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1 Executive Summary 

The BuildHEAT project aims to develop innovative solutions for the energy retrofit of residential 
buildings. Systemic packages for facades and HVAC systems have been developed in the 
project and their effectiveness will be demonstrated in the Demo Cases (DC) in Rome (Italy), 
in Zaragoza (Spain), Salford (UK), three sites in Pinerolo (Italy) and Gleisdorf (Austria) 
involving more than 230 individual dwellings. 

The design of the retrofit solutions for the DCs is originated by the building renovation needs 
and the local regulatory frameworks; an Energy Audit1 and a pre-intervention performance 
analysis of the buildings, summarised in this report, were also carried out. Design options for 
both façade and HVAC systems have been identified as possible solutions and they have been 
analysed on the basis of their functionality, performance, compliance with standards and costs. 
The design is based on technologies next to the market and driven by the key attributes of 
standardisation, flexibility, easy installation and cost effectiveness, according to the BuildHEAT 
objectives. 

The design of the interventions in DCs aims to demonstrate the achievement of Objectives 1 
and 2 of the project through the implementation of research Results 1, 2 and 3: (1) PV driven 
air-to-air HP, (2) centralized heating with local storage and ST collectors, (3) façade system. 
The detailed description of the technical solutions is reported in WP2 and WP3 deliverables. 

The BuildHEAT façade system is an off-site preassembled ventilated façade integrated with 
building services. An off-site preassembled substructure with a set of anchoring systems is 
capable of supporting and solar active elements; a first thermal insulation layer is installed in 
adhesion to the existing wall and allows for the integration of pipes for heating and DHW, 
ductworks for the mechanical ventilation system and electric cables; a second optional 
insulation layer is fixed to the façade metal frame; cladding panels could be polymer concrete, 
ceramics, solar thermal panels or photovoltaics. 

Regarding building HVAC services, two new products have been developed in BuildHEAT and 
implemented in the DCs: in Pinerolo and in Gleisdorf, ENERBOXX, a prototype of an innovative 
water storage tank for domestic hot water uses integrated with a mechanical ventilation unit; 
in Zaragoza, the ELFOPack unit, an air to air plug and play multifunction heat pump that 
through an innovative multi-control inverter (MCI) can handle efficiently the power flux from the 
grid and from PV panels. Renewables were included in all projects and integrated with either 
the Enerboxx or the ELFOPack units: PV and solar in Pinerolo and Rome, PVs in Zaragoza 
and Gleisdorf. 

The projects of the DCs have specific features and implement BuildHEAT solutions in different 
ways, thus demonstrating the capability of the systemic packages to adapt to specific design 
needs. 

In Rome, the refurbishment project included the installation of BuildHEAT façade system both 
with ceramic tiles and with solar thermal collectors and of a traditionally ventilated façade 
system with ceramic tiles. The renovation of the building services provided the replacement of 
the existing centralized generation and distribution system with an integrated Heating, 
Ventilation, and Domestic Hot Water production system. Generation units and PV panels 
should have been placed on the roof and an ENERBOXX, that includes a mechanical 
ventilation system and a hydronic module, installed in each apartment, replacing the existing 
high temperature radiators. 

 

1 CIRCE 2017, D5.1 – Energy Audits of the three demo cases, BuildHeat 
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In Zaragoza, the refurbishment has provided both the application of a traditional external 
insulation layer (EIFS), with coating supplied by MIG, and of the BuildHEAT façade system 
with Corian cladding panels and with PV panels. Renovation of the building services has 
provided the replacement of electrical devices with ELFOPack units. For the new configuration 
it has been necessary to design and install an air distribution system, ELFOAir was used. A 
new false ceiling has been installed in the dwelling to put up the ELFOAir system. Each 
dwelling have its own PV panels, located on east and west façades and on the roof and its 
own ELFOPack unit, in order to propose a completely decentralized system. 

Despite in Salford the refurbishment project does not foresee the installation of BuildHEAT 
systems, the DC is relevant for the project from monitoring point of view. In fact, the 
performance of both façade and HVAC systems are like those developed within BuildHEAT. 

In Pinerolo 1 interventions included the renovation of the building envelope, windows 
replacement, and the installation of the BuildHEAT façade system with double layer of 
insulation and ceramic tiles cladding. Photovoltaic system and solar thermal collectors have 
been installed on the flat roof. The renovation of the building services provided the installation 
of the air-to-water heat pump on the roof for heating and cooling systems and the installation 
of Enerboxx storage tanks for each apartment to provide DHW and hot/cold water for heating 
and cooling connected with the new centralized system.  

The interventions for Pinerolo 2 included the renovation of the building envelope with the 
installation of the BuildHEAT façade system with double layer of insulation and ceramic tiles 
cladding. Photovoltaic system was already present on the roof, placed during a past 
renovation. The renovation of the building services included modification on the existent 
heating and DHW production systems and the installation of a new ventilation system for every 
apartment, a new heating and cooling system, with the heating system working in parallel with 
the existent one during winter, and of a new system for domestic hot water production in series 
with the gas boiler.  

The planned interventions for Pinerolo 3 are the renovation of the building envelope, windows 
replacement, and the installation of the BuildHEAT façade system with double layer of 
insulation and ceramic tiles cladding. A Photovoltaic system is installed on the flat roof. The 
renovation of the building services provides the installation of the heat pump on the roof for 
heating and cooling systems and the installation of Enerboxx storage tanks for each apartment 
to provide DHW and hot/cold water for heating and cooling connected with the new centralized 
system. 

The main renovation of the Gleisdorf DC was carried out as part of an Austrian funding project 
a few years ago. At that time, the Enerboxx heat storage system, was already installed to 
provide the domestic hot water. Therefore, this building is nevertheless very well suited as 
demo case, whereby the improvement of the current control system with the optimized control 
strategy for supplying the building with heating energy and hot water developed as part of the 
BuildHeat project. 

In BuildHEAT DCs, the innovative design approach has developed flexible façade solutions 
integrated with adaptable energy system services, capable of being easily implemented with 
minimum disruption for owners and tenants. These solutions aim to tackle the barriers and 
promote a systemic approach to residential building retrofit at affordable costs. Key results 
achieved by design of the interventions are: 

• a significant reduction of the energy consumptions;  

• improved control of comfort conditions and of the risk of overheating by innovative HVAC 
systems; 

• the integration of RES solutions as well as the distribution systems;  
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• a faster construction processes with high quality standards; 

• a low-intrusive installation process, due to the maximisation of the off-site prefabrication 
works. 
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2 Rome case study 

2.1 Building status before renovation 

The case study building, the Building n.12 in Sector 2, circled below, is located in Via Efisio 
Orano, in the Colli Aniene Neighborhood in Rome. 

The whole neighborhood includes approx. 2200 apartments. The buildings were built in the ’70 
and ’80 by companies’ affiliates to Rete Ri.Ge.N.E.R.A., BuildHEAT partner, which is now 
responsible for this demo case and for the Case Study Team (CST). 

 

 

Figure 1 – The demo case area in Rome 
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Figure 2 - Aerial view: Via Efisio Orano, Rome – Rome Case Study 

 

The DC building is a residential multi story building built in 1971, with 8 residential floors, a 
basement and a ground floor (Figure 3). The building is characterized by a gross total area of 
11,192.67m2 and involves a total number of 80 flats, all assigned as properties to private 
owners. 

