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Deliverable D2.1: Short Description

The document presents three renovation schemes for Messina, Italy, with calculated energy
performances and costs carried out through simulation software. The optimal renovation designed
has been selected according overall energy efficiency, regulatory framework, comfort and visual
impact of the solutions proposed
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ABBREVIATIONS AND ACRONYMS

Acronym Definition

CFL Compact Fluorescent Lamp

CHP Combined Heat and Power

cop Coefficient Of Performance

EER Energy Efficiency Ratio

ESCO Energy Service Company

HVAC Heating Ventilation Air Conditioning
LED Light-Emitting Diode

nZEB nearly Zero-Energy Building

PV Photovoltaic

BACS Building Automation Control System
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CERTUS PROJECT IN BRIEF

Southern European countries undergo a severe economic crisis. This hinders the compliance to the
latest Energy Efficiency Directive, demanding strict energy efficiency measures for the public sector.
Investments required to renovate public buildings and achieve nearly zero energy consumption have
long payback times. So the interest of financing entities and ESCOs is small, especially when banks
have limited resources. Many of the municipal buildings in Southern Europe require deep
renovations to become nZEB and this should not be regarded as a threat but rather as an opportunity
for the energy service and the financing sector.

The objective of the proposed action is to help stakeholders gain confidence in such investments and
initiate the growth of this energy service sector.

Municipalities, energy service companies and financing entities in Italy, Greece, Spain and Portugal
are involved in this project. The plan is to produce representative deep renovation projects that will
act as models for replication. Twelve buildings in four municipalities in each country have been
selected. The partners will adapt existing energy service models and procedures and will work out
financing schemes suitable for the 12 projects. Consequently, the partners will create materials, such
as guides and maxi brochures, suitable to support an intensive communication plan.

The plan includes four workshops with B2B sessions targeted to municipalities, ESCOs and financing
entities. These actions shall be complemented by four training activities targeting municipal
employees and the participation in international events targeting all 3 stakeholders. We expect that
our action will have a significant impact by triggering investments in renovations to achieve nZEB and
the uptake of the ESCO market in Southern European member states.
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SUMMARY

Messina municipality is participating with three buildings, namely, the City Hall (Zanca Palace) and
two municipal offices (Satellite Palace and Antonello da Messina Cultural Palace).

The aim of the renovation design is to achieve the nearly zero energy building standard, ensuring the
comfort of the occupants, workers and visitors.

The design, detailed in the subsequent chapters, was developed along the requirements and
constraints imposed by the Technical Department, the Physical Planning Department and the
Superintendence of Cultural Heritage of the City of Messina.

The principal constraints to be observed are:

(i) To maintain the historical memory and architectural building
(ii) Do not change in full the working functions
(iii) Do not interrupt the activities of workers and interfere as little as possible with the normal

development of municipal activities.

Also in Italy has not yet entered into force legislation governing building design nZEB, should come
into force in the year 2015.

Proposals for renewal concern the reduction of all energy consumption: lighting, heating / cooling,
computer equipment and electronics. The analysis of the buildings has been carried out with: energy
audits.

The software used is the Design Builder version v. 3.4.0.033, based on Energy Plus. The data for
envelope materials, electronics and computing equipment, lighting, heating/cooling plants and
management profiles of individual environments have been included using special schedules.
Wherever experimental data were not available they have been referred to the values required by
the regulations. Examined the conditions of the state of the simulation was then made of the state of
the project, entering hypothesized renovation scheme. These interventions were extremely
expensive, just because of the huge size of the building (13,500 sqm/ 90000 mc) but, at a later time,
will be necessary to evaluate the investment payback.
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MESSINA GENERAL INFORMATION

Messina is an Italian municipality with a population of 240,725, has an area of 211.23 km?; also called
the "door of Sicily" and once Zancle and Messana, located in the North-Eastern part of Sicily (Capo
Peloro), exactly on the Strait of Messina.

From sea level, within the same municipality, it is possible to climb up to 1,130 meters, through the
hills above the city, to Mount Dinnammare (from the Latin "bimaris" two seas). From here the view
extends on the two seas of the city, Sea lonio (on the Strait of Messina) and the Tyrrhenian Sea.

Its marina is the first in Italy for number of passengers and the sixth for cruise traffic.

In 1908 an earthquake destroyed the city almost completely, causing the death of about half the
city's population. Rebuilding started in 1912, and the modern city presents itself orderly and regular
with wide and straight streets in direction north-south. In recent years, projects are underway aimed
at the redevelopment of the city through works such as the waterfront or a new location for the train
station.

With an Important and historic university, founded in 1548 by St. Ignatius of Loyola, Messina is a city
with an economy based on services, trade, tourism and a significant industrial activity in naval
shipbuilding.
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FIGURE 1 - LOCALIZATION OF MESSINA IN ITALY
FIGURE 2 - LOCALIZATION OF MESSINA IN SICILY

FIGURE 3 - MESSINA VIEW FROM ABOVE
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A. PALACE OF CULTURE — PALACULTURA ANTONELLO DA MESSINA

1. BUILDING GENERAL DESCRIPTION

1.1. LOCATION

Palacultura is a important building of Messina. The building is located near the marina of the city. The
Palace of Culture (or more simply Palacultura) is a multifunctional center in the city of Messina,
composed of three buildings, in which there are an auditorium, an outdoor theater, a library and an
exhibition center located on the terrace.

-

FIGURE 4 - PALACULTURA

Made and designed in 1975 by engineer Aldo D’Amore and architect Fabio Baisle, after various
events (such as the finding of some archaeological remains), it was completed only at the end of
2000. More precisely, April 16, 2009 were concluded the work started in 2005, after 30 years from
the project. Located in the central part of the avenue Boccetta, which is for the city of Messina the
first access road for motorists coming from the highways, it is therefore necessarily a visiting card on

architecture that the city offers to visitors.
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FIGURE 5 - PALACULTURE FROM AVENUE BOCCETTA

FIGURE 6 - A PARTICULAR VIEW OF PALACULTURE

Table 1 presents the main location data of the building.

TABLE 1 - LOCATION DATA OF THE BUILDING

Address European Union Square, 41 98122 Messina (ME), Italy

Coordinates LAT. 38°11'51.91"N- LONG. 15°33'14.05"E

Google Maps | https://www.google.it/maps/place/38%C2%B011%2751.9%22N+15%C2%B033%2714.1%22
E/@38.1977494,15.5539167,2880m/data=!3m2!1e3!4b1!4m2!3m1!1s0x0:0x0!6m1!1el

The building is located near the marina of the city. These figures show the location in the city map
and aerial view.
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FIGURE 7 - LOCATION IN THE CITY (MAP) FIGURE 8 - LOCATION IN THE CITY (AERIAL VIEW)
TABLE 2 - DATA OF THE SYSTEM CONSIDERED
Degree days 707
Minimum 5.0°C
temperature of
project
Altitude 3ms.l.m.
Climatic Zone B
Heating days 121
Wind speed 2.8m/s
Wind zone 2
Province of Messina - Reggio di Calabria
reference

Average monthly JAN [(FEB |MAR [APR |MAY [JUN |JUL |[|AUG |SEP |OCT |NOV |DEC
temperatures(°C) 11.7 |12.0 |13.2 |15.7 |19.2 [235 |26.4 (265 |24.2 |20.3 |16.6 |13.3
Averages monthly JAN [(FEB |MAR [APR |MAY [JUN |JUL |[|AUG |SEP |OCT |NOV |DEC
raditions (MJ/m?) 7.2 10.8 [15.2 [20.3 [24.4 |27.3 |27.2 |24.6 |19.0 [129 |8.9 6.6
10.8 |12.9 (129 |[115 |9.9 9.2 9.7 11.8 |14.0 (14.2 [13.2 |10.3
8.6 11.1 (127 |(13.6 |13.6 |13.8 |143 |15.3 [149 |12.6 |10.7 |8.2
54 |7.9 105 |13.4 |15.6 |17.1 |17.2 |16.2 |13.1 |93 6.7 5.0
2.7 |4.2 6.6 9.7 125 |145 (141 [11.8 |8.2 5.1 3.2 2.4
24 3.2 4.3 5.9 8.4 10.2 |9.5 6.8 4.6 3.6 2.6 2.2
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® Location Template

*;Template MESSINA
<+ Site Location
Latitude () 38.20
Longitude (%) 15,55
'3 Site Details
Elevation above sea level (m) 51.0
Exposure to wind 2-Normal v
Site arientation (7) 0

Add ground construction layers to surfaces in contact with ground (separate constructions only)

“yConstruction Cultivated clay soil (0.5m)
[ Texture GranulatedGray453M

Surface solar and visible reflectance 0.20

Snow reflected solar modifier 1.00

Snow reflected daylight modifier 1.00

Monthly Temperatures
Water Mains Temperature >

Precipitation >

& Simulation Weather Data ¥
4 Hourly weather data ITA_MESSINA_IGDG

& \\inter Design \Weather Data

® Heating 93.6% coverage

Outside design temperature {°C) 6.3
Wind speed (m/s) 10,2
Wind direction (%) 0.0

O Heating 99% coverage

# Summer Design Weather Data

Temperature Range Modifiers
Design Temperatures Y

® 99.6% coverage (based on dry-bulb temp))

Max dry-bulb temperature (°C) 3ee2
Cuoincident wet-bulb temperature ('C) 22.8
Min dry-bulb temperature ('C) 27.1

O 99% coverage (based on dry-bulb temp.)
O 98% coverage (based on dry-hulb temp.)
(O 99.6% coverage (based onwet-bulb temp.)

FIGURE 9 - DATA FOR THE SIMULATION WITH DESIGN BUILDER SOFTWARE
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1.2. SHAPE AND ORIENTATION
This Palace is constituted from a building of 6 floors above ground. The dimensions are very different

for each floor.
The next figure shows the road network near the studied area.
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FIGURE 10 - ROAD NETWORK SCHEME

1.3. AREA AND VOLUME
The building has a total area of about 10,300 m? , this area is divided in different levels, which are

however different in height and shape.

1.4. CURRENT USE

It consists of three buildings used to house offices for culture, the largest town public library, a
museum, a theater with 850 seats with 4 audiences, orchestra pit and booths for television direction
of events, an auditorium for music outdoors among the largest and most modern of Italy, and even

an exhibition hall located on the terrace of the second body of the building.

The inverted pyramid structure was obtained by exploiting the considerable flexibility offered by
materials such as concrete and steel, of course taking into account that Messina is a seismic zone of
1st category.

On the ground floor there is the access to the building with hall, reception of the theater. All rooms
are now used as offices for culture, with the exception of the bathrooms, deposits and some offices

of municipal councillors.
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FIGURE 11 - HALL AND RECEPTION

FIGURE 12 - THEATER

On the first floors there are numerous municipal offices, meeting rooms, a museum, a public library
bathrooms and archives.

FIGURE 13 - MUSEUM
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FIGURE 14 - AN ARTWORK OF THE MUSEUM

In the basement there are technical rooms and a garage for employees of the Palace of Culture.

The building is usually busy for the public activities and on the occasion of the museum exhibitions

or theater performances. The public activities of employees carried out only between 7h30 and
19h30. Public access depends on the type of service provided and is between 08h30 and 13h30 from
Monday to Friday, also between 14h30 and 16h30 on Tuesday and Thursdays.

The building hosts about 200 employees and visitor numbers change according to the activities
taking place at the palace.

For the simulation of Palace of Culture of Messina with Design Builder, the building was divided into
11 blocks (named 11,12,13,14,16,2,3,4,5,6,7). Windows are modelled individually and has been
dimensioned according to data of the original design.

The following image shows the Home screen of the software.

Ple 6t Go View Took Hep i rosion |pmosast B 3

[ THS R P A CIRSLD LHODDOO HE

= = Il et [ Visushse | Hestng desgn | Goclng desgn | Smston | G50 | g |

FIGURE 15 - HOME SCREEN OF THE SOFTWARE

The following figures show the floor plans of the blocks, as shown in the simulation software. Each
floor is split into different areas, depending on the intended use. Therefore different usage profiles
were created.
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Block 11 consists of:
e Office Circulation
e Area for speculative office
e Theatre and Lecture space
e Area without any cooling or heating plant
e Office Toilet
o Office Meeting room
e Office Equipment

Palacultura prova, Palacultura Antonello da Messina, Blocco 11

Layout | Activay | Constnsction | Operings | Lighting | HVAC | outputs [ cFp

PALAC Office_Circulation Zoha 25
PALAC Office_SpecOff
PALAC Theatre_Lecture Zona 6

PALAC Office_Toilet
PALAC Blocco 11 Zona 16 non riscaldata

PALAC Office_MeetRm Zonal2
PALAC Office_ITEquip I | zin

Zona 16

Zona 19

Zorg 9

Zon 8

Zona | Zona 1

Zona 1 Zona Zonal Zona 13 Zona A

E Lr
Edt [ Visualise | Heating design | Cooling design | Simuiation | CFD [ Daylighting |

FIGURE 16 - PLAN OF BLOCK 11

Block 16 is the area intended for mobile stairs that connect the ground floor to the second floors the
area of the:
e  Office Circulation

FIGURE 17 - PLAN OF BLOCK 16

Second floor is constituted by three blocks (12,13,14). Block 12 consists of:
e  Office Circulation
o  Office Toilet
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e Office Meeting room

Palacultura prova, Palacultura Antonello da Messina, Blocco 12

Layout | Actvty | Constnsction | Openings | Lighting | HVAC | Outputs | CFD |

PALAC Office_Circulation
PALAC Office_MeetRm

PALAC Office_Toilet

im}
[
[

Zoni 1

Zona 4 Zona 5

Zona 2

Zon:
! u I L -Ij; J Lr

[Tl et [Visuaise | Heating desn [ Cooing design [[Smulaton Tc#D | Dayighins [

FIGURE 18 - PLAN OF BLOCK 12

Block 13 consists of:
e  Office Circulation
o Office Toilet
e  Office Meeting room

Palacultura prova, Palacultura Antonello da Messina, Blocco 13

Layout

PALAC Office_Circulation
PALAC Office_MeetRm

PALAC Office_Toilet

Zona 2

Zona 4

1 [V Tt ot [ i [ [ s

FIGURE 19 - PLAN OF BLOCK 13

Block 14 consists of:
e  Office Circulation
e Area for speculative office
e Theatre and Lecture space
Area without any cooling or heating plant
o  Office Toilet
e Office Equipment
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Palacultura prova, Palacultura Antonello da Messina, Blocco 14

Layout

PALAC Theatre_Lecture

PALAC Office_Circulation

PALAC Office_Toilet

PALAC Office_ITEquip

PALAC Blocco 11 Zona 16 non riscaldata

Zohq 10Z00a @

lEdil [ Visuase | Heating design | Cooling design | Simuiation | CFD | Daylighting

FIGURE 20 - PLAN OF BLOCK 14

Blocks 4 and 5 are in the same floor and have the same functional rooms:
o Office Typical
e Circulation

Palacultura prova, Palacultura Antonello da Messina, Blocco 4

BPALAC Office_Typical

PALAC Office_Circulation

n ——m m ]

Zona 1 Zona 2 Zona 3

7 T | LLI U L]

[T Ege [Visualise | Heatina desian | Coolina desian | Smuiation | CFD. | Daviichtina

FIGURE 21 - PLAN OF BLOCK 4
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Palacultura prova, Palacultura Antonello da Messina, Blocco 5

| Actvey | Constucton_| Openings | Lightng | HvaC | outputs | D |

PALAC Office_Circulation
PALAC Office_Typical

L_l 1

L]

"
o Zona 2

L1 11

B e [ Vot Tt Tt [0 o I

FIGURE 22 - PLAN OF BLOCK 5

Block 3 is the highest part of the area destined to the Theatre:
e Office Circulation

Area for speculative office

Theatre and Lecture space

Area without any cooling or heating plant

Office Toilet

Office Equipment

Palacultura prova, Palacultura Antonello da Messina, Blocco 3

Layout

[CJPALAC Theatre_Lecture

[Tlece [ Ve | Heatng desin | Coclng design [ Smuaton [ CFD [ Dayigrens [

FIGURE 23 - PLAN OF BLOCK 3

Blocks 6, 7 and 2 are the top three floors of Culture Palace. Each floor has the geometry of a
parallelepiped with a rectangular base, the dimensions of which increase from the floor below up to
the highest one.
Blocks 6, 7 and 2 have the same functions:

e  Office Circulation

o  Office Toilet

o Office Meeting room
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e Office Typical

Palacultura prova, Palacultura Antonello da Messina, Blocco 2
Layout | Activty | Constuction | Openings | Lighting | HVAC | Outputs | CFD.

[C]PALAC Office_Circulation
| |PALAC Office_Toilet
[|PALAC Office_Typical
[ JPALAC Office_eetRm
Zona 5
Zong3 Zong @
Zona1 Zona4 Zona 10 Zona 11 Zona 8 i
Zona 7
Zona 2 Zona 6
1
Edit_| Visualise | Heating design | Cooling design | Simulation | CFD | Daylighting
FIGURE 24 - PLAN OF BLOCK 2
Palacultura prova, Palacultura Antonello da Messina, Blocco 6
Layout | Activity | Construction | Openings | Lighting | HVAC | Outputs | CFD
PALAC Office_Circulation
PALAC Office_Typical
PALAC Office_MeetRm
PALAC Office_Toilet
— —
e l s h
Zonal
Zonals Zond15
Zona 7 Zona 11 Zona 18 Zona 22 Zaona |
Zona 9
1] ] Cr U 5
| S —
et [vtn Tt e [ o s [ Sniion 50 [ e I

FIGURE 25 - PLAN OF BLOCK 6

Palacultura prova, Palacultura Antonello da Messina, Blocco 7
Layout | Activiy | Constuction | Openings | Lighting | HVAC | Outputs | CFD

PALAC Office_Circulation
PALAC Office_Toilet
PALAC Office_heetRm
PALAC Office_Typical

Zona 1
Zon: Zond 2
Zona 9 Zona 7 Zona 8 Zona 3 Zona 6
Zona 11
Zona 10 5
[
L I

Edt_| Visuaise | Heating design | Cooling design | Simulation | CFD_| Dayiighting

FIGURE 26 - PLAN OF BLOCK 7

CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1



‘ Deliverable D2.1
~ Report presenting the 3 nZEB renovation schemes in Italy, fully
[[ L] (| ] CE R‘I‘US documented with technical and economic evaluation Final

-

]

2. CURRENT BUILDING CONDITIONS

2.1. CONSTRUCTIVE BUILDING CHARACTERISTICS

Palace of Culture respects the seismic regulations. It is a structure realized in steel and reinforced
concrete, according to earthquake regulations in 2000 and does not meet any energy regulations still
in force. The following figure presents the aerial view of the building.

LSSSSconvento e Chi

—===San Francesco d"Assisili&
s

Francescor
Froces el
Tt

Comune Di Messina
Sede Palaculturag=

FIGURE 27 - AERIAL VIEW OF THE BUILDING

On the ground floor there are the offices open to the public, the access to museum and the access to
the theater. The first floor holds some administrative functions of the city of Messina and the library
and all rooms of the museum. The other floors hold only administrative functions.

FIGURE 28 - ACCESS OF THE BUILDING

FIGURE 29 - ROOF OF THE BUILDING
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The next figure shows the main facade orientation of the building, exposed to the North.

Palacultura prova, Palacultura Antonello da Messina

Layout

o [ sy |Gy rin [ St 50 [ ey I

FIGURE 30 - ORIENTATION OF THE MAIN FAGADE

2.1.1. ENVELOPE ELEMENTS

The building is made of wide range of materials, mainly steel and concrete for the envelope.
The walls are on the envelope, with the finishing plaster. The plaster has a low capacity, based on

lime.

FIGURE 31 - FRONT OF PALACE OF CULTURE FIGURE 32 - STAIR

2.1.2. WINDOWS

All the windows have single glazing with pvc frames. The doors have the same characteristics of the
windows with the exception of 8 doors on the ground floor, which are in glass and metal.

All the windows have simple shutters. A few rooms have opaque cloth curtains the rest have no
curtains.
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FIGURE 33 - WINDOWS WITH SHUTTERS FIGURE 34 - EUROPEAN UNION SQUARE

All facades, specially on Boccetta Street, are not subject to any shading, as can be seen from the
following figure.

ion| Operings | Lgtng | HVAC | Oupues [ CrD | —

Template vetro di progetto

Yetro esterno di progetto
Preferred height 1.5m. 30%: glazed

Hag a frame/dividers?

~pConstruction UPYC window frame
Diviclers
Type 1-Divided lite -
Wliclth () 0.0z200
Harizantal dividers 1
Yerical dividers 1
Cutside projection {m) n.ooa
Inside projection {m) n.ooa
Glass edge-centre conduction ratio 1.000
Frame ¥
Frame wiclth (rn) 0.0400
Frame inside projection {m) n.ooa
Frame outside projection (m) n.ooa
Glass edge-centre conduction ratio 1.000

(7 Glazing type Yetro Coperura di progetto
Mo roof glazing

FIGURE 35 - SCHEDULE OF WINDOWS
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2.1.3. AIRFLOWS AND PATHOLOGIES

A previous study analysed the envelope with thermal imaging with an external air temperature of

about 17°C.

Um.rel. 50% §
T atm. 20
Lim. UR  100%

22/04/2014 |

FIGURE 36 - THERMAL VIEW

Puntatore  17.2

! Y

14.3
Um. rel. 50%
T atm. 20 22/04/2014

i Lim, UR __ 100% — . 21:39

FIGURE 37 - THERMAL VIEW

The following figure shows the general image of the thermal performance of the envelope: the walls

present a bad thermal performance.

-

Puntatore

22/04/2014
21:21

FIGURE 38 - THERMAL VIEW

The next figures show the thermal losses of the windows. The windows, with single glazing and PVC

frames, present insulation problems.
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Puntatore 26,2 1°C

; 22.1
Um. rel. 50%

T_ atm. 20 22/04/2014
Lim. UR 100%

FIGURE 39 - THERMAL LOSSES IN THE WINDOWS AND WINDOW INVISIBLE TO THE NAKED EYE
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FIGURE 40 - THERMAL LOSSES IN THE WINDOWS AND WINDOW INVISIBLE TO THE NAKED EYE

The thermal losses due to thermal bridges in the corner of the room are also shown.
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FIGURE 41 - THERMAL BRIDGES
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FIGURE 42 - THERMAL BRIDGES

Some characteristics of the building contribute to a bad thermal performance:

¢ The orientation is not good, due to this condition it is required an additional energy use for
heating during the winter (mainly in the North areas). Also it is required more energy use
during summer for cooling (mainly in the West areas where there is no protection from the
direct solar radiation).

e The walls with high thermal inertia and large ceiling height provide advantages during the
summer, but disadvantages during winter, since the building does not have users in the night
period and weekends which leads to a high temperature decrease.

e The windows have low air-tightness, enabling a high level of air infiltration, which is not
controllable, mainly during winter.

* The doors presents significant heat losses

¢ The building as a whole has a low energy performance

2.2. ENERGY SYSTEMS

2.2.1. HvAc

The HVAC is ensured with several ceiling mounted split, for the forced ventilation and air
conditioning. Therefore, all split units are connected to a single hydronic heat pump.

Puntatore 7.5 1°C
—

|

o3
, 23.5
8§ Um. rel. 50%

T ati e 22/04/2014
Lim. UR 100% 21:12

FIGURE 43 - THERMOGRAPHY OF AN AIR CONDITIONER ON
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@ HVAC Template

il Template PALAC Split + separate mechanical ventilation
Type
System Availability

1-Unitany single zone w2

v
v

(14 Schedule On
(" hdechanical Ventilation v
¥ On
Outside air definition method 1-By zone -
Outside air (ac/h) 3,000 %
T

(4 Schedule PALAC Office_Occ
Fans

\

Fan operation mode 1-Continuous v
Pressure rise (Pa) 400
Total efficiency (%) 70
Fan in air (%) 100
Economiser (Free Cooling)
Type 1-None v
Heat Recovery v
[ 0On
 Heating ¥
Heated
Unitary heating fuel 1-Electricity from grid -

Unitary distribution loss 5.0

Local Heating Units

>

N

Operation

(4 Schedule PALAC Office_Heat_Sethack
Cooled

Unitary cooling fuel 1-Electricity from grid -

Unitary coaling CoP 1,650

Unitary distribution loss 5.0

Operation ¥
(4 Schedule PALAC Office_Cool_Sethack

FIGURE 44 - HVAC TEMPLATE

yHumidity Contral

<«

Hurnidification |
(4 Humidification availahility schedule PALAC Office_Occ
Electric power () 2690
Capacity (m3/s) 0,000001000
Dehumidification
Control type 1-Cool-Reheat Heating Coil -
1 DHW »

FIGURE 45 - HVAC TEMPLATE (HUMIDITY CONTROL)

The air circulation and renewal is ensured both naturally through the doors and windows as well as
through the mechanical system. There is forced ventilation in every room.
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Natural Yentilation M

On
Qutside air definition method 1-By zone -
Outside air (ac/h) 3,000 %
1 ) 1 Y 1 1 T 1 T 1 T 1 1
2 3 4 & 2 7 & 3 10 11 12

Opetration
(t4 Schedule

PALAC Office_Occ
Options
Mixed Mode Zone Equipment
Mixed mode on
[F]Opening factor function wind speed c... Opening Factor Function of Wind Speed Curve
Close windows and vents when raining

Max wind speed (m/s) 40.0
Temperature Control

Min outdoor temperature (*C) -100.0

Max outdoor temperature (°C) 100,0

Enthalpy Control ¥

Min outdoor enthalpy (Jfkg)
Max outdoor enthalpy (Jfkg)

20000
30000

Dew Point Control

Min outdoor dew pointtemperature ('C)  15.0
Max outdoor dew point temperature ('C)  30.0

Advanced ¥

(4 Control mode schedule Mixed mode temperature control
[y4 Min outdoor ventilation air schedule  Minimum outdoor ventilation air schedule: Always 1 ac/
;4 AiflowNetwork control type schedule  AiflowNetwark Control Type Schedule: Always 1

i Air Temperature Distribution

Distribution mode 1-Mixed

FIGURE 46 - HVAC TEMPLATE

2.2.2. LIGHTING

The building has many different types of lamps, all of fluorescent type.
Layout | Activity | Construction | Openings | Lighting

HVAC | Outputs | CFD

[ Lighting Template

{7 Template Palac Fluorescent, compact
[ On
Lighting energy (W/m2) 2475 $
T T T T T T T T T T T T T T T T T T T T 1
0 2 4 B B W 12 14 18 18 20 2 24 26 28 3 3R 24 3B/ 3B\ 40
Luminaire type 2-Surface mount -
Radiant fraction 0,720
Visible fraction 0,180
Convective fraction 0,100

g? Lighting Contral
0n

¢ Task and Display Lighting

¥ On

Gain (W/m2)

0,000

i Exterior Lighting v

[J0n

FIGURE 47 - LIGHTING TYPE
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FIGURE 48 - LIGHTING IN OFFICES FIGURE 49 - PARTICULAR LIGHT IN THE MUSEUM

FIGURE 50 - LIGHTING IN MUSEUM AREAS FIGURE 51 - LIGHTING IN CIRCULATION AREAS

FIGURE 52 - LIGHTING ON THE ROOF OF THE TEATHER FIGURE 53 - LIGHTING IN AUDITORIUM
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Lighting templates Data

General Lighting || | Lighting Gains |
On Enter the gains for task and general lighting in W/m2.

AR i q The "Output’ data is used for generating default lighting loads
nghFlng' snergy GoymZ: 100 g 60 based on lighting type and requiredilluminance levels as set
Lurinaire type 2-Surface mount ¥ in Activity data.

Radiant fraction 0,72
Yisible fraction 018 000
Task and Display Lighting ¥ coo]
On Suspended Surface Mount

®_

=] 0/ 0/C —x,

Luminous and Return-Air Ducted
Louvered Ceiling

FIGURE 54 - LIGHTING TEMPLATE DATA

Tube socket

Starter

FIGURE 55 - AN EXAMPLE OF FLUORESCENT LAMP
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There is no mechanism to control lighting and installations are dated. During closed hours only emergency lighting is on.

TABLE 3 - LAMPS CALCULATION

Ro::n:ted Ril,'":ted Light at Square | Prismatic | Prismatic | Lamellar | Prismatic Brerzen schermat | Spotlight | spotlight | Applique Light at {ichiat Plafone |Suspended | Suspended| External | Light for
Piano 623§mm ¢19[§mm wall Suspended Light Light Light Light Iightinz 2:\:! 228 W p;ovs pSOO\AgI D;S:V floor and at wa%l S6W lettura | Spotlight |Spotlight75| Lighting | the path
s iy 100W | 2x26 W | 1x18W | 2x36W | 4x18W | 1x36W wall s8ow 58W 150W w 70W 24w
Height-4,75 - Garage 48 2 21
Height-1,25 -
Deposit books and 13 4 93 6 14
i S
Height 2,25) Hall -
Auditorium - Sala 70 6 54 21 115 13 4 22 35 41 14 18 4
posti
Height 7,25)Reading
Room - Art Gallery - 4 40 19 120 9 4 9 29 36 6 32
Room 140 seats
Height 12,25)
Auditorium Lighting- 6 42 11 27 6 4 10 25 3 37 18 36
External Lighting
Height 15,85) Arena
Esterna 4 20 22
Height 15,85) Offices 87 43 4 9
Height 19,45) Offices 100! 47 4 9
Height 23,05) Offices 130/ 23 4 9
Height 27,00) Roof -
: 32, 14| 2|
Technical Rooms
TOTAL 333 298 51 262 4 183 32 9 103 58 60 41 14 27 41 32 18 36 26 53 1581INUMBER
Total/partial
i Eer 52 26 100/ 52 18 72 72 36 24 28 90 50 75 80 26 58 150/ 75 70 24
Watt Tot.Partial 17316 7748 5100 13624, 72| 13176 2304 324 2472 1624 5400 2050 1050 2160 1066 1856 2700 2700 1820 1272 85834,00|WATT TOT.
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2.2.3. Ict

All offices have computers and printers and in the basement there is a server room. There is an
internal circuit for security.

There are photocopier machines, tv screens, video projectors and other electrical equipment used
for the museum and the theater.

2.2.4. OTHERS

The building has lifts. The use of such lifts is massive because they serve both the public and
employees.

Lift and other equipment connected to plugs such as individual electric heaters, vending machines,
photocopier machines, computers and printers (when not connected to the UPSs) etc, were flagged
as “other”.

For calculating their consumption usage profiles have been created directly through the Design
Builder software.

2.3. ENERGY CONSUMPTION & ENERGY GENERATION

2.3.1. ELECTRICITY CONSUMPTION
The building receives electricity in Low Voltage. Following a summary table of power consumption.

TABLE 4 - ELECTRICITY CONSUMPTION

ELECTRICITY kWh per year kWh per year (2014)

CONSUMPTION (2013)

Palace of Culture

V.le Boccetta is. Survey performed on days in mid-June in 2014.

373/374 - MESSINA Average  consumption with average  outdoor

temperatures of 27 C during operation.

Number of User - €153,957,82 | 507,259 kWh
ITO01E91358706

There is a central generation for heating and cooling system. To set the calculation of the model the
general information are:

TABLE 5 - GENERAL INFORMATION FOR SIMULATION

Data
Weather File ** Messina - ITA IGDG WMO#=164200
HDD and CDD data source Weather File Stat
Total gross floor area [m2] 13580.56
Principal Heating Source District Heat

The following figures show the heat balance of Palace of Culture of Messina, divided according to the
contribution types:
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]

e Occupancy,

Task Lighting,

General Lighting,

Computer + Equipment,
Solar Gans Exterior Windows,
Zone Sensible Heating,

Zone Sensible Cooling.

