10139
	12046
	11653
	10724
	10260
	4%


Table 13 – Energy analysis of present lighting and design lighting for the three buildings
	
	Present lighting
	Design lighting
	Energy saving

	
	Technology
	Global power
	Electric consumption
	Technology
	Global power
	Electric consumption
	

	
	 
	W
	kWh
	
	W
	kWh
	%

	“Sedile” Building
	Metal halide lamp and Neon lamp
	20474
	33629
	Led
	1832
	3010
	91

	“Ridola” Building
	Metal halide lamp and Neon lamp
	5198
	10038
	Led
	938
	1095
	89

	“Bronzini” building
	Metal halide lamp and Neon lamp
	5622
	10260
	Led
	2246
	4099
	60



Table 14 - Economic feasibility study on envelope
	Building
	Energy strategies
	Investment costs
	Pay-back time 
	Investment costs with TB 2.0 incentives
	Pay-back time

	
	
	€
	year
	€
	year

	“Sedile”  building
	Transparent envelope
	20296
	17
	 12178
	10

	
	Horizontal envelope
	 14418
	18
	 8651
	11

	
	Vertical envelope
	15725
	45
	 9435
	27

	
	Opaque and transparent envelope
	50439
	31
	30263
	11

	“Ridola” building
	Transparent envelope
	 31766
	19
	12706
	7

	
	Horizontal envelope
	7135
	30
	 2854
	12

	
	Vertical envelope
	 8307
	9
	 3323
	3

	
	Opaque and transparent envelope
	 47208
	16
	18883
	6

	“Bronzini” building 
	Transparent envelope
	 19381
	21
	 7752
	14

	
	Horizontal envelope
	8846
	19
	 3539
	8

	
	Vertical envelope
	 10939
	11
	 4376
	5

	
	Opaque and transparent envelope
	 39166
	16
	15666
	8



Table 15- Economic feasibility study on plant
	Building
	Energy strategies
	Investment costs 
[€]
	Pay-back time
[year]
	Investment costs with TB 2.0 incentives
[€]
	Pay-back time TB 2.0 incentives
[year]

	 Palace of 
“Sedile”
	Installation of absorption heat pump and thermostatic valves
	25554
	11
	8944
	4

	
	Installation of compression heat pump and fan coil unit
	32932
	2
	11526
	1

	 Palace 
“Ridola”
	Installation of absorption heat pump and thermostatic valves
	19823
	6
	6938
	4

	
	Installation of compression heat pump and fan coil unit
	37032
	3
	12961
	1

	Palace
“Bronzini”
	Installation of absorption heat pump and thermostatic valves
	13492
	8
	4722
	3

	
	Installation of compression heat pump and fan coil unit
	19453
	5
	6809
	2






Table 16 - Economic feasibility study on replacement of present lighting with LED technologies
	Building
	Energy strategies
	Investment costs 
[€]
	Pay-back time
[year]
	Investment costs with TB 2.0 incentives
[€]
	Pay-back time TB 2.0 incentives
[year]

	“Sedile” building
	Replacement of actual lighting system with LED technologies 
	25784
	3
	9024
	1

	 “Ridola” building
	Replacement of present lighting system with LED technologies 
	4417
	1
	1546
	< 1

	“Bronzini” building
	Replacement of present lighting system with LED technologies 
	2496
	1
	874
	< 1



Table 17 -  Energy saving and pay-back time for combined interventions
	[bookmark: _GoBack]Building 
	Energy strategies
	EPnren before improving
	EPnren after improving
	Primary energy savings
	Investiment costs
	Pay-back time
	Investiment costs 
(TB 2.0 incentives)
	Pay-back time 
(TB 2.0 incentives)

	
	
	kWh/(m2 year)
	kWh/(m2 year)
	kWh 
	%
	€
	year
	€
	year

	 “Sedile “ building
	Opaque and transparent envelope
	85
	62
	21279
	27
	50439
	31
	30263
	11

	
	Envelope and installation of absorption heat pump and thermostatic valves
	
	37
	45182
	57
	75993
	22
	39207
	11

	
	Envelope, compression heat pump and fan coil unit
	
	61
	57401
	28
	83371
	2
	41789
	1

	“Ridola” building
	Opaque and transparent envelope
	88
	54
	39344
	38
	19823
	16
	18883
	6

	
	Envelope, absorption heat pump and thermostatic valves
	
	31
	66705
	65
	37032
	13
	46581
	6

	
	Envelope, compression heat pump and fan coil unit
	
	55
	38974
	38
	47208
	6
	41286
	2

	”Bronzini”  building
	Opaque and transparent envelope
	43
	20
	31835
	55
	39166
	16
	15666
	8

	
	Envelope, absorption heat pump and thermostatic valves
	
	13
	41141
	71
	52657
	17
	33011
	7

	
	Envelope, compression heat pump and fan coil unit
	
	38
	6543
	11
	58619
	9
	22475
	4
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