 

 

Figure 3 – Rome CS - Ground floor (left); Typical floor (right) 
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Figure 4 – Rome CS - Exterior view  

 

 

Figure 5 – Rome CS - Floor plans  

Ground floor  

First to Eight floor  
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Figure 6 represents Type 1 (on the left) and Type 2 (on the right) apartments. The typical 
surface area of the dwellings is 96m2 and its actual average primary energy consumption is 
approx. 120kWh/m2year, including heating and domestic hot water consumptions. The total 
energy bill per apartment is approx. 1200 €/year. 

 

 

Figure 6 – Rome CS - Dwelling typical floor plan  

 

Since its construction, the building has never been subject to renovation interventions, except 
for ordinary maintenance.  

An architectural survey of the existing building envelope was carried out to design the retrofit 
interventions of the facade. The picture below (Figure 7) shows the typical west elevation of 
the existing building that is representative of the areas of the intervention, including masonry 
walls, home windows, staircase windows, balconies and crown parapet. 
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Figure 7 – Rome CS – Portion of west elevation of the building  

 

The building envelope is characterized by very poor thermal performance. In fact, the typical 
exterior wall (Figure 8 and Figure 9) has a thermal transmittance value ranging from 0.97 
W/m2K for the typical masonry wall with perforated bricks, to 4.5 W/m2K for the concrete panels 
located above and below windows. Moreover, most of the existing windows are timber framed 
with 4mm single glazing and a U-value(glass) of 5.7W/m2K. Other windows typologies have been 
identified in few apartments with similar performance.  
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Figure 8 – Rome CS - Typical window vertical section (left); Typical wall vertical section (right) (Rigenera)  

 

 

 

Figure 9 – Rome CS - Typical window and wall horizontal section (Rigenera) 

 

 



 

 

www.BuildHeat.eu  Page 10 of 112 

The heating system is centralized and shared with three other buildings which have the same 
geometry, surfaces and volumes of the DC building. In 2015, a calorimeter was installed on 
the main gas pipes from the centralized boiler to each of the three buildings, in order to 
measure the real buildings’ heating consumptions.  

Whilst the centralized heating system was initially providing also DHW, in 2015 the owners of 
the demo building decided to cut off this service due to the inadequacy of the heat provided 
and to the expensive costs of DHW generation. Therefore, individual boilers are currently used 
for the DHW production.  

Centralized cooling and mechanical ventilation systems are not installed in the building. 

2.2 Building Renovation 

The planned interventions in the Rome case study building are: 

• Renovation of the building envelope, including windows 

• Installation of decentralized ventilation systems in all the dwellings 

• Heating system with heat pumps 

• Installation of Photovoltaic (PV) and Solar thermal collectors (STC), partially integrated in 
the new façade system 

2.2.1 Renovation of the building envelope and installation of PV and STC 

The building envelope retrofit intervention includes the installation of a traditional ventilated 
façade and the BuildHEAT façade system. The figures below represent the elevations of the 
Rome Demo Building with the identification of the different façade systems: 

• in orange: traditional ventilated façade system with ceramic tiles; 

• in grey lined: solar shading  

• in red: BuildHEAT façade system with ceramic tiles; 

• in blue: BuildHEAT façade system with solar thermal collectors. 

 

 

Figure 10 – Rome CS - East elevation of the renovation project 
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Figure 11 – Rome CS - West elevation of the renovation project 

 

                                  

Figure 12 – Rome CS - North elevation (left); South elevation of the renovation project (right) 

 

The BuildHEAT façade system developed for this DC is composed by the “macro-panel” base 
unit with a slab to slab height and it is designed in two alternatives to allow for fixing of ceramic 
cladding panels along East and West elevations and solar thermal collectors on the South 
elevation. 

An axonometric 3D model of the BuildHEAT façade for the Rome DC is reported in Figure 13 
showing all the façade layers and components. 
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Figure 13 – Rome CS - Axonometric view of the BuildHEAT facade system 

 

The façade system is composed of the following layers, from outside to inside: 

• Cladding panel 

As described in D3.1, the substructure allows for the installation of a variety of cladding 
panels, depending of the desired finishing and functions. Two options have been 
developed in the Rome DC:  

o Ceramic cladding panel 

In Rome, the CS design team has selected ceramic tiles to be used as cladding panels. 
The selection of a cladding panel different from the BuildHEAT one did not cause any 
modification to the fixing system, thus demonstrating the flexibility of the façade system 
and of the fixing technology that can be adapted to different cladding materials and 
façade layouts. The passive cladding developed in the BuildHEAT project is the “Polymer 
Concrete” (PC) panel described in D3.4. The panel is fixed through a special screw 
(MDE8) mechanically inserted into the panel. This screw is then fixed to the stainless-
steel plate system to regulate the position of each panel and to anchor it to the macro-
panel frame. 
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Figure 14 – Passive cladding panel fixings 

 

o Solar thermal collector  

A metal framed product (Figure 15) has been chosen for the integration in the macro-
panel and to design the fixing system. The proposed solution allows to fix the collector 
at a position higher than the bottom transom through the insertion of an additional 
transom fixed at the macro-panel frame (HALFEN channel). Panels can be installed both 
in vertical and horizontal position. The HALFEN channel is cut (Figure 16) to let hydraulic 
connections and corrugated stainless-steel pipes to link adjacent collectors.  

 

 

Figure 15 – Assembled real scale mock-up: solar thermal collector 
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Figure 16 – Real scale mock-up: the integration of the Viessmann solar collector Vitosol 100-FM (left); 
Detail of the main frame cut, the collector hydraulic connector and the lower PC panel anchoring 

system inserted in the main frame (right). 

 

• Insulation 

A soft insulation panel (thermal conductivity 0.033 W/(mK)) with a thickness of 80mm and 
a rigid additional one was designed to guarantee the required thermal resistance of the 
overall wall assembly. 

• Ventilated air cavity 

The cavity between the inner insulation layer and the cladding panel can be either 
ventilated or filled with additional insulation where required by climate conditions and 
thermal requirements. In Rome, the required thermal performance of the building 
envelope, allows for an airgap thicker than 20 mm, as implemented in the detailed design.  

• Façade sub-structure and aluminium anchoring system  

The sub-frame of each macro-panel is composed by two transoms and two mullions of 
identical sections. The frame of the macro-panel is then hang to the existing building 
structure through the upper transom to the load bearing brackets that are fixed back to the 
slabs.  
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 Figure 17 – PC panel fixing system 

• Raisers  

Pipes and ducts are fixed to the existing wall and then covered by the soft insulation layer. 
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The BuildHEAT façade system is developed to allow for windows replacement independently 
from façade installation. In fact, new windows will be installed separately without having a 
direct impact on façade system design, procurement or installation sequence. 

 

Figure 18 – Horizontal section on window. 

 

As described in WP3 deliverables, the BuildHEAT façade system has been conceived as an 
easy-to-install structure, pre-assembled off-site at the manufacturer factory and shipped to the 
construction site. Its installation in Rome demo case will follow this process: 

1. Fixing of the brackets for the new façade macro-panel to the existing building slab; 

2. Installation and fixing of pipes and ducts; 

3. Fixing of the soft insulation layer at the existing wall through conventional fixing systems; 

  

Figure 19 – Real scale mock-up: Support aluminium frame holding the brackets (left); Brackets covered 
by a soft insulation layer (right). 
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4. Positioning and fixing of the pre-assembled macro-panels by hanging them to the 
anchoring brackets. 

 

 

Figure 20 – Macro-panel anchoring bracket. 

  

Figure 21 – Real scale mock-up: First row of macro-panels anchored to the brackets (left); Side view of 
two macro-panels: bracket, vertical and horizontal gaskets are in evidence (right). 