EnergyPlus Output 1 Jan - 31 Dec, Annual Educational

[ Task Lighting [ General Lighting [l Computer + Equip [[] Occupancy
[ Solar Gains Exterior Windows [l Zone Sensible Heating [l Zone Sensible Cooling

200

100

-100

Heat Balance (MVVh)

-200

-300

FIGURE 56 - ANNUAL HEAT BALANCE

EnergyPlus Output 1 Jan - 31 Dec, Monthly Educational

[ ] TaskLighting General Lighting [®] Computer+Equip | ¥ | Occupancy Solar Gains Exterior Windows Zone Sensible Heating
[©1] Zone Sensible Cooling

30000 i e

20000

\

—_ & B S

e 4 — 1 —

10000 —
=Y

-10000

-20000 T~

-30000

Heat Balance (kWh)

40000

Y Pl

[&] Total Latent Load
26000

25000 / \ e,
24000

23000 / A \
22000 / \
21000

20000 J!
13000 A /
18000 / <7 <
17000

16000 {/
15000 fheccoe

2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Jan 2002 Month

Latent load (kWh)

FIGURE 57 - ANNUAL HEAT BALANCE, ACCORDING OF SINGLE MONTHS
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The following figures show heat balance of Palace of Culture, divided according to the contribution
types, during four months in particular January, April, July and September:

e Occupancy,
e Solar Gans Exterior Windows,
e Zone Sensible Heating,
e Zone Sensible Cooling.
EnergyPlus Output 1 Jan - 31 Dec, Daily Educational
E} Task Lighting |I| General Lighting ‘I| Computer + Equip [ ¥ | Occupancy
Solar Gains Exterior Windows Zone Sensible Heating @ “Zone Sensible Cooling
5000
4000
3000 A
§ 2000 /\
5 1000 . ) L A N /\4~‘N /\\ e Vo ]
N = _S@:pﬁg*:}i A@—( o
E < & - S & e & — & - & & =
© _1000
3
T -2000
-3000
-4000
[@ Total Latent Load
2500
2000
g
Ee)
€ 1000
e
500
0 | | | |
6 éun 13 |Sun 20 |Sun 27 ISun
Jan 2002 Day

FIGURE 58 - HEAT BALANCE DURING JANUARY
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EnergyPlus Output ) 1 Jan - 31 Dec, Daily Educational

E’ Task Lighting |I| General Lighting |I| Computer + Equip [ ¥ | Occupancy
Solar Gains Exterior Windows Zone Sensible Heating @ Zone Sensible Cooling
5000

4000
3000
2000
1000

-1000
-2000
-3000
-4000 —

Heat Balance (kWh)

@ Total Latent Load
2500

2000

17 A /] i r
A B R B R B

I A N I Y W O
[ ) W N I

7 Slun 14 ISun 21 ISun 28 ISun
Apr 2002 Day

Latent load (k¥h)

0

FIGURE 59 - HEAT BALANCE DURING APRIL

EnergyPlus Output 1 Jan - 31 Dec, Daily Educational

E Task Lighting A | General Lighting E’ Computer + Equip Occupancy

Solar Gains Exterior Windows Zone Sensible Heating @ Zone Sensible Cooling
5000

4000
3000

-1000 / \ P -

.. Y. Pk
-2000 / \ A / \ A // \ /\ / \ A /
2000 WS LWV ~ RS

-4000

Heat Balance (k¥vh)
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Latent load (kWh)

FIGURE 60 - HEAT BALANCE DURING JULY
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EnergyPlus Output ' 1 Jlan - 3‘[( Dec, Daily Educationa
El Task Lighting m General Lighting ]I| Computer + Equip | | Occupancy
Solar Gains Exterior Windows Zone Sensible Heating @76;19 Sensible Cooling
5000
4000
3000
£ 2000
% 1000 -—— - S e — .
§ -1000 PR ;f\v/"‘“\ A o PR
[ e 2 S 7 S~ /N S Ly ~
N ) .
-3000 \J
-4000
@ Total Latent Load
2500
| | [ A
% 1000 / \ / \ / \ / \
0 | | | |
8 Slun 15 ISun 22 éun 29 ISun
Sep 2002 Day
FIGURE 61 - HEAT BALANCE DURING SEPTEMBER
2.3.2. GAs/OIL CONSUMPTION
The building does not have any gas consumption.
2.3.3. RENEWABLE ENERGY SOURCES
The building does not have any RES plant.
2.3.4. OTHER GENERATION
Other data that influence thermal balance come from building envelope.
The considered data are:
e External air
e Internal Natural ventilation
e Mechanical Ventilation + Infiltration
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EnergyPlus Output 1 Jah - 31 Dec, Monthly Educational
o L ® Internal Natural vent. [ &4 | External Air
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FIGURE 62 - ANNUAL HEAT BALANCE , ACCORDING OF SINGLE MONTHS

The following figures shows annual comfort value of Palace of Culture of Messina, divided according

to the contribution types.
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EnergyPlus Output 1 Jan - 31 Dec, Monthly Educational
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FIGURE 63 - ANNUAL COMFORT VALUE

2.3.5. FINAL ENERGY CONSUMPTION AND CO, EMISSIONS

TABLE 6 - BUILDING AREA

Total Building Area 10274.89
Net Conditioned Building Area 10274.89
Unconditioned Building Area 0

In this building only electricity is consumed, as depicted by the following table

TABLE 7 - UTILITY USE PER TOTAL FLOOR AREA

\ Electricity Intensity [kWh/m2]

HVAC 121.95
Total 121.95
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TABLE 8 - END USE CONSUMPTION

Heating 223,362.48 0.00 0.00 0.00 0.00 0.00
Cooling 217,049.09 0.00 0.00 0.00 0.00 0.00
Interior Lighting 196,858.13 0.00 0.00 0.00 0.00 0.00
Exterior Lighting 0.00 0.00 0.00 0.00 0.00 0.00
Interior 120,275.15 0.00 0.00 0.00 0.00 | 0.00
Equipment

Exterior 0.00 0.00 0.00 0.00 0.00 | 0.0
Equipment

Fans 127,924.50 0.00 0.00 0.00 0.00 0.00
Pumps 0.00 0.00 0.00 0.00 0.00 0.00
Heat Rejection 0.00 0.00 0.00 0.00 0.00 0.00
Humidification 0.00 0.00 0.00 0.00 0.00 0.00
Heat Recovery 0.00 0.00 0.00 0.00 0.00 0.00
Water Systems 0.00 0.00 0.00 0.00 0.00 0.00
Refrigeration 0.00 0.00 0.00 0.00 0.00 0.00
Generators 0.00 0.00 0.00 0.00 0.00 0.00
Total End Uses 885,469.36 0.00 0.00 0.00 0.00 0.00

Note: Electricity appears to be the principal heating source based on energy usage.

TABLE 9 - END USE CONSUMPTION IN DETAIL

\ Electricity [kWh]
Heating 223,362.48
Cooling 217,049.09
Interior Lighting 196,858.13
Interior Equipment 120,275.15
Fans 127,924.50
Total End Uses 885,469.36

Simulation data shows that the building has an electricity consumption of 885,469.36 kWh.
Parameters were assessed considering the following conversion factors:

e electricity to primary energy - 2.174 (standard value approved for Italy)
e electricity to CO, emissions - 510.00 g/kWh (average emissions associated with the electricity
consumed in Italy during 2012, according ENEL environmental report 2012 );
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3. RENOVATION SCHEME

3.1.  AIM OF THE RENOVATION PLAN

In Italy, the NZEBs (nearly zero energy buildings) don’t meet national specific legislation but this is
now being defined, according to Directive 2012/27/UE. NZEB design is aimed at achieving high
performance standards in terms of energy and environment.

Specific attention should be devoted to the reduction of energy consumption of the building, guiding
the design on three key areas:

1. Maximizing the building envelope passive behaviour
Use high efficiency systems
Use of systems for the renewable thermal energy exploitation and photovoltaic systems for
the electricity production from solar sources.

The aim is to minimize energy contribution from the external electricity grid. The objective of the
renovation plan is to achieve an average primary energy reduction between 75% and 80% of the
current demand and to ensure that between 50% and 90% of the remaining energy consumtion is
generated on site.

A building envelope is called passive if it is conformant to the following values:

e Thermal transmittance very low (0.0167/0.227 W/m’K)

e Low values of attenuation factor (<0.1), resulting in high phase shift values (>11.5 hours)

e Windows with transmittance less than 1.6 W/m?K

e System efficiency that can reduce by 70% the maximum solar radiation on transparent
surfaces.

To achieve these aims some difficulties or constraints should be considered in the implementation.
The following global constraints were taken into account in the design of the renovation plan:

The buildings have an intensive utilization, receiving a large number of visitors, and are the working
place for a large number of Municipal employees. Such activities cannot be interrupted since it is not
easy to temporarily move the services to another building. Therefore, renovation options requiring
major construction works needs a plan that takes into account the needs of both workers and
visitors. For example, the renovation works may be performed in different steps by closing small
areas in turn without hindering the normal daily activities.

The buildings have an intensive utilization, receiving a large number of visitors, and are the working
place for a large number of Municipal employees. Such activities cannot be interrupted since it is not
easy to temporarily move the services to another building. Therefore, renovation options requiring
major construction works need a plan that takes into account the needs of both workers and visitors.
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Planned integrations modify the architecture of the building, but without changing the functions.
Being a historical building it was quite complicated inserting renewable sources and determining
appropriate spaces to allocate them. Also, an intervention difficult to predict was that related to the
new air conditioning system.

The assumptions for improvement have been inserted using the Design Builder software that
simulates with Energy Plus Databases. Considering the environmental conditions of Messina, greater
consumption for Palace of Culture, is by the use of electricity for cooling in the summer period,
therefore it was decided to insert solutions also covering a constant ventilation of the building.

3.2. ENERGY DEMAND REDUCTION

3.2.1. OpPAQUE ENVELOPE

An important task in the renewal plan is targeted to envelope. Where possible internal insulation
will be added to the walls. The internal coat it will be possible with a new layer with high insulation
value. In the state of the art, the walls are not properly put in place for an error due to the workers.

FIGURE 64- NEW LAYER AS INTERNAL INSULATION

The insertion of an internal insulation decreases the floor area of the building but it is the only
possible solution in the case of a prospect with the external geometry as difficult as that of the
Palace of Culture.

The renovation will be using panels of cork and plasterboard with a thickness up to 4 cm. Installation
of an outer coat does not typically create particular problems in terms of physical and technical
issues related to building physics. However, the installation of the inner coat requires careful
attention to avoid the risk of formation of interstitial condensation, mould growth and/or the onset
of potential events of decay of the structures.
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The cork is self-expanded with a structure that can be described as "closed cell", it is rot-proof and
therefore the risk of decay is almost insignificant. To understand the origin of this event we can start
looking at the development of the internal temperatures to the wall under three different conditions:
pre-intervention wall, wall with inner coat (4 and 6 cm) and with outer coat (4 and 6 cm).

Green roof has ancient historical precedent, such as the hanging gardens of Babylon, built by King
Nabucondonosor, is a first strategy used in Eco-building to limit the environmental impact of the
construction. This is one of the best known examples, it is recommended by all the associations that
promote sustainable building for several reasons: it helps reduce a building’s energy requirements
and CO, emissions and brings many other economic and ecological benefits.

NATURE GREEN ROOF

-Plant Level

> Humus Topsail Growing Medium

-Filter Sheet

— Drainage Layer

PR > Weathering
Protection Layer
i . : - WA in
- » Source Rock Waterproofing
AT Roof Constructior]
\\.'.

FIGURE 65 - GREEN ROOF

For example:

Temporarily it absorbs rainwater and releases it slowly to prevent flooding by overflowing of the
sewer system and slows the obsolescence of the same due to the new urban settlements.

e It filters urban pollution and reduces carbon dioxide
e |t filters polluted rainwater

e It cools the air by evaporation of water vapour

e Itreduces wind speed

e |t promotes the settlement of animals ecosystems

e Itreduces noise transmission within the building

e ltreduces the effect of “urban heat islands”

e ltincreases the thermal inertia of the roof

e ltincreases the thermal resistance of the roof

e |t protects the waterproofing membrane and prolongs its life
e Itis atool of new architectural languages.
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FIGURE 66 - RENDER OF THE GREEN ROOF

3.2.2. OPENINGS

At the state of art, all windows are in single glass with PVC frame. It is expected to replace all
windows of Palace of Culture, inserting selective glasses and modifying PVC frames.

It is also important to study new forms of glass to optimize reflective surface and to insert new
shading element.

Also, the existing glazing and frames (with U,-value of 5.80 W/m’K and Us-value of 2.8 W/m?K) will
be replaced selective glazing and thermal break frame in PVC with total Usvalue 2.0 W/m?K and Ug-
value of 1.9 W/m?K, Regarding the frames is chosen to include window frames with thermal break,
in this case the value of frame transmittance (U;) improves. It is chosen to use windows with PVC
frames. Glasses chosen are selective double glazing with air chamber 6/13 mm.
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FIGURE 68 - EXAMPLE OF THERMAL BREAK
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FIGURE 71 - ACTUAL WINDOW AT FIRST
FLOOR

FIGURE 69 - ACTUAL REFLECTIVE
SURFACE

FIGURE 72 - SKYLIGHT IN CIRCULATION FIGURE 73 - SKYLIGHT IN THE STAIRWELL CENTRAL FIGURE 74 - ENTRANCE DOOR
AIR
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3.2.3. SHADING

It was chosen to define as many shadings internal and external necessary to model the correct

shading conditions. Shading types can be seen from the following table.

Shading M
Window shading
& Type Blind with medium reflectivity slats
Position 1-Inside x:
Control type 3-Schedule -
Operation
(+4 Operation schedule Office_OpenOff_Occ
Local shading
= Type 1.0m Overhang

¥ Intemal Windows
&/ Roof Windows/Skylights

B Doors
= Vents

FIGURE 75 — SHADING

Window blinds Data

Slat data
Slat Properties
Blind-to-glass distance (m) 0.0500
Slat orientation Horizontal 2
Slatwidth (m) 0.0250
Slat separation (m) 0.0188
Slatthickness (m) 0.0010
Slatangle (1) 45.0
Slat conductivity (W/m-K) 0.900
Minimum slat angle () 0
Maximum slat angle () 180
Slat Beam Solar Properties ¥
Slat beam solar transmittance 0,000
Slat beam solar reflectance, front side 0,500
Slat heam solar reflectance, back side 0,500
Slat Diffuse Saolar Properties ¥
Slat diffuse solar transmittance 0,000
Slat diffuse solar reflectance, front side 0.500
Slat diffuse solar reflectance, back side 0,500
Slat beam visible transmittance 0,000
Slatbeam visible reflectance, front side 0,500
Slat heam visible reflectance, back side 0,500
Slat Diffuse Visible Properties
Slat diffuse Visible transmittance 0.000
Slat diffuse visible reflectance, front side 0,500

Slat diffuse visible reflectance, back side 0.500

Slat IR (Thermal) Properties ¥

Slat hemispherical transmittance 0,000
Slat hemispherical emissivity, front side 0,900
Slat hemispherical emissivity, back side 0,900
Blind top opening multiplier 0,500
Blind hottorm opening multiplier 0,500
Blind left-side opening multiplier 0,500
Blind right-side opening multiplier 0,500

FIGURE 76 - BLIND WITH MEDIUM REFLECTIVITY SLATS
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3.2.4. OTHER STRATEGIES

The skylights in stairwells will be equipped with sensors that will govern the opening, according to
the irradiation and the need for external ventilation.

3.3. ENERGY SYSTEMS

3.3.1. LIGHTING SYSTEM

It is expected to replace the existing lighting with LED lamps and, where it is possible (for example in
meeting rooms or council room), with intelligent on/off system, to adapt the lighting depending on

sunlight.

(; Template Palac LED
[l On
Lighting energy (W/m2) 1775 %
T T T T T T T T T v! T T T T T T T T T T 1
0 2 4 8 8 1 12 14 18 18 20 2 24 26 2 W 32 W B/ 3B 40
Luminaire type 2-Surface mount -
Radiant fraction 0,720
Yisible fraction 0,180
Convective fraction 0,100
[ On
Caontrol type 2-Linear/off -
Min output fraction 0,100

Min input power fraction 0,100
Glare
Lighting Area 1

Lighting Area 2
¢« Task and Display Lighting
On

Gain (W/m2) 0,000
B Exterior Lighting ¥
[J0n

FIGURE 77 - LIGHTING TEMPLATE

Lighting templates Data

General Lighting v Lighting Gains
On Enter the gains for task and general lighting in W/m2.

o - The "Output data is used for generating default lighting loads
Lighting energy (W/m2-100 lwy  3.30 based on lighting type and requiredilluminance levels as set
Luminaire type 2-Surface mount T in Activity data.

Radiant fraction 072

Yisible fraction 018 000
Task and Display Lighting 7 [©oo]
On Suspended Surface Mount

e/

(===
Luminous and Return-Air Ducted
Louvered Ceiling

FIGURE 78 - LIGTHING TEMPLATE
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3.3.2. HVAC SYSTEM

Almost all working rooms, as well as all the receiving rooms, and the circulation area have an air
conditioning system. In the renovation scheme the HVAC Template remain the same of the state of
the art.

FIGURE 79 — HVAC

3.4. RENEWABLE ENERGY SOURCES

The building is in a densely built area and district heating systems are not possible. The use of more
environmental friendly HVAC systems was investigated but VRV appeared to be the most suitable
choice.

The Variable Refrigerant Volume (VRV) HVAC System is a relatively new technology. New VRV
systems offer high levels of energy efficiency, as well as flexibility. They operate quietly and provide
the user full control of the environmental temperatures. While traditional HVAC systems are often
limited to one condensing unit, one compressor and one evaporator, a VRV system can be designed
to specifically meet the needs of the building. One condensing unit can be connected to several
evaporators, each of which are individually controlled. In a traditional HVAC system, the system kicks
on when a room is too warm or cold; however, a VRV system constantly adjusts the amount of
refrigerant being sent to each evaporator and takes advantage of existing heat or cool air in the
building. This varying speed allows the system to work only as needed in each area to maintain the
comfort level. The result is a custom-designed HVAC system that keeps all areas of the building
comfortable at a fraction of the energy cost.
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FIGURE 80 - VRV SYSTEM

Different proposals have been studied for renewable energy systems but in the end it was decided to
use a photovoltaic system.

3.4.1. Pv GENERATION SYSTEM

On the roof of the building will be installed a photovoltaic plant of 28 kW,: this size ensures just over
40% of current consumption of electricity. The structure has four areas available for positioning the

photovoltaic system.

Comune Di Messina
Sede Palacultura

FIGURE 81 - FOUR AREAS AVAILABLE FOR THE PV SYSTEM INSTALLATION

The PV panels will be placed nearly due South with a fixed slope of 30° and azimuth of 0°. The system
will be connected to the low voltage grid via three-phase power.
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FIGURE 82 - PV DISTRIBUTION

In Italy, to access the financial benefits for installing PV modules one must submit a request to the
Energy Services Manager, GSE S.p.A. Therefore, it leads to compensation between the economic
value associated to the electricity produced and fed into the grid and the theoretical economic value
associated to withdrawn electricity and consumed in a period different from the one in which
production takes place.

The calculation of the PV system was estimated by using Classic PVGIS, a piece of software developed
by The Joint Research Centre of the European Commission in ISPRA, Italy.

To perform this calculation it is necessary to define some conditions:

TABLE 10 - CONDITION TO SIMULATION WITH CLASSIC PVGIS

Optimal inclination angle is: 31 degrees

Annual irradiation deficit due to shadowing (horizontal): 0.1 %

Location: 38°11'38" North, 15°33'17" East, Elevation: 15 m a.s.l.,

Nominal power of the PV system: 28.0 kWp (crystalline silicon)

Estimated losses due to temperature and low irradiance: 9.9% (using local ambient temperature)

Estimated loss due to angular reflectance effects: 2.5%

Other losses (cables, inverter etc.): 14.0%

Combined PV system losses: 24.4%

The monthly and annual solar radiation in the area based on the classic PVGIS database is presented
in the following table.
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TABLE 11 - SOLAR RADIATION AT THE AREA OF MESSINA

Jan 1,990 2,980 2,900 59 11.0 10.2
Feb 2,700 3,630 3,130 51 10.6 9.7
Mar 4,020 4,860 3,470 40 13.2 12.0
Apr 5,420 5,830 3,190 26 154 14.2
May 6,410 6,280 2,630 13 19.1 17.9
Jun 6,910 6,470 2,310 6 23.1 21.8
Jul 6,830 6,530 2,470 9 25.9 24.6
Aug 6,190 6,420 3,100 21 26.2 24.7
Sep 5,000 5,880 3,830 36 22.9 21.7
Oct 3,510 4,690 3,860 49 19.8 18.6
Nov 2,250 3,320 3,160 58 16.2 15.1
Dec 1,760 2,740 2,770 61 12.6 11.6
Year 4,430 4,980 3,070 31 18.0 16.8
Legend:

Hh: Irradiation on horizontal plane (Wh/m?/day)

Hopt: Irradiation on optimally inclined plane (Wh/m?*/day)
H(90): Irradiation on plane at angle: 90 deg. (Wh/m?*/day)
lopt: Optimal inclination (deg.)

TD: Average daytime temperature (°C)

T24h: 24 hour average of temperature (°C)

SOURCE: CLASSIC PVGIS DATABASE (KWH/ M2/MONTH) AT 30°

TABLE 12 - AVERAGE ELECTRICITY PRODUCTION

Jan 63.28 1,963
Feb 75.88 2,128
Mar 99.12 3,080
Apr 117.60 3,528
May 124.32 3,864
Jun 125.72 3,780
Jul 125.44 3,892
Aug 122.64 3,808
Sep 115.36 3,444
Oct 94.08 2,912
Nov 68.60 2,058
Dec 57.40 1,778
Yearly average 99.12 3,020
Total for year 36,235

Annual global radiation on the inclined surface = 1,950 kWh/m?
Ed: Average daily electricity production from the given system (kWh)
Em: Average monthly electricity production from the given system (kWh)
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FIGURE 83 - DAILY ENERGY INJECTED INTO GRID FROM THE PV SYSTEM
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FIGURE 84 - MONTHLY ENERGY INJECTED INTO GRID FROM THE PV SYSTEM

3.5. ENERGY MANAGEMENT SYSTEM

To monitor the building electrical consumption of lighting, ventilation and HVAC system, a building
automation control sensor (BACS) will be installed. The BACS improve occupant's comfort, efficient
operation of building systems, and reduction of energy consumption and of operating costs.

The system will perform the following operations:

e Control each air conditioning unit separately to stabilize the desired internal air temperature
and humidity in every office.

e Internal lighting control according to external irradiation and lux value in each room
(Dimming lamps).
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o Daily scheduling of air conditioning and lighting to optimize their use.

e Management of the flow temperature according to the outdoor temperature.

o Identification of electrical equipment turned on beyond normal working hours.

e Erroridentification or warnings in case of electrical overloads.

e Control of windows and doors opening, to minimize the use of VRV plant.

e The BACS ensure values of humidity and temperature in agreement with the optimum
comfort conditions, also through appropriate air exchange. They are also useful for energy
saving both in terms of lighting and rooms conditioning.

3.6. ToTAL IMPACT OF THE RENOVATION SCHEME

3.6.1. ENERGY PERFORMANCE

The energy analysis of the building was carried out using the software Design Builder v. 3.4.0.033.
The building was described in detail, through architectural drawings and with an illustrated report on
the state of facts and photographic documentation.

The result with the new solution is as follows. In the renovation scheme it has a VRV system plant for
heating, cooling and air circulation.

To set the calculation of the model the general information are:

TABLE 13 - GENERAL INFORMATION FOR SIMULATION

Data
Weather File ** Messina - ITA IGDG WMO#=164200
HDD and CDD data source Weather File Stat
Total gross floor area [m2] 13,580.56
Principal Heating Source District Heating
Navigate, Site Palacultura prova, Palacultura Antonello da Messina
] | Layout | Activity | Construction | Openings | Lighting | HVAC | Outputs | CFD |
4P
B @ Palacullura prova
A llo da M
B ® Blocco 11
I &S Bloceo 12

P Bloceo 12
P Bloceo 14
P Bloceo 16
P Blocco 2
-9 Bloceo 3
Bl 9 Blocco 4
-5 Blocco §
-5 Blocco B
-5 Blocco 7

\IIIII '

WW

Edit || Visualise IlHeating design IlCooImg design IlSimuIation ﬂCFD IlDayiighting l

FIGURE 85 - EDIT SCHEME
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The following figures shows the heat balance of Palace of Culture Post renovation, divided according
to the contribution types:

e Occupancy,

e Solar Gans Exterior Windows,

e Zone Sensible Heating,
e Zone Sensible Cooling.

EnergyPlus Output ' 1 Jan - 31

Dec, Annual Educational
B Task Lighting B General Lighting M Computer + Equip [EEE Occupancy
[ Solar Gains Exterior Windows [ Zone Sensible Heating Il Zone Sensible Cooling
150
100
£ 50
£ 0
3
c -50
pL)
@ -100
3 -150
T
-200
-250
FIGURE 86 - ANNUAL HEAT BALANCE
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FIGURE 87 - ANNUAL HEAT BALANCE ACCORDING SINGLE MONTH
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Two following figures shows monthly total fuel use of Palace of Culture, divided according to the
contribution of electricity.

EnergyPlus Output

Fuel (MWHh)

1 Ja;1 -31 bec, Annual

Educational

EnergyPlus Output
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FIGURE 88 - ANNUAL USE OF FUEL TOTAL
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FIGURE 89 - MONTHLY USE OF FUEL TOTAL
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3.6.2. ENVIRONMENTAL PERFORMANCE

The following table shows the consumption before and after the implementation of all the proposed

interventions in the building.

TABLE 14 - BUILDING AREA

Total Building Area 10,274.89
Net Conditioned Building Area 10,274.89
Unconditioned Building Area 0.00
TABLE 15 - END USES CONSUMPTION

Heating 156,457.77 0.00 0.00 0.00 0.00 0.00
Cooling 174,272.46 0.00 0.00 0.00 0.00 0.00
Interior Lighting | 137,800.57 0.00 0.00 0.00 0.00 0.00
Exterior 0.00 0.00 0.00 0.00 0.00 0.00
Lighting
Interior 120,275.15 0.00 0.00 0.00 0.00 0.00
Equipment
Exterior 0.00 0.00 0.00 0.00 0.00 0.00
Equipment
Fans 79,019.74 0.00 0.00 0.00 0.00 0.00
Pumps 0.00 0.00 0.00 0.00 0.00 0.00
Heat Rejection 0.00 0.00 0.00 0.00 0.00 0.00
Humidification 0.00 0.00 0.00 0.00 0.00 0.00
Heat Recovery 0.00 0.00 0.00 0.00 0.00 0.00
Water Systems 0.00 0.00 0.00 0.00 0.00 0.00
Refrigeration 0.00 0.00 0.00 0.00 0.00 0.00
Generators 0.00 0.00 0.00 0.00 0.00 0.00
Total End Uses 667,825.69 0.00 0.00 0.00 0.00 0.00
Note: Electricity appears to be the principal heating source based on energy usage.

TABLE 16 - END USE CONSUMPTION IN DETAILS
Heating 156,457.77
Cooling 174,272.46
Interior Lighting 137,800.57
Interior Equipment 120,275.15
Fans 79,019.74
Total End Uses 667,825.69
Total End Uses - PV 627,825.69
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End Use Consumption Pre-Design
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FIGURE 90 - END USE CONSUMPTION PRE DESIGN
End Use Consumption Post-Design
Interior

Equipment
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FIGURE 91 - END USE CONSUMPTION POST DESIGN
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FIGURE 92 - END USE COMPARATION
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4. ECONOMIC EVALUATION OF THE PROPOSED RENOVATION SCHEME

4.1. AsSUMPTIONS, COST FIGURES

The cost of the interventions is estimated based on current market prices of the equipment and the
installation works. Special meetings with suppliers were held to present the project and request
offers for the preliminary renovation design. Offers were collected and assessed.

For each intervention, the cost has been calculated as the sum of costs for equipment, installation,
operation and maintenance. These values have been organised in an Excel file prepared by Sinloc, a
partner of the CERtuS consortium (see deliverable D2.5). ANNEX H, gives the cost information.

The economic appraisal of the renovation design was performed by means of a tool produced by
ETVA VIPE, also a partner of the consortium. A detailed description of the tool is presented in the
deliverable D2.5. The appraisal can be performed only for the whole design. The tool also allows
examining various financing schemes ranging from single financing source to multiple, combining
bank loans, ESCOs, subsidies and municipality’s own equity.

The data used for the calculations are tabulated below, divided according to the unit of measure
concerned and the unit price

TABLE 17 - DETAIL OF COST

WORKINGS VOICE UNIT COST | U.M. | DIMENSION cosT
INTERNAL INSULATION
Building | OF WALLS and COVER
Envelope | BLOCK ESCALATORS - / / / € 354,210.00
GREEN ROOF
Building PHOTOVOLTAIC
envelope PANELS PV PLANT €2,000.00 | kWp 28 € 56,000.00
DOUBLE GLASS NEW
Windows | WINDOWS + CURTAIN | € 650.00 sqm 320 € 208,000,00
FILM
RELAMPING with LED
Plants (AUTOMATION €200.00 units 1,681.0 € 336,200.00
CONTROL)
\ TOTAL WORK COST € 954,410.00
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Results

The following table gives the total savings, depending on the application for the renovation scheme,
applied in full (with all suggested interventions).

TABLE 18 — DEPENDING ON THE APPLICATION FOR THE RENOVATION SCHEME APPLIED IN FULL

INTERNAL  INSULATION  OF
WALLS
WALL AND COVER BLOCK
Building CONCERNING ESCALATORS
Envelope REPLACEMENT WINDOWS
(FRAMES, GLASSES AND
SHADING)
GREEN ROOF
Energy LED lighting with automation
control
Systems
PV

e Following Table

TABLE 19 - END USES PRE DESIGN

Heating 223,362.48
Cooling 217,049.09
Interior Lighting 196,858.13
Interior Equipment 120,275.15
Fans 127,924.5

W

TABLE 20 - END USES POST DESIGN

ﬂ

Heating 156,457.77
Cooling 174,272.46
Interior Lighting 137,800.57
Interior Equipment 120,275.15
Fans 79,019.74
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TABLE 21 - END USE SAVING

SAVING [kWh]
Heating 29,95
Cooling 19,71
Interior Lighting 30
Interior Equipment 38,9
Fans 38,23
Total 31,71

End use post- design with Pv contribution = 667,825.69 - 36,235 = 631,590.69 kWh

END USE PRE DESIGN (kWh) END USE POST DESIGN (kWh) SAVING (%)
28,67
885,469.35 631,590.69 (253,878.66 kWh)

The savings resulting from the interventions on envelope and plants is equal to 28.67%. The saving is
so much content because it is a new building and can’t be material changes to its geometry.

The traditional interventions are the use of new windows and to a system of thermal insulation for
the facade.

In the evaluation of the lighting savings it was considered the average cost of the electricity. The
lifetime was assessed considering the average hours of use for the lamps and its maximum total
hours of operation. As can be seen in following table, with such conditions the renovation options
ensures savings from maintenance of 4,687 €/year and has a simple payback period of 22.50 years.