 

As shown in the pictures included in this section off the report, a construction mock-up of the 
BuildHEAT façade system macro-panel was built along the design phase to test and prove the 
buildability of the design.  

The real scale mock-up has been realised both with the solar thermal collector and with the 
PC cladding panel, as described in the D3.2 report.   



 

 

www.BuildHeat.eu  Page 18 of 112 

2.2.2 Renovation of the building heating system with a renewable HVAC and DHW 
system 

The intervention on the heating, cooling and DHW production foresees the replacement of the 
existing centralized generation system of the building with a unique generation system for 
HVAC and DHW, serving each staircase independently. In order to minimize the distribution 
thermal energy losses, each staircase has its own generation unit installed on the rooftop. 
Polyvalent heat pumps, coupled with a domestic hot water buffer and a heating & cooling 
buffer, can provide simultaneously space heating or cooling (H&C) and domestic hot water 
(DHW) production. 

 

 

Figure 22 – Plan view of building roof. Heat pump and storages for each staircase are highlighted in green 

 

Each staircase system is integrated with its own photovoltaic plant, installed on the building 
roof. Due to the orientation of the building and the architectural and structural constraints, only 
one solar thermal collector field (Figure 23) will be installed on the South façade and coupled 
to the closest staircase system. 

 

 

Figure 23 - South elevation of the renovated facade with solar thermal panels. 

 

In order to maximize renewable energy harvesting and storage, a central DHW tank (one per 
staircase) is connected to 16 wall-mounted storage for DHW uses, one per apartment, installed 
outside the balconies, in the staircase facade recess. This solution helps to significantly reduce 
the central storage size. The dwelling storage is integrated into an “ENERBOXX” that includes 
a mechanical ventilation system and a hydronic module. At dwelling level, five fan coils are 
installed in each apartment, replacing the existing high temperature radiators. 
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Figure 24 – HVAC and DHW system scheme for South staircase (example for 2 apartments). Remaining 4 
staircase systems do not present the solar collector field.  

 

As shown in the HVAC and DHW system scheme (Figure 24), the new building energy plant 
is divided into three main sections: 

1. ENERBOXX (green squares); 

2. Generation (red squares); 

3. Distribution of DHW and H&C (light blue squares). 

 

1.1.1.1 ENERBOXX – Domestic hot water storage, heating/cooling connection and 
mechanical ventilation 

As briefly mentioned before, each dwelling has its own “Enerboxx”, a prototype of an innovative 
box that includes a water storage tank for domestic hot water uses, a mechanical ventilation 
unit and a hydraulic module connected to the fan coils circuit. Moreover, the hydraulic module 
is coupled with a DHW and H&C monitoring system to track the dwelling consumption (Figure 
25).   
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Figure 25 - ENERBOXX scheme 

 

The ventilation system is an efficient air heat exchanger developed by AIRRIA to pre-heat the 
inlet fresh air from the outlet air ventilation flow in winter or pre-cool it in summer, thus energy 
savings are achieved while ensuring the required ventilation needs. The mechanical ventilation 
unit characteristics are reported in Table 1. 

 

Table 1 - Mechanical ventilation unit characteristic 

Mechanical Ventilation  Value 

Number of devices per apartment  2 

Air changes flow rate per apartment 230 m3/h 

Air changes per hour  1.5 vol/h 

Air volume across heat recovery units 
(whole building) 

18400 m3/h 

Heat recovery unit efficiency 75% 
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The “ENERBOXX” tank has a water storage capacity of 140 litres and an internal heat 
exchanger of 2 m2 external surface. The advantages of having decentralized water storages 
are: 

• De-coupling dwelling DHW request from DHW production; 

• reduction of central storage size (most of the time old buildings have not technical room 
big enough for large size storage tanks); 

• by implementing an advanced predictive control system, water is supplied to the tank 
according to the real needs and most convenient hour of the day for each apartment. 

Finally, the pre-installed hydraulic connection module and monitoring system helps in reducing 
and facilitating the installation and maintenance procedures. 

1.1.1.1 Solar energy system, DHW and H&C Production  

PHOTOVOLTAIC FIELD: 

Five photovoltaic fields are installed on the rooftop on a steel structure. Each staircase has its 
own photovoltaic field, which is made of 36 panels, with a total power capacity of 10.4 kW (54 
kW total power capacity for whole building). Photovoltaic field and panel characteristics are 
summarized in Table 2: 

 

Table 2 - Photovoltaic field characteristics 

Photovoltaic panel  Value 

Cell Type Monocrystalline Silicon 

Dimension 1640 mm x 992 mm x 35 mm 

Aperture 1.6 m2 

Maximum Power Rating  Pn 300 Wp 

Module Efficiency  18.4% 

Collector slope 10°C 

Collector Azimuth 10° South-East 

Weight 18 kg 

Photovoltaic field (1 staircase)  Value 

Number modules  36 

Total surface 57.6 m2 

Field Maximum Power Rating  Pn 10.4 kW 

Photovoltaic field (5 staircase) Value 

Number modules  180 

Total surface 288 m2 

Field Maximum Power Rating  Pn 54 kW 

 

Electricity produced by the photovoltaic field will be used for running the heat pump and 
auxiliaries of the centralized system.  
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SOLAR THERMAL ENERGY PRODUCTION (only for the staircase at South end of the 
building):  

The solar thermal collector (STC) field is integrated into the BuildHEAT façade. 37 panels are 
coupled with a thermal energy storage (TES) in which solar energy is transferred by an internal 
heat exchanger. The STC field is made of 8 parallels with 4 collectors in series on the façade 
plus a parallel on the crown parapet. The solar collector field, thermal panel and TES 
characteristics are summarized in Table 3: 

 

Table 3 - Solar field circuit characteristics 

Solar collector  Value 

Model  VIESSMANN Vitosol 100-FM 

Collector aperture area 2.3 m2 

Collector slope 90°C 

Collector Azimuth 13° South-East 

Collector linear loss coeff. 3.792 W/m2K 

Collector quadratic loss coeff. 0.021 W/m2K 

Optical efficiency 0.824 

Solar field  Value 

Number of single modules in series  4 

Number of single modules in parallel 9 

Field total area 86,21 m2 

Field capacity 65,12 kW 

Number of pump for circulation 2+1 

Pump modulation 3 speed 

Mass-flow rate 1 mc/h 

Thermal Energy Storage  Value 

Storage capacity 1500 litres 

Upper internal exchanger capacity 40 kW 

Lower internal exchanger capacity 60 kW 

 

The solar system circuit is run by a variable speed inverter pump (PM1) (see Figure 24). Its 
activation takes into consideration, the solar radiation, stagnation phenomena and TES 
maximum temperature. Solar radiation control ensure that the pump runs according to a 
minimum solar radiation availability. Stagnation control prevents the STC fluid from reaching 
high temperatures (above 95°C). TES maximum temperature control avoids storage 
temperature reaching boiling conditions. 

PM1 modulation is driven by an equation that regulates the flow rate to maintain the required 
delta temperature between inlet and outlet flow temperature through the solar field. The control 
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signal to the pump is given by the combination of the activation condition and flow rate 
modulation. 