TABLE 22: ECONOMIC PARAMETERS OF THE RENOVATION — LIGHTING

Energy Savings 59,058 kWh
Price - Saved Energy 0.18 €/kWh
Costs 336,200 €
Potential savings from maintenance (post intervention) 4,687 €/year
Simple Payback 22.50 years
Lifetime 20 years
CO, Savings 42.73 tons/year

In the evaluation of the PV generation it was considered the self-consumption of 90% of the energy,
since in a working day during the time slots. As can be seen in following table, with such conditions it
has a simple payback period of 9.81 years.
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TABLE 23 - ECONOMIC PARAMETERS OF THE RENOVATION — PV

Energy Generation 36,235 kWh
Energy - Self-Consumption 90%
Energy - Injected Into Grid 10%

Price — Self-Consumption 0.18 €/kWh
Price - Injected Into Grid 0.06 €/kWh
Costs 56,000 €
Simple Payback 9.81 years
Lifetime 30 years
CO, Savings 23.78 tons/year

The following table presents the aggregation of the renovation option. As can be seen, the total of

the renovation plan ensures savings of 12,019 €/year and has a simple payback period of 3.76 years.

TABLE 24 - ECONOMIC PARAMETERS OF THE RENOVATION — TOTAL

Energy Savings

253,878.66 kWh

Costs 954,410 €
Savings 12,019 €/year
Simple Payback 20.88 years
CO, Savings 142.32 tons/year
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REFERENCES 1

/1/ DesignBuilder Software Ltd specialises in developing high-quality, easy-to-use and affordable
simulation software tools for assessing the environmental performance of building designs.
http://www.designbuilder.co.uk/

/2/ PVGIS, Photovoltaic Geographical Information System, a software developed by The Joint
Research Centre of the European Commission in ISPRA, Italy.
http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php

/3/ CERtuS Deliverable D2.5 “Twelve economic evaluation reports”
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6. ANNEX B: BUILDINGS DESIGN

FIGURE 108 - RENDER OF THE GREEN ROOF
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7. ANNEX C: DESIGN BUILDER PARAMETERS

TABLE 25 - GENERAL VALUE

Value
Program Version and Build EnergyPlusDLL-32 8.1.0.008, 30/06/2015 16:49
RunPeriod PALACULTURA Enea
Weather File Messina - ITA IGDG WMO#=164200
Latitude [deg] 38.20
Longitude [deg] 15.55
Elevation [m] 59.00
Time Zone 1.00
North Axis Angle [deg] 0.00
Rotation for Appendix G [deg] 0.00
Hours Simulated [hrs] 8760.00

TABLE 26 - END USES BY SUBCATEGORY

Subcategory Electricity Additiona District | District
[kWh] | Fuel Cooling | Heating

[kWh] [kWh] [kWh]

Heatmg General 156,457.77 0.00 0.00 0.00 0.00 0.00
General 174,272.46  0.00 0.00 0.00 0.00  0.00
Interior ELECTRIC 184.79  0.00 0.00 0.00 0.00 0.00
k8 - EQUIPMENT#BI
occoll:ZonaS#
Generallights
ELECTRIC 56.00 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BI
occoll:Zona94#T
askLights
ELECTRIC 24,512.96  0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BI
occoll:Zonal#
Generallights
ELECTRIC 1,640.44 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BI
occoll:Zonal#T
askLights
ELECTRIC 295.90 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BI
occoll:Zona23#
GenerallLights
ELECTRIC 89.67 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BI
occoll:Zona23#
TaskLights
ELECTRIC 10,638.74 0.00 0.00 0.00 0.00 0.00
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Refrlgeratl General 0.0 0.00

Generator -------
S

TABLE 27 - TABULAR VIEW FOR TEMPERATURE AND PRECIPITATION PER MONTH

‘Months Normal Warmest Coldest Normal
January 12.3°C 14.4°C 10.1°C 10
February 12.2°C 14.7°C 9.8°C 9
March 13.5°C 16.1°C 10.9°C 8
April 15.4°C 18.3°C 12.5°C 8
May 19.5°C 22.5°C 16.4°C 3
June 23.6°C 26.8°C 20.4°C 1
July 26.7°C 30.0°C 23.4°C 1
August 27.3°C 30.5°C 24.2°C 2
September 24.5°C 27.5°C 21.5°C 5
October 20.5°C 23.2°C 17.8°C 8
November 16.4°C 18.7°C 14.1°C 10
December 13.7°C 15.8°C 11.6°C 10
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Model Options Data

[ varced | Hesin Do | Coi s | St e | | P dot
@ Model options template Draw building + standard data
Scope Whole building
: ; Yy Analyse the whole buiing.
Zone Zonetshading Building

Construction and Glazing Data.

Construction and glazing data i
: v 2 data is selected from a fist.
Pre-design General

Floor/slab/ceiling representation 1-Combined

olume calculations

Internal floor constructions not subtracted from zone volume
[¥] Ground floor construction is below ground and is not subtracted from zone volume
External floor constructions not subtracted from zone volume

Early gains
; ¥ I : e (.. occupancy. Rig, computin o)
Lumped Early Detailed
Occupancy latent gains 1-Dynamic calculation -
Lighting gain units 1-Watts per m2 v
Timing Schedules
r v Timing i ing the schedules ism whi 1y of the week to have a different profile.
Typical workday Schedules
Internal gains operate with occupancy
HVAC v
HVAC Compact HVAC
; v : HVAG systems and g HVAC
Simple Compact Detailed
HVAC sizing 3-Autosize v

Dlatural ventilation

Natural ventilation Calculated ventilation
: y  MNawal i infiltration air flow ing and crack sizes, buoyancy and wind pressures.
Scheduled Caleulated
Infiltration units 1-acth &
Airtightness method 1-Template slider -

FIGURE 109 - MODEL OPTIONS DATA

Model Options Data
Advanced | Heating Design || Cooling Design || Simulation | Display | Drawing tools
Simplification
[ Merge zones of same activity
[ Merge zones connected by holes
[ Merge zones by selection
1 Lump similar windows on surface
[J Lump similar cracks on surface
[ Lump similar construction elements (research option)
[ Triangulate
Generate fully enclosed zones
Show block connection surfaces in Navigator
Model 'semi-exterior unconditioned' zones as simple R-value to outside
R-value to outside {m2-KAw) 0.1800

Natural Ventilation
Model airflow through holes and virtual partitions

Calculated ¥
Wind factor 1.00
Discharge coefficient for open windows and holes 0.650
[ Modulate opening areas
Scheduled ¥
1 Airflow through internal openings
Lighting ¥
‘Warking plane height (m) 0,800
Daylighting method 1-Detailed ¢
Exclude surface elements smaller than (m2) 0.050000
Component Block v
Fraction two largest areas 0.80
Flat component block surface selection 2-Lowest &

FIGURE 110 - MODEL OPTIONS DATA
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Model Options Data

10-wWinterDesignDay

] workday Schedules
General

[ Occupancy

[ Lighting

[ Equipment

Heating demand

Cooling demand

HYAC

[ Natural ventilation demand
DHwW

Calculation Options
Simulation method 1-EnergyPlus -
Temperature control 1-Air temperature -
[J Exclude all zone natural ventilation (infiltration is always included)
[ Exclude all zone mechanical ventilation

Systerm Sizing

Design margin 1.20
[ Include unoccupied zones in block and building totals and averages
[ Report

Advanced

General Solution
Temperature convergence (deltaC) 0.000200
Loads convergence (W) 0.000200
Canvection
Inside convection algorithm 6-TARP v
Outside convection algorithm 6-DOE-2 =

[ 'Surfaces within zone' treated as adiabatic

FIGURE 111 - MODEL OPTIONS DATA

Model Options Data

Data | Advanced | Heating Design | Cooling Design

Summer Design Day

Day 15 >

Month Jul -

Day of week 9-SummerDesignDay >
Calculation Options

Simulation method 1-EnerayPlus i

Temperature control 1-Air temperature >

[] Exclude all zone natural ventilation (infiltration is always included)
[[] Exclude all zone mechanical ventilation

System Sizing

Design margin 1.30

Sizing method 1-ASHRAE -
Solar

[ Include all buildings in shading calcs

[ Model reflections and shading of ground reflected solar

\

Solar distribution 2-Full exterior -
Output ¥

[ Include unoccupied zones in block and building totals and averages

[ Report

|

Advanced

<«

General Solution

Inside face surface temperature convergence criteria 0.0020
Temperature convergence (deltaC) 0,0020
Loads convergence (W) 0,0020

Convection )
Inside convection algorithm B-TARP v
Outside convection algorithm 6-DOE-2 v
Maximum number of 'shadow overlaps' 15000
Polygon clipping algorithm 1-Sutherland Hodgman >

Other
[1'Surfaces within zone' treated as adiabatic

\

FIGURE 112 - MODEL OPTIONS DATA
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Simulation Options

Start day 1
Start month Jan
To
End day il
End month Dec
Calculation Options
Simulation method 1-EnercyPlus
Time steps per hour 2
Temperature contral 1-Air temperature

Solar

[ Include all buildings in shading calcs
1 Model reflections and shading of ground reflected solar
Solar distribution 2-Full exterior

Shadowing interval (days) 20
Advanced

uilding and block output of zone data
Include unoccupied zones in block and building totals and averages
Zone environmental and comfort reports 1-All periods

Graphable Outputs
[ Surface heat transfer
Enviranmental

omfort
termal gains including solar

Energy, HYAC etc

M Latent loads

Fresh air supply

[ Temperature distribution

WAC system termperatures
WAC system mass flow rates
HVAC system humidity ratios
[ SQLite output
DXF model output
[ Construction and surface details

[ RDDfile

Time Setpoints not Met Tolerances
Tolerance for time heating setpaint not met 0,20
Tolerance for ime cooling setpaint not met 0.20

FIGURE 113 - MODEL OPTIONS DATA

Palacultura prova, Palacultura Antonello da Messina
Layout | Activity | C { Openings | Lighting | HVAC | Outputs | CFD

[ Act ]
& Template PALAC Office_Typical
@ cector Office
Zone multiplier 1

Include zone in thermal calculations
nclude zone in Radiance daylighting calculations

00538 &

T T T T T T T 1
o 05 1 25 2 35 4

o
(5]

[+ Schedule PALAC Office_Occ
fetabolic

§ Heating (:C) 211 %

T T T T T
0 2 4 8 8

24
(]
=
@
@
8
B
b
-
w5
8

§ cooing cC) 239 4
h 4
TS e e e
-10 E:3 8 -4 -2 0 2 4 ] 8 10 12 1“4 16 18 20 2 24 il 28 30
| Cooling setback ('C) 28,0

Minimum Fresh Air

Lighting >

FIGURE 114 - PALCE OF CULTURE ACTIVITY SCHEDULE
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Activity templates Data

General | All Gains | Occupancy || Other Gains | DHW | Environmental control
Occupancy details ¥
Density (people/m?2) 0.0538
Latent fraction 0,5000
A Metahalic rate Light office work

Metabolic factor (0.85 for women, 0.75 ... 0.90

Workday profile ¥

Onat 7:00

-~
v
Offat 1900 4 01223 456789 101112131415161718192021222324

v

Days / week 5
Schedules
Schedule PALAC Office_Occ

|

FIGURE 115 - PALCE OF CULTURE OCCUPANCY

Activity templates Data
General | All Gains || Occupancy || Other Gains | DHW | Environmental control

Computers ¥

[J0On

On
Load (W/m2) 10,00
Radiant fraction 0,200

Warkday profile

-~
v

Offat 1%:00 0 12345878 9101112131415161718192021222324
(14 Schedule PALAC Office_Occ

[J0On

[10n

[ 0On

On

Warkday profile

Onat 7:00 &
-~
v

Offat 19:00 01234587 8910M12135415161718192021222224
Schedules ¥
Schedule PALAC Office_Light

FIGURE 116 - PALCE OF CULURE OTHER GAINS

CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1 88



A ‘ Deliverable D2.1
I . Report presenting the 3 nZEB renovation schemes in Italy, fully
] . . . . .
l -|.. CE R‘I‘US documented with technical and economic evaluation Final
Activity templates Data
General | All Gains | Occupancy | Other Gains | DHW | Environmental control
Cooling ¥
Set pointtemperature (°C) 23,689
Cooling set back (*C) 28,000
Workday profile ¥
Offat 2000 % 0123456 78 9101121314151617 181920212223 24
Schedules M
(i1 Operation PALAC Office_Cool_Sethack
Heating
Set painttemperature (°C) 2111
Setback temperature (°C) 12,778
‘Workday profile
Onat 600 &
Offat 2000 % 01 234 58 78 91011121314151617 181920212223 24
Schedules M
(4 Schedule PALAC Office_Heat_Sethack
Yentilation Set Point Temperatures
MNatural Yentilation
Nat. vent. set point ("C) 22,000
hMechanical Yentilation
tech. vent. set paint ('C) 10,000
Lighting M
Target llluminance {lux) 538
Default display lighting density (W/m?2) 0,000
Yentilation Fresh Air
Min fresh air (I/s-person) 8,000
Mech vent per area (I/s-m2) 1,000
FIGURE 117 - PALACE OF CULURE OFFICE ENVIRONMENTAL CONTROL
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8. ANNEX D: RENOVATION OPTION MATRIX BY SINLOC
TABLE 28 - ECONOMIC EVALUATION OF INTERVENTIONS
Ksmated power Start | Final | Construction Compatecry Suechyuteds leumologna lec:mmzm:: be favestment Hfetime {yesr of
or size of 2 connection with other | are needed to realize this : 5 Investment cost payback period |  replacement -
x 5 date | date Period 5 realized only after this s 2
intervention technologies/ layers layer ey (preliminary) revamping)
£ g
: E
g g =
H £| % 3 3 g % %
s € £ 2 ] L= Lz k] 2 M
= 3 £ & E < g3 g3 = = 2 2 8
Renovation options Types Technologies / Layers ote| 5 | £ | 3| 3 2 $ 3% 3% H 5 = £ £
7
Ventilation system Heat recovery 8
g
Heating pumps with geothermal sonde Georthermal heat pumps | 10
L] u
New facades - -INTERNAL INSULATION OF WALLS and COVER BLOCK
Casing External insulation - Internal insulation ESCALATORS - GREEN ROOF 12 | sqm 500 X X 12 Yes 19 total :€354'210,00: €354'210 38,10 50
Building skin 13
Shielding elements 14
Bioclimatic [.] 15
[.] 16
Windows Windows PVC 17
[ 18
Glass windows Doubie giass NEW WINDOWS + curtain film 19 | 3200 X X 6 Yes 12 €/mq £€650,00 € 208'000,00 12,81 30
Glass windows Triple glass 20
18] 21
Lighting systems (internal) of lamps (and ballast) LED 22
Internal RELAMPING 23 | units ;| 1681 X X 4 No €/unit: €200,00 €336'200 22,50 20
Lighting systems (external) Replacement of lamps (and luminaries, ballast|LED 24
25
Renewable energy Biomass Biomass heating systems 26
Solar Photovoitaic panels PV PLANT 27 [ kwp | 28 P X [ No €/KWp: €2'000,00 | € 56'000 981 30
Solar thermal panels 27
Control systems Thermal Automatic regolation of internal temperature 28
Thermostatic valves 29
Individual thermal energy consumption accounting 30
Lighting Light flux regulators (internal) 31
Light flux regulators (external) 32
33
34
35
36
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TABLE 29 - ECONOMIC EVALUATION OF INTERVENTIONS
OPEX
- - - - Labor/Management and ordinary | .
Ei i le 5 Extraord nt
nergy consumption (after each single energy renovation option) S e raordinary maintenance
Cost of Cost of Cost of Cost of
p Total Freq inter i personnel Total
e | E e | E
- E E. ~ E E.
] s H ® o s H H = = = =
2 2 @ o o 2 @
S H £ 2 % H £ g § < 2 2 s 2
Renovation options @ 2 S A ) S - - > @ hd w
| Casing no no £3'719 €6'907 :€£10'626 10 € 17'500 £ 1'500: € 32'500
Building skin
Windows
no no £ 1'456 £2'704 £4'160 10 € 17'500 £ 1'500: € 32'500
| Lighting systems (internal)
electric;: KWHe : 137'800 £24'804,00: no £1'177 £ 2'185 £ 3'362 7 € 10'000 £ 100: € 10'700
| Lighting systems (external)
|Renewable energy
no no £ 980 £1'820 £ 2'800 5 € 7'000 £ 3'000: € 22'000
| Control systems
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TABLE 30 - ECONOMIC EVALUATION OF INTERVENTIONS

< < 5 . Potentla‘l T Potential savings
Potential energy savings expected from the intervention from maintenance of CO2
(post intervention)
Electric energy consumption Thermal energy consumption
Al
w w
< ’ - L g g =
® ® @ ® ® -2 ®
3 g | 82 £ g g2 {4
- o = - ]
£ 2 e 2 8 4 -]
= 2 & = = &
= - - - B = = - - - 8= 2
£ g g g s 8 | & g g g e £
= = .:-' = 8 o & = ; = 8 = 5 =
& 2 2 - 28| = - H s 23 £ £
Renovation options £ = £ = 8= £ = Ea = 3= ES @ B =
Casing 12,5% 54'841 11,0% 48'445:linear 0% €0: 1173%: 38,732
Building skin
Windows
12,5% 54'841 10,0% 44'041:linear 20% £7'332: 1123%: 37,08
Lighting systems (internal)
30,1% 59'058 28,0% 54'880:linear 25% £4'687: 2907%: 42,73
Lighting systems (external)
Renewable energy
100,0% 36'235 75,0% 27'176:linear 0% €0: B8750%: 23,78
Control systems
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B. CITY HALL - ZANCA PALACE

9. BUILDING GENERAL DESCRIPTION

9.1. LOCATION

Palazzo Zanca is the municipal building of Messina. The building is located at the same place of the
historic town hall building, which was destroyed twice before by earthquakes in 1783 and then
definitively in 1908. Rebuilt after the earthquake of 1908, its construction is part of the
reconstructions plan of the city, that relocated public buildings nearby the sea.

It is the first building designed and built according to the first anti-seismic regulations, drawn up in
1909. This figure shows the front facade of the building.

FIGURE 118 - PALAZZO ZANCA

The project suffered from numerous changes and additions by the local building committee.
Significant difficulties have been reported concerning the choice of coating material: the natural
stone was too expensive, so they chose to use a cement mixture, similar in appearance to natural
stone but cheaper.

FIGURE 119 - PALAZZO ZANCA
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FIGURE 120 - EXCAVATIONS PALAZZO ZANCA

The reconstruction works began in December 1914 under the direction of Antonio Zanca, a famous
architect from Palermo. His history is recent but very complicated. The reconstruction was initiated
in 1914 and completed in 1924 after several changes, both stylistic and structural. There were two
main constraints: firstly, the building had to respect the seismic regulations; secondly, it had to be
simple, representative, and inspired by the past. Antonio Zanca worked about twelve or more years
on this project and in the end he did not get paid. He designed the entire building from structure to
interior. The building style is neoclassical and covers an area of about 12,000 m2; Palazzo Zanca is
the temple of Italian cement for architectural experimentation. Table 1 presents the main location
data of the building.

TABLE 31 - LOCATION DATA OF THE BUILDING

Address European Union Square, 41 98122 Messina (ME), Italy

Coordinates LAT. 38°11'10.46"N - LONG. 15°33'38.93"E

Google Maps https://www.google.it/maps/@38.19355,15.556405,17z/data=13m1!4
b1!4m2!13m1!1s0x13144e787d10204b:0x7b452af4ef65eb61

The building is located on the seafront, near the marina of the city. These figures show the location in
the city map and aerial view.
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1t Restauant dello Siretto

Via Vittorio Emanuele Jj

I Piazza Unione Europea

Via Vittorio Emanuele ||

FIGURE 121 - LOCATION IN THE CITY (MAP)

FIGURE 122 - LOCATION IN THE CITY (AERIAL VIEW)

TABLE 32 - DATA OF THE SYSTEM CONSIDERED

Degree days 707

Minimum 5.0°C

temperature of

project

Altitude 3ms.lm.

Climatic Zone B

Heating days 121

Wind speed 2.8m/s

Wind zone 2

Province of Messina - Reggio di Calabria

reference

Average monthly JAN |FEB |[MAR |APR |MAY [JUN [JUL |AUG |SEP |OCT |NOV |DEC

temperatures(°C) 11.7 |12.0 (13.2 |15.7 |19.2 [23.5 |26.4 |26.5 |24.2 |20.3 |16.6 |13.3

Averages monthly JAN |FEB |[MAR |APR |MAY [JUN [JUL |AUG |SEP |OCT |NOV |DEC

raditions (MJ/m?) 7.2 10.8 |15.2 (20.3 |24.4 |273 |27.2 |246 |19.0 |129 |8.9 6.6
10.8 (129 (129 |11.5 [9.9 9.2 9.7 11.8 |14.0 (14.2 |13.2 |10.3
8.6 11.1 |12.7 |13.6 |13.6 |13.8 [14.3 |153 |149 |12.6 |10.7 |8.2
5.4 7.9 10.5 [13.4 |15.6 |17.1 [17.2 |16.2 |13.1 |93 6.7 5.0
2.7 4.2 6.6 9.7 125 145 |14.1 |11.8 |8.2 5.1 3.2 2.4
2.4 3.2 4.3 5.9 8.4 10.2 [9.5 6.8 4.6 3.6 2.6 2.2
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€ Location Template

<«

*;Template MESSINA
Latitude (%) 38.20
Longitude () 15,55
W Site Details
Elevation above sea level (m) 51.0
Exposure to wind 2—N0rma| v

Site arientation ()

Ground

[V Add ground construction layers to surfaces in contact with ground (separate constructions onlhy)
“yConstruction Cultivated clay soil (0.5m)

7 Texture GranulatedGray453h

Surface solar and visible reflectance 0,20
Snow reflected solar modifier 1,00
Snow reflected daylight modifier 1.00

Monthly Temperatures

Water Mains Temperature
Precipitation
Site Green Roof Irrigation
% Time and Daylight Saving
& Simulation Weather Data
4 Hourly weather data ITA_MESSINA_IGDG
& \i/inter Design VWeather Data

® Heating 99.6% coverage

Outside design temperature ('C) 6.3

Wind speed {(m/s) 10.2

Wind direction () 0.0
O Heating 99% coverage

# Summer Design Weather Data

Temperature Range Modifiers
Design Temperatures Yy
® 99.6% coverage (based on dry-bulb temp.)

< ¥ | «

Max dry-bulb temperature (°C) 322
Coincident wet-bulb temperature (°C) 22.8
Min dry-bulb temperature (°C) 27.1

O 99% coverage (based on dry-bulb temp.)
O 98% coverage (based on drny-bulb temp.)
O 99.6% coverage (based onwet-bulb temp.)

FIGURE 123 - DATA FOR THE SIMULATION WITH DESIGN BUILDER SOFTWARE
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9.2. SHAPE AND ORIENTATION

This building is constituted from a building of 2 floors above ground. The dimensions are the same
for each floor.
It is possible attach a road network scheme and a urban setting of the studied area.

SN T

th‘f?
¥ s L <

FIGURE 124 - ROAD NETWORK SCHEME FIGURE 125 - URBAN SETTING OF STUDIED AREA

9.3. AREA AND VOLUME

The building has a total area of about 13,500 m? (about 7,000 m? to plan) and a volume of about
55,000 m*.

9.4. CURRENT USE
Palazzo Zanca is a municipal building, in which there are multiple functions of public utility.
On the ground floor there is the access to the building with hall and reception. All rooms are now

used as municipal offices, with the exception of the bathrooms, deposits and some offices of
municipal councillors.
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FIGURE 126 - GROUND FLOOR

On the first floors there are numerous municipal offices, Mayor’s and assessors rooms, municipal
council hall, reception hall, a bar, bathrooms and archives.

FIGURE 127 - RECEPTION HALL NAMED “HALL OF FLAGS”

In the basement there are large rooms and many of them are intended for systems and server

rooms.

The building is usually busy between 0h00 and 24h00 from Monday to Sunday, because here is the
registry office of the city, but the public activities of employees carried out only between 7h30 and
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19h30. Public access depends on the type of service provided and is between 08h30 and 13h30 from
Monday to Friday, also between 14h30 and 16h30 on Tuesday and Thursdays.

The building hosts about 750 employees and it is visited by an large number of visitors.

For the simulation of Palazzo Zanca with Design Builder, the building was divided into 8 blocks
(named 1,2,4,5,6,10,11,12).

The size of the windows is not real but has been dimensioned according to the percentage of
openings per square meter of wall surface.

The following image shows the Home screen of the software.

- Lot | Aty | Comnon | Ononngs | Ugang | WA | vt | 5O

FIGURE 128 - HOME SCREEN OF THE SOFTWARE

The following figures show the floor plans of the blocks, as shown in the simulation software, that
have been determined by different areas, depending on the intended use. Therefore different usage
profiles were created.

For the Palazzo Zanca, historical building, there are: block 1 and block 4 at the ground floor; block 2
and block 6 at the first floor.

For the modern building, built in the seventies and placed in centre of the monumental excavations,
there are: blocks 5,10,11,12.

Block 1 has:

e Zanca Office Typical

e Zanca Circulation

e Zanca Office Toilet

e Zanca Office Meeting room
o Office Tea
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Untitled, PALAZZO ZANCA, Blocco 1
Layout | Actvey | Construction | Openings [ Lghting | HVAC | Outputs | cFD.

ZANCA Office_Typical
ZANCA CTRCOLAZIONE

Zona
ZANCA Office_Toilet
ZANCA Office_MeetRm

Office_Tea
Zona 9

Zona

Zona

Zona §0

Zong 13Zonf 15

Zonal
Zona 8

Zona 3

Zona 14
Zona b

Zona 2 Zona 7

FIGURE 129 - PLAN OF BLOCK 1

Block 4 has:
e Zanca Office Typical

e Zanca Circulation
e Zanca Office Toilet

Untitled, PALAZZO ZANCA, Blocco 4
Layout | Activty | Construction | Openings | ighting | HVAC | Outputs | €7D |

ZANCA Office_Typical
ZANCA CIRCOLAZIONE

ZANCA Office_Toilet

Zo

FIGURE 130 - PLAN OF BLOCK 4
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Block 2 has:
e  Zanca Office Typical
e Zanca Circulation
e Zanca Office Toilet
Untitied, PALAZZO ZANCA, Blocco 2
B e e o
ZANCA Office_Typical Zona
ZANCA CIRCOLAZIONE
ZANCA Office_Toilet
Zona 9
Zona
Zona
| _l Zonds
Zona 11 Zona2 Zonal
Zona 3
) Zona b Zona7
— 1 | I
FIGURE 131 - PLAN OF BLOCK 2
Block 6 has:
e Zanca Office Typical
e Zanca Circulation
e Zanca Office Toilet
Untitled, PALAZZO ZANCA, Blocco 6
Layout | Activiy | Construction | Openings | Lighting | HVAC | Outouts | CFD.
ZANCA Office_Typical
ZANCA CIRCOLAZIONE
ZANCA Office_Toilet Zona 18
FIGURE 132 - PLAN OF BLOCK 6
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Blocks 5, 10, 11, 12 have the same functional rooms in each floor:
e  Zanca Office Typical
e Zanca Circulation
e Zanca Office Toilet

Untitled, PALAZZO ZANCA, Blocco S
Layout | Activty | Constrction | Openings | greng | HVAC [ Ouputs | CFD

ZANCA CIRCOLAZIONE
ZANCA Office_Typical

ZANCA Office_Toilet

Zona 1

Zona 4

Zona 3
Zona 5

Zona 2

FIGURE 133 - PLAN OF BLOCK 5

Untitled, PALAZZO ZANCA, Blocco 10
Layout | Actvty | Constrction | Openngs | Ugtng | WVAC | Oueous | CFD

ZANCA Office_Typical
ZANCA CIRCOLAZIONE

ZANCA Office_Toilet

Zona 1

Zona 4

Zona 5

Zona 2

FIGURE 134- PLAN OF BLOCK 10
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Layou | Actwty | Construction | Openings | ightng | HVAC | Outputs | CFD
ZANCA Office_Typical
ZANCA CIRCOLAZIONE
ZANCA Office_Toilet
Zonal
Zona4
Zona §
Zona 2
FIGURE 135 - PLAN OF BLOCK 11
Untitled, PALAZZO ZANCA, Blocco 12
Layot | Activty | Consinctin | Openings | Ughting | WVAC | Ouees | CFD
ZANCA Office_Typical
ZANCA CIRCOLAZIONE
ZANCA Office_Tailet
Zona !l
Zonad
Zona 5§
Zona 2
FIGURE 136 - PLAN OF BLOCK 12
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10.CURRENT BUILDING CONDITIONS

10.1. CONSTRUCTIVE BUILDING CHARACTERISTICS

Palazzo Zanca respects the seismic regulations, which were written in the early twentieth century,
after the earthquake of 1908, that destroyed completely the city of Messina. The building structure
was built according to the “Hennebique” system in reinforced concrete (Portland cement),
commonly used for the reconstruction of the city of Messina. The diameter of the “smooth irons” is
25 mm.

The pavilions 1, 2 and 5 are a continuous system of masonry in reinforced concrete (0,60-0,80 m),
conversely, the pavilions 3 and 4 are a frame system (pillar 0,60 x 0,60 m) with bricks, as infill wall.

The external part of the envelope is in “fake stone”, used mainly for decorations in “Liberty Style”.

The following figure presents the site plan of the building.
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FIGURE 137 - SITE PLAN

On the ground floor there are the offices open to the public, the electoral offices and finally the

municipal archives.
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On the first floor are administrative functions of the city of Messina and the rooms of the Mayor and

Municipal Council.

FIGURE 138 - OPTICAL CONES

Q PALAZZO MUNCIPALE DI MESSNA !
b PROGETTO DI ESECUDIONE
SEDONE VERTICALE DEL PADIGLIONE ve
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FIGURE 139 - ARCHITECTURAL SECTION OF PALAZZO ZANCA
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The next figure shows the main facade orientation of the building, exposed to the North.

SNEENCIANN

FIGURE 140 - ORIENTATION OF THE MAIN FACADE

10.1.1. ENVELOPE ELEMENTS

The palace is a courtyard building, divided in five pavilions: in the main pavilion, T pavillon, the most
important activities of the towns council takes place; in the pavillon 2, 3, 4, 5 other administrative

functions are housed.

Antonio Zanca chose for his palace a Neo-Renaissance classic style , where ornaments, in fake stone,

are tied to local traditions.

FIGURE 141 - FRONT OF PALAZZO ZANCA
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In the figure above, the allegorical figures on the tympanum represent the Peloro’s queen with two
sirens (Comiso’s stone); dolphins on the capitals represent the marine origin of the city ; allegories
representing the prows of ships represent too the origin of the city (Comiso’s stone).

The main fagade is inspired by the Parthenon .

Directly on site were realized casts to build ornate, capitals, allegorical figures, shelves and frames.

FIGURE 142 - EXAMPLE OF PALAZZO ZANCA ORNATES

On the fagade, sculptures can be seen linked to the symbolism of the city, and also many headstones
that commemorate most important events. The elevation of Via San Camillo show two bas-reliefs
depicting Dina and Clarenza, two female legendary characters in the history of Messina.

10.1.2. WINDOWS

All the windows have single glazing with wooden frames. The doors have the same characteristics of
the windows with the exception of 3 doors on the ground floor, which are in glass and metal.

All the windows have simple shutters (Figure 32). Almost all rooms have opaque cloth curtains, dark

in color.

FIGURE 143 - WINDOWS WITH SHUTTERS
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The steady shading is ensured by other buildings in Via San Camillo and by the evergreen trees in Via
Consolato del Mare.

The front fagade facing European Union Square is not subject to any shading, as can be seen from the

following figure.

B B

FIGURE 144 - EUROPEAN UNION SQUARE

Windows of ground floor are the same of the first floor, with a fixed fanlight. The extra height is 60

cm (outer frame).