 
DHW AND COOLING/HEATING PRODUCTION:  

All five-staircase systems have an air-to-water polyvalent heat pump, which can provide 
domestic hot water and heating or cooling simultaneously. The system is with 4-pipes: two 
pipes for the DHW circuit and two for space heating and cooling. The heat pump is coupled 
to a buffer for domestic hot water (DHWs) on one side and on the other side to a buffer for 
heating and cooling (BUF). Heat pump, DHW buffer and Heating/Cooling buffer 
characteristics are reported in  
Table 4: 

 
Table 4 - DHW and circuit&C system components characteristics 

Polyvalent Heat Pump  Value 

Nominal Cooling capacity  80 kW 

Nominal Power Input  27.06 kW 

EER 2.94 

Nominal Heating capacity 84 kW 

Nominal Power Input 25.57 

COP 3.28 

DHW buffer  Value 

Storage capacity 1000 litres 

DHW Circuit  Value 

Number of twin pump for circulation 1 

Pump Max Flow Rate 14 mc/h 

Pump Head 12 mH2O 

Pump Power Input 2.5 kW 

H&C buffer  Value 

Storage capacity 500 litres 

Heating/Cooling Circuit Value 

Number of twin pump for circulation 1 

Pump Max Flow Rate 7.5 mc/h 

Pump Head 8 mH2O 

Pump Power Input 1.8 kW 

 

Two twin pumps (PM3 and PM4) run the DHW production and H&C circuits respectively 
(Figure 26). Pump scheme controls enable pumps to switch ON/OFF according to specific 
conditions: 
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• If DHW top water temperature drops below a set temperature, PM3 runs; 

• If BUF top water temperature drops below/above (winter/summer season) a set 
temperature, PM4 runs.   

The heat pumps activate when one of the two conditions is verified. 

 

 

Figure 26 - DHW and H&C circuits 

 

1.1.1.1 DHW and H&C distribution 

DHW DISTRIBUTION CIRCUIT (except staircase at the South end):  

A modulating pump (PM2) manages DHW distribution to the tanks of the ENERBOXX installed 
at dwelling level. Controls drive the pump activation according to the temperature difference 
between DHW storage and storages at dwelling levels (DHW storage temperature > Dwelling 
storage temperature) as well as the dwelling storage top temperatures (control for preventing 
boiling temperature). Pump PM2 manages the flow rate according to the number of storages 
at dwelling level that need to be supplied. Finally, diverter valves (V3, V4,…,etc) lead the flow 
rate to the corresponding dwelling storage that has to be charged. Figure 27 shows the layout 
of the DHW distribution system in the staircases without solar thermal panels. 

 

DHW DISTRIBUTION and RECIRCULATION CIRCUIT (South-oriented staircase):  

In order to maximize solar energy exploitation and avoid that TES is heated up by return water, 
a three-way valve (V2) drives the fluid to the TES or DHW storage based on the fluid return 
temperature. If the return fluid temperature is lower than the TES top temperature, the valve 
directs the fluid to the TES; otherwise, it runs the fluid to the lower portion of the DHW storage 
(Figure 28). 
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Figure 27 - DHW distribution circuit 

 

 

Figure 28 - DHW distribution circuit for South staircase system 

 

As show in Figure 29, in order to maximize solar energy harvesting, a recirculation mode is 
implemented. When TES top water temperature is greater than DHW top water temperature, 
PM2 starts running at full speed transferring thermal energy from TES storage to DHW ones. 

Recirculation mode brings two advantages:  

• it improves solar field efficiency by reducing the temperature in the storage tank, then the 
inlet fluid temperature to the collectors, and the energy losses of storage tanks; 

• Solar thermal energy can be stored in both TES and DHWs. 
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Figure 29 - Re-circulation for South staircase system 

 

HEATING AND COOLING DISTRIBUTION:  

A modulating pump (PM5) manages heating or cooling distribution to the dwellings through the 
“ENERBOXX” which leads the flow to the fan coils installed in the apartment (Table 5). The 
“ENERBOXX” plays a link between distribution at dwelling level and staircase level. 

PM5 sets the flow rate according to the number of dwellings that needs to be heated or cooled, 
while diverter valves (V5, V6, …,etc) lead the flow rate to the corresponding dwellings. 

 

 

Figure 30 – H&C distribution 
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Table 5 - Fan coil characteristics 

Fan coil  Value 

Number of device per apartment  5 

Nominal Thermal Power  1.050 W 

Nominal Cooling Power 1460 

Nominal Heating capacity 84 kW 

Total Number of device installed  400 

 

2.3 Comparison of energy demand and consumptions 

The energy savings of the building generated by the interventions on the envelope and HVAC 
systems, have been evaluated by means of dynamic simulations.  

2.3.1 Model of the building 

Energy models of buildings with several apartments could be time consuming and requiring 
high computational effort. A trade-off between a reliable representation of the building behavior 
and a feasible building model has been adopted for the Demo Case in Rome.  

As shown in Figure 31, only representative dwellings and staircases have been modelled, thus 
optimising the model by eliminating any redundancies. The model has 3 staircases (instead of 
5), the two external and one intermediate; 3 floors (first floor, fifth floor as representative of all 
the intermediate ones and the last one) and both apartments of each floor. Each dwelling is 
set up as a unique thermal zone as only one temperature and relative humidity measures are 
available from monitoring; only one sensor is used by the thermostat and thanks to the east-
west orientation. The selected apartments have been chosen in order to reproduce the energy 
behaviour of the whole building. The space in-between floors and staircases can be assumed 
with similar behaviour as the other intermediate ones. 

 

 

Figure 31 – 3D Sketch of the building model 

 

Figure 32 identifies the position of the apartments in the building that are listed by staircase 
and floor level (ground to roof). The modelled apartments are coloured in light yellow. 
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Figure 32 – Schematic of the building model simplification with the modelled apartments yellow coloured 

 

1.1.1.1 Boundary conditions 

Building geometry and walls construction are modelled as indicated in the Energy Audit2.  

In the post-retrofit scenario, two different insulation layers have been added to the existing 
structure. As also specified in section 2.2, the orange area of Figure 10 is 10 cm insulation 
layer, whose thermal conductivity is 0.033 W/(mK) and the red area is 8 cm insulation and 
thermal conductivity equal to 0.028 W/(mK). 

Layer thickness and thermal characteristics are summarized in Table 6. 

 

Table 6 – Insulation layers for the building after retrofit 

Surface Insulation typology Thermal conductivity Insulation layer thickness 

External walls Isover 0.033 W/(mK) 10 cm 

Roof/Ground floor Isover 0.033 W/(mK) 16 cm 

Balconies/windows Stiferite 0.028 W/(mK) 8 cm 

 

An average year climate conditions is used as weather profile for the Rome location that 
includes air temperature, relative humidity and solar radiation3. 

 

Table 7 – External weather conditions for building simulations in Rome  

MONTH Max Solar 
Radiation 

Average external 
temperature 

 [W/m²] [°C] 

January 504 7.8 

February 593 8.3 

 

2 CIRCE 2017, D5.1 – Energy Audits of the three demo cases, BuildHeat 
3 Meteonorm v6, http://www.meteonorm.com/ 

A16 A15 B16 B15 C16 C15 D16 D15 E16 E15

A14 A13 B14 B13 C14 C13 D14 D13 E14 E13

A12 A11 B12 B11 C12 C11 D12 D11 E12 E11

A10 A9 B10 B9 C10 C9 D10 D9 E10 E9

A8 A7 B8 B7 C8 C7 D8 D7 E8 E7

A6 A5 B6 B5 C6 C5 D6 D5 E6 E5

A4 A3 B4 B3 C4 C3 D4 D3 E4 E3

A2 A1 B2 B1 C2 C1 D2 D1 E2 E1

A B C D E

http://www.meteonorm.com/
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March 845 11.0 

April 877 13.5 

May 982 18.4 

June 977 21.8 

July 984 24.3 

August 927 24.6 

September 843 20.4 

October 735 17.3 

November 511 12.8 

December 425 9.3 

 

Internal gains are accounted as contribution due to the people occupancy and lighting and 
appliances use. In a multi-family house, due to the non-simultaneous behaviour of tenants, 
user profiles defined with stochastic trends are used4. Figure 33 and Figure 34 show the 
profiles of the 20 apartments, for occupancy and electricity consumption respectively. This 
methodology is appropriate for the energy modelling of buildings with many apartments 
avoiding using a single profile for all the users. 