TABLE 33 - WINDOWS

FLOOR WINDOW NUMBER
FIRST F9 SEE DRAWING
TOT. DIMENSION (sqcm) HIGH h width |
35,090 242 145
HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
12 8 5
Wood Area Single glass Area of 3 mm % Glasses
7,352 27,738 79.5%
FLOOR WINDOW NUMBER
FIRST F9.1 SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
35,500 250 142
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HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
18 18 5
Wood Area Single glass Area of 3 mm % Glasses
14,112 21,388 60.25%
FLOOR WINDOW NUMBER
FIRST F8 SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
41,664 248 168
HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
18 18 5
Wood Area Single glass Area of 3 mm % Glasses
14,976 26,688 64.06%
FLOOR WINDOW NUMBER
FIRST F8.1 SEE DRAWING
TOT. DIMENSION (sqcm) HIGH h width |
72,416 248 292
HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
18 18 5
Wood Area Single glass Area of 3 mm % Glasses
19,440 52,976 73.16%
FLOOR WINDOW NUMBER
FIRST F7 SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
60,021 247 243
HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
18 18 5
Wood Area Single glass Area of 3 mm % Glasses
17,640 42,381 70.61%
FLOOR WINDOW NUMBER
FIRST F1 SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
31,200 240 130
HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
12 15 5
Wood Area Single glass Area of 3 mm % Glasses
10,320 20,880 66.92%
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FLOOR WINDOW NUMBER
FIRST F1.1 SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
38,100 300 127
HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
12 15 5
Wood Area Single glass Area of 3 mm % Glasses
12,048 26,052 68.38%
WINDOW metal frame fixed 8
FLOOR NUMBER
cm
FIRST F stair A (short) SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
20,000 250 80
HEIGHT FRAME (HOR.) HEIGHT FRAME (VERT.) THICKNESS FRAME
0 0 0
Area Single glass Area of 3 mm % Glasses
0 20,000 100.00%
WINDOW metal frame fixed 8
FLOOR NUMBER
cm
FIRST F stair A (large) SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
35,000 250 140
HEIGHT FRAME (HOR.) HEIGHT FRAME (VERT.) THICKNESS FRAME
0 0 0
Area Single glass Area of 3 mm % Glasses
0 35,000 100.00%
WINDOW metal frame fixed 8
FLOOR NUMBER
cm
FIRST F stair B (short) SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
31,000 250 124
HEIGHT FRAME (HOR.) HEIGHT FRAME (VERT.) THICKNESS FRAME
0 0 0
Area Single glass Area of 3 mm % Glasses
0 31,000 100.00%
WINDOW metal frame fixed 8
FLOOR NUMBER
cm
FIRST F stair B (large) SEE DRAWING
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TOT. DIMENSION (sgcm) HIGH h width |
36,250 250 145
HEIGHT FRAME (HOR.) HEIGHT FRAME (VERT.) THICKNESS FRAME
0 0 0
Area Single glass Area of 3 mm % Glasses
0 36,250 100.00%
FLOOR WINDOW NUMBER
FIRST F8.2 SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
58,764 249 236
HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
18 18 5
Wood Area Single glass Area of 3 mm % Glasses
17,460 41,304 70.29%
FLOOR WINDOW NUMBER
FIRST Stair B top glass 13
TOT. DIMENSION (sgcm) HIGH h width |
22,400 140 160
HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
12 12 5
Wood Area Single glass Area of 3 mm % Glasses
7,200 15,200 67.86%
WINDOW metal frame fixed 8
FLOOR NUMBER
cm
FIRST F stair C (short) SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
217.5 375 0.58
HEIGHT FRAME (HOR.) HEIGHT FRAME (VERT.) THICKNESS FRAME
0 0 0
Area Single glass Area of 3 mm % Glasses
0 218 100.00%
WINDOW metal frame fixed 8
FLOOR NUMBER
cm
FIRST F stair C (large) SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
79,500 375 212
HEIGHT FRAME (HOR.) HEIGHT FRAME (VERT.) THICKNESS FRAME
0 0 0

CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1

111




Deliverable D2.1

é Report presenting the 3 nZEB renovation schemes in Italy, fully
I-'.1 ii c E RfUS documented with technical and economic evaluation Final
Area Single glass Area of 3 mm % Glasses
0 79500 100,00%
FLOOR WINDOW NUMBER
FIRST F1.2 SEE DRAWING
TOT. DIMENSION (sgcm) HIGH h width |
43,250 250 173
HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
18 18 5
Wood Area Single glass Area of 3 mm % Glasses
15,228 28,022 64.79%
FLOOR WINDOW NUMBER
FIRST F10 SEE DRAWING
TOT. DIMENSION (sqcm) HIGH h width |
50,400 360 140
HEIGHT WOOD FRAME (HOR.) | HEIGHT WOOD FRAME (VERT.) THICKNESS FRAME
12 15 5
Wood Area Single glass Area of 3 mm % Glasses
14,160 36,240 71.90%
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FIGURE 145 - GROUND FLOOR PLANT OF WINDOWS
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FIGURE 146 - FIRST FLOOR PLANT OF WINDOWS
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10.1.3. AIRFLOWS AND PATHOLOGIES
TABLE 34 - AIRFLOWS AND PATHOLOGIES
Detail Alteration Pathogen Failure
consequence
1- Discolouration At the expense of Natural variation

components of the
material, the
parameters that
define the color.

2- Crumbling

The natur is usually
physical, suach as
rising damp or
crystallization of
salts (thesis
supported by the
proximity to the
coast)

Presence of cavities
of variable size and
shape, called
alveoli, often
interconnected and
with non-uniform
distribution

3- Colonization

Poor site care

Presence detectable
with evidence on

biological the surfaces (algae,
fungi, lichens,
mosses, plants)
4- Lack The absence of Loss of three-
human intervention | dimensional
elements
7- Anthropogenic Inappropriate Change of
deterioration placement of conservation state
cables, of property or of
technological, lack the context in which
of maintenance, it is inserted.
inappropriate use
of building
materials.

5- Formation of
saline substances
due water loss

Cohesion problems

Superficial
formation
crystalline or
powdery or
filamentous, usually
whitish.

11- Dietachent

Solution of
continuity of
material

Solution of
continuity between
layers of a plaster,
both between
themselves and
with respect to the
substrate, which
preludes, in
general, to the fall
of the layers
themselves.
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7- Anthropic decay | Vandalistic graffiti - | Change of
Improper conservation state
placement of of property of the
technological context.
elements

9- Stain Presence of Color change on the
particular natural surface.
material
components

(concentration of
pyrite in the
marble) and
presence of foreign
materials (water,
oxidation products
of metallic
materials)

8- Gap

Loss of continuity of
the surface.

Concrete cover
spalling.

10- Pitting

Sometimes caused
by microorganisms
present in the
stone that feed on
carbon

Formation of blind
hol

12- Fracturing or
cracking

Solution of
continuity

Mutual
displacement of
parts

13- corrosion of
iron bars

Variazione delle
condizioni
igrometriche
standard :
(T~25°C; UR~
50%, ; Pres. ~

1 bar)

Alteration of the
colours, and the
structural strength
of the material,
thickening of the
surface and drilling
of parts of the
same. Rust.

A previous study analysed the envelope with thermal imaging with an external air temperature of
about 17°C.

The following figure shows the general image of the thermal performance of the envelope: the walls
present a good thermal performance.
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Puntatore 17-5 w2

'y

Um, rel. 50%
T atm. 20
Lim. UR 100%

FIGURE 147 - THERMAL VIEW

The next figures show the thermal losses of the windows. The windows, with single glazing and wood
frames, present insulation problems, aggravated by aging.

_

FIGURE 148 - THERMAL LOSSES IN THE WINDOWS AND WINDOW INVISIBLE TO THE NAKED EYE

The thermal losses due to thermal bridges in the corner of the room are also shown.

/ Puntatore 21.8 oL

Um. rel,
T atm.
Lim. UR

FIGURE 149 - THERMAL BRIDGES
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Some characteristics of the building contribute to a bad thermal performance:

e The orientation is bad, requiring additional energy consumption with heating during the
winter (mainly in the north areas) and with cooling during the summer (mainly in the west
areas without any direct protection from the direct radiation).

o The walls with high thermal inertia and large ceiling height provide advantages during the
summer, but disadvantages during winter, since the building does not have users in the night
period and weekends which leads to a high temperature decrease.

e The windows have a low level of airtightness, enabling a high level of air infiltration, which is
not controllable and undesirable, mainly during the winter.

e The doors are old and have a high thermal transmittance.

o The building presents many pathologies, such as condensation and mould growth.

10.2. ENERGY SYSTEMS
10.2.1.HvAC

The HVAC is ensured with several heat pumps, which have been installed gradually over the years.
Therefore, there are several different types of equipment with different characteristics and

performance. In total, there is at least one split in every room and the total number is summarized in

the fol

lowing table.

Puntatore 22.5 oC

Um. rel. 50%
T atm 20
Lim. UR 100%

FIGURE 150 - THERMOGRAPHY OF AN AIR CONDITIONER ON

Almost all the areas of permanent use have HVAC, being the control ensured locally with individual

control units. It is therefore an obsolete plant, splits have more than fifteen years now, and their

efficiency is reduced.
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TABLE 35 - HEAT PUMPS AND AHU CALCULATION
Type Thermal Power Reference Area Number TOT.
BTU/H
Heat pump 9,000.00 Offices - first floor 42 378,000.00
Heat pump 12,000.00 Offices - first floor 26 312,000.00
AHU 24,000.00 Council locals 1 24,000.00
Heat pump 207,670.00 Local includes 207,670.00
council/mayor/cabinet many split
office/salon of the
flags/bar/
Heat pump 18,000.00 Offices first floor 1 18,000.00
accounting - protocol
Heat pump 18,000.00 Offices first floor 1 18,000.00
accounting - director
Heat pump 9,000.00 Offices ground floor 48 432,000.00
Heat pump 12,000.00 Offices ground floor 30 360,000.00
Heat pump 24,000.00 Offices URP ground floor 1 24,000.00
1,773,670.00
519.83

The air circulation and renewal is ensured naturally through the doors and windows. There aren’t

systems of forced ventilation in rooms.

10.2.2. LIGHTING

In the building there are 2 different types of lamp: incandescent and fluorescent.

FIGURE 151 - LIGHTING IN ROOMS

FIGURE 152 - LIGHTING IN ALL AREAS

FIGURE 153 - LIGHTING IN CIRCULATION AREAS
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There is no mechanism to control lighting and plants are dated. During close time only emergency

lighting is on.
TABLE 36 - LAMPS CALCULATION
Type Power Reference Area Number TOT.
(Watt)
Fluorescent 2x58 116.00 Offices ground floor 177 20,532.00
Fluorescent 2x36 72.00 Services and circulation ground 115 8,280.00
floor
Fluorescent 1x54 54.00 All ground floor 280 15,120.00
Fluorescent 2x58 116.00 Offices CED 30 3,480.00
Fluorescent 2x58 116.00 Offices URP/Anagrafe 30 3,480.00
Fluorescent 2x36 72.00 Stairs and entrances ground 35 2,520.00
floor
Fluorescent 1x54 54.00 Rooms: administration. mayor. 526 28,400.00
council. salons
Incandescence 150.00 Council room 84 12,600.00
1x150
Incandescence 60.00 Council room 39 2,340.00
1x60
Fluorescent 2x58 116.00 Offices - first floor 209 24,244.00
Fluorescent 2x36 72.00 Services and circulation first 80 5,760.00
floor
126,760.00
10.2.3.IcT

Most of the offices and rooms have computers and printers and there is a room with servers and an
internal circuit of building for security.

There are photocopier machines. tv-screens. video projectors in some rooms and equipment for the
exclusive use of the bar.

10.2.4.OTHERS

The building has 5 lifts. The usage rate of the lifts is high since they serve rooms with much public
and employee attendance. but the contribution to total consumption is negligible.

Lifts and other small appliances connected to plugs such as individual electric heaters. vending
machines. photocopier machines. computers and printers (when not connected to the UPSs). etc.
were flagged as “other”.
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For calculating the energy consumption usage profiles have been created directly through the Design
Builder software for individual electric equipment.

10.3. ENERGY CONSUMPTION & ENERGY GENERATION

10.3.1. ELECTRICITY CONSUMPTION
The building receives electricity in Low Voltage. Following a summary table of power consumption.

TABLE 37 - ELECTRICITY CONSUMPTION

ELECTRICITY kWh per year kWh per year 2012 kWh per year 2014
CONSUMPTION 2013
Zanca Palace Survey performed on
Via S. Camillo. 5 - Messina days in mid-June in
2014.

Average consumption
with average outdoor
temperatures of 27 C
during operation.

ITO01E96237725 2,886 kWh 1,789 kWh
Via S. Camillo. SN - Messina
ITO01E00239947 1,482,357 kWh 1,500,548 kWh

There is not a central system for heating and cooling. but there are many emission systems (split).
different in shape. performance. brand and model.
To set the calculation of the model the general information are:

TABLE 38 - GENERAL INFORMATION FOR SIMULATION

Data
Weather File Messina - ITA IGDG WMO#=164200
HDD and CDD data source Weather File Stat
Total gross floor area [m2] 13,580.56
Principal Heating Source District Heat
TABLE 39 - ENERGY USE INTENSITY - ELECTRICITY

Electricty [MJ/m’]
Interior Lighting 281.50
Space Heating 0.00
Space Cooling 0.00
Fans-Interior 0.00
Service Water Heating 0.00
Receptacle Equipment 86.51
Miscellaneous 0.00
Subtotal 368.01
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TABLE 40 - UTILITY USE PER TOTAL FLOOR AREA
Electricity Natural Additional District District Water
Intensity Gas Fuel Cooling Heating Intensity
[kWh/m2] | Intensity Intensity Intensity Intensity [m3/m2]
[kWh/m2] | [kWh/m2] [kWh/m2] [kWh/m2]
Lighting 78.19 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 92.38 19.89 0.00
Other 24.03 0.00 0.00 0.00 0.00 0.00
Total 102.23 0.00 0.00 92.38 19.89 0.00
TABLE 41 - END USE CONSUMPTION
Electricity Natural Additional District District Water
[kWh] Gas Fuel [kWh] Cooling Heating [m3]
[kWh] [kWh] [kWh]
Heating 0.00 0.00 0.00 0.00 270,143.40 0.00
Cooling 0.00 0.00 0.00 1,254,508.77 0.00 0.00
Interior 1,061,927.55 0.00 0.00 0.00 0.00 0.00
Lighting
Exterior 0.00 0.00 0.00 0.00 0.00 0.00
Lighting
Interior 326,353.11 0.00 0.00 0.00 0.00 0.00
Equipment
Total End 1,388,280.66 0.00 0.00 1,254,508.77 | 270,143.40 0.00
Uses
Total 2,912,932.83
TABLE 42 - END USE PERCENTAGE
Percent [%]
Interior Lighting 36.46
Space Heating 9.27
Space Cooling 43.07
Fans-Interior 0.00
Service Water Heating 0.00
Receptacle Equipment 11.20
Miscellaneous 0.00
CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1 122




A ‘ Deliverable D2.1
—] Fos Report presenting the 3 nZEB renovation schemes in Italy, fully
| '.1 (| ] CER‘I'US documented with technical and economic evaluation Final
Consumption

FIGURE 154 - DISAGGREGATION OF ELECTRICITY CONSUMPTION BETWEEN USES

The following figures show the heat balance of Palazzo Zanca. divided according to the contribution
types:

e General Lighting.

e Computer + Equipment.

e Occupancy.

e Solar Gans Exterior Windows.

e Zone Sensible Heating.

e Zone Sensible Cooling.

7s22267  [emperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA
EnergyPlus Output 1 Jan - 31 Dec. Annual Educational

I General Lighting [l Computer + Equip [ Occupancy
[ Solar Gains Exterior Windows [l Zone Sensible Heating [l Zone Sensible Cooling
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-20000
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FIGURE 155 - ANNUAL HEAT BALANCE
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Temperatures, Heat Gains and Energy Consumption - Untitied, PALAZZO ZANCA
EnergyPlus Ouput 1 Jan - 31 Dec, Monthly Lvaluation
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FIGURE 156 - ANNUAL HEAT BALANCE. ACCORDING OF SINGLE MONTHS

Two following figures show the monthly total fuel use of Palazzo Zanca. divided according to the
contribution types:

e Room Electricity.

e Lighting.

e Auxiliary Energy.

e Heating (Electricity).

e Cooling (Electricity).

Temperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA
EnergyPlus Output 1 Jan - 31 Dec, Annual Evaluation

Il Room Electricity | Lighting [ Auxiliary Energy [l Electricity

I Heating (Electricity) [l Cooling (Electricity)
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FIGURE 157 - ANNUAL USE OF FUEL TOTAL
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o Temperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA
EncrgyPkss Output 1Jan - 31 Dec, Monthly Evaluation
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FIGURE 158 -MONTHLY USE OF FUEL TOTAL

The following figures show heat balance of Palazzo Zanca. divided according to the contribution
types. during four months in particular January. April. July and September:

e General Lighting.
e Computer + Equipment.
e Occupancy.
e Solar Gans Exterior Windows.
e Zone Sensible Heating.
e Zone Sensible Cooling.
aho Temperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA
EnergyPlus Output 1 Jan - 31 Dec, Daily Evaluation
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FIGURE 159 - HEAT BALANCE DURING JANUARY
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S

Temperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA

EnergyPlus Oulput 1 Jan - 31 Dec, Daily Evaluation
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FIGURE 160 - HEAT BALANCE DURING APRIL

Temperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA
EnergyPlus Output 1Jan -31 Dec, Daily Evaluation
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FIGURE 161 - HEAT BALANCE DURING JULY
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Temperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA

EnergyPlus Output 1 Jan - 31 Dec, Daily Evaluation
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FIGURE 162 - HEAT BALANCE DURING SEPTEMBER

10.3.2.GAs/OIL CONSUMPTION

The building does not have any gas consumption.

10.3.3. RENEWABLE ENERGY SOURCES

The building does not have any RES plant.

10.3.4. OTHER GENERATION

Other data that influence thermal balance come from building envelope.

Considered data are:

e Glazing

o Walls

e Ceilings (internal)

e Floors (internal)

e Ground floors

e Partitions (internal)
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e Roofs
e Floors (external)
e External infiltration
e External ventilation
o Temperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA
EnergyPlus Output 1 Jan - 31 Dec, Annual Evaluation
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FIGURE 163 - ANNUAL HEAT BALANCE (FABRIC AND VENTILATION)
e Temperatures, Heat Gains and Energy Consumption - Untitied, PALAZZO ZANCA
EnergyPlus Output 1 Jan - 31 Dec, Monthly Eval
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FIGURE 164 - ANNUAL HEAT BALANCE (FABRIC AND VENTILATION). ACCORDING OF SINGLE MONTHS
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The following figures shows heat balance (fabric and ventilation) of Palazzo Zanca. divided according
to the contribution types. during four months in particular January. April. July and September.

FIGURE 165 - HEAT BALANCE DURING JANUARY (FABRIC AND VENTILATION)

e Temperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA
EnergyPlus Output 1 Jan - 31 Dec, Daily Evaluation
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FIGURE 166 - HEAT BALANCE DURING APRIL (FABRIC AND VENTILATION)
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""" Temperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA
EnergyPlus Output 1 Jan - 31 Dec, Daily Evaluation
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FIGURE 167 - HEAT BALANCE DURING JULY (FABRIC AND VENTILATION)
de Temperatures, Heat Gains and Energy Consumption - Untitled, PALAZZO ZANCA
EnergyPlus Output 1.Jan - 31 Dec, Daily Evaluation
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FIGURE 168 - HEAT BALANCE DURING SEPTEMBER (FABRIC AND VENTILATION)
10.3.5. FINAL ENERGY CONSUMPTION AND CO, EMISSIONS
In this building only electricity is consumed. as depicted in the following table.
TABLE 43 - UTILITY USE PER TOTAL FLOOR AREA
Electricity Natural Gas Additional District District Water
Intensity Intensity Fuel Cooling Heating Intensity
[kWh/m2] [kWh/m2] Intensity Intensity Intensity [m3/m2]
[kWh/m2] [kWh/m2] [kWh/m2]
Lighting 78.19 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 92.38 19.89 0.00
Other 24.03 0.00 0.00 0.00 0.00 0.00
Total 102.23 0.00 0.00 92.38 19.89 0.00
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TABLE 44 - END USE CONSUMPTION

Electricity Natural Additional District District Water
[kWh] Gas Fuel [kWh] | Cooling [kWh] Heating [m3]
[kWh] [kWh]

Heating 0.00 0.00 0.00 0.00 270,143.40 0.00
Cooling 0.00 0.00 0.00 1,254,508.77 0.00 0.00
Interior 1,061,927.55 0.00 0.00 0.00 0.00 0.00
Lighting
Interior 326,353.11 0.00 0.00 0.00 0.00 0.00
Equipment
Total End 1,388,280.66 0.00 0.00 1,254,508.77 270,143.40 0.00
Uses
Total 2,912,932.83

Simulation data shows that the building has electricity consumption of 2,912,932.83 kWh and below
percentages are summarized percentages of individual consumption.

TABLE 45 - END USE PERCENTAGE

Percent [%)]
Interior Lighting 36.46
Space Heating 9.27
Space Cooling 43.07
Receptacle Equipment 11.20

The last Table presents the main energy parameters of the building which were considered as
baseline. Such parameters were assessed considering the following conversion factors:

e electricity to primary energy - 2.174 (standard value approved for Italy);

e electricity to CO, emissions - 510.00 g/kWh (average emissions associated with the electricity
consumed in Italy during 2012 according ENEL environmental report 2012 );

11.RENOVATION SCHEME

11.1. AiMm OF THE RENOVATION PLAN

In Italy, the NZEBs (nearly zero energy buildings) don’t meet national specific legislation but this is
now being defined, according to Directive 2012/27/UE. NZEB design is aimed at achieving high
performance standards in terms of energy and environment.

Specific attention should be devoted to the reduction of energy consumption of the building. Guiding
the design on three key areas:

e Maximizing the building envelope passive behaviour
e Use high efficiency systems
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e Use of systems for the renewable thermal energy exploitation and photovoltaic systems for
the electricity production from solar sources.

The aim is to minimize energy contribution from the external electricity grid. The objective of the
renovation plan is to achieve an average primary energy reduction between 75% and 80% of the
current demand and to ensure that between 50% and 90% of the consumed energy is generated on
site.

A building envelope is called passive if it is conformant to the following values:

e Thermal transmittance very low (0.0167/0.227 W/m?K)

e Low values of attenuation factor (<0.1). resulting in high phase shift values (>11.5 hours)

e Windows with transmittance less than 1.6 W/m?K

e System efficiency that can reduce by 70% the maximum solar radiation on transparent
surfaces.

To achieve these aims some difficulties or constraints should be considered in the implementation.
The following global constraints were taken into account in the design of the renovation plan:

e Since the building is inscribed on the List of building constrained by the Superintendence of
Cultural Heritage. Several strong restrictions are applied in the renovation of such building
due to the protection rules. Since it is not possible to implement any change in the building
envelope able to cause any visual impact or modify historical integrity of the building.
Therefore. The renovation option with a high visual impact is not possible.

e The buildings have an intensive utilization. Receiving a large number of visitors and are the
working place for a large number of Municipal employees. Such activities cannot be
interrupted since it is not easy to temporarily move the services to another building.
Therefore, renovation options requiring major construction works need a plan that takes into
account the needs of workers and visitors.

Planned integrations modify the architecture of the building, but without changing the functions.
Being a historical building it was quite complicated inserting renewable sources and determining
appropriate space to allocate them. An intervention difficult to predict was that related to the new
air conditioning system.

The assumptions for improvement have been inserted using the Design Builder software that
simulates with Energy Plus Databases. For Zanca Palace, considering the environmental conditions of
Messina, greater consumption is by the use of electricity for cooling in the summer period, therefore
it was decided to insert solutions also covering a constant ventilation of the building.

11.2. ENERGY DEMAND REDUCTION

11.2.1.OPAQUE ENVELOPE

An important task in the renewal plan is targeted to the building envelope. Among the actions
planned, there is the facades renovation. it is planned to ensure the safety of unsafe parts (eg unsafe
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cornice) and, where necessary, make injections with binding materials. Another change concerns the
reconstruction of the plaster of the facades, using a thermal insulation plaster. UNI EN 998-1
“Mortars for internal and external” defines insulating plaster as “a mortar with guaranteed
performance with specific insulating properties”. According to UNI EN 998-1 mortar must ensure
thermal values of | (thermal conductivity) of less than 0.1 W/mK, then with high insulating
performance. There are plasters with better performance but with the same texture and the same
color of plaster used previously.

Obviously, it is expected to remove from prospects all present compressors and restore the facades
in its entirety. Envelope treated with these plasters improves their transmittance value.

Among other interventions there is the waterproofing of the roof, by a fibre-reinforced bituminous
membrane under the floor
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Detail Alteration Pathogen Failure Solution
consequence
1- At the expense of Natural variation | Cleaning with water spray: is a spray low pressure water spray
Discolouration | components of the at room temperature by means of hydraulic spray

material. the
parameters that
define the color.

nozzles.whose effectiveness is due to the ability of small
particles of water to penetrate the surface deposits. for this
reason should be carefully assessed the distance between the
nozzle and the surface to be cleaned.

2- Crumbling

The natur is usually
physical. suach as
rising damp or
crystallization of
salts (thesis

Presence of
cavities of
variable size and
shape. called
alveoli. often

1. On the surface is applied by brush a biocidal product and is
removed with a soft bristle brush and with the aid of a scalpel

2. Cleaning the surface deposit. with application of gel
supporting tablets soaked in organic solvents and / or of a

3-
Colonization
biological

supp .ort:‘ed by the mtercc?nnected saturated solution of ammonium carbonate

proximity to the and with non-

coast) ”’7’f°fm . 3. Removal of defective grout. performed during previous

distribution . . . . . .

interventions. which have lost their conservative function
4. Grouting of injuries. fractures. lacks to be made with the
application of mortar made of hydraulic lime and aggregates
suitable for color and grain size
5. Surface protection to be made with polysiloxane applied by
spray or brush.

Poor site care Presence Extirpation braking: extirpation mechanics that does not alter

detectable with
evidence on the
surfaces (algae.
fungi. lichens.

mosses. plants)

the materials from which mansory; all species tree and
herbaceous plants will be uprooted in the winter.

Chemical weeding: is the operation of the control and
elimination of natural vegetation that should be conducted
with great care by using chemicals to complete extirpation of
mechanical intervention.
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4- Lack The absence of Loss of three- Integration of concrete respecting the existing masonry, always
human dimensional taking care to highlight the new integration than the existing
intervention elements material, form, colour or application technique.
7- Inappropriate Change of - Deleting previous intervention.
Anthropogenic | placement of conservation
deterioration cables. state of property | - Cleaning with spray of water at low pressure.
technological. lack | or of the context
of maintenance. in which it is - Reinstatement according to the type of degradation
inappropriate use inserted.
of building
materials.
5- Formation Cohesion problems | Superficial Cleaning with water spray - Are used ion exchange resins to
of saline formation maintain the washing water continuously deionized and
substances crystalline or therefore with greater solvent power. The project, aimed at the
due water loss powdery or elimination of salts. is believed to be managed with the
filamentous. achievement of the neutral pH.

usually whitish.

11- Dietachent

Solution of
continuity of
material

Solution of
continuity
between layers of
a plaster. both
between
themselves and
with respect to
the substrate.
which preludes.
in general. to the
fall of the layers
themselves.

Scraping with soft brushes, degraded surface layer, limiting it to
those parts detached or flaking, avoiding nicking less superficial
layers of plaster. The parts of plaster possibly very degraded,
now damaged seriously, will be removed also only superficially.
Consolidating, by impregnating the structural basis of ethyl
silicate.

Application can be done or by brush or spraying. product is
passed repeatedly until saturation and excess will be removed
with washes at the base of dolituion solvent.

CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1

135




Deliverable D2.1
Report presenting the 3 nZEB renovation schemes in Italy, fully documented with technical and
economic evaluation

Final

parts

7- Anthropic Vandalistic graffiti | Change of

decay - Improper conservation
placement of state of property
technological of the context.
elements

9- Stain Presence of Color change on Cleaning with gel. to be chosen according to the type of
particular natural | the surface. material to be treated and the type of paint or ink to remove;
material can be applied directly on graffiti by spray or by brush.
components
(concentration of
pyrite in the
marble) and
presence of foreign
materials (water.
oxidation products
of metallic
materials)

8- Gap Loss of continuity Concrete cover Cleaning of irons, their coating and finally rebuild missing parts.
of the surface. spalling.

10- Pitting Sometimes caused | Formation of A preventive treatment with HNO3 ~ 10% produces a passive
by microorganisms | blind hol layer. Pitting resistance. Defusing of pitting: intervention of
present in the foreign ions and repassivation of the surface.
stone that feed on
carbon

12- Fracturing | Solution of Mutual Plastering with lime mortar doped epoxy. Superficially making a

or cracking continuity displacement of seal using lime mortar free from soluble salts possibly loaded

with acrylic resin. For the exterior finish is used as aggregate,
powder made from the same material that you have to fill. It is
good that the intervention of grouting includes both filling the
gaps of greater extent both the slots of smaller dimensions, as
it may facilitate the penetration of water.
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13- corrosion
of iron bars

Variation of
conditions
humidity
standards:

(T ~25°C; UR~
50%. ; Pres. ~
1 bar)

Alteration of the
colours, and the
structural
strength of the
material,
thickening of the
surface and
drilling of parts of
the same. Rust.

Cleaning of the irons, their coating and finally rebuild missing
parts.

The removal of oxides from rusted iron is very important, and
can be done by sandblasting or by careful brushing irons
leading them to the white metal. Once cleaned up the iron, you
can proceed to the application of protective products. This is
typically slurries passivating applicable brush.
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11.2.2. OPENINGS

At present, all windows are in single glass with hardwood frames. It is expected that all windows of
Zanca Palace will be replaced, inserting selective glasses and modifying wood frames.

It is also important to study new forms of glass to optimize reflective surface.

l

FIGURE 169 - ACTUAL REFLECTIVE SURFACE FIGURE 170 -ACTUAL WINDOW FIGURE 171 - ACTUAL WINDOW AT FIRST FLOOR

FIGURE 173 - SKYLIGHT IN THE STAIRWELL FIGURE 174 - ENTRANCE DOOR
FIGURE 172 - SKYLIGHT IN LATERAL STAIRWELL CENTRAL
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For the frames there are tree hypotheses:

1- Choosing frames with a thermal
break and clothing them with a
layer made from old frame, in this
case the U-value of the frame (Us)
is significantly improved.

FIGURE 175 - FIRST HYPOTHESIS OF CHANGE OF WINDOWS FRAME

2 - Restoring the old window frames
by specialized workers and
appropriate technologies, but in
this case U-values of the frames
(Us) remain the same.

3 - Using windows with Corten steel

frames, also used for historic
buildings in Venice. Glasses are
selective double glazing with air
chamber 6/13 mm.