Peak values for internal gains, set-point temperatures in winter and summer, infiltration and 
ventilation rates assumed for the simulations are summarized in Table 8. 

 

 

Figure 33 – Stochastically generated occupancy profile for a multi-family house with 20 occupants 

 

4 Widén, J. and E. Wäckelgård, A high-resolution stochastic model of domestic activity patterns and 
electricity demand. Applied Energy, 2010. 87: p. 1880-1892 
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Figure 34 – Stochastically generated internal gains profile for appliances for a multi-family house with 20 
occupants 

 

Table 8 – Boundary conditions for the building model 

Occupancy  Value 

Number of people per apartment  2 

Sensible Heat 65 W 

Latent Heat 55 W 

Occupancy Schedule See Figure 33 

Lighting  

Peak sensible heat 10 W/m² 

Stand-by sensible heat (min value) 2 W/m² 

Lighting schedule See Figure 34 

Infiltration and ventilation  

Infiltration flow rate  0.15 vol/h 

Ventilation flow rate (windows opening) 0.2 vo/h (Oct 1st – Apr 30th) 

Ventilation flow rate (windows opening) 0.6 vo/h (May 1st – Sep 30th) 

Mechanical ventilation 0.33 vol/h 

Set temperatures  

Season for space heating 31st Oct - 15th Apr 

Heating set temperature pre-retrofit 18.5 °C 
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Cooling set temperature pre-retrofit None 

Schedule space heating 6-22 h 

Heating set temperature post-retrofit 20°C 

Cooling set temperature post-retrofit 25°C 

Schedule H&C post-retrofit 0-24 h 

 

2.3.2 Evaluation of the energy demand  

1.1.1.1 Pre-intervention scenario 

For the existing building scenario, simulation results are compared to heating demand 
retrieved by energy bills. A summary of the actual dwellings energy use is drawn in Figure 35 
according to the apartments position as explained in Figure 32. Heating energy demand is 
mostly influenced by tenants behaviour and apartments orientation. As observed in Figure 35, 
some apartments (red coloured) are energy demanding, more than 100 kWh/(m²y) while others 
have very low heating demand – light blue -, less than 10 kWh/(m²y).  

Despite this energy use distribution, the average specific heating demand through the 
apartments is 53 kWh/(m²y). Apartments with less than 10 kWh/(m²y) are as assumed to be 
not occupied and not included in the calculated average. 

 

 

Figure 35 – Apartments energy demand retrieved by energy bills 

 

A parametric analysis has been carried out in order to identify a model which behavior is similar 
to the real building. The results are presented in Table 8, assuming the real heating period and 
daily schedule. 

The simulated heating demand is summarized in Figure 36. The difference with the real heating 
demand reported in Figure 35 is approx. 16%; the reasons for the discrepancy are: 

30 55 0 57 92 79 32 112 4 85

101 43 57 105 54 6 0 5 49 75

1 27 29 44 40 12 14 41 9 90

46 8 42 14 22 36 6 5 70 26

17 45 68 55 96 27 40 36 13 9

61 58 29 0 71 36 47 55 62 1

21 3 46 5 7 80 25 35 6 65

70 64 40 85 42 21 91 73 49 136

Heating demand from bills for the case pre-retrofit kWh/(m²y)

A B C D E

Average specific heating demand [kWh/(m²y)]

53.0
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• Uncertainty on the generation device efficiency and distribution system for the estimation 
of the actual demand from the energy bills; 

• Averaged demand neglecting dwellings supposed to be unoccupied (<10 kWh/(m²y)); 

• Assumption on the internal set temperature and infiltration/ventilation rates. 

 

At the time of this document, a more precise model calibration is not possible due to the low 
quality of the dwellings thermal consumption measurement. 

 

 

Figure 36 – Estimation of building heating demand before renovation works 

 

In Figure 36, the yellow cells are the modelled apartments while the white ones are 
interpolated. These results are used for the estimation of the energy savings of the building. 

Assuming the efficiency of the system as 0.8, generation and distribution included, the 
estimated building energy consumption is 76.6 kWh/(m²y), equal to a total of 546 MWh, as 
reported in Figure 36). All the apartments are assumed occupied and heated at the conditions 
of Table 8. 
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1.1.1.1 Post-intervention scenario 

The building energy demand after the retrofit interventions have been estimated from the 
existing building model with the addition of an insulation layer as defined in Table 6 and using 
the boundary conditions shown in Table 8. 

Some scenarios of the building use have been simulated to analyse tenant’s behaviour. For 
the sake of simplicity, here we report results for two representative scenarios, both with 
heating/cooling active 24 hours per day: 

• «Improved Comfort»: heating set-point at 20°C and a cooling set-point of 25°C 

• «Standard Comfort»: heating set-point at 18.5°C and a cooling set-point of 27°C 

 

The “Improved comfort” scenario is meant as assuring along the year the thermal comfort in 
the apartments; the “Standard comfort” scenario refers to the current living conditions. 

 

 

Figure 37 – Estimation of building heating and cooling demand post retrofit at “Improved comfort” 
conditions 

 

 

Figure 38 - Estimation of building heating and cooling demand post retrofit at “Standard comfort” 
conditions 

A B C D E

37 32 31 31 31 31 31 31 31 36 22 23 23 23 23 23 23 23 23 22

23 19 19 19 19 19 19 19 19 21 17 18 18 18 18 18 18 18 18 18

23 19 19 19 19 19 19 19 19 21 17 18 18 18 18 18 18 18 18 18

23 19 19 19 19 19 19 19 19 21 17 18 18 18 18 18 18 18 18 18

23 19 19 19 19 19 19 19 19 21 17 18 18 18 18 18 18 18 18 18

23 19 19 19 19 19 19 19 19 21 17 18 18 18 18 18 18 18 18 18

23 19 19 19 19 19 19 19 19 21 17 18 18 18 18 18 18 18 18 18

49 44 44 44 44 44 44 44 43 48 17 18 18 18 18 18 18 18 18 17

24.3 18.4

Total Heating Energy Demand [kWh/y]  Total Cooling Energy Demand [kWh/y]

172930 131313

Specific Heating Energy Demand [kWh/(m²y)] Specific Cooling Energy Demand [kWh/(m²y)]

Heating Energy Demand kWh/(m²y) Cooling Energy Demand [kWh/(m²y)]

A B C D E

A B C D E

29 24 24 24 24 24 24 24 23 28 14 15 15 15 15 15 15 15 15 14

16 13 13 13 13 13 13 13 13 15 11 11 11 11 11 11 11 11 11 11

16 13 13 13 13 13 13 13 13 15 11 11 11 11 11 11 11 11 11 11

16 13 13 13 13 13 13 13 13 15 11 11 11 11 11 11 11 11 11 11

16 13 13 13 13 13 13 13 13 15 11 11 11 11 11 11 11 11 11 11

16 13 13 13 13 13 13 13 13 15 11 11 11 11 11 11 11 11 11 11

16 13 13 13 13 13 13 13 13 15 11 11 11 11 11 11 11 11 11 11

38 34 33 33 33 33 33 33 33 37 9 9 9 9 9 9 9 9 10 9

17.6 11.4

Total Heating Energy Demand [kWh/y]  Total Cooling Energy Demand [kWh/y]

125420 81035

Specific Heating Energy Demand [kWh/(m²y)] Specific Cooling Energy Demand [kWh/(m²y)]

Heating Energy Demand [kWh/(m²y)] Cooling Energy Demand [kWh/(m²y)]

A B C D E
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The retrofit intervention on the building envelope can significantly reduce the current building 
heating demands. In the case that the tenants do not change their behaviour and maintain an 
average internal temperature of 18.5°C, the savings for space heating can achieve 71%. 
However, if a retrofitted building means an improvement on the thermal comfort too, savings 
for heating demand decrease to 60%. 

In the “Improved comfort” conditions, the cooling demand with an internal set-point 
temperature of 25°C, is 18.4 kWh/(m²y); in the “Standard comfort” scenario, with set point at 
27°C, the cooling demand is 11.4 kWh/m². 

 

2.3.3 Evaluation of the energy consumption of the building 

The HVAC system is modelled according to the scheme in Figure 24. The numerical model is 
developed in TRNSYS5 and each component of the energy plant has been simulated, including 
the control strategies.  

Each staircase has its own heat pump and storage tanks for the DHW and H&C. In addition, 
the South-oriented staircase has a solar thermal field. This last case is the one that has been 
modeled and whose performance are reported.  

As shown in Figure 39, heating and cooling energy demands for apartment E8 and E7 have 
been associated to “internal” apartments (grey) and “external” apartments (light blue) 
respectively.  

 

 

Figure 39 – Scheme of the staircases: HVAC is modelled for the apartments in red and the results of E8 
and E7 associated to the apartments in blue 

 

The modelling of the whole system and the implementation of the control strategies allow to 
predict the building consumption, assuming a certain users behavior. 

For space heating and cooling, the reported results refer to the case “Best conditions”. In the 
model due to the presence of the solar thermal field, also the DHW consumption is simulated. 
Table 9 reports the obtained results for covering space heating, cooling and DHW demands. 

 

5 Klein, S.A., Beckham, W.A., Mitchell, D.W., TRNSYS 17.1: A Transient System Simula-tion Program, Solar Energy 

Laboratory, University of Wisconsin, Madison, USA, 2010 

A16 A15 B16 B15 C16 C15 D16 D15 E16 E15
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A8 A7 B8 B7 C8 C7 D8 D7 E8 E7

A6 A5 B6 B5 C6 C5 D6 D5 E6 E5

A4 A3 B4 B3 C4 C3 D4 D3 E4 E3

A2 A1 B2 B1 C2 C1 D2 D1 E2 E1

A B C D E
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The first section of the table refers to the solar field performance: 60% of the DHW demand is 
covered by the solar thermal field whose yearly efficiency amounts to 24%. 

The heat pump (HP) COP for heating production (space heating + DHW as the set temperature 
is the same, 45°C) is around 3.19 and the yearly electricity amounts to 4’361 kWh. The retrofit 
case has an additional amount of electricity consumption due to space cooling. Thanks to the 
EER of 4.05, the total electricity consumption for all the apartments is 6’470 kWh. 

 

Table 9 – Summary of space heating, cooling and DHW production consumption for the renovated case 

Solar energy Unit Value 

Solar energy from solar field kWh/year 24642 

Solar field efficiency % 23.9 

Available heat from solar field to DHW use kWh/year 23807 

   

DHW    

Thermal energy from HP for DHW use kWh/year 13912 

Electricity energy for DHW kWh/year 4361 

   

SPACE HEATING   

Thermal energy for heating from HP kWh/year 34603 

Electric energy for heating - HP kWh/year 10847 

COP - 3.19 

   

SPACE COOLING   

Thermal energy for cooling from HP kWh/year 26202 

Electric energy for cooling - HP kWh/year 6470 

EER - 4.05 

 

Gas energy consumption cannot be directly compared to electricity consumption; therefore, 
savings are calculated in terms of costs of energy. Assuming a cost of gas equal to 0.093 
€/kWh and of electricity equal to 0.20 €/kWh, energy costs dived by energy use and total are 
reported in Table 10. The results consider also the case in which a solar thermal field is not 
present. 

The change of the generation system only brings savings around 43% of the total costs of 
energy for DHW use. When implementing intervention on the envelope too and installing a 
solar thermal system, savings can achieve 95%, both for DHW and space heating. Despite the 
additional cost of electricity for space cooling, total costs savings for all the building uses can 
be reduced of 93% if a solar thermal system is adopted or 89% if not. 

  



 

 

www.BuildHeat.eu  Page 36 of 112 

Table 10 – Comparison of final energy costs pre and after retrofit, and savings 

Energy Use Pre-retrofit Post retrofit Savings 

DHW with solar energy system 
€ 4,127 

€ 174 95.8% 

DHW w/o solar energy system € 2,365 42.7% 

Space heating  € 50,743   € 2,170  95.7% 

Space cooling  €  -     € 1,294 -  

TOTAL with solar energy system 
€ 54,870 

€ 3,637 93.4% 

TOTAL w/o solar energy system € 5,828 89.4% 
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3 Zaragoza case study 

3.1 Building status before renovation 

3.1.1 BUILDING DESCRIPTION 

The building was built in 1990 and is managed by companies’ affiliates to Zaragoza Vivienda 
(ZAVI), a BuildHEAT partner, which is now responsible for this Demo Case (DC) refurbishment 
and for the Demo Case Team (DCT). 

The DC is a 3 storeys building with a ground floor and an underground car park level located 
in Calle Maestro Telleria. 53 dwellings are distributed in 5 staircases and are all ZAVI property.  

 

 

Figure 40 – Zaragoza CS - Exterior view  

 

The building is a linear block with the main façades facing North and South. Rooms and spaces 
used during the daytime, such as kitchen and living rooms, are mainly South facing, with 
balconies at all floors. Bedrooms are usually located on the north side of the building, where 
the façade is mostly a masonry wall with smaller windows. 
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Figure 41 – Zaragoza CS - Exterior view  

The dwellings are distributed in 5 blocks (12-14-16-18-20) and are similar in plan and elevation. 
The only difference is at the ground floor, due to the access to the garage and to the technical 
rooms. 

 

Basement: garage not used, storage rooms and technical rooms. 

 

Figure 42 – Zaragoza CS - Basement  

 

Ground floor: entrance hall, room with electrical and water meters. In the staircases at the 
opposite ends of the building, external areas have been created under the portico. In these 2 
staircases there is only one dwelling at the ground floor with 3 bedrooms. In the other three 
portals 2 dwellings are located at the ground floor: one with 3 bedrooms and one with 4 
bedrooms respectively. 
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Figure 43 – Zaragoza CS – Ground floor  

 

Floor 1ª, 2ª, 3ª: 3 dwellings per floor. Two of them (A and C) of 3 bedrooms and exposed both 
to North South and one dwelling (B) with 2 bedrooms exposed to South. 

 

3.1.2 BUILDING CONSTRUCTION 

• Foundation and main structure in reinforced concrete. 

• Masonry facade is composed by the following layers, outside to inside: 12 cm outer bricks 
layer, 4 cm glass fibre panels, 5 cm inner brick layer covered with plaster. Exterior 
framework edges (painted concrete). 

• Windows made of anodised aluminium without thermal break (7cm thick frame), except 
doors that are in painted steel. Windows are double glazed 4/6/4 except in stairs and 
entrance doors to the buildings, that are 6 mm single glazed. In 6 of the 53 dwellings double 
glazed windows have been replaced in the North façade to mitigate air infiltrations due to 
wind pressure. 

• PVC roller blinds. 