FIGURE 177 - EXAMPLE OF CORTEN STEEL WINDOWS IN HISTORICAL BUILDING
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Hypothesis 3 has been chosen for the simulation that provides for total replacement of the old

frames.
' Glazing Template ¥
Gp Template ZANCA Vetrate
(7 Glazing type ZANCA Dbl LoE Spec Sel Clr Bmm{13mm Air
@dLayout Preferred height 1.5m. 30% glazed
Dimensions ¥
Type 3-Preferred height v
Window to wall % 30,00 %
I T T Y T T T T T T 1
0 10 20 a0 40 50 20 70 20 = 100
Window height (m) 1.50
Window spacing (m) 5,00
Sill height (m) 0.80
Reveal »
Frame and Dividers ¥
Has a frame/dividers?
<pConstruction ZANCA corten window frame (with thermal break)
Dividers ¥
Type 1-Divided lite %
Width (m) 0,0200
Horizontal dividers 1
Vertical dividers 1
Outside projection (m) 0,000
Inside projection (m) 0.000
Glass edge-centre conduction ratio 1.000
Frame width (m) 0,0400
Frame inside projection (m) 0.000
Frame outside projection (m) 0,000

Glass edge-centre conduction ratio
Shading
X Intermnal Windows
& Boof Windows/Skylights

B Doors
= Vents
Internal
BVenttype Grille, small, light slats
Auto generate
Vent area (m2) 0.0900
Yent spacing (m) 5.00
Yent height above floor (m) 0.20
Opetration Y
Operation schedule Office_OpenOff_Equip

FIGURE 178 - WINDOWS TEMPLATE
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Constructions Data

Layers | Surface propeties | image analysis
Convective heat transfer coefficient (W/m2-K) 5846
Radiative heat transfer coefficient (W/m2-K) 1.847
Interstitial Condensation Surface resistance (m2-K/MW) 0,130
Structure is ee of condensation
iCondensation Interfaces Convective heat transfer coefficient (W/m2-K) 23,290
INumber of condensation interfaces: 0 Radiative heat transfer coefficient (W/m2-K) 1,710
Surface Condensation Surface resistance (m2-KMW) 0,040
et cumtly o0, owka s
U-Value surface to surface (W/m2-K) 2174
Glaser Diagram R-Value (m2-KW) 0530
Jan U-Value (W/m2-K) 1.587
With Bridging (BS EN ISO 6346)
— Temperature (C) — Panial VP (Pa) — Saturated VP (Pa) Km - Intemal heat capacity (KJ/m2-K) 0,0000
7 ey Upper resistance limit (m2-KAY) 0,630
& 1 74 & Lower resistance limit (m2-KAW) 0,630
b 2 U-Value surface to surface (W/m2-K) 2174
5 131 £ ReValue (m2-K/wW) 0630
g 0l 2 U-Value (W/m2-K) 1.587
£ o
£ 3
3
2337
1870 4
g
o 14024
=
& 9354
a
467
0.00 700.00 1400.002100.002800.00B500.00+ 200,004300.006600,0065.300, 007000.,00
Cumulative Equivaient Air Thickness (m)
FIGURE 179 - GLASER DIAGRAM OF CORTEN STEEL WINDOWS FIGURE 180 - CORTEN STEEL WINDOWS CONSTRUCTION
DATA

Image || Calculated | Condensation analysis

General

Name ZANCA corten window frame (with thermal break)
Source DesignBuilder
[ Category Window frames
& Region US General

Calculation Settings

Layers

MNumber of layers
Outermost layer

SyMaterial

ZANCA Stainless Steel 1

Thickness (not used in thermal calcs) (m) 0.0200
Layer 2

SyMaterial Polyamide {nylon)
Thickness {m) 0.0400

[ Bridged?

SyMaterial ZANCA Stainless Steel 1
Thickness (notused in thermal calcs) (m) 0.0300

FIGURE 181 - DETAIL OF CORTEN STEEL FRAME FIGURE 182 - PARTICULAR OF CORTEN STEEL FRAME
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11.2.3.SHADING

There is no fixed or mobile shading. because they integrate poorly with the historical memory of
the building.

11.2.4. OTHER STRATEGIES

The skylights in stairwells will be equipped with sensors that will govern the opening, according to
the irradiation and the need for external ventilation.

11.3. ENERGY SYSTEMS

11.3.1.LIGHTING SYSTEM

It is expected to replace the existing lighting with LED lamps and. where it is possible (for example in
meeting rooms or council room), with intelligent on/off system. to adapt the lighting depending on
sunlight.

[[Layout [ Activiy | Construction | Operings | Lighting | HVAC | Outputs | CFD_ |

 Lighting Template ¥
{/ Template Zanca LED
= General Lighting ¥
¥ On
Lighting energy (W/m2) 468 %
I T I'I T T T T T T T T T T T T T T T T 1
0 2 4 8 8 10 12 t4 16 18 20 2 24 26 28 0 32 24 B 3B 4
(4 Schedule Office_Light
Luminaire type 3-Recessed -
Radiant fraction 0.370
Visible fraction 0,180
Convective fraction 0,450
& Lighting Control ¥
vl On
Control type 1-Linear v
Min output fraction 0,100
Min input power fraction 0.100

Glare

|

Maximum allowable glare in... 22.0

View angle rel toy-axis (7 0.0
Lighting Area 1

% Zone covered by Lighting... 80.0
Lighting Area 2
* Task and Display Lighting

|

B Exterior Lighting
On
Design level (W) 100,000
(4 Schedule On
Control option 2-Schedule + override off in daytime >

FIGURE 183 - LIGHTING TEMPLATE
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11.3.2. HVAC SYSTEM

Almost all working rooms. as well as all the receiving rooms. and the circulation area have an air
conditioning system. It is expected to insert a false ceiling in all circulation area and. where possible
in all rooms of the building. The results are: decrease net height to be heated and creation of a
channel for heating and lighting plants.

Layout | Activty | Construction | Openings | Lighting | HVAC | Outputs | CFD_| I

C HVAC Template ¥
dlTemplate ltaly
On
Qutside air definition method 1-By zone 5
Outside air (ac/h) 3000
I T ! T T T T T T T T 1
0 2 4 g 8 10 12 14 18 18 20
Operation ¥
(4 Schedule Office_OpenOff_Equip

‘

3 -Auxiliary Energy

Auxiliary energy (k¥Wh/m2) 18.00

Heated
Fuel 1-Electricity from grid *
Heating system CoP 5.050

Type
Operation

||

(14 Schedule Th33_Cooling_Annual
= Cooling ¥
Cooled
Fuel 1-Electricity from grid b
Cooling system CoP 6.500

Supply Air Condition
Operation
m Schedule Th33_Cooling_Annual

u

\

= DHW
[J0n

.~ Natural Yentilation

[10n

W Ajr Temperature Distribution
Distribution mode 1-Mixed -

<«

FIGURE 184 - HVAC TEMPLATE

11.4. RENEWABLE ENERGY SOURCES

The building is in a densely built area and district heating systems are not available. The use of more
environmental friendly HVAC systems was investigated but VRV appeared to be the most suitable
choice. Different proposals have been studied for renewable energy systems but in the end it was
decided to use a photovoltaic system.

It is also thought to include wind energy as a renewable energy but the Superintendent did not like
this type of intervention, because it would alter building architecture.
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11.5. Pv GENERATION SYSTEM

On the roof of the building a photovoltaic plant of 61 kW, will be installed: this value ensures just
over 40% of current consumption of electricity. The structure has six areas available for positioning
the photovoltaic system.

FIGURE 185 - SIX AREAS AVAILABLE FOR THE PV SYSTEM INSTALLATION

The PV panels will be placed nearly due South with a fixed slope of 30° and azimuth of 0°. The system
will be connected to the low voltage grid via three-phase power.

In Italy, to access to the financial benefits for installing PV modules one must submit a request to the
Energy Services Manager, GSE S.p.A. Therefore, it leads to compensation between the economic
value associated to the electricity produced and fed into the grid and the theoretical economic value
associated to withdrawn electricity and consumed in a period different from the one in which
production takes place. The calculation of the PV system was estimated by using Classic PVGIS, a
piece of software developed by The Joint Research Centre of the European Commission in ISPRA.
Italy.

To make this calculation it is necessary to define some conditions:

TABLE 46 - CONDITION TO SIMULATION WITH CLASSIC PVGIS

Optimal inclination angle is: 31 degrees

Annual irradiation deficit due to shadowing (horizontal): 0.1 %

Location: 38°11'38" North. 15°33'17" East. Elevation: 15 m a.s.l..

Nominal power of the PV system: 61.0 kWp (crystalline silicon)

Estimated losses due to temperature and low irradiance: 9.9% (using local ambient temperature)

Estimated loss due to angular reflectance effects: 2.5%

Other losses (cables. inverter etc.): 15.0%

Combined PV system losses: 25.3%
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The monthly and annual solar radiation in the area based on the classic PVGIS database is presented
in the following table.

TABLE 47 - SOLAR RADIATION AT THE AREA OF MESSINA

Jan 1,990 2,980 2,900 59 11.0 10.2
Feb 2,700 3,630 3,130 51 10.6 9.7
Mar 4,020 4,860 3,470 40 13.2 12.0
Apr 5,420 5,830 3,190 26 15.4 14.2
May 6,410 6,280 2,630 13 19.1 17.9
Jun 6,910 6,470 2,310 6 23.1 21.8
Jul 6,830 6,530 2,470 9 25.9 24.6
Aug 6,190 6,420 3,100 21 26.2 24.7
Sep 5,000 5,880 3,830 36 22.9 21.7
Oct 3,510 4,690 3,860 49 19.8 18.6
Nov 2,250 3,320 3,160 58 16.2 15.1
Dec 1,760 2,740 2,770 61 12.6 11.6
Year 4,430 4,980 3,070 31 18.0 16.8
Legend:

Hh: Irradiation on horizontal plane (Wh/m?*/day)

Hopt: Irradiation on optimally inclined plane (Wh/m?/day)
H(90): Irradiation on plane at angle: 90deg. (Wh/m>/day)
lopt: Optimal inclination (deg.)

TD: Average daytime temperature (°C)

T24h: 24 hour average of temperature (°C)

SOURCE: CLASSIC PVGIS DATABASE (KWH/ M’/MONTH) AT 30°
TABLE 48 - AVERAGE ELECTRICITY PRODUCTION

Jan 153.72 4,770.2

Feb 186.66 5,227.7
Mar 253.15 7,808.0
Apr 275.11 8,235.0
May 300.12 9,272.0
Jun 317.2 9,516.0
Jul 328.18 10,187.0
Aug 319.64 9,882.0
Sep 258.03 7,747.0
Oct 222.65 6,893.0
Nov 172.02 5,166.7
Dec 136.64 4,239.5
Yearly average 244 7,412.0
Total for year 88,944.0

Annual global radiation on the inclined surface = 1,960 kWh/mz
Ed: Average daily electricity production from the given system (kWh)
Em: Average monthly electricity production from the given system (kWh)
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PV ENERGY GENERATION DAILY
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FIGURE 186 - DAILY ENERGY INJECTED INTO GRID FROM THE PV SYSTEM
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FIGURE 187 - MONTHLY ENERGY INJECTED INTO GRID FROM THE PV SYSTEM
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FIGURE 188 - PV PANELS INSTALLED ON THE ROOF
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FIGURE 189- PV DISTRIBUTION
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11.6. ENERGY MANAGEMENT SYSTEM

To monitor the building electrical consumption of lighting, ventilation and HVAC system, a building
automation control sensors (BACS) will be installed. The BACS improve occupant's comfort, efficient
operation of building systems, and reduction of energy consumption and of operating costs.

The system will perform the following operations:

e Control each air conditioning unit separately to stabilize the desired internal air temperature
and humidity in every office.

e Internal lighting control according to external irradiation and lux value in each room
(Dimming lamps).

e Daily scheduling of air conditioning and lighting to optimize their use.

e Management of the flow temperature according to the outdoor temperature.

e Identification of electrical equipment turned on beyond normal working hours.

e Erroridentification or warnings in case of electrical overloads.

e Control of windows and doors opening, to minimize the use of VRV plant.

The BACS ensure therefore values of humidity and temperature in agreement with the optimum
comfort conditions, and also ensures appropriate levels of air exchange. They are also useful for
energy saving both in terms of lighting and rooms conditioning.

11.7. ToTALIMPACT OF THE RENOVATION SCHEME

11.7.1.ENERGY PERFORMANCE

The energy analysis of the building was carried out using the software Design Builder v. 3.4.0.033.
The building was described in detail, through architectural drawings and with an illustrated report on
the state of facts and photographic documentation.

The result with the new solution is as follows. In the renovation scheme it has a VRV system plant for
heating, cooling and air circulation.

To set the calculation of the model the general information are:

TABLE 49 - GENERAL INFORMATION FOR SIMULATION

Data
Weather File ** Messina - ITA IGDG WMO#=164200
HDD and CDD data source Weather File Stat
Total gross floor area [m2] 13,580.56
Principal Heating Source District Heat
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TABLE 50 - BUILDING AREA

Area [m?2]
Total Building Area 11,876.95
Net Conditioned Building Area 11,876.95
Unconditioned Building Area 0.00

The following figures shows the heat balance of Palazzo Zanca Post-design. divided according to the

contribution types:

e General Lighting.

e Computer + Equipment.

e  Occupancy.

e Solar Gans Exterior Windows.

e Zone Sensible Heating.

e Zone Sensible Cooling.

EnergyPlus Output

Heat Batance (Wh/m2)
g

1 Jan - 31 D (Zone condtions rei)oned for occupied penods only), Annual

—

Educational

EnergyPlus Output

FIGURE 190 - ANNUAL HEAT BALANCE
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FIGURE 191 - ANNUAL HEAT BALANCE ACCORDING SINGLE MONTH
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Two following figures shows monthly total fuel use of Palazzo Zanca.divided according to the
contribution types:

e Room Electricity.

o Lighting.

e Auxiliary Energy.

e Heating (Electricity).
e Cooling (Electricity).

EnergyPius Output 1 Jan - 31 Dic (Zone condtons reported for occupiad perods only), Annual Educational
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FIGURE 192 - ANNUAL USE OF FUEL TOTAL
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FIGURE 193 - MONTHLY USE OF FUEL TOTAL
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Other data that influence thermal balance come from building envelope.
Considered data are:

e Glazing

e Walls

e Ceilings (internal)

e Floors (internal)

e Ground floors

e Partitions (internal)
e Roofs

e Floors (external)

e External infiltration
e External ventilation

EnergyPlus Output 1 Jan - 31 Dic (Zone conditions reported for occupied periods only), Annual Educational
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FIGURE 194 - HEAT BALANCE ACCORDING OPAQUE ELEMENT OF ENVELOPE
11.7.2. ENVIRONMENTAL PERFORMANCE

The following table shows the consumption before and after the implementation of all the proposed

interventions in the building.

TABLE 51 - UTILITY USE PER TOTAL FLOOR AREA

Electricity | Natural Gas Additional District District Water

Intensity Intensity Fuel Cooling Heating Intensity

[kWh/m2] [kWh/m2] Intensity Intensity Intensity [m3/m2]

[kWh/m2] [kWwh/m2] | [kWh/m2]

Lighting 6.40 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 57.21 38.38 0.00
Other 22.92 0.00 0.00 0.00 0.00 0.00
Total 29.32 0.00 0.00 57.21 38.38 0.00
CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1 151




‘ Deliverable D2.1

é Report presenting the 3 nZEB renovation schemes in Italy, fully
I-'.1 ii CE R‘I’US documented with technical and economic evaluation Final
UTILITY USE PER TOTAL FLOOR AREA
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% B o
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Electricity  Electricity District District District District
Intensity Intensity Cooling Cooling Heating Heating
Post-Design Pre-Design Intensity Intensity Intensity Intensity
Post-Design Pre-Design Post-Design Pre-Design
FIGURE 195 - UTILITY USE PER TOTAL FLOOR AREA PRE/POST—DESIGN
TABLE 52 - END USE CONSUMPTION
Electricity | Natural | Additional District District Water [m3]
[kWh] Gas Fuel Cooling Heating
[kWh] [kWh] [kWh] [kWh]
Heating 0.00 0.00 0.00 0.00 | 455,813.14 0.00
Cooling 0.00 0.00 0.00 679,470.83 0.00 0.00
Interior 75,530.09 0.00 0.00 0.00 0.00 0.00
Lighting
Exterior 435.90 0.00 0.00 0.00 0.00 0.00
Lighting
Interior 272,247.54 0.00 0.00 0.00 0.00 0.00
Equipment
Exterior 0.00 0.00 0.00 0.00 0.00 0.00
Equipment
Fans 0.00 0.00 0.00 0.00 0.00 0.00
Pumps 0.00 0.00 0.00 0.00 0.00 0.00
Heat Rejection 0.00 0.00 0.00 0.00 0.00 0.00
Humidification 0.00 0.00 0.00 0.00 0.00 0.00
Heat Recovery 0.00 0.00 0.00 0.00 0.00 0.00
Water Systems 0.00 0.00 0.00 0.00 0.00 0.00
Refrigeration 0.00 0.00 0.00 0.00 0.00 0.00
Generators 0.00 0.00 0.00 0.00 0.00 0.00
Total End Uses | 348,213.53 0.00 0.00 679,470.83 | 455,813.14 0.00

Note: District heat appears to be the principal heating source based on energy usage.
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TABLE 53 - END USE CONSUMPTION
Electricity [kWh] District Cooling [kWh] District Heating [kWh]
Heating 0.00 0.00 455,813.14
Cooling 0.00 679,470.83 0.00
Interior Lighting 75,530.09 0.00 0.00
Exterior Lighting 435.90 0.00 0.00
Interior Equipment 272,247.54 0.00 0.00
Total End Uses 348,213.53 679,470.83 455,813.14
Total value 1,483,497.50
End Use Consumption
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FIGURE 196 - END USE CONSUMPTION PRE/POST-DESIGN
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FIGURE 197 - CONSUMPTION PRE-DESIGN

Consumption Post-Design
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FIGURE 198 - CONSUMPTION POST-DESIGN

The energy consumption for heating increased because in the state of facts the heating is not present

in circulation areas while in the renovation scheme is present in the entire building.
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12.ECONOMIC EVALUATION OF THE PROPOSED RENOVATION SCHEME

12.1. ASSUMPTIONS, COST FIGURES

The cost of the interventions is estimated based on current market prices of the equipment and the
installation works. Special meetings with suppliers were held to present the project and request
offers for the preliminary renovation design. Offers were collected and assessed.

For each intervention, the cost has been calculated as the sum of costs for equipment, installation,
operation and maintenance. These values have been organised in an Excel file prepared by Sinloc, a
partner of the CERtuS consortium (see deliverable D2.5). ANNEX H. gives the cost information.

The economic appraisal of the renovation design was performed by means of a tool produced by
ETVA VIPE, also a partner of the consortium. A detailed description of the tool is presented in the
deliverable D2.5. The appraisal can be performed only for the whole design.

The tool also allows to examine various financing schemes ranging from single financing source to
multiple, combining bank loans, ESCOs, Subsidies, municipality’s own equity.

The data used for the calculations are tabulated below, divided according to the unit of measure
concerned and the unit price

TABLE 54 - DETAIL OF THE COST

WORKINGS VOICE u.m. Value Unit Cost COST

Plants Compression heat pumps -

VRV system - OFFICES AREAS KW 918.08 €428 € 393,361
Plants Compression heat pumps -

VRV system - NEW

CIRCULATION AREAS KW 786.92 €704 €553,846
Plants Compression heat pumps -

VRV system - OFFICES AREAS KW 590 €428 € 252,793
Building Horizontal structures on roofs
envelope - False Ceiling OFFICE AREAS MQ 5,166 €47.30 244,352
Building Horizontal structures on roofs
envelope - False Ceiling CIRCULATION

AREAS MQ 1,599 €47.30 75,633
Building
envelope Double glass MQ 1,321 €1,150.00 1,519,150
Plants Internal Relamping units 1,605 € 200.00 € 321,000
Plants Photovoltaic panels KWp 61 € 2,000.00 €122,000
Sensors BACS unit 1 € 25,000.00 € 25,000

TOTAL WORK COST | €3.507.135
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12.2. RESULTS
The proposals cover both the envelope that heating and electrical systems.
ENERGY EFFICIENCY MEASURES SAVINGS
Plaster Restoration *table saving post
Building Envelope Replacement Windows renovation
False Ceiling in entire Building
VRV System
Energy Systems LED lighting HVAC = 23%
BACS Lighting = 93%
RES PV system
TABLE 55 - HEAT BALANCE STATE OF ART
Glazing (Wh/m?) Year -23,014.10
Walls (Wh/m2) Year -8,729.33
Ceilings (int) (Wh/m?2) Year 3,101.76
Floors (int) (Wh/m?2) Year -3,113.00
Ground Floors (Wh/m?2) Year -9,506.93
Partitions (int) (Wh/m2) Year -0.92
Roofs (Wh/m2) Year -237.85
Floors (ext) (Wh/m2) Year 0.00
TABLE 56 - HEAT BALANCE RENOVATION SCHEME
Glazing (Wh/m2) Year -30,217
Walls (Wh/m2) Year -14,290.39
Ceilings (int) (Wh/m2) Year 3,195.08
Floors (int) (Wh/m2) Year -3,208.52
Ground Floors (Wh/m?2) Year -10,277.13
Partitions (int) (Wh/m2) Year 4.03
Roofs (Wh/m2) Year -1,640.73
Floors (ext) (Wh/m?2) Year -0.01
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TABLE 57 - SAVINGS POST RENOVATION (ENVELOPE)

%
Glazing (Wh/m2) Year 23.84
Walls (Wh/m2) Year 38.91468322
Ceilings (int) (Wh/m?2) Year 2.920740639
Floors (int) (Wh/m?2) Year 2.977073542
Ground Floors (Wh/m?2) Year 7.494310182
Partitions (int) (Wh/m2) Year 122.8287841
Roofs (Wh/m2) Year 85.50340397
Floors (ext) (Wh/m?2) Year 100
SAVINGS 48.05952995
TABLE 58 - SAVINGS POST RENOVATION (TOTAL)
%
Glazing (Wh/m?2) Year 23.83724
Walls (Wh/m2) Year 38.91468
Ceilings (int) (Wh/m?2) Year 2.920741
Floors (int) (Wh/m?2) Year 2.977074
Ground Floors (Wh/m?2) Year 7.49431
Partitions (int) (Wh/m2) Year 122.8288
Roofs (Wh/m2) Year 85.5034
Floors (ext) (Wh/m?2) Year 100
SAVINGS 26.89653
PV SAVING TOTAL = 88,944.0 kWh
End Use with Pv contribution = 1,483,497.50 - 88,944.0 = 1,394,553.50 kWh
END USE PRE DESIGN (kWh) END USE POST DESIGN (kWh) SAVING (%)
52.13
2,912,932.83 1,394,553.50 (1,518,379.33 kWh)

The savings resulting from the interventions on envelope and plants is equal to 52.13%. The savings
is contained because it had to implement the HVAC system throughout the building entering where
not present (for example in the corridors).

This project involves the need to air-condition a larger area by 43% compared to the air-conditioned
state of the art. The traditional interventions are the use of new windows.

In the evaluation of the lighting savings it was considered the average cost of the electricity. The
lifetime was assessed considering the average hours of use for the lamps and its maximum total
hours of operation. As can be seen in following table, with such conditions the renovation options
ensures savings from maintenance of 4,737 €/year and has a simple payback period of 1.99 years.
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TABLE 59: ECONOMIC PARAMETERS OF THE RENOVATION — LIGHTING

Energy Savings 986,397 kWh
Price - Saved Energy 0.18 €/kWh
Costs 321,000 €
Potential savings from maintenance (post intervention) 4,737 €/year
Simple Payback 1.99 years
Lifetime 20 years
CO, Savings 653.14 tons/year

In the evaluation of the HVAC savings it was considered the cost of the electricity during the mid-

peak period. The savings for VRV are divided into 3 different values and it is possible view them in

the Sinloc matrix in attachment (Chapter 16-Annex |)

In the evaluation of the PV generation it was considered the self-consumption of 90% of the energy,

since in a working day during the time slots. As can be seen in following table, with such conditions it

has a simple payback period of 8.71 years.

TABLE 60 - ECONOMIC PARAMETERS OF THE RENOVATION — PV

Energy Generation 88,944 kWh
Energy - Self-Consumption 90%
Energy - Injected Into Grid 10%
Price — Self-Consumption 0.18 €/kWh
Price - Injected Into Grid 0.06 €/kWh
Costs 122,000 €
Simple Payback 8.71 years
Lifetime 30 years
CO, Savings 58.37 tons/year

The following table presents the aggregation of the renovation option. As can be seen, the total of

the renovation plan ensures savings of 55,256 €/year and has a simple payback period of 12.83 years.

TABLE 61: ECONOMIC PARAMETERS OF THE RENOVATION — TOTAL

Energy Savings 1,518,379.33 kWh
Costs 3,507,135 €
Potential savings from maintenance (post intervention) 55,256 €/year
Simple Payback 12.83 years
CO, Savings 991.48 tons/year
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REFERENCES 2

/1/ DesignBuilder Software Ltd specialises in developing high-quality, easy-to-use and affordable
simulation software tools for assessing the environmental performance of building designs.
http://www.designbuilder.co.uk/

/2/ PVGIS, Photovoltaic Geographical Information System, a software developed by The Joint
Research Centre of the European Commission in ISPRA, Italy.
http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php

/3/ CERtuS Deliverable D2.5 “Twelve economic evaluation reports”
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13.ANNEX A: BUILDING DRAWINGS
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FIGURE 199 - BASAMENT FLOOR PLAN

CERtuS — GA no. IEE/13/906/S12.675068. Deliverable D2.1 160



A Deliverable D2.1
Report presenting the 3 nZEB renovation schemes in Italy, fully

rv 1
(| ] CE R‘I‘us documented with technical and economic evaluation Final

T PALAZZO ZANCA
PIANTA PIANO TERRA

FIGURE 200 - GROUND FLOOR PLAN
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PALAZZO ZANCA
PIANTA PIANO PRIMO

FIGURE 201 - FIRST FLOOR PLAN
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14.ANNEX B: BUILDINGS DESIGN
PALAZZ0 ZANCA - GROUND FLOOR PLAN
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FIGURE 206 - GROUND FLOOR BUILDING DESIGN
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PALAZZ0 ZANCA -FIRSTFLOOR PLAN
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FIGURE 207 - FIRST FLOOR BUILDING DESIGN
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FIGURE 208 - PV DISTRIBUTION ON THE CEILING

CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1 167



N Deliverable D2.1
= Fos Report presenting the 3 nZEB renovation schemes in Italy, fully
I-'l1 (| ] CE R‘I‘US documented with technical and economic evaluation Final

N

15.ANNEX C: DESIGN BUILDER PARAMETERS

TABLE 62 - GENERAL VALUE

Program Version and Build EnergyPlusDLL-32 8.1.0.008.
RunPeriod PALACULTURA Enea
Weather File Messina - ITA IGDG WMO#=164200
Latitude [deg] 38.20

Longitude [deg] 15.55

Elevation [m] 59.00

Time Zone 1.00

North Axis Angle [deg] 0.00

Rotation for Appendix G [deg] 0.00

Hours Simulated [hrs] 8,760.00

TABLE 63 - TABULAR VIEW FOR TEMPERATURE AND PRECIPITATION PER MONTH

\ Temperature \ Precipitation
Months Normal Warmest Coldest Normal
January 12.3°C 14.4°C 10.1°C 10
February 12.2°C 14.7°C 9.8°C 9
March 13.5°C 16.1°C 10.9°C 8
April 15.4°C 18.3°C 12.5°C 8
May 19.5°C 22.5°C 16.4°C 3
June 23.6°C 26.8°C 20.4°C 1
July 26.7°C 30.0°C 23.4°C 1
August 27.3°C 30.5°C 24.2°C 2
September 24.5°C 27.5°C 21.5°C 5

October 20.5°C 23.2°C 17.8°C 8
November 16.4°C 18.7°C 14.1°C 10
December 13.7°C 15.8°C 11.6°C 10

Activity templates Data
Occupancy | Other Gains | DHW | Environmental cortrol

Occupancy details ¥

Density (people/m2) 0,0700

Latent fraction 0,5000

IMetabolic Heat ¥
A Metaholic rate Light office work
Metabolic factor (0.85 for women, 0.75 childr... 0.90

Workday profile ¥
Onat 7:00 % m
Offat 1500 9 0 1234 56 789 1011 121314 15 18 17 1813 20 21 222324
Days / week 5 z

Schedules ¥
[i4 Schedule Office_OpenOff_Equip

FIGURE 209 - ZANCA OFFICE OCCUPANCY
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Activity templates Data
General | All Gains | Occupancy || Other Gains | DHW | Environmental control

Computers
On
Load (W/m2) 0,00
Radiant fraction 0,200

YWorkday profile

Onat 7.00 %
-~
v

Offat  19:00 01

[
w
-
n
(.\a
~
w
@
=]
5}
o
=
o

> 1647 18 19 2021 22°23 24

Schedules M
(i Schedule Office_CellOff_Equip
On
Load (W/m2) 9.00
Radiant fraction 0,200

<<

Workday profile

Onat 700 %
“~
v

T T
Offat 15:00 01 23458789 101M121314151817 18 192021222324

¥

Schedules
(4 Schedule RestPub_Circulation_Equip
Miscellaneous
[J0n
Catering
[d0n
Process
[10n
General Lighting
On
‘Workday profile ¥
Onat 7:00

|

<«

<«

“~
v
Offat 19:00 9 01 2 3 4 55 7 8 9101 121314 1516 17 18 192021 22 2324

o

Schedules ¥
@ Schedule RestPub_Circulation_Cool

FIGURE 210 - ZANCA OFFICE OTHER GAINS
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Activity templa;es Data
General | Al Gains | Occupancy || Other Gains | DHW | Environmental control

Set pointtemperature (°'C) 23,889
Cooling setback ('C) 28,000

‘Waorkday profile

Onat 2400

L R0 B, T S 3 R T S SR ) S e O L !

A

v

T T T T

Offat 0:00 $ 123 4587 8910MII2B14151817181920212223

;i Operation RestPub_EatDrink_Light
Set pointtemperature ('C) 21,1

Set hack temperature ('C)

‘Waorkday profile
Onat 24:.00

(7= T EO30 Ty ) KT T e T 75T (o o[58 ) el K T e e e e |
0123 45678951011 12121415161718192021 2222

“» O

Offat 0:00
Schedules
(4 Schedule RestPub_FoodPrep_Occ
Yentilation Set Point Tempetatures
Natural Ventilation
Nat. vent. set point ('C)
Mechanical Ventilation
Mech. vent. set point ('C)
Lighting

Target llluminance (lux) 538
Default display lighting density (/m2)

Ventilation Fresh Air
Min fresh air (Ifs-person) 8,000
Mech vent per area (Ifs-m2) 1.000

FIGURE 211 - ZANCA OFFICE ENVIRONMENTAL CONTROL

TABLE 64 - END USES BY SUBCATEGORY
Subcategory Electricity Natural Additional District District Water
[kWh] Gas Fuel [kWh] Cooling Heating [m3]

[kWh] [kWh] [kWh]
Heating

8.77

Interior
Lighting

ELECTRIC

EQUIPMENT#BIloc
co2:Zona2#Gener
alLights

ELECTRIC
EQUIPMENT#Bloc
co2:Zona5#Gener

alLights
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EQUIPMENT#Bloc
co02:Zona9#Gener
alLights

ELECTRIC | 19,565.16 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co2:Zonal#Gener

alLights

ELECTRIC 1,805.88 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co2:ZonalO#Gene

rallights

ELECTRIC | 16,477.63 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co2:Zonall#Gene

rallights

ELECTRIC | 15,657.92 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co2:Zonab#Gener

alLights

ELECTRIC 977.74 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co2:Zona8#Gener

alLights

ELECTRIC 2,118.91 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co2:Zona4#Gener

alLights

ELECTRIC 3,437.71 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zonal8#Gene

ralLights

ELECTRIC | 92,810.32 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co4d:Zonal5#Gene

ralLights

ELECTRIC | 10,029.13 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIoc
cod:Zonal#Gener

alLights

ELECTRIC | 24,376.78 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
cod:Zonal6#Gene

rallights

ELECTRIC 12,864.36 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIoc
co4:Zona8#Gener

alLights

ELECTRIC 1,150.58 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co4:ZonaS#Gener

alLights

ELECTRIC 2,058.23 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIoc
co4:Zonald#Gene

rallights
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B8 &8 CERtUS

ELECTRIC
EQUIPMENT#Bloc
co4d:Zonad#Gener

alLights

3,739.94

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
co4d:Zonal7#Gene
rallights

1,070.43

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
co4:ZonalO#Gene

rallights

7,165.87

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIloc
cod:Zonall#Gene
rallights

4,627.13

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
co4d:Zona5#Gener

alLights

16,108.02

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIloc
co4d:Zonal3#Gene
ralLights

8,518.55

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
co4:Zonal9%#Gene

ralLights

2,303.12

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIloc
co4d:Zona3#Gener

alLights

10,734.40

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
co4d:Zona2#Gener

alLights

1,423.07

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIoc
co4:Zonab#Gener

alLights

11,551.00

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
cod:Zonal2#Gene

rallights

10,858.46

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIoc
cod:Zona7#Gener

alLights

6,372.54

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
col:Zona5#Gener

alLights

8,177.93

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
col:Zonal#Gener

78,242.44

0.00

0.00

0.00

0.00

0.00
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alLights

ELECTRIC | 16,008.15 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zona9#Gener

alLights

ELECTRIC 8,370.56 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zonal2#Gene

rallights

ELECTRIC 1,805.88 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:ZonalO#Gene

rallights

ELECTRIC | 16,907.68 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
col:Zonal4#Gene

ralLights

ELECTRIC | 14,078.52 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zonab#Gener

alLights

ELECTRIC 5,547.83 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
col:Zona2#Gener

alLights

ELECTRIC 5,535.88 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zona7#Gener

alLights

ELECTRIC 6,069.01 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
col:Zona8#Gener

alLights

ELECTRIC 1,844.29 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zonal3#Gene

ralLights

ELECTRIC 1,612.48 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
col:Zonal5#Gene

ralLights

ELECTRIC | 25,418.19 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zona3#Gener

alLights

ELECTRIC 2,118.91 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIoc
col:Zonad#Gener

alLights

ELECTRIC | 12,864.36 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
cob6:Zona8#Gener

alLights

ELECTRIC | 79,054.66 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc

-
-
.
-
-
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cob6:Zonal5#Gene
ralLights
ELECTRIC 1,150.58 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#Bloc
co6:Zona9#Gener
alLights

ELECTRIC 4,988.47 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
cob6:Zonad#Gener

alLights

ELECTRIC | 16,064.68 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
cob6:Zonal2#Gene

rallights

ELECTRIC 7,165.87 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIoc
co6:ZonalO#Gene

ralLights

ELECTRIC 4,627.13 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
cob6:Zonall#Gene

ralLights

ELECTRIC 6,587.61 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
cob6:Zona5#Gener

alLights

ELECTRIC | 54,685.25 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co6:Zonal8#Gene

ralLights

ELECTRIC 2,303.12 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIoc
co6:Zonal9%#Gene

ralLights

ELECTRIC | 10,734.40 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
cob6:Zona3#Gener

alLights

ELECTRIC 9,934.19 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIoc
co6:Zona2#Gener

alLights

ELECTRIC 1,697.93 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co6:Zonal3#Gene

rallights

ELECTRIC 7,634.41 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIoc
co6:Zonab#Gener

alLights

ELECTRIC 2,625.73 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co6:Zonal#Gener

alLights

ELECTRIC 1,374.46 0.00 0.00 0.00 0.00 0.00
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EQUIPMENT#BIloc
co6:Zonal4#Gene
rallights

ELECTRIC
EQUIPMENT#Bloc
cob:Zona7#Gener

alLights

6,372.54

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
co5:Zonad#Gener

alLights

14,985.12

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
co5:Zona3#Gener

alLights

662.36

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIloc
co5:Zonal#Gener

alLights

13,353.56

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
co5:Zona5#Gener

alLights

814.78

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIloc
co5:Zona2#Gener

alLights

1,766.75

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
c0l10:Zonal#Gene

ralLights

39,768.88

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIoc
c010:Zonad#Gene
ralLights

11,559.55

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
c010:Zona5#Gene

rallights

814.78

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIoc
col0:Zona2#Gene
ralLights

1,766.75

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
coll:Zonal#Gene

ralLights

39,768.88

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIloc
coll:Zonad#Gene
ralLights

11,559.55

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Bloc
coll:Zona5#Gene

ralLights

814.78

0.00

0.00

0.00

0.00

0.00
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ELECTRIC 1,766.75 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
coll:Zona2#Gene

rallights

ELECTRIC | 39,768.88 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col2:Zonal#Gene

rallights

ELECTRIC | 11,559.55 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
col2:Zonad#Gene

rallLights

ELECTRIC 814.78 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col2:Zona5#Gene

rallights

ELECTRIC 1,766.75 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col2:Zona2#Gene

ralLights
Exterior General 0.00 0.00 0.00 0.00 0.00 0.00
Lighting
Interior ELECTRIC 3,223.40 0.00 0.00 0.00 0.00 0.00

LU ERIS  EQUIPMENT#Bloc
c02:Zona3#05

ELECTRIC 8,886.56 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co2:Zona2#05

ELECTRIC | 12,856.60 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#BIloc
co2:Zona7#05

ELECTRIC 3,973.01 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co2:Zona5#05

ELECTRIC 7,777.10 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#Bloc
co02:Zona9#05

ELECTRIC 9,505.17 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co2:Zonal#05

ELECTRIC 398.22 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#Bloc
co2:Zonal0#05

ELECTRIC 8,005.19 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co2:Zonall#05

ELECTRIC 7,606.95 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co2:Zonab#05

ELECTRIC 215.60 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
c02:Zona8#05

ELECTRIC 1,029.41 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#Bloc
co2:Zona4#05

e
e
e
e
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ELECTRIC 1,670.11 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co4:Zonal8#05

ELECTRIC 8,091.92 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zonal5#05

ELECTRIC 4,872.37 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co4:Zonal#05

ELECTRIC 11,842.76 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zonal6#05

ELECTRIC 6,249.78 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co4:Zona8#05

ELECTRIC 253.72 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zona9#05

ELECTRIC 999.93 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zonal4#05

ELECTRIC 1,816.94 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zonad#05

ELECTRIC 236.04 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zonal7#05

ELECTRIC 3,481.33 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co4:Zonal0#05

ELECTRIC 2,247.96 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zonall#05

ELECTRIC 7,825.62 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co4:Zona5#05

ELECTRIC 4,138.49 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zonal3#05

ELECTRIC 507.86 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co4:Zonal9#05

ELECTRIC 5,215.00 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zona3#05

ELECTRIC 313.80 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co4:Zona2#05

ELECTRIC 5,611.72 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co4:Zonab#05

ELECTRIC 5,275.27 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co4:Zonal2#05

-
.
.
e
e
e
e
e

ELECTRIC 3,095.92 0.00 0.00 0.00 0.00 0.00
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EQUIPMENT#Bloc
co4:Zona7#05

ELECTRIC 3,973.01 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
col:Zona5#05

ELECTRIC 6,821.78 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zonal#05

ELECTRIC 7,777.10 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#BIloc
col:Zona9#05

ELECTRIC 4,066.60 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zonal2#05

ELECTRIC 398.22 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#BIloc
col:Zonal0#05

ELECTRIC 3,921.81 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zonal4#05

ELECTRIC 6,839.65 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#BIloc
col:Zonab6#05

ELECTRIC 2,695.25 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zona2#05

ELECTRIC 2,689.45 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#BIloc
col:Zona7#05

ELECTRIC 3,518.17 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zona8#05

ELECTRIC 160.80 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#Bloc
col:Zonal3#05

ELECTRIC 355.57 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col:Zonal5#05

ELECTRIC | 12,348.70 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#Bloc
col:Zona3#05

ELECTRIC 1,029.41 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
col:Zona4#05

ELECTRIC 6,249.78 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co6:Zona8#05

ELECTRIC 6,892.60 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co6:Zonal5#05

ELECTRIC 253.72 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
c06:Zona94#05

e
e
e
e
e

ELECTRIC 2,423.50 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
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co6:Zonad#05

ELECTRIC 7,804.56 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co6:Zonal2#05

ELECTRIC 3,481.33 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
c06:Zonal0#05

ELECTRIC 2,247.96 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co6:Zonall#05

ELECTRIC 3,200.40 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co6:Zona5#05

ELECTRIC | 26,567.26 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
c06:Zonal8#05

ELECTRIC 507.86 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
c06:Zonal9#05

ELECTRIC 5,215.00 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co6:Zona3#05

ELECTRIC 4,826.24 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co6:Zona2#05

ELECTRIC 374.41 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co6:Zonal3#05

ELECTRIC 3,708.96 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co06:Zonab#05

ELECTRIC 1,275.64 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co6:Zonal#05

ELECTRIC 303.09 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co6:Zonal4#05

ELECTRIC 3,095.92 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co6:Zona7#05

ELECTRIC 1,306.52 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co5:Zona4#05

ELECTRIC 321.79 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co5:Zona3#05

ELECTRIC 6,487.44 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co5:Zonal#05

ELECTRIC 395.84 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co5:Zona5#05

ELECTRIC 389.59 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
co5:Zona2#05

.
.
e
e
e
e
.

CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1 179



i A Deliverable D2.1
= Report presenting the 3 nZEB renovation schemes in Italy, fully
I-. CE R‘I’us documented with technical and economic evaluation Final

ELECTRIC 13,274.85 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co10:Zonal#05

ELECTRIC 1,007.85 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co010:Zona4#05

ELECTRIC 395.84 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIoc
c010:Zona5#05

ELECTRIC 389.59 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
co010:Zona2#05

ELECTRIC 13,274.85 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
coll:Zonal#05

ELECTRIC 1,007.85 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
coll:Zonad#05

ELECTRIC 395.84 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#Bloc
coll:Zona5#05

ELECTRIC 389.59 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
coll:Zona2#05

ELECTRIC | 13,274.85 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#BIloc
col2:Zonal#05

ELECTRIC 1,007.85 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
col2:Zona4#05

ELECTRIC 395.84 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Bloc
col2:Zona5#05

ELECTRIC 389.59 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIloc
col2:Zona2#05

Exterior General 0.00 0.00 0.00 0.00 0.00 0.00
Equipment

Fans Ventilation 0.00 0.00 0.00 0.00 0.00 0.00
(simple)

Pumps General 0.00 0.00 0.00 0.00 0.00 0.00

Heat General 0.00 0.00 0.00 0.00 0.00 0.00
Rejectlon

cat General 0.00 0.00 0.00 0.00 0.00 0.00
ion

Heat General 0.00 0.00 0.00 0.00 0.00 0.00
Recovery

Water General 0.00 0.00 0.00 0.00 0.00 0.00
Systems

Refrigerati General 0.00 0.00 0.00 0.00 0.00 0.00
on

Generators General 0.00 0.00 0.00 0.00 0.00 0.00
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16.ANNEX D: RENOVATION OPTION MATRIX BY SINLOC
TABLE 65 - ECONOMIC EVALUATION OF INTERVENTIONS
Work liming CAPEX
Installed Compulsory & & Specify which Investment fes
POWET O | Start |Final Construction Congection with li‘:verl':lf: ‘i":slcahre techaologies gayback I[_lfe‘::r::
size of |2 ¥ other gies a can be realized Investment cost period e
e st ate | date Period technologiesal needefl to realize lv after thi [orelimi replacerpenl g
gie: only after this preliminary
& ohiee this layer Tavas revamping)
ié t6
2 3 £ g 3¢
2 ] 5 F D
] oo oo o 39
o [ [ o Lo
3 22 B3 85 E B ® 5
s | o |E|E 2 2 SE S s g o o "
= |5 |E|E z B 33 I3 = = 25 ] 5
. . R € T 3 3 S o a8 -3 c c s 8 o o
Renovation options Types Technologies { Layers Code = > - bl = > o2 o2 = =] > > >
Cogeneration 2 =
AR pemps Compression: sl pumps - VIRY spstan - CFFICES AREAS 3 K 9181 X bad 12 Yes 18-25 41 MW 1428 1393361 15,59 25
AT peamps Compressian st puamps - VIRV sustan - ME ORCLE A TIEW AA 4 Kw 17869 X X 12 Yes 13-25 41 PIW 1704 1553'846 n.a. 25
Replacement of cooling plants High-efficiency air conditioners 5
Coirag oeamnps Compressiae st ouamps - VIRV sustan - CFFICES ARFAS 6 Kw i 550 X X 12 Yes 1a-25 41 PICW 1428 1252793 456 25
Replacement of water heating systems Solar thermal 7
] 8
Insulation of distribution networks [-1 9
10
Ventilation system Heat recovery n
12
Heating pumps with geothermal sonde Georthermal heat pumps 13
x4 4
Casing External insulation [-1 15
Building skin Internal insulation [-] 16
Shielding elements Fixed!fmobilelcombined vertical structures 17
PR Strachaes o ool - False Colig CFFICE AREAS 18 WGBSR X 12 Yes 36 [ ] 244352 10,37 40
PRyl straciaes o ook - False ol ORCLEATICWARES - 19 MG 89 R X 2 Yes 4 (= ] 75633 na 40
Horizontal structures on floors 20
Bioclimatic [-1 21
[.] 22
Windows Windows PVC 23
[.] 24
Glass windows Docave oss 25 MO 82T X b 12 Yes 346 VG T TR000 81850 7189 40
Glass windows Triple glass 26
[ 27
Lighting systems (internal) Replacement of lamps (and luminarieLED 28
Irteasd Belampving 29 units | 605X 2 4 Mo Vonit 12000007 T 32000 149 20
Lighting systems [external) Replacement of lamps [and luminaries, ballajLeED 30
31
Renewable energy Biomass |Biomass heating systems 32
Solar Fhulandlisic pardls 33 Kiwp i 81 bd bl [ No VKW T 200700 122100 871 30
Solar thermal panels 34
Control systems Thermal Automnatic regolation of internal ternperature ki
Thermostatic valves 36
Individual thermal energy consumption accounting k)
Lighting Light flux regulatars (internal) 38
Light flux regulators (external) ]
Control System BACS 40 unit 1 X X 2 Yes 3-4-6 Punit : | 25'000,00 no 20
41
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TABLE 66 - ECONOMIC EVALUATION OF INTERVENTIONS
OPEX
Potential
Energy consumption (after each single ener: Laborli it:and sayings from ||| Fotential
v P & 9 gy rer ordinary maintenance Extraordinary maintenance Potential energy savings expected from the intervention maintenance | savings of
option) contracts C0o2
intervention)
component | personne Frequenc | interventio | personne
s 1 Total vy n Total Electric energy cons nergy consumption
. I 1 =
® ° ® ° = - b4 = - 2
Sl % R E Bgf, | & B s
© 8 o S B . i . BE|l ® . 5 . % E 4
2 = 9 = o o 25 i o 25
- |E| % R 2|3 S| 8 |sEE| 2| 8 | %] 8 (8% 5s
8 5 H R s 3| = 5 5 5 % 5 # ] @ T |88 2 | B % T |88& @ 23
2 | E| § E B | E |58 & : | E| & g S| 058 | o |3 18EE|S |38 || B |BEfs g 3¢
Renovation options 4] =] o 2 n =) o 2 -~ - - ES - - - X 8 X * B5E| ¥ 8 X x SEET| N = we
electric:KWwHe: 2 i) Lol no 12754 (IR 7 116154 9734 337 89 407 6,992
electriciKWwhHe: 21073753 1| 09: No 13877 17200 C 1077 7 127692 1253 na
electric KiWHe "B/47 12230475 " ha 11770 [l T 7 1167154 1B 127462 192737 1A h% 407 1405
Casing
Building skin
no no VBEET T2y i) 1.20°000 1200071 93'4 9,07 07
no no 1492 1756 10 17000 171000 not applicable is linked ta a new equipment 07%
Windows
no no 12’659 V4937 7RG i) 120°000 12'000 9,07 0%
Lighting systems {internal}
electric:KWhHe: 755301 11369542 "no 11724 12087 137210 7 (] 1 itidd: o0 986'3977 1000,0% 257 6531
Lighting
Renewable energy
no no 12135 13985 B 5 1700 8854870 0% [} 58,37
Control systems
no no 283 i 488 1750 3 1750 150012250 not applicable is Iinke\_:l to a new equipi 07%
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C. SATELLITE PALACE

17.BUILDING GENERAL DESCRIPTION

17.1. LOCATION

Palazzo Satellite is the municipal building of Messina. The building is located in the historic center of

the city, near the central station.

This figure shows the front facade of the building.

FIGURE 212 - PALAZZO SATELLITE

The building has no architectural value and in the original design was designed to residences.

FIGURE 213 - PALAZZO SATELLITE
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The building includes many functions of municipal government, including the Local Health Unit, the
municipal Police management and several Municipal Departments.

Building style is modern and the total area is 6,874.93 m?, Palazzo Satellite is an example of a frame
structure made of reinforced concrete. The walls are made of mansory and the floors are in slab and

masonry. Table 1 presents the main location data of the building.

TABLE 67 - LOCATION DATA OF THE BUILDING

Address Republic Square, 1 98122 Messina (ME), Italy

Coordinates LAT. 38°11'10.50"N - LONG. 15°33'38.67"E
https://www.google.it/maps/place/@38.186251,15.560743,17z/data=!4m2!3m1!1s0

x13144e706cf26d71:0x3fc19b5ael6ladal

Google Maps

These figures show the location in the city map and aerial view.

e
|

Via

DUomo (M) LargoSan
Giacomo

Caronte & Tourist (=

S
o
=
g
)
m
=i
)
]
c
e
)
Z

¥ Piazza Felice
Cavallotti

?Comune Di Messina,

~ Uffici Palazzo Satellite

100 Case (=

%t

FIGURE 215 - LOCATION IN THE CITY (AERIAL VIEW)

FIGURE 214 - LOCATION IN THE CITY (MAP)

TABLE 68 - DATA OF THE SYSTEM CONSIDERED

Degree days 707
Minimum 5.0°C
temperature of
project
Altitude 3ms.l.m.
Climatic Zone B
Heating days 121
Wind speed 2.8m/s
Wind zone 2
Province of Messina - Reggio di Calabria
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Average monthly JAN FEB |MAR |APR |MAY |JUN |JUL AUG |[SEP |OCT |NOV |DEC
temperatures(°C) 11.7 |12.0 |13.2 [15.7 |19.2 |235 (26.4 [26.5 (24.2 |20.3 |16.6 |13.3
Averages monthly JAN FEB |MAR |APR |MAY |JUN |JUL AUG |[SEP |OCT |NOV |DEC
raditions (M.l/mz) 7.2 10.8 |15.2 [20.3 [24.4 |[27.3 |27.2 (246 |19.0 |12.9 |8.9 6.6
10.8 |129 |129 [115 |99 9.2 9.7 11.8 |14.0 |14.2 |13.2 |10.3
8.6 11.1 |12.7 |13.6 [13.6 |13.8 [14.3 |[153 |149 |12.6 |10.7 |8.2
5.4 7.9 10.5 |13.4 |15.6 [17.1 [17.2 |16.2 (13.1 (9.3 6.7 5.0
2.7 4.2 6.6 9.7 125 |145 |14.1 |11.8 |8.2 5.1 3.2 2.4
2.4 3.2 4.3 5.9 8.4 10.2 |9.5 6.8 4.6 3.6 2.6 2.2
® Location Template ¥
%5 Template MESSINA
< Site Location ¥
Latitude (%) 38.20
Longitude () 15,55
¥ Site Details ¥
Elevation above sea level (m) 51.0
Exposure to wind 2-Normal v
Site orientation () 0
Ground ¥
Add ground construction layers to surfaces in contact with ground (separate constructions only)
“yConstruction Cultivated clay soil (0.5m)
[F Texture GranulatedGray453h
Surface Reflection ¥
Surface solar and visible reflectance 0.20
Snow reflected solar modifier 1.00
Snow reflected daylight modifier 1.00
Site Green Roof Irrigation >
& Simulation Weather Data. ¥
4 Hourly weather data ITA_MESSINA_IGDG
& \Wfinter Design \Weather Data,
® Heating 99.6% coverage
Outside design temperature ('C) 6.3
Wind speed (m/s) 10,2
‘Wind direction (%) 0.0
O Heating 99% coverage
¥ Summer Design YWeather Data ¥
Temperature Range Modifiers >
Design Temperatures ¥
® 99.6% coverage (based on dry-hulb temp.)
Max dry-bulb temperature ("C) 322
Coincident wet-bulb temperature (*C) 22.8
Min dry-bulb temperature (°C) 27.1
O 99% coverage (based on dry-bulb temp)
O 98% coverage (based on dry-bulb temp )
O 99.6% coverage (hased onwet-bulb temp.)
FIGURE 216 - DATA FOR THE SIMULATION WITH DESIGN BUILDER SOFTWARE
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17.2. SHAPE AND ORIENTATION

This building is constituted of 5 floors above ground. The dimensions are the same for each floor.

17.3. AREA AND VOLUME

The building has a total area of about 6,870 m? (about 1,350 m’ to plan) and a volume of about
18,550 m>.

17.4. CURRENT USE

Palazzo Satellite is a municipal building, in which there are multiple functions of public utility.

On the ground floor is access to the building and also a hall and reception. All rooms are now used as
municipal offices, with the exception of bathrooms and deposits.

Ty |

FIGURE 217 - GROUND FLOOR

On the first floor there are the same functions as for the others floors except ground floor, in which
there are also some retail areas (stores).

The basement floor has small rooms and many of them are intended for systems and server rooms.

The building usually has occupation between 0h00 and 24h00 from Monday to Sunday, because of
the municipal police management, but the public activities of employees are carried out only
between 7h30 and 19h30. Public access depends on the type of service provided and is between
08h30 and 13h30 from Monday to Friday, also between 14h30 and 16h30 on Tuesday and Thursdays.

The building has about 200 employees and it is visited by an indeterminate number of public.

For the simulation of Palazzo Satellite with Design Builder software, the building was divided into 5
blocks (named 1,2,4,5).

The size of the windows are not optimal but has been dimensioned according to the percentage of
openings per square meter of wall surface, i.e. the building originally meant for housing.
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The following image shows the Home screen of the software.

Novigate, Site Untitied, Building 1
EY Layout | Actvey | Consruction | Openings | Ugeng | HVAC | Outputs | CFD.
diki4» 2

48) Unid

@‘

FIGURE 218 - HOME SCREEN OF THE SOFTWARE

The following figures show floor plans of the blocks, as shown in the simulation software. Floors are
divided into different areas, depending on the intended use and different usage profiles were

created for each area.

For the Palazzo Satellite there are: block 1 refers on the first floor, block 2 on the second floor, block
3 on the third floor, block 4 on the fourth floor and block 5 on the ground floor.

For Block 1 it has:
e Satellite Office Typical
e Satellite Circulation
e Satellite Unoccupied area
e Satellite Office Toilet

SATELLITE Office_Typical ﬁ
SATELLITE CIRCOLAZIONE § | armaa

Wnaccupied>
None-

Office_Toilet I

Zone 1

Zone 4

Zone 15

Zone 2

Zone 12]

FIGURE 219 - PLAN OF BLOCK 1

CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1

187



i ‘ Deliverable D2.1

= —— Report presenting the 3 nZEB renovation schemes in Italy, fully
I-'.1 (| ] CE R‘I‘US documented with technical and economic evaluation Final
For Block 2 it has:
e Police Office Typical
e Satellite Circulation
e Satellite Unoccupied area
e Satellite Office Toilet
SATELLITE CIRCOLAZIONE I l
POLIZIA Office_Typical | -
AUnoccupied
Office_Toilet -—I
—
1
Zone ! Zone 4
Zone 15
Zone 2 Zone 12
Zone 13
FIGURE 220 - PLAN OF BLOCK 2
For Block 3 it has:
e Satellite Office Typical
e Satellite Circulation
e Satellite Unoccupied area
e Satellite Office Toilet
SATELLITE CIRCOLAZIONE F ﬂ
SATELLITE Office_Typical | I e
<Unoccupied>
Office_Toilet ;
| ==
Zopeil Zone 4
Zone 15
Zone 2 Zone 12
Zone 13 Zone 3 i, 1
| Znn%B
Zone 6 Zone 11
FIGURE 221 - PLAN OF BLOCK 3
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For Block 4 it has:
e Satellite Office Typical
e Satellite Circulation
e Satellite Unoccupied area
e Satellite Office Toilet

SATELLITE CIRCOLAZIONE _I_I
SATELLITE Office_Typical | | s ==
<Unoccupied>

Office_Toilet —I

zoeal Zoned

Zone 15

Zone 2 Zone 12}
Zondl4

Zone 13 Zone 3

l Znn*ﬁ

Zone 11

Zone 6

FIGURE 222 - PLAN OF BLOCK 4

For Block 5 it has:
e Satellite Office Typical and Police Office Typical
e Satellite Circulation
e Satellite Unoccupied area
e Satellite Office Toilet
e Retail

SATELLITE CIRCOLAZIONE I I
Wnaceupieds F
Office_Typical I l—
Office_Toller J
Zene 4 Zone
Zone 15
Zone 6 Zone 14 Zone T
Zonq
SR
Zone 10 Zongl2 Zone 9
Zone 3
P
/ \
/ N
,/
Zone2 Zone 1
i
N /
o T

FIGURE 223 - PLAN OF BLOCK 5
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18.CURRENT BUILDING CONDITIONS

18.1. CONSTRUCTIVE BUILDING CHARACTERISTICS

Palazzo Satellite observes the seismic codes. The building structure was built according to the frame
system in reinforced concrete, commonly used for Messina buildings.

Not much information have been found on the original design of the building, because it was built by
a private contractor and then sold to the municipality, which has made it a public building.

18.1.1. ENVELOPE ELEMENTS

For the modeling of the actual state of the building a template is defined for the characteristics of the
building envelope. The template is divided into internal partitions (vertical and horizontal), external
partitions (opaque and glazed).

Untitled, Building 1
Construction | Openings | Lighting | HVAC | Outputs | CFD

 Construction Template ¥

@ Template Project construction template

“yExternal walls Satellite parete

~yBelow grade walls Satellite parete

“pFlat roof Project flat roof

<pPitched roof (occupied) Project pitched roof

pPitched roof (unoccupied) Project unoccupied pitched roof

“yinternal partitions Project partition

Semi-Exposed ¥
“pSemi-exposed walls Project semi-exposed wall
“pSemi-exposed ceiling Project semi-exposed ceiling
“pSemi-exposed floor Project semi-exposed floor

Floors ¥
<pGround floor Project ground floor
“yExtermal floor Project external floor

“glnternal floor Project internal floor
Sub-Suaces
Internal Thermal Mass

Component Block
Surface Conwvection
Aitightness

FIGURE 224 - CONSTRUCTION TEMPLATE

Following figure shows the characteristics of the partitions (external and some of internal).
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Constructions Data
| Layers | Surface properties | Image | Calculated | Condensation analysis

General Yy
Name Satellite parete
Source
[ Category Walls v
& Region ITALY
Calculation Settings >
Layers ¥
Number of layers 5 =
Outermost layer ¥
SyMaterial Gypsum Plastering
Thickness (m) 0,0200
[ Bridged?
Layer 2 ¥
SyMaterial Mattoni forati
Thickness (m) 0.1000
[ Bridged?
Layer 3 ¥
SyMaterial Airgap 5mm
Thickness (not used in thermal calcs) (m) 0.0500
Layer 4 ¥
SyMaterial Mattoni forati
Thickness (m) 0.1000
[ Bridged?
Innermost layer ¥
SyMaterial Gypsum Plastering
Thickness (m) 0.0200
[ Bridged?

FIGURE 225 - CONSTRUCTION DATA OF PARTITION
18.1.2. WINDOWS

All the windows have single glazing with aluminium frames. The doors have the same characteristics
as the windows with the exception of some doors on the ground floor, which are only in metal.

FIGURE 226 - DOOR ON THE GROUND FLOOR

All the windows have rolling shutters in PVC. Only some rooms have transparent cloth curtains, light
in color.
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FIGURE 227 - WINDOWS WITHOUT SHUTTERS

The fixed shading is ensured by other building in Via Tommaso Capra, by the evergreen trees in Via
La Farina. The front facade on Repubblic Square is subject to some shading, as can be seen from the
following figure.

FIGURE 228 - EUROPEAN UNION SQUARE

The windows of the ground floor are the same as for other floors.
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Untitled, Building 1

Construction

 Glazing Template

<«

Gp Template Single glazing. clear, no shading
w External Windows ¥

(PGlazing type Sgl Cir 3mm

fILayout Preferred height 1.5m, 30% glazed

Dimensions ¥
Type 3-Preferred height b
Window to wall % 29,00 %

0 10 20 30 40 S0 60 70 80 90 100

Window height (m) 1.50
Window spacing (m) 5,00
Sill height (m) 0.80
Reveal »

Frame and Dividers
Has aframe/dividers?
~yConstruction
Dividers
Type
Width (m)
Horizontal dividers
Yertical dividers
Outside projection (m)
Inside projection (m)
Glass edge-centre conduction ratio
Frame
Frame width {m)
Frame inside projection {m)
Frame outside projection (m)
Glass edge-centre conduction ratio
Shading
¥ Internal Windows
& Roof Windows/Skylights

<«

Aluminium window frame (no break)

«

1-Divided lite i<
0.0200

1

1

0,000

0,000

1,000

<«

0.0400
0.000
0,000
1,000

»

M

»

M

»

¥

= Vents

b

¥

FIGURE 229 - GLAZING TEMPLATE

18.1.3. AIRFLOWS AND PATHOLOGIES

A previous study analysed the envelope with thermal imaging with an external air temperature of

about 17°C.

The following figure shows the general image of the thermal performance of the envelope. As can be
seen the walls present a good thermal performance.

Puntatore 171 1°C

Um. rel.
T atm. 20
Lim. UR 100%

FIGURE 230 - THERMAL VIEW
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Puntatore . 18,5 1°C

Um. rel.
T atm.
Lim. UR

FIGURE 231 - THERMAL VIEW

The following figure shows the thermal losses in the windows. The windows, with single glazing with
aluminium frames, present insulation problems, aggravated by aging.

Puntatore 21.6 °C

Um. rel. 50%
T atm. 20
Lim. UR  100%

FIGURE 232 - THERMAL LOSSES IN THE WINDOWS AND WINDOW INVISIBLE TO THE NAKED EYE

This figure shows the thermal losses due to thermal bridges in the corner of the room.

puntatore 23,0 |°C

Um. rel. 50%
T atm. 20
Lim. UR 100%

FIGURE 233 - THERMAL BRIDGES

CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1 194



i Deliverable D2.1
= Report presenting the 3 nZEB renovation schemes in Italy, fully
I-. [ ] c E RfUS documented with technical and economic evaluation Final

Some characteristics of the building contribute to a bad thermal performance:

e The orientation is not optimal, requiring additional energy consumption with heating during
the winter (mainly in the north areas) and with cooling during the summer (mainly in the
west areas without any direct protection from the direct radiation).

e The walls with high thermal inertia and large ceiling height provide advantages during the
summer, but disadvantages during winter, since the building does not have users in the night
period and weekends which leads to a high temperature decrease.

e The windows have bad leak tightness, enabling a high level of air infiltration, which is not
controllable and undesirable, mainly during the winter.

e The doors are old and poorly insulated.

e The building presents many pathologies, such as condensation or mould growth.
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18.2. ENERGY SYSTEMS

18.2.1.HvAC

The HVAC is ensured with several heat pumps, which were installed gradually over the years.
Therefore, there are several types of equipment with different characteristics and performance. In
total, there is at least one split in every room and the total number is summarized in the following
table.

Puntatore 250

BE

Um. rel.