• Overhangs in terraces orientated to the South for shading in summer 

• Ceramic lattice in terrace zones. 

• Sloping roof clad with ceramic shingles. 

 

3.1.3 BUILDING SERVICES 

Electricity is the only energy source of the building. 

Individual DHW is produced by electrical boilers, mostly of 50 litres capacity. Heating is 
generated by radiators and electrical heaters. An extensive use of catalytic butane heaters is 
present. Only two apartments have air conditioning machines. 
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Figure 44 – Boiler for DHW (left); Radiators (right)  

 

Moreover, the building hasn’t got elevators which means that the common electrical 
consumptions are limited to lighting of common areas and water pumps.  
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Figure 45 – Zaragoza CS elevations and plans   

3.2 Building Renovation 

The interventions for Zaragoza case study building has been the followings: 

• Renovation of the building envelope, including windows 

• Installation of Photovoltaic (PV) and Solar thermal collectors (STC), partially integrated in 
the new façade system 

• Heating system with heat pumps 

 

3.2.1 Renovation of the building envelope 

The intervention of renovation of the building envelope included different typologies of new 
façade solutions. The figures below show the elevations of the Zaragoza DC with the 
identification of the different façade systems:  

• in green: external insulation with reflective coating (ETICS); 

• in light orange: external insulation with reflective coating (ETICS); 

• in orange: insulation insufflated in cavity walls; 

• in light violet: PV panels on the roof; 

• in violet: BuidHeat facade system with PV panels; 

• in blue: BuidHeat facade system with finish panel (Corian). 



 

 

www.BuildHeat.eu  Page 42 of 112 

 

Figure 46 – Zaragoza CS – North elevation of the renovation project 

 

 

Figure 47 – Zaragoza CS - South elevation of the renovation project 

 

 

Figure 48 – Zaragoza CS – East and West elevation of the renovation project 

 

The refurbishment works started in January of 2018. As shown on the elevations above, the 
planned interventions for the building envelope has been the followings. 

 

North facade: additional external insulation (ETICS 10cm; λ=0,037W/m2K) with coating paint 
supplied by MIG. 

  

Figure 49 – Zaragoza CS new north facade construction design (left) and site works (right) 
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South facade: two design solutions, as described in Figure 47.  

• 1st and 2nd floor: on central walls, where there are no balconies, external insulation (ETICS 
10cm; λ=0,037W/m2K) with coating paint supplied by MIG. 

• In the remaining areas of the facade, rockwool insufflated in cavity walls, where accessible. 
In order to avoid thermal bridges at the wall-to-floor connection, rockwool (6cm; 
λ=0,034W/m2K) will be installed in the false ceiling under the terraces. 

 

East facade: three design solutions, as described in Figure 48 and Figure 50. 

• Ground floor: existing bricks facade without intervention, as it is the enclosure of not heated 
spaces. 

• 1st 2nd and 3rd floor: BuidHeat façade with the following layers: MIG paint applied to the 
existing bricks; rock wool (12cm; λ=0,034W/m2K) installed on the existing facade after the 
Halfen anchors to create the new thermal line of the building and avoid thermal bridges; 
rock-wool (6cm; λ=0,034W/m2K), air cavity (2cm) and CORIAN “Glazier White” as cladding 
panel. In this facade, 16 PV panels will be installed and connected to the heat pump of two 
flats. 

• Side roof wall: external insulation (ETICS 10cm; λ=0,037W/m2K) with coating paint 
supplied by MIG. 

 

 

Figure 50 – Zaragoza CS new east facade construction (top) and site works (bottom) 
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West facade: two design solutions, as described in Figure 48 and Figure 51. 

• 1st 2nd and 3rd floor: BuidHeat façade with the following layers: MIG paint applied to the 
existing bricks; rock wool (12cm; λ=0,034W/m2K) installed on the existing facade after the 
Halfen anchors to create the new thermal line of the building and avoid thermal bridges; 
rock-wool (6cm; λ=0,034W/m2K), air cavity (2cm) and CORIAN “Glazier White” as cladding 
panel. In this facade, 16 PV panels will be installed and connected to the heat pump of two 
flats. 

• Side roof wall: external insulation (ETICS 10cm; λ=0,037W/m2K) with coating paint 
supplied by MIG. 

 

Figure 51 – Zaragoza CS new west facade 

 

Basement and ground floor ceilings:  

• The ceiling of the basement is insulated with rock wool panels to be installed under the 
slab (6cm; λ=0,034W/m2K) 

• Inside the false ceiling of the ground floor, rockwool will be insufflated in the existing cavity 
(15cm; λ=0,038W/m2K) 

 

 



 

 

www.BuildHeat.eu  Page 45 of 112 

 

Figure 52 – Zaragoza CS new basement and ground floor ceiling construction (top) and site works 
(bottom) 

 

Roof:   

• Rockwool (20cm; λ=0,038W/m2K) is positioned above the existing insulation (fiberglass 
6cm) on top of the slab. It is insufflated as shown in Figure 53. 

 

 

 

Figure 53 – Zaragoza CS new under roof stratigraphy (top); image (bottom) 
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Under the terraces and flats with exterior floor: 

• Inside the false ceiling of the flats under the terraces, rockwool will be insufflated in the 
existing cavity (15cm; λ=0,038W/m2K) 

• Under the slab of the 1st floor, external insulation (ETICS 10cm; λ=0,037W/m2K) with 
coating paint supplied by MIG will be installed.  

 

Windows and doors: 

• All the external windows have been removed and replaced with new ones with high 
performance, as described in Figure 54, left hand picture. 

 

    

Figure 54 – Zaragoza CS new windows 

 

3.2.2 Building services 

The renovation intervention foreseen the replacement of electrical heaters and radiators with 
ELFOPack units by Clivet, that have been already installed in the building. The system is an 
air to air multifunction heat pump which can satisfy the domestic hot water (DHW) needs of 
dwellers, thanks to the 180 l water storage, as well as the thermal loads for air conditioning. In 
fact, ELFOPack provides both heating in winter and cooling and dehumidification in summer 
and the supply of air renewal necessary to guarantee the comfort for the dwellers. Furthermore, 
the unit, thanks to the free-cooling and free-heating mode, can provide comfort conditions also 
in the mid seasons without increasing the energy consumption.  

ELFOPack is a plug and play solution, so its installation will cause minimum disruption to the 
tenants during the refurbishment works.  

In the Zaragoza DC project, an air distribution system, ELFOAir, was designed and installed. 
It’s a traditional air distribution system designed with the aim of reducing the pressure drop 
along the lines and guarantee the optimum distribution of air to the rooms. A new false ceiling 
will be installed in the dwellings for integration of the ELFOAir system. 

The ELFOPacks that was installed in the dwellings are not standard units: in each unit was 
provided an innovative multi-control inverter (MCI), designed by Circe, able to manage in the 
most efficient way the power flux from the grid and from PV panels that are placed on the east 
and the west façade and on the roof.  
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Figure 55 – ELFOPack with MCI 

The MCI has required to undertake a certification process for low-voltage safety and 
electromagnetic compatibility. In case the certification will not be obtained in time for the end 
of the project, a standard inverter available on the market will be installed. 

In order to propose a completely decentralized solution system, each dwelling has its own PV 
panels and ELFOPack unit. 

In this way during the day the system can be powered up by sun reducing the electrical 
consumption from grid. This solution helps to further reduce the primary energy consumption, 
which is already very low for heat pumps, if compared to electric boilers and radiators 
previously installed in Zaragoza case study building.  