1 atm S 22/04/2014
Lim. UR  100% 92:39

FIGURE 234 - THERMOGRAPHY OF AN AIR CONDITIONER ON

Almost all the areas of permanent use have HVAC, where the control is local with units of individual
control.

TABLE 69 - HEAT PUMPS CALCULATION

‘ Heat Pumps calculation

Thermal Power BTU/H 9,000 12,000
Ground Floor 10 24
First Floor 4 29
Second Floor 8 28
Third Floor 3 30
Fourth Floor 4 30
Total 29 141

The air circulation and renewal is ensured naturally through the doors and windows. There are no
systems of forced ventilation in rooms.

18.2.2. LIGHTING

The building has the same types of fluorescent lamps in all rooms and they are adjacent to the
ceiling.
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FIGURE 235 - LIGHTING IN CIRCULATION AREA

There is no mechanism to control lighting and plants are dated. During hours when the building is not
open to the public there are only lamps for emergency lighting.

TABLE 70 - LAMPS CALCULATION

‘ LAMPS CALCULATION

LAMPS 2X18 4X18 2X36 2X58
Basement Floor 3 2 43
Ground Floor 49 7 21 17
First Floor 49 5 22 3
Second Floor 47 5 33 3
Third Floor 46 5 34 3
Fourth Floor 46 5 35 3
Emergency stairs 20
18.2.3.1cT

Most of the offices and rooms have computers and printers and there is a room with servers and an
internal circuit for building security.

There are photocopier machines, tv screens, video projectors in some rooms and equipment for the
exclusive use of the bar.

18.2.4.OTHERS

The building has 3 lifts. The usage rate of lifts is high since they serve rooms with a significant amount
of public and employee visits. In the calculation of the energy consumption, the contribution of the 3
lifts are, however negligible.
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Lifts and other small appliances connected to plugs such as individual electric heaters, vending
machines, photocopier machines, computers and printers (when not connected to the UPSs), etc.
were considered as “others” in the modelling.

For calculating their consumption usage profiles have been created directly through the Design
Builder software.

18.3. ENERGY CONSUMPTION & ENERGY GENERATION

18.3.1. ELECTRICITY CONSUMPTION
The building receives electricity in Low Voltage. Following a summary table of power consumption.

TABLE 71 - ELECTRICITY CONSUMPTION

ELECTRICITY CONSUMPTION kWh per year kWh per year kWh per year 2014
2013 2012

Republic Square, 1 - Messina Survey performed on days in
mid-June in 2014.
Average consumption with
average outdoor

ITO01E96239138 9,143 kWh 4,187 kWh temperatures of 27 C during

ITO01E96239124 711 kWh 0 kWh operation.

ITO01E96239123 1,482,357 kWh 1,500,548 kWh

There is not a central unit for heating and cooling, but there are many emission systems (split),
different in shape, performance, brand and model.

To set the calculation of the model the general information fixed are:

TABLE 72 - GENERAL INFORMATION FOR SIMULATION

Data

Weather File

** Messina - ITA IGDG WMO#=164200

HDD and CDD data source

Weather File Stat

Total gross floor area [m2]

6,874.93

Principal Heating Source

District Heating

TABLE 73- UTILITY USE PER CONDITIONED FLOOR AREA

Electricity Natural Gas Additional District District Water
Intensity Intensity Fuel Intensity Cooling Heating Intensity
[kWh/m2] [kWh/m2] [kWh/m2] Intensity Intensity [m3/m2]
[kWh/m2] [kWh/m2]
Lighting 136.10 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 126.16 1.29 0.02
Other 35.46 0.00 0.00 0.00 0.00 0.00
Total 171.56 0.00 0.00 126.16 1.29 0.02
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TABLE 74 - UTILITY USE PER TOTAL FLOOR AREA
Electricity Natural Gas Additional District Cooling | District Heating Water
Intensity Intensity Fuel Intensity Intensity Intensity Intensity
[kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [m3/m2]
Lighting 124.00 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 114.95 1.17 0.02
Other 32.31 0.00 0.00 0.00 0.00 0.00
Total 156.31 0.00 0.00 114.95 1.17 0.02
TABLE 75 - END USE CONSUMPTION
Electricity Natural Gas Additional District Cooling District Water
[kWh] [kWh] Fuel [kWh] [kWh] Heating [m3]
[kwWh]
Heating 0.00 0.00 0.00 0.00 2,714.76 0.00
Cooling 0.00 0.00 0.00 790,256.80 0.00 0.00
Interior 852,503.17 0.00 0.00 0.00 0.00 0.00
Lighting
Exterior 0.00 0.00 0.00 0.00 0.00 0.00
Lighting
Interior 222,119.61 0.00 0.00 0.00 0.00 0.00
Equipment
Water 0.00 0.00 0.00 0.00 5,349.45 143.97
Systems
Refrigeration 0.00 0.00 0.00 0.00 0.00 0.00
Generators 0.00 0.00 0.00 0.00 0.00 0.00
Total End | 1,074,622.78 0.00 0.00 790,256.80 8,064.20 143.97
Uses
Interior Water
Systems
0%
. Heating
Ir‘1ter.|or 0%
Lighting
46%
Consumption
FIGURE 236 - DISAGGREGATION OF ELECTRICITY CONSUMPTION BETWEEN USES
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The following figures shows the heat balance of Palazzo Zanca,divided according to the contributions:

e General Lighting,
e Computer + Equipment,
e Occupancy,
e Solar Gans Exterior Windows,
e Zone Sensible Heating,
e Zone Sensible Cooling.
82631009 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Annual Educ
B General Lighting EEM Computer + Equip (28] Occupancy [ Solar Gains Exterior Windows [l Zone Sensible Heating M Zone Sensible Cooling
800
600
400 —
2
< 200
s
g o
= 200
-400
-600
FIGURE 237 - ANNUAL HEAT BALANCE
7004878 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1Jan - 31 Dec, Monthly Educational
80 mmmmm General Lighting wssssm Computer + Equip ==== Occupancy t——= Solar Gains Exterior Windows wmssmm Zone Sensible Healing wssssm Zone Sensible Cooling
60 g
40
|
0
? 1
= 0
2 N
s 2
g w \\
-~ . /
% -80 \\ /
-100 \\
-120
-140 //
4800 | — Total Latent Load
4600 /
4400 / \
2 4200
T 4000
3
3800 /
3600 /
3400

2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

FIGURE 238 - ANNUAL HEAT BALANCE, ACCORDING OF SINGLE MONTHS
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Two following figures shows monthly total fuel use of Palazzo Zanca, divided according to the
contributions:

e Room Electricity,

e Lighting,

e Auxiliary Energy,

e Heating (Electricity),

e Cooling (Electricity).

EnergyPlus Output 1Jan - 31 Dec, Annual

B Room Electricity [ Lighting WM Auxiliary Energy B Electricity Heating (Electricity) WM Cooling (Electricity) B DHW (Elecicity)

Fuel (GWh)

08

06

04

024+—|

Year

FIGURE 239 - ANNUAL USE OF FUEL TOTAL

EnergyPlus Output 1 Jan - 31 Dec, Monthly Educ

m—_Ro0M EleCiicly T—— Lighing e Auxiiary Energy emmmm Heating (Eleciicily) s Cooling (Elechicily) mmmmm DHW (Electiciy)

120

———

110

AN
. / \

Z I N
. / \

Fuel (Mwh)

30

A / N

2002 Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec

FIGURE 240 - MONTHLY USE OF FUEL TOTAL
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Four following figures shows heat balance of Palazzo Zanca, divided according to the contributions,
during four months in particular January, April, July and September:

General Lighting,

Computer + Equipment,
Occupancy,

Solar Gans Exterior Windows,
Zone Sensible Heating,

Zone Sensible Cooling.

2anpi02 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Daily

Educational

=== General Lighting e Compuler + EQUIp ==== Occupancy == Solar Gains Exierior Windows s Zone Sensible Heating s Zone Sensible Cooling
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2000
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g

Heat Balance (kWh

|
|
|
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e Total Latent Load

180
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1 1 I VY A VO A VY A

i o\ //\-—'\ —\ /I/-\

Latent load (kwh)

N V] o \

N \ \ \ \

o \ ] \J \J \J

6 sun 13 Sun 20 Sun 27 sun
Jan 2002 Day

FIGURE 241 - HEAT BALANCE DURING JANUARY

248062 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Daily

Educational
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FIGURE 242 - HEAT BALANCE DURING APRIL
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245002 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Daily Educational
=== General Lighting messsm Computer + EQuip === Occupancy ———= Solar Gains Exterior Windows s Zone Sensible Heating mmmmmm Zone Sensible Cooling
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FIGURE 243 - HEAT BALANCE DURING JULY

245062 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1

EnergyPlus Output 1 Jan - 31 Dec, Daily
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FIGURE 244 - HEAT BALANCE DURING SEPTEMBER
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18.3.2.GAs/OIL CONSUMPTION
The building does not have any gas consumption.
18.3.3. RENEWABLE ENERGY SOURCES
The building does not have any RES plant.
18.3.4.OTHER GENERATION
Other data that influence thermal balance come from building envelope.
Considered data are:
e Glazing
e Walls
e Ceilings (internal)
e Floors (internal)
e Ground floors
e Partitions (internal)
e Roofs
e Floors (external)
e External infiltration
e External ventilation
18237180 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Annual Educational
I Glazing MM Walls [ Ceilings (int) M Floors (int) MMM Ground Floors MM Partitions (int) WM Roofs WM External Infiltration MMM External Vent
|
100 +———————
= -150 —
2
% 200
E -250
8
= -300
T 350
-400
-450
FIGURE 245 - ANNUAL HEAT BALANCE (FABRIC AND VENTILATION)
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2467482 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Monthly

Educational
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FIGURE 246 - ANNUAL HEAT BALANCE (FABRIC AND VENTILATION), ACCORDING OF SINGLE MONTHS

Four following figures shows heat balance (fabric and ventilation) of Palazzo Zanca, divided according

to the contributions, during four month in particular January, April, July and September.

77,96 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Daily

Educational
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FIGURE 247 - HEAT BALANCE DURING JANUARY (FABRIC AND VENTILATION)
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277.98 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Daily Educational
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FIGURE 248 - HEAT BALANCE DURING APRIL (FABRIC AND VENTILATION)

87798 Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Daily Educational
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FIGURE 249 - HEAT BALANCE DURING SEPTEMBER (FABRIC AND VENTILATION)
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18.3.5. FINAL ENERGY CONSUMPTION AND CO;, EMISSIONS

In this building you only have electricity consumption.

TABLE 76 - BUILDING AREA

Area [mz]
Total Building Area 6,874.93
Net Conditioned Building Area 6,806.64
Unconditioned Building Area 68.29

As it can see in the section on electricity consumption are deduced the following data.

TABLE 77 - END USE CONSUMPTION

Electricity [kWh] District Cooling [kWh] District Heating [kWh] Water [m’]
Heating 0.00 0.00 0.07 0.00
Cooling 0.00 434,108.33 0.00 0.00
Interior Lighting 111,437.37 0.00 0.00 0.00
Interior 187,364.76 0.00 0.00 0.00
Equipment
Water Systems 5,349.45 143.97
Total End Uses 298,802.13 434,108.33 5,349.45 143.97
Total 738,403.94

Simulation shows that the building has electricity consumption of 738,403.94 kWh and below
percentages are summarized percentages of individual consumption.

TABLE 78 - END USE PERCENTAGE

Percent [%]
Interior Lighting 15
Heating 1
Cooling 59
Interior Equipment 25
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Heating
1%

Interior
Lighting —__
15%

FIGURE 250 - DISAGGREGATION OF ELECTRICITY CONSUMPTION BETWEEN USES

The last Table presents the main energy parameters of the building which were considered as
baseline. Such parameters were assessed considering the following conversion factors:

e electricity to primary energy - 2,174 (standard value approved for Italy);
e electricity to CO, emissions - 510,00 g/kWh (average emissions associated with the electricity
consumed in Italy during 2012, according ENEL environmental report 2012 );

19.RENOVATION SCHEME

19.1. AiM OF THE RENOVATION PLAN

In Italy, the nZEB (nearly zero energy buildings) don’t meet national specific legislation but this is now
being defined, according to Directive 2012/27/UE. NZEB design is aimed at achieving high
performance standards in terms of energy and environment.

Specific attention should be devoted to the reduction of energy consumption of the building, guiding
the design on three key areas:

e Maximizing the building envelope passive behaviour

e Use high efficiency systems

e Use of systems for the renewable thermal energy exploitation and photovoltaic systems for
the electricity production from solar sources.

The aim is to minimize energy removal from external electricity grid. The objective of the renovation
plan is to achieve an average primary energy reduction between 75% and 80% of the current demand
and to ensure that between 50% and 90% of the consumed energy is generated.

A building envelope is called passive if it is conforms to the following values:

e Thermal transmittance very low (0,0167/0,227 W/m?’K)
e Low values of attenuation factor (<0,1), resulting in high phase shift values (>11,5 hours)
e Windows with transmittance less than 1,6 W/m?K
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e System efficiency that can reduce by 70% the maximum solar radiation on transparent
surfaces.

To achieve these aims it should be considered if there are some difficulties or constraints in the
implementation of a design that concerns the building.

The following global constraints were taken into account in the design of the renovation plan:

e The neighborhood is the core of an intense traffic flow hosts many activities including train
station, bus station, port for transit trade and military port; so it is very important that the
renovation of the building does not interrupt normal activities.

e The building has an intensive utilization, receiving a large number of visitors, and is the
working place for a large number of Municipal employees and such activities cannot be
interrupted since it is not easy to temporarily move the services to another building.
Therefore, for renovation options requiring major construction works it will be necessary to
draw up a renovation plan that takes into account the needs of both workers and visitors.

Integrations are planned distinctly to change the architecture of the building, but without changing
the functions. An intervention difficult to predict was that relating to the new air conditioning system
centralized to be included, because at the time the building does not have one, but there are only so
many split air conditioner in each single room .

To achieve the goal of NZEB it is considered a methodology that would optimize the design
considering energy efficiency, energy conservation, functionality, technological risks and actual costs.
Under consideration is an electronic control system for heating, cooling and lighting.

The assumptions for improvement have been inserted using the Design Builder software that
simulates with Energy Plus Databases. For Satellite Palace, considering the environmental conditions
of Messina, the main energy consumption is by the use of electricity for cooling in summer period,
therefore it was decided to insert solutions also covering a constant ventilation of the building.

19.2. ENERGY DEMAND REDUCTION

19.2.1.0OPAQUE ENVELOPE

An important role in the renewal plan is targeted to the building envelope. Among the actions
planned, there is the facade renovation, it is planned to ensure the safety of unsafe parts (eg
parapets unsafe) and, where necessary, to do an important refurbishment. Another change concerns
the reconstruction of the plaster of the facades, using a thermal insulation plaster. There are plasters
with better performance but with the same texture and the same color of plaster used previously.

Obviously it is expected to remove from prospects all compressors present and restore the facades in
its entirety; envelope treated with these plasters reduces their thermal transmittance.

Among other interventions there is waterproofing of the roof, so it is expected to enter under the
floor of a fiber-reinforced bituminous membrane.
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FIGURE 251 - SATELLITE DESIGN

19.2.2. OPENINGS

At the state of fact, all windows are in single glass with metal frame. It is expected to replace all
windows of Satellite Palace, inserting selective glasses and modifying PVC frames.
Itis also important to study new form of glass to optimize reflective surface.

FIGURE 252 - ACTUAL REFLECTIVE SURFACE IN CIRCULATION AREA
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FIGURE 253 - ACTUAL WINDOW AT FIRST FLOOR

FIGURE 254 - ACTUAL REFLECTIVE SURFACE IN OFFICES

Regarding the frames is chosen to include window frames with a thermal break , in this case the
value of frame transmittance (Us) significantly improves. It is however chosen for the simulation that
provides for total replacement of the old frames. It is chosen to use windows with PVC frames.
Glasses chosen are selective double glazing with air chamber 6/13 mm.
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Untitled, Building 1

Layout || Activity | Construction | Openings | Lighting | HVAC || Outputs | CFD

Gp Template Template satellite240415
m External Windows
() Glazing type Copy of Dbl LoE Spec Sel Clr Brmm{1 3mm Air
([Layout Preferred height 1.5m, 30% glazed
Type 3-Preferred height v
Window to wall % 3000 ©
I T 1 Y T T T T T 1 1
o 10 20 a0 40 50 &0 70 20 %0 100
Window height (m) 1.50
Window spacing (m) 5,00
Sill height (m) 0,80
Rewveal ¥
Outside reveal depth (m) 0.000
Inside reveal depth {m) 0.000
Inside sill depth (m) 0.000
Frame and Dividers
Has a frame/dividers?
Satellite internal window
Dividers »
Frame ¥
Frame width {m) 0.0400
Frame inside projection {m) 0.000
Frame outside projection (m) 0.000
Glass edge-centre conduction ratio 1.000
Window shading
HType Blind with medium reflectivity slats
Pasition 1-Inside =
Control type 3-Schedule %
(4 Operation schedule Office_OpenOff_Occ
Local shading
=Type 1.0m Owerhang
FIGURE 255 - GLAZING TEMPLATE
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]

onstructions Data

| Image | Condensation analysis

7Constructions Data

o s
Condensafion Repart
Condensation Analysis Report Convective heat transfer coefficient (W/m2-K) 5,846
Interstitial Condensation Radiative heat transfer coefficient (w/m2-K) 1,847
[Picure te:freg of condenzation, Surface resistance (m2-KAv) 0,130
Condensadon mrzces
o . Y Convective heat transfer coefficient (/m2-K) 23,290
Tsh"'fa'l:e cl‘_:y":e":;'":: p— Radiative heat transfer coefficient (A/m2-K) 1,710
ermal quali 00d. Moul ro unli L
2 ? * Surface resistance (m2-KAW) 0.040
Glaser Diagram Mo Bridging
Jan U-alue surface to surface (W/m2-K) 1,717
— Temperature (C) — Partial VP (Pa) —— Saturated VP (Pa) PrValue (me-KAw) 0.783
2- = . U-Value (W/m2-K) 1.329
. 3 ; 2 \With Bridging (BS EN 130 5348)
% 2 4 E K - Internal heat capacity (KJ/m2-K) 0.0000
3 131 = E £ Upper resistance limit (m2-Kivw) 0,752
g 104 £ 4 £ Lower resistance limit {m2-KAA) 0,753
E é‘ ’? U-alue surface to surface (W/m2-K) 1,717
61 / = ReValue (m2-Kw) 0,752
3 3 2 U-Value (W/m2-K) 1,329
2337
18701
[0
&
o 1402
=
@ 935 /
O
467 1
0.00 300.02 600,04 900,05 1200,071500,091800,112100.122400,14700,163000.18
Cumulative Equivalent Air Thickness (m)
FIGURE 256 - GLASER DIAGRAM OF CORTEN STEEL WINDOWS FIGURE 257 - PVC WINDOWS CONSTRUCTION DATA

Constructions Data

General )
Name Satellite internal window
Source DesignBuilder
[*5 Category Window frames -
& Region US General

Calculation Settings

Number of layers 3
SyMaterial Satellite Polyvinlychloride (PYC)
Thickness (not used in thermal calcs) (m) 0,0200
Layer 2 v
SyMaterial Standard insulation
Thickness {m) 0.0073
[ Bridged?
Innermost layer
SeMaterial Satellite Polyvinlychloride (PVC)
Thickness (not used in thermal calcs) (m) 0,0400
FIGURE 258 - DETAIL OF FRAME FIGURE 259 - PARTICULAR OF PVC FRAME

19.2.3.SHADING

It has been chosen to enter all shadings both internal and external as can be seen from the following
table.
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Shading ¥ v

Window shading
H Type Blind with medium reflectivity slats
Positian 1-Inside =
Control type 3-Schedule -

(4 Operation schedule Office_OpenOff_Occ

M Local shading

=Type 1.0m Overhang

\¥ Internal Windows
&/ Roof Windows/Skylights

¢ Doors
= Vents

FIGURE 260 — SHADING

Window blinds Data

Slat data

Slat Propetties

Blind-to-glass distance (m) 0.0500
Slat orientation Horizontal 2
Slatwidth {m) 0,0250
Slat separation (m) 0.0188
Slatthickness (m) 0.0010
Slatangle () 45,0
Slat conductivity (W/m-K) 0.900
Minimum slat angle () 1]
Maximum slat angle (%) 180
Slat Beam Solar Properties
Slat beam solar transmittance 0.000
Slat beam salar reflectance. front side 0.500
Slat beam solar reflectance. back side 0.500
Slat Diffuse Solar Properties ¥
Slat diffuse solar transmittance 0.000
Slat diffuse solar reflectance, front side 0.500
Slat diffuse solar reflectance, back side 0,500
Slat Beam Visible Properties ¥
Slat beam visible transmittance 0,000
Slat heam visible reflectance, front side 0.500
Slat beam visible reflectance, back side 0,500
Slat Diffuse Yisible Properties
Slat diffuse Visible transmittance 0.000
Slat diffuse visible reflectance, front side 0.500

Slat diffuse visible reflectance, back side 0,500
SlatIR (Thermal) Properties

Slat hemispherical transmittance 0.000
Slat hemispherical emissivity, front side 0.900
Slat hemispherical emissivity, back side 0,900
Openings M
Blind top opening multiplier 0,500
Blind bottom opening multiplier 0,500
Blind left-side opening multiplier 0,500
Blind right-side opening multiplier 0,500

FIGURE 261 - BLIND WITH MEDIUM REFLECTIVITY SLATS
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19.2.4. OTHER STRATEGIES

The skylights in stairwells will be equipped with sensors (BACS) that will govern the opening,
according to the irradiation and the need for ventilation.

19.3. ENERGY SYSTEMS

19.3.1. LIGHTING SYSTEM

It is expected to replace the existing lighting with the introduction of LED lamps and, where possible,
to insert intelligent on/off systems, which adapt depending sunlight.

Untitled, Building 1

® Lighting Template

¢ Template Satellite LED
On
Lighting energy (W/m2) 435 %
I T F T T T T T T T T T T T T T T T T T 1
0 2 4 B8 8 10 12 14 1 18 20 2 24 26 28 WD 32 34 B/ 3|/ 40
(4 Schedule Office_OpenOff_Light
Luminaire type 3-Recessed -
Radiant fraction 0,370
Yisible fraction 0,180
Convective fraction 0.450
g’ Lighting Control ¥
On
Control type 1-Linear -
Min output fraction 0.100
Min input power fraction 0,100
Maximum allowable glare index ~ 22.0
View angle rel. to y-axis (1) 0.0

|

Lighting Area 1
% Zone covered by Lighting Area 1 80.0
Lighting Area 2
* Task and Display Lighting
[ On
[ Exterior Lighting
[10n

>

||

<«

FIGURE 262 - LIGHTING TEMPLATE

19.3.2. HVAC SYSTEM

Almost all working rooms, as well as all the rooms receiving the circulation areas have air
conditioning systems. It is expected to insert a false ceiling in all circulation areas and, where possible
in all rooms of the building. The result is a decrease in the net height of the rooms to be heated and

creation of a channel for heating and lighting installations.
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[‘ayes T vy | Constrcton | Operings | Lihing

C HVAC Template ¥

fjTemplate Satellite ltaly
0n
& - Auxiliary Energy
y Heating
Heated
Fuel 1-Electricity from grid -
Heating system CoP 5,050
Type »
(14 Schedule Office_Circulation_Heat
Cooled
Fuel 1-Electricity from grid -

Cooling system CoP 6,500

Supply Air Condition »
Operation ¥

(14 Schedule Office_Circulation_Cool
[ 0On
[d0On

v Air Temperature Distribution

FIGURE 263 - HVAC TEMPLATE

19.4. RENEWABLE ENERGY SOURCES

The building is in a densely built area and district heating is not available. The use of more
environmentally friendly HVAC systems was investigated but VRV appeared to be the most suitable
choice. Having studied different proposals for renewable energy systems in the end it was decided to
use a photovoltaic system.

It is also thought to include wind energy as a renewable energy but the technical department did not
like this type of intervention, because it would influence the view from adjacent buildings.

19.4.1. Pv GENERATION SYSTEM

On the roof of the building three photovoltaic plants of 60 kW, 50 kW, e 45 kW, will be installed.
This ensures just over 30% of current consumption of electricity. The structure has two areas
available to position the photovoltaic system, one on the roof and other on the facade. The PV
panels will be placed almost due South with a fixed slope of 30° and azimuth of 0°. The system will be
connected to the low voltage grid via three-phase power.
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FIGURE 264 - AREAS AVAILABLE FOR THE PV SYSTEM INSTALLATION

A photovoltaic system uses photovoltaic modules to absorb solar energy and convert it into
electricity for the daily needs. When it produces more energy than it consumes, the excess is entered
into the power grid. It is a mechanism that allows for economically exploiting the electricity produced
in excess by the PV system.

In Italy, to access the financial benefits of the net metering it must submit a request to the Energy
Services Manager, GSE S.p.A. Therefore, it leads to compensation between the economic value
associated to the electricity produced and fed into the grid and the theoretical economic value
associated to withdrawn electricity and consumed in a period different from the one in which
production takes place.

The calculation of the PV system was estimated using Classic PVGIS, software developed by The Joint
Research Centre of the European Commission in ISPRA, Italy.

The monthly and annual solar radiation in the area based on the classic PVGIS database is presented
in the following table.

TABLE 79 - SOLAR RADIATION AT THE AREA OF MESSINA

Jan 1,990 2,980 2,900 59 11.0 10.2
Feb 2,700 3,630 3,130 51 10.6 9.7
Mar 4,020 4,860 3,470 40 13.2 12.0
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Apr 5,420 5,830 3,190 26 15.4 14.2
May 6,410 6,280 2,630 13 19.1 17.9
Jun 6,910 6,470 2,310 6 23.1 21.8
Jul 6,830 6,530 2,470 9 25.9 24.6
Aug 6,190 6,420 3,100 21 26.2 24.7
Sep 5,000 5,880 3,830 36 22.9 21.7
Oct 3,510 4,690 3,860 49 19.8 18.6
Nov 2,250 3,320 3,160 58 16.2 15.1
Dec 1,760 2,740 2,770 61 12.6 11.6
Year 4,430 4,980 3,070 31 18.0 16.8
Legend:

Hh: Irradiation on horizontal plane (Wh/mz/day)

Hopt: Irradiation on optimally inclined plane (Wh/m?/day)
H(90): Irradiation on plane at angle: 90deg. (Wh/m’/day)
lopt: Optimal inclination (deg.)

TD: Average daytime temperature (°C)

T24h: 24 hour average of temperature (°C)

SOURCE: CLASSIC PVGIS DATABASE (KWH/ M’/MONTH) AT 30°

TABLE 80 - CONDITION TO SIMULATION WITH CLASSIC PVGIS

Estimated losses due to temperature and low irradiance: 10.7%

Estimated loss due to angular reflectance effects: 5.8%

Other losses (cables, inverter etc.): 15.0%

Combined PV system losses: 28.5%

TABLE 81 - ANNUAL GLOBAL RADIATION ON THE SURFACE

Jan 110.5 3,420
Feb 118 3,300
Mar 128.5 3,980
Apr 114 3,420
May 88 2,725
Jun 73.5 2,205
Jul 78.5 2,430
Aug 103 3,185
Sep 134.5 4,035
Oct 139.5 4,330
Nov 116.5 3,500
Dec 104 3,225
Yearly average 109.04 ‘ 3,312.,92
Total for year 39,755

Annual global radiation on the surface = 1,950 kWh/m?
Ed: Average daily electricity production from the given system (kWh)
Em: Average monthly electricity production from the given system (kWh)

CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1 218




i A Deliverable D2.1
= s Report presenting the 3 nZEB renovation schemes in Italy, fully
| 'l1 (| ] CER‘I'US documented with technical and economic evaluation Final
PV ENERGY GENERATION DAILY
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FIGURE 265 - DAILY ENERGY INJECTED INTO GRID FROM THE PV SYSTEM
PV ENERGY GENERATION MONTHLY
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FIGURE 266 - MONTHLY ENERGY INJECTED INTO GRID FROM THE PV SYSTEM

The PV System on the east fagade has 45 kW, and the following data are used for the calculation:

TABLE 82 - CONDITION TO SIMULATION WITH CLASSIC PVGIS

Estimated losses due to temperature and low irradiance: 12.7%

Estimated loss due to angular reflectance effects: 4.3%

Other losses (cables, inverter etc.): 15.0%

Combined PV system losses: 29.0%
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TABLE 83 - ANNUAL GLOBAL RADIATION ON THE SURFACE

Jan 38.25 1,183.5
Feb 51.30 1,431
Mar 73.35 2,277
Apr 92.70 2,785.5
May 103.95 3,226.5
Jun 107.55 3,226.5
Jul 104.85 3,253.5
Aug 99.00 3,064.5
Sep 83.70 2,515.5
Oct 63.45 1,966.5
Nov 42.30 1,273.5
Dec 34.20 1,062
Yearly average 74.55 | 2,272.125
Total for year 27,265.5
Annual global radiation on the surface = 1,950 kWh/m?

Ed: Average daily electricity production from the given system (kWh)

Em: Average monthly electricity production from the given system (kWh)

[kWh]

PV ENERGY GENERATION DAILY
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FIGURE 267 - DAILY ENERGY INJECTED INTO GRID FROM THE PV SYSTEM
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PV ENERGY GENERATION MONTHLY
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FIGURE 268 - MONTHLY ENERGY INJECTED INTO GRID FROM THE PV SYSTEM
The PV System on the roof has 60 kW, and the following data are used for the calculation:
TABLE 84 - CONDITION TO SIMULATION WITH CLASSIC PVGIS
Estimated losses due to temperature and low irradiance: 9.8%
Estimated loss due to angular reflectance effects: 2.7%
Other losses (cables, inverter etc.): 15.0%
Combined PV system losses: 25.4%
TABLE 85 - ANNUAL GLOBAL RADIATION ON THE SURFACE
Jan 130.80 4,044.00
Feb 161.40 4,518.00
Mar 216.60 6,720.00
Apr 264.60 7,920.00
May 285.60 8,880.00
Jun 292.80 8,760.00
Jul 290.40 9,000.00
Aug 279.00 8,640.00
Sep 253.20 7,620.00
Oct 200.40 6,180.00
Nov 142.20 4,260.00
Dec 118.20 3,660.00
Yearly average 208.70 ‘ 6,683.5
Total for year 80,202
Annual global radiation on the surface = 1,950 kWh/mz
Ed: Average daily electricity production from the given system (kWh)
Em: Average monthly electricity production from the given system (kWh)
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PV ENERGY GENERATION DAILY
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FIGURE 269- DAILY ENERGY INJECTED INTO GRID FROM THE PV SYSTEM

PV ENERGY GENERATION MONTHLY

10000,00

8000,00

6000,00 -

[kWh]

4000,00 -

2000,00 -~

0,00 -
Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Nov

Dec

FIGURE 270 - MONTHLY ENERGY INJECTED INTO GRID FROM THE PV SYSTEM
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FIGURE 272- EXAMPLE OF PV DISTRIBUTION, LIKE SATELLITE PV DISTRIBUTION ON THE ROOF

19.5. ENERGY MANAGEMENT SYSTEM

To monitor the building electrical consumption of lighting, of ventilation and of HVAC system,
building automation control sensors (BACS) will be installed. The BACS are improved occupant
comfort, efficient operation of building systems, and reduction in energy consumption and operating

costs.
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The system will perform the following operations:

e Control for each air conditioning unit separately to maintain in every office the desired
internal air temperature and humidity stables.

e Internal lighting control according external irradiation and lux value in each room (Dimming
lamps).

e Daily scheduling of air conditioning and lighting to optimize their use.

e Management of the flow temperature according to the outdoor temperature.

e |dentification of electrical equipment turn on beyond normal working hours.

e |dentification errors or alarms in case of electrical overloads.

e Control of windows and doors opening, to minimize the use VRV plant.

The BACS ensure therefore values of humidity and temperature in agreement with the optimum
comfort conditions for the employees, also by administering appropriate air exchanges. They are also
useful for energy saving both in terms of lighting and rooms conditioning.

19.6. ToTAL IMPACT OF THE RENOVATION SCHEME

19.6.1. ENERGY PERFORMANCE

The energy analysis of the building was carried out using the software Design Builder v. 3.4.0.033.
The building was described in detail, following through architectural drawings and with an illustrated
report on the state of fact and photographic documentation.

The result for the new solution is described in the following. In the renovation scheme it has a VRV
system plant for heating, cooling and air circulation.

To set the calculation of the model the general information fixed are:

TABLE 86 - GENERAL INFORMATION FOR SIMULATION

Data
Weather File ** Messina - ITA IGDG WMO#=164200
HDD and CDD data source Weather File Stat
Total gross floor area [m2] 6874.93
Principal Heating Source District Heating

The following figures shows the heat balance of Palazzo Satellite Post-design, divided according to
the contributions:

e General Lighting,

e Computer + Equipment,

e Occupancy,

e Solar Gans Exterior Windows,
e Zone Sensible Heating,

e Zone Sensible Cooling.
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383,22 lemperature and Heat Gains - Block 1, Zone 2
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FIGURE 273 - ANNUAL HEAT BALANCE

23,77 Temperature and Heat Gains - Block 1, Zone 2
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FIGURE 274 - ANNUAL HEAT BALANCE ACCORDING SINGLE MONTH

Two following figures shows annual heat balance of Palazzo Satellite, divided according to the

contributions:

e RoCeilings

e Floors

e Partitions

e General Lighting

e Computer + EQuipment
e QOccupancy
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19.6.2. ENVIRONMENTAL PERFORMANCE

FIGURE 275 - ANNUAL CONTRIBUTION OF ENVELOPE

The following table shows the initial and the final consumption after implementing all the proposed

interventions in the building.

TABLE 87 - UTILITY USE PER CONDITIONED FLOOR AREA

Electricity Natural Gas | Additional Fuel District Cooling District Heating Water

Intensity Intensity Intensity Intensity Intensity | Intensity

[kWh/m’] [kWh/m’] [kWh/ m’] [kWh/ m*] [kWh/ m’] | [m’/m?]

Lighting 16.37 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 63.78 0.79 0.02
Other 27.53 0.00 0.00 0.00 0.00 0.00
Total 43.90 0.00 0.00 63.78 0.79 0.02

TABLE 88 - UTILITY USE PER TOTAL FLOOR AREA

Electricity Natural Gas | Additional Fuel District Cooling District Heating Water

Intensity Intensity Intensity Intensity Intensity | Intensity

[kWh/ m?] [kWh/ m?] [kWh/ m?] [kWh/ m?] [kWh/ m?’] | [m®/m?]

Lighting 16.21 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 63.14 0.78 0.02
Other 27.25 0.00 0.00 0.00 0.00 0.00
Total 43.46 0.00 0.00 63.14 0.78 0.02
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UTILITY USE PER TOTAL FLOOR AREA
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FIGURE 276 - UTILITY USE PER TOTAL FLOOR AREA PRE/POST-DESIGN
TABLE 89 - END USE CONSUMPTION
Electricity [kWh] District Cooling District Heating Water
[kWh] [kWh] [m3]
Heating 0.00 0.00 0.07
Cooling 0.00 434,108.33 0.00
Interior Lighting 111,437.37 0.00 0.00
Water Systems 0.00 0.00 5,349.45 143.97
Interior Equipment 187,364.76 0.00 0.00
Total Source Energy End 298,802.13 434,108.33 5,349.51 143.97
Use Components
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FIGURE 277 - END USE CONSUMPTION PRE/POST-DESIGN
Consumption Pre-Design
Interior EQuipment Heating
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Water System
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FIGURE 278 - CONSUMPTION PRE-DESIGN
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Consumption Post-Design

Heating
0%

Water
System
1%

FIGURE 279 - CONSUMPTION POST-DESIGN

The energy consumption for interior equipment increased because the control system, for the
building, were not present before the renovation.

With appropriate modifications on the envelope, heating consumption is near zero.
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20.ECONOMIC EVALUATION OF THE PROPOSED RENOVATION SCHEME

20.1. ASSUMPTIONS, COST FIGURES

The cost of the interventions is estimated based on current market prices of the equipment and the
installation works. Special meetings with suppliers were held to present the project and request
offers for the preliminary renovation design. Offers were collected and assessed.

For each intervention, the cost has been calculated as the sum of costs for equipment, installation,
operation and maintenance. These values have been organised in an Excel file prepared by Sinloc, a
partner of the CERtuS consortium (see deliverable D2.5). ANNEX H, gives the cost information.

The economic appraisal of the renovation design was performed by means of a tool produced by
ETVA VIPE, also a partner of the consortium. A detailed description of the tool is presented in the
deliverable D2.5. The appraisal can be performed only for the whole design. The tool also allows to
examine various financing schemes ranging from single financing source to multiple, combining bank
loans, ESCOs, subsidies, municipality’s own equity.

The data used for the calculations are tabulated below, divided according to the unit of measure
concerned and the unit price

TABLE 90 - COST DESIGN

WORKINGS VOICE UNIT COST | U.M. | DIMENSION COST
Building EXTERNAL WALL - € 869.69 sqmx 1,190.0 €1,014,929.00
envelope GREEN WALL sgcm
Building NEW PV COVER SHELTER €266.67 sqm 1,350.0 €360,000.00
envelope
Building WATERPROOFING € 869.69 sqm 363,702 €316,308
envelope FOUNDATIONS AND

FOUNDATIONS

STRUCTURAL

RENOVATION
Plants BACS €20,000.00 | total 1 €20,000.00
Plants VRV SYSTEM €1,408.45 KW 355 €500,000.00
Plants RELAMPING €200.00 units 506.0 €101,200.00
Plants PV plant €2,000.00 kWp 155 €310,000.00

TOTAL WORK COST €2,622,437.00
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A
A
B

20.2. RESULTS

The proposals cover both the envelope that heating and electrical systems.

e External Wall Demolition

e New Internal Layout

e Thermal Insulation Cover
Building Envelope e Waterproofing Foundations
e Replacement Windows

*table saving post

e New Curtain Wall renovation

e Green roof and green wall

e VRV System

Energy Systems * LEDlighting
e BACS
RES e PV system (roof and walls)
TABLE 91 - END USE CONSUMPTION PRE DESIGN
Electricity [kWh] District Cooling [kWh] District Heating [kWh]
Heating 0 0 2,714.76
Cooling 0 790,256.8 0
Interior Lighting 852,503.17 0 0
Interior Equipment 222,119.61 0 0
Total End Uses | 1,074,622.78 | 790,256.8 \ 2,714.76
TABLE 92 -END USE CONSUMPTION POST DESIGN
Electricity [kWh] District Cooling [kWh] District Heating [kWh]
Heating 0 0 0.07
Cooling 0 434,108.33 0
Interior Lighting 111,437.4 0 0
Interior Equipment 187,364.8 0 0
Total End Uses 298,802.1 434,108.33 0.07
TABLE 93 - SAVING WITHOUT PV
Saving without PV (%)
Heating 99.99742
Cooling 45.06744
Interior Lighting 86.,92822
Interior Equipment 15.64691
Total End Uses 61.91
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PV SAVING TOTAL = 147,222.5 kWh (3 PV Systems)

END USE PRE DESIGN (kWh) END USE POST DESIGN (kWh) SAVING (%)
68.63944
1,867,594.34 585,688.03 (1,281,906.31 kWh)

The saving are significant (69%) because 3 Photovoltaic systems have been installed. The green roofs
and green wall are considered as renewable and environmentally friendly types of intervention. The
traditional interventions are the use of new windows and to a system of thermal insulation for the
facade.

In the evaluation of the lighting savings it was considered the average cost of the electricity. The
lifetime was assessed considering the average hours of use for the lamps and its maximum total
hours of operation. As can be seen in following table, with such conditions the renovation options
ensures savings from maintenance of 2,508 €/year and has a simple payback period of 0.8 years.

TABLE 94: ECONOMIC PARAMETERS OF THE RENOVATION — LIGHTING

Energy Savings 741,066 kWh
Price - Saved Energy 0.18 €/kWh
Costs 101,200 €
Potential savings from maintenance (post intervention) 2508 €/year
Simple Payback 0.8 years
Lifetime 20 years
CO, Savings 517.67 tons/year

In the evaluation of the HVAC savings it was considered the cost of the electricity during the mid-
peak period. As can be seen in following table, with such conditions the renovation options ensures
savings from maintenance of 23,667 €/year and has a simple payback period of 11.96 years.

TABLE 95: ECONOMIC PARAMETERS OF THE RENOVATION — HVAC

Energy Savings 106,844 kWh
Price - Saved Energy 0.18 €/kWh
Costs 500,000 €
Potential savings from maintenance (post intervention) 23,667 €/year
Simple Payback 11.96 years
Lifetime 25 years
CO, Savings 75.63 tons/year
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In the evaluation of the PV generation it was considered the self-consumption of 90% of the energy,

since in a working day during the time slots. As can be seen in following table, with such conditions it

has a simple payback period of 9.77 years.

TABLE 96 - ECONOMIC PARAMETERS OF THE RENOVATION — PV

Energy Generation 201,500 kWh
Energy - Self-Consumption 90%
Energy - Injected Into Grid 10%
Price — Self-Consumption 0.18 €/kWh
Price - Injected Into Grid 0.06 €/kWh
Costs 310,000 €
Simple Payback 9.77 years
Lifetime 30 years
CO, Savings 132.23 tons/year

The following table presents the aggregation of the renovation option. As can be seen, the total of

the renovation plan ensures savings of 26,175 €/year and has a simple payback period of 11.37 years.

TABLE 97: ECONOMIC PARAMETERS OF THE RENOVATION — TOTAL

Energy Savings 1,298,714 kWh
Costs 2,622,437 €
Savings 26,175 €/year
Simple Payback 11.37 years
CO, Savings 905.85 tons/year
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REFERENCES 3

/1/ DesignBuilder Software Ltd specialises in developing high-quality, easy-to-use and affordable
simulation software tools for assessing the environmental performance of building designs.
http://www.designbuilder.co.uk/

/2/ PVGIS, Photovoltaic Geographical Information System, a software developed by The Joint
Research Centre of the European Commission in ISPRA, Italy.
http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php

/3/ CERtuS Deliverable D2.5 “Twelve economic evaluation reports”
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21.ANNEX A: BUILDING DRAWINGS
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FIGURE 291 - RENDER
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23.ANNEX C: DESIGN BUILDER PARAMETERS
TABLE 98 - GENERAL VALUE
Value
Program Version and Build EnergyPlusDLL-32 8.1.0.008, 30/06/2015 16:49
RunPeriod PALACULTURA Enea
Weather File Messina - ITA IGDG WMO#=164200
Latitude [deg] 38.20
Longitude [deg] 15.55
Elevation [m] 59.00
Time Zone 1.00
North Axis Angle [deg] 0.00
Rotation for Appendix G [deg] 0.00
Hours Simulated [hrs] 8,760.00
TABLE 99 - END USES BY SUBCATEGORY
b 0 AdC 0 D D
Heating General 0.00 0.00 0.00 0.00 0.07 0.00
Cooling General 0.00 0.00 0.00 | 434108 0.00 0.00
.33
Interior ELECTRIC 130.90 0.00 0.00 0.00 0.00 0.00
Lighting EQUIPMENT#Block5:Zone
9#GenerallLights
ELECTRIC 263.30 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock5:Zone
3#Generallights
ELECTRIC | 16,786.81 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
15#GenerallLights
ELECTRIC 422.10 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock5:Zone
4#Generallights
ELECTRIC 278.94 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
6#GenerallLights
ELECTRIC 381.02 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock5:Zone
14#Generallights
ELECTRIC 199.69 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
7#GenerallLights
ELECTRIC 973.99 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock5:Zone
5#Generallights
ELECTRIC 817.87 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
1#Generallights
ELECTRIC 12.02 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock5:Zone
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13#Generallights

ELECTRIC 13.67 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock5:Zone
8#GenerallLights

ELECTRIC 19.02 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
12#Generallights

ELECTRIC 98.13 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock5:Zone
10#Generallights

ELECTRIC 14.24 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
11#Generallights

ELECTRIC 880.88 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
2#GeneralLights

ELECTRIC 4,747.32 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock1:Zone
1#Generallights

ELECTRIC 966.91 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock1:Zone
4#Generallights

ELECTRIC 383.22 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock1:Zone
2#GenerallLights

ELECTRIC 221.03 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
14#Generallights

ELECTRIC | 18,188.67 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
15#Generallights

ELECTRIC 278.66 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
13#Generallights

ELECTRIC 0.00 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
3#Generallights

ELECTRIC 783.27 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
12#Generallights

ELECTRIC 12.16 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
10#Generallights

ELECTRIC 14.93 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
8#GenerallLights

ELECTRIC 122.32 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
11#Generallights

ELECTRIC 15.01 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
9#GenerallLights

ELECTRIC 16.25 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
5#Generallights
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ELECTRIC 101.77 0.00 0.00 0.00 0.00 0.00

EQUIPMENT#Block1:Zone
6#Generallights

ELECTRIC 14.24 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock1:Zone
7#Generallights

ELECTRIC 420.65 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock2:Zone
1#Generallights

ELECTRIC 966.91 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
4#Generallights

ELECTRIC 383.22 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
2#GeneralLights

ELECTRIC 221.03 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock2:Zone
14#Generallights

ELECTRIC | 18,184.28 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock2:Zone
15#Generallights

ELECTRIC 278.66 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock2:Zone
13#Generallights

ELECTRIC 199.69 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
3#GeneralLights

ELECTRIC 104.04 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
12#Generallights

ELECTRIC 12.16 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
10#GenerallLights

ELECTRIC 14.93 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
8#GenerallLights

ELECTRIC 122.32 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
11#Generallights

ELECTRIC 15.01 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
9#Generallights

ELECTRIC 16.25 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
5#GeneralLights

ELECTRIC 101.77 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
6#Generallights

ELECTRIC 14.24 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
7#GenerallLights

ELECTRIC 420.65 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock3:Zone
1#Generallights

ELECTRIC 966.91 0.00 0.00 0.00 0.00 0.00
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EQUIPMENT#Block3:Zone
4#Generallights

ELECTRIC 383.22 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
2#GenerallLights

ELECTRIC 221.03 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
14#Generallights

ELECTRIC | 18,184.86 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock3:Zone
15#Generallights

ELECTRIC 278.66 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock3:Zone
13#Generallights

ELECTRIC 199.69 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
3#Generallights

ELECTRIC 783.27 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock3:Zone
12#Generallights

ELECTRIC 12.16 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock3:Zone
10#Generallights

ELECTRIC 14.93 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
8#GeneralLights

ELECTRIC 122.32 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
11#Generallights

ELECTRIC 15.01 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
9#GeneralLights

ELECTRIC 16.25 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
5#Generallights

ELECTRIC 101.77 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
6#GeneralLights

ELECTRIC 14.24 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#BIlock3:Zone
7#Generallights

ELECTRIC 420.65 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
1#GeneralLights

ELECTRIC 966.91 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
4#Generallights

ELECTRIC 383.22 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
2#GeneralLights

ELECTRIC 221.03 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
14#Generallights

ELECTRIC | 17,938.74 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
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15#Generallights

ELECTRIC
EQUIPMENT#BIlock4:Zone
13#Generallights

278.66

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block4:Zone
3#GenerallLights

199.69

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block4:Zone
12#Generallights

783.27

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block4:Zone
10#Generallights

12.16

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block4:Zone
8#Generallights

14.93

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#BIlock4:Zone
11#Generallights

122.32

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block4:Zone
9#Generallights

15.01

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block4:Zone
5#GeneralLights

16.25

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block4:Zone
6#GenerallLights

101.77

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block4:Zone
7#GenerallLights

14.24

0.00

0.00

0.00

0.00

0.00

Exterior
Lighting

General

0.00

0.00

0.00

0.00

0.00

0.00

Interior
Equipment

ELECTRIC
EQUIPMENT#Block5:Zone
9#05

327.95

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block5:Zone
3#05

1,359.14

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block5:Zone
15#05

27,668.93

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block5:Zone
4#05

1,057.53

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block5:Zone
14#05

954.60

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block5:Zone
5#05

1,736.52

0.00

0.00

0.00

0.00

0.00

ELECTRIC
EQUIPMENT#Block5:Zone
1#05

4,379.61

0.00

0.00

0.00

0.00

0.00

ELECTRIC

30.12

0.00

0.00

0.00

0.00

0.00
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EQUIPMENT#Block5:Zone
13#05

ELECTRIC 86.64 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
8#05

ELECTRIC 120.53 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
12#05

ELECTRIC 245.85 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
10#05

ELECTRIC 90.22 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
11#05

ELECTRIC 4,505.43 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block5:Zone
2#05

ELECTRIC 4,702.20 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
1#05

ELECTRIC 1,723.90 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
4#05

ELECTRIC 960.13 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
2#05

ELECTRIC 553.77 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
14#05

ELECTRIC 8,677.84 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
15#05

ELECTRIC 775.82 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
12#05

ELECTRIC 30.47 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
10#05

ELECTRIC 94.59 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
8#05

ELECTRIC 306.47 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
11#05

ELECTRIC 95.09 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
9#05

ELECTRIC 40.71 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
5#05

ELECTRIC 254.98 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
6#05

ELECTRIC 90.22 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block1:Zone
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7#05

ELECTRIC 1,053.90 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
1#05

ELECTRIC 1,340.81 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
4405

ELECTRIC 960.13 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
2#05

ELECTRIC 553.77 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
14#05

ELECTRIC | 30,372.43 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
15#05

ELECTRIC 30.47 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
10#05

ELECTRIC 94.59 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
8#05

ELECTRIC 306.47 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
11#05

ELECTRIC 95.09 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
9#05

ELECTRIC 40.71 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
5#05

ELECTRIC 254.98 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
6#05

ELECTRIC 90.22 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block2:Zone
7#05

ELECTRIC 1,053.90 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
1#05

ELECTRIC 1,723.90 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
4#05

ELECTRIC 960.13 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
2#05

ELECTRIC 553.77 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
14405

ELECTRIC | 39,050.27 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
15#05

ELECTRIC 1,396.48 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
12#05
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ELECTRIC 30.47 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
10#05

ELECTRIC 94.59 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
8#05

ELECTRIC 306.47 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
11#05

ELECTRIC 95.09 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
9#05

ELECTRIC 40.71 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
5#05

ELECTRIC 254.98 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
6#05

ELECTRIC 90.22 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block3:Zone
7#05

ELECTRIC 1,053.90 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
1#05

ELECTRIC 1,723.90 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
4#05

ELECTRIC 960.13 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
2#05

ELECTRIC 553.77 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
14#05

ELECTRIC | 39,050.27 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
15#05

ELECTRIC 1,396.48 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
12#05

ELECTRIC 30.47 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
10#05

ELECTRIC 94.59 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
8#05

ELECTRIC 306.47 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
11#05

ELECTRIC 95.09 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
9#05

ELECTRIC 40.71 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
5#05

ELECTRIC 254.98 0.00 0.00 0.00 0.00 0.00
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EQUIPMENT#Block4:Zone
6#05
ELECTRIC 90.22 0.00 0.00 0.00 0.00 0.00
EQUIPMENT#Block4:Zone
7#05
Exterior General 0.00 0.00 0.00 0.00 0.00 0.00
Equipment
Fans General 0.00 0.00 0.00 0.00 0.00 0.00
Pumps General 0.00 0.00 0.00 0.00 0.00 0.00
Heat General 0.00 0.00 0.00 0.00 0.00 0.00
Rejection
Humidificatio General 0.00 0.00 0.00 0.00 0.00 0.00
n
Heat General 0.00 0.00 0.00 0.00 0.00 0.00
Recovery
Water DHW Block5:Zone3 0.00 0.00 0.00 0.00 111.35 3.00
Systems
DHW Block5:Zone5 0.00 0.00 0.00 0.00 | 4,510.18 | 121.39
DHW Block5:Zonel 0.00 0.00 0.00 0.00 358.81 9.66
DHW Block5:Zone2 0.00 0.00 0.00 0.00 369.11 9.93
Refrigeration General 0.00 0.00 0.00 0.00 0.00 0.00
Generators General 0.00 0.00 0.00 0.00 0.00 0.00
TABLE 100 - TABULAR VIEW FOR TEMPERATURE AND PRECIPITATION PER MONTH
Temperature Precipitation
Months Normal Warmest Coldest Normal
January 12.3°C 14.4°C 10.1°C 10
February 12.2°C 14.7°C 9.8°C 9
March 13.5°C 16.1°C 10.9°C 8
April 15.4°C 18.3°C 12.5°C 8
May 19.5°C 22.5°C 16.4°C 3
June 23.6°C 26.8°C 20.4°C 1
July 26.7°C 30.0°C 23.4°C 1
August 27.3°C 30.5°C 24.2°C 2
September 24.5°C 27.5°C 21.5°C 5
October 20.5°C 23.2°C 17.8°C 8
November 16.4°C 18.7°C 14.1°C 10
December 13.7°C 15.8°C 11.6°C 10
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Model Options Data

—— Cooling
2 Model options template Draw building + standard data
Scope Whole building
: ; Yy Analyse the whole buiing.
Zone Zonetshading Building

Construction and Glazing Data.

Construction and glazing data i
: v 2 data is selected from a fist.
Pre-design General
F\Dm/dab/re!lmq representation 1-Combined b4

olume calculations
Internal floor constructions not subtracted from zone volume
[¥] Ground floor construction is below ground and is not subtracted from zone volume
External floor constructions not subtracted from zone volume

Early gains
< v ; Intemal gair X fes (e.g. occupancy, lighting, computing etc.)
Lumped Early Detailed
Occupancy latent gains 1-Dynamic calculation -
nghﬂng gain units 1-Watts per m2
Timing Schedules
r v Timing i ing the schedules ism whi 1y of the week to have a different profile.
Typical workday Schedules

Internal gains operate with occupancy

Natural ventilation Calculated ventilation

: y  MNawal i infiltration air flow ing and crack sizes, buoyancy and wind pressures.
Scheduled Caleulated
Infiltration units 1-acth #
Almghtness method 1-Template slider

FIGURE 292 - MODEL OPTIONS DATA

Simplification M
[ Merge zones of same activity
[ Merge zones connected by holes
[ Merge zanes by selection
[ Lump similar windows an surface
[ Lump similar cracks on surface
[ Lump similar construction elements {research option)
[ Triangulate
Generate fully enclosed zones
M Show block connection surfaces in Navigator
Model 'semi-exterior unconditioned' zones as simple R-value to outside
R-value to outside (m2-KAd) 01800
Natural Ventilation
Model aifflow through holes and virtual partitions

Wind factor 1.00
Discharge coefficient for open windows and holes 0,650
] Modulate opening areas
Scheduled Y
[ Airflow through internal openings
Lighting ¥
Working plane height (m) 0,800
Daylighting method 1-Detailed -
Filters ¥
Exclude surface elements smaller than (m2) 0,050000

Component Block

Fraction two largest areas 0,80
Flat component block surface selection 2-Lowest

FIGURE 293 - MODEL OPTIONS DATA
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Data | Advanced | Heating Design | Cooling Design

‘Winter design day
YWinter design day 10-WinterDesignDay -
Operation for 712 and Typical workday Schedules
General
[J Occupancy
[ Lighting
[J Equipment
Heating demand
Cooling demand
HYAC
[ Natural ventilation demand
DHw
Calculation Options
Simulation method 1-EnergyPlus =
Temperature control 1-Airtemperature -
[ Exclude all zone natural ventilation (infiltration is always included)
[ Exclude all zone mechanical ventilation

System Sizing
Design margin 1.20
[ Include unoccupied zones in block and building totals and averages
I:I Repon

Temperature convergence (deltaC) 0,000200
Loads convergence (W) 0,000200
Inside convection algorithm B-TARP -
Outside convection algorithm 6-DOE-2 -

[ 'Surfaces within zone' treated as adiabatic

FIGURE 294 - MODEL OPTIONS DATA

Model Optioné Data

| Data | | Heating Design | Cooing Design

Summer De
Day 15 )
Month Jul b
Day of week 9-SummerDesignDay 5
Calculation Options
Simulation method 1-EnerayPlus .
Temperature control 1-Air temperature o

] Exclude all zone natural ventilation (infiltration is always included)
] Exclude all zone mechanical ventilation
System Sizing

Design margin 1.30
Slzmg method 1-ASHRAE
|:| Inl:lude all huildings in shading calcs
[ Model reflections and shading of ground reflected solar
Salar distribution 2-Full exterior
D Include unoccupied zones in block and building totals and averages
[ Report
Advanced
General Solution

Inside face surface temperature convergence criteria 0.0020
Temperature convergence (deltaC) 0.0020
Loads convergence (W) 0,0020
Caonvection
Inside convection algarithm B-TARP S
Outsuie convection algorithm 6-DOE-2
Maximum number of 'shadow overlaps' 15000
Pnlygon clipping algorithm 1-Sutherland Hodgman

[ 'Surfaces within zone' treated as adiabatic

FIGURE 295 - MODEL OPTIONS DATA
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Model Options Data

| Data | Advanced | Heating Design | Cooing Design | Simuation

Simulation Options

From
Start day
Start month

To
End day

End month
Calculation Options

Simulation method
Time steps per hour
Temperature control

lar

[ Include all buildings in shading calcs
1 Model reflections and shading of ground reflected solar
Solar distribution

Shadowing interval (days)

Building and block output of zone data.
[¥ Include unoccupied zanes in block and building totals and averages

Zone environmental and comfort reports
hable Outputs

[ Surface heat transfer
¥ Environmental
Comfort

nternal gains including solar
nergy. HYAC etc

Latentloads
[V Fresh air supply
[ Temperature distribution

HVAC system temperatures
WAC system mass flow rates

HYAC system humidity ratios
[ SOLite output

[¥] DXF model output

[ Construction and surface details
[JRDD file

oints not b

Tolerance for time heating setpoint not met
Tolerance for time cooling setpoint not met

1-EnergyPlus
2
1-Airtemperature

2-Full exterior
20

1-All periods

0.20
020

FIGURE 296 - MODEL OPTIONS DATA

«

CERtuS — GA no. IEE/13/906/512.675068. Deliverable D2.1

253



A Deliverable D2.1
Report presenting the 3 nZEB renovation schemes in Italy, fully documented with technical and

I-'-‘ ii CERtuS economic evaluation Final

24.ANNEX D: RENOVATION OPTION MATRIX BY SINLOC

TABLE 101 - ECONOMIC EVALUATION OF INTERVENTIONS

e
Ins'alk.d power soat || Fnal o ('n!npnlslorv Specify which tedmmhg;es (emsﬁb?etnc:: e Ilwtstmen.t Lifetime (year of
or size of sE | e Period connection with other | are needed to realize this resiized only after this Investment cost payback period replacement -
intervention technologies/ layers layer v (preliminary) revamping)
£ £
£ :
H H g £ H
g 2 e ] H
£ £ |8 b % £ 3 3
5 E|E £ s Lc L= 5 g g
£ 2§58 H 5 g5 g3 2| £ E : 5
Renovation options Types Technologies / Layers code| 5 | 2| 2| 3 H £ 33 33 5 5 s $ $
Cooling pumps Compression heat pumps - VRV system - OFFICES AREAS 4 | kw | 355 X X 12 Yes 13-16-17 37 €/KW  £1'40845 | €500'000 11,96 25
Replacement of water heating systems Solar thermal 5
L] 6
Insulation of distribution networks. (35 7
8
Ventilation system Heat recovery 9
10
Heating pumps with geothermal sonde Georthermal heat pumps | 11
L] 12
Casing External insulation New facades - External wall, windows, green wall 13 | sqm | 1190 | X X 18 Yes 4 €/sqm: €869,69 : €1014'929 4133 60
Building skin Internal insulation [ 14
Shielding elements Fixed/mobile/combined vertical structures 15
i tructy on roofs - NEW PV COVER SHELTER 16 | sqm @ 1350 X X 10 Yes 4 €/sqm: € 266,67 € 360'000 37,33 60
Horizontal structures on floors - WATERPROOFING FOUNDATIONS
.and FOUNDATIONS STRUCTURAL RENOVATION 17 | sqm : 363,7 X X 10 Yes 4 €/sqm: £869,69 £316'308 104,56 60
Bioclimatic [ 18
L] 19
Windows Windows PVC 20
[ 21
Glass windows Double glass 22
Glass windows Triple glass 23
[ 24
Lighting systems (internal) Replacement of lamps (and luminaries, ballast) LED 25
internai Relamping 26 [unitsi 506 : X X 3 No €/unit; £200,00 | €101'200 080 20
Lighting systems (external) Replacement of lamps (and luminaries, ballastLED 27
28
Renewable energy Biomass Biomass heating systems 29
Solar Photovoitaic paneis 30 | Kwp i 155 X X 6 No. €/KWp: € 2'000,00 £310'000 8,77 30
Solar thermal panels 31
Control systems Thermal Automatic regolation of internal temperature 32
Thermostatic valves 33
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TABLE 102 - ECONOMIC EVALUATION OF INTERVENTIONS

) Potential savings : .
Energy consumption (after each single energy renovation option) labo(lM.anag 230 ord Extraordinary maintenance Potential energy savings expected from the intervention from maintenance Fotential savags
maintenance contracts 5 S of C02
(post intervention)
Cost of Cost of Cost of
Cost of components| personnel Total Frequency intervention personnel Total Electric energy consumption Thermal energy consumption
2~ g~
g H 28 5 5 28 &
| ¥ . | 3 H g ez H g g £
& 2 2 '] ] 2 g
il 3 - s 03 | s | 5 |f%ls] 5 | 5| 5| 2% g
- H s - H s g g g g 22| & g g g s 2 E
o 5 £ = ° 5 H = 5 5 s £ 8 < z = g§=| 3 = = < 8= = ]
g 2| & I £ AR g g g e g £ £ H 2 g5 | Z £ g 2 £z g H
g 2 £ s 2 £ & 3 3 2 ] 3 = = S E] g & 3 ¥ Y = g2 s s
options a H 3 2 > 3 < v 2 w @ £ = # = as £ = £ = as ® R =
electrici KWHe | 434'108 | £78'139,48] no £3'500 €6'500 | £10'000 7 €15'000 €1500i €25'500 13,5%: 106'844}  12,0% 94'831 linear 40% i €23'667
Casing no. no £7'105 £€13'194 :€20'299 10 £ 25'000 € 3'000: € 55'000; 18,0% 142'459. 16,5% 130'392linear. 0% £0 17,3%: 102,32
Building skin
no no £4'410 £€8'190 :€12'600 15 €15'000 € 1'000: € 30'000: 6,8% 53'422 6,8% 53'737:linear 0% £0 6,8%: 40,18
no no £€2'214 €4'112 £6'326 15 £ 10'000 £1'000: €25'000 2,25% 17'807 2,00% 15'805:linear 0% £0 2,1%: 1260
Windows
Lighting systems (internal)
electric; KWHe | 111'437 £20'058,66: no £708 £€1'316 £2'024 7 £2'000 €500 £5'500 87% 741'066 75% 639'377:linear 25% £2'508 81,0%: 517,67
Lighting systems (external)
Renewable energy
no no £5'425 £10'075 :€15'500 5 € 15'000 £4'000: €35'000 100% 201'500 75% 151'125:linear. 0% £0 87,5%: 132,23
Control systems.
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