Furthermore, the system is optimized also for sun power peaks. Due to Spanish regulation 
limits, in presence of an excess of energy generated by PVs compared to ELFOPack 
consumptions, the available energy is not fed into the grid, but stored into the ELFOPack 
thanks to an electrical resistance in its storage able to reduce the on time of the compressor. 
This solution can have interesting application with the increase of renewable energy shares in 
the grid, because it’s very cheap compared to traditional electrical storage. 

 

 

Figure 56 – Zaragoza CS new roof PV panels 

Nevertheless, an empty dwelling has been used as mock-up apartments to test ELFOAir and 
ELFOPack. The testing process allowed to check and solve all the possible issues realted with 
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installation works and commissioning. Once ELFOAir is installed the installation and 
commissioning of the ELFOPack is very fast and easy, as it is a plug and play unit.  

In Figure 57 some photos of the first installation test are reported. 

 

   

  

  

Figure 57 – Zaragoza DC existing and new building services 

 

With the ELFOPack + ELFOAir system the renewal flow rate for dwellings is 100 m3/h. The 
inlet air from outside is supplied to the rooms after filtering and treatments, while the exhaust 
air extraction is in bathrooms and kitchens (Figure 58). This allows to increase the comfort in 
the living rooms with a correct ventilation flow and air renewal for the dwellings. 

The air is supplied through grilles into the rooms by a distribution box located in the false ceiling 
and connected to the air supply ducts coming from the unit. The exhaust air is mixed into a 
distribution box which gets to the unit before leaving the dwelling through an outlet duct. 
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The schematic project of ELFOPack + ELFOAir system is reported in Figure 58. 

 

 

Figure 58 – Zaragoza DC | building services schematic project 

 

3.3 Comparison of energy demand and consumptions 

3.3.1 Model of the building 

Energy models of buildings with several apartments could be time consuming and requiring 
high computational effort. Due to the geometry of the building, with balconies, overhangs and 
façade recesses, the four floors are all modelled. However, the layout allows to study 
representative apartments and assume the others having a similar behavior. Figure 59 shows 
the first floor of the building, as developed into the simulation model, with a simplified thermal 
zone in the central area of the building and a detailed modelling of the apartments on the 
opposite ends of the building.  

 

 

Figure 59 – Plan of first floor and indication of the modelling simplification 
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Figure 60 – 3D model - view of the North façade 

 

 

Figure 61 – 3D model - view of the South façade 

 

Figure 62 describes how the apartments are named in the following paragraphs. The yellow 
cells represent the apartments simulated in the next steps of the analyses. 

 

 

Figure 62 - Scheme of the building model. The yellow apartments have been simulated 

 

1.1.1.1 Boundary conditions 

Building geometry and walls construction are modelled as described in the Energy Audit6.  

In the post-retrofit scenario, the energy model was developed as per the description in section 
2.3.1. 

An average year climate conditions is used as weather profile for the Zaragoza location that 
includes air temperature, relative humidity and solar radiation7. Table 11 reports the maximum 
monthly solar radiation value and the average monthly external temperature. 

 

 

6 CIRCE 2017, D5.1 – Energy Audits of the three demo cases, BuildHeat 
7 Meteonorm v6 http://www.meteonorm.com/ 

3F12 3F3 3F45 3F78 3F9 3F1011

2F12 2F3 2F45 2F78 2F9 2F1011

1F12 1F3 1F45 1F78 1F9 1F1011

GF12 GF3 GF67

3F6

2F6

1F6

GF4 GF5

http://www.meteonorm.com/
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Table 11 – External weather conditions for building simulations in Zaragoza  

MONTH Max Solar 
Radiation 

Average external 
temperature 

 [W/m²] [°C] 

January 533 6.2 

February 710 7.9 

March 865 11.4 

April 902 13.6 

May 973 18.2 

June 1018 22.9 

July 1012 24.9 

August 949 24.5 

September 875 20.1 

October 727 16.2 

November 538 10.0 

December 450 6.2 

 

Internal gains are accounted as contribution due to people occupancy, lighting and appliances 
use. In a multi-family house, due to the non-simultaneous behaviour of tenants, profiles defined 
with stochastic trends are used8. For the appliances, same electric consumption distribution 
as in the Rome demo case has been adopted (Figure 34); current yearly overall consumption 
has been calculated on the basis of electric bills of the demo case. 

Peak values for internal gains, set-point temperatures in winter and summer, infiltration and 
ventilation rates assumed for the simulations are summarized in Table 12. 

 

 

Table 12 – Boundary conditions for the building model 

Occupancy  Value 

Number of people per apartment  2-4 

Sensible Heat 65 W 

Latent Heat 55 W 

Lighting  

Peak sensible heat 11 W/m² 

Lighting schedule See Figure 34 

 

8 Widén, J. and E. Wäckelgård, A high-resolution stochastic model of domestic activity patterns and electricity 
demand. Applied Energy, 2010. 87: p. 1880-1892 
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Infiltration and ventilation  

Infiltration flow rate  0.10 vol/h 

Natural Ventilation flow rate (pre-retrofit) 0.3 vo/h  

Mechanical ventilation flow rate (post retrofit) 100 – 400 kg/hr 

Set temperatures  

Season for space heating 1st Oct - 30th Apr 

Heating set temperature pre-retrofit 20 / 20 – 18 / 18 – 17°C 

Cooling set temperature pre-retrofit None 

Schedule space heating 0-24 h 

Heating set temperature post-retrofit 20°C 

Cooling set temperature post-retrofit 25°C 

Schedule H&C post-retrofit 0-24 h 

 

3.3.2 Evaluation of the energy demand  

1.1.1.1 Pre-intervention scenario 

For the existing building scenario, simulation results for the whole building are compared to 
electric consumption obtained by energy bills. Space heating is provided by electric heaters, 
therefore the energy demand can be assumed to be the same as the consumption.  

Available data on the apartments’ energy consumption are the bills of 62% of the apartments. 
The definition of the energy demand shares between appliances/lighting, heating and DHW is 
made using [9]. Table 13 shows the estimated space heating demand, approx. 27 kWh/(m²y). 

 

Table 13 – Energy demand of the apartments as retrieved by the energy bills 
 

Value 
Average 
total 
electricity 

Specific 
average 
tot electr. 

Electricity 
for Heating 

Electricity 
for DHW 

Specific 
heating 
use 

Specific 
DHW 
use 

 [m²] [kWh] [kWh/m²] [kWh] [kWh] [kWh/m²] [kWh/m²] 

From 
available bills 
(62% of 
dwellings)  

2399 133,283 55.56 62,643 25,190 26.1 10.50 

Estimation 
for all the 
dwellings 

3860 220,828 57.21 103,789.5 41,737 26.9 10.81 

 

 

9 Análisis del consumo energetico del sector residencial en Espana, pag. 56, 
(http://www.idae.es/uploads/documentos/documentos_Informe_SPAHOUSEC_ACC_f68291a3.pdf) 

http://www.idae.es/uploads/documentos/documentos_Informe_SPAHOUSEC_ACC_f68291a3.pdf
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Due to the tenant’s behaviour and the typology of heating devices, it could be assumed that 
temperatures lower than the standard 20°C may occur. Therefore, three scenarios have been 
analysed in order to estimate the energy demand. 

The three scenarios are: 

1. Set-point temperature for heating at 18°C during the day and 17°C during night; 

2. Set-point temperature for heating at 20°C during the day and 18°C during night; 

3. Set-point temperature for heating at 20°C during the whole day. 

 

The first case is representative of the current building use. The annual heating demand 
averaged through all the apartments is 35 kWh/(m²y) (see Figure 63), a value higher than the 
one retrieved from the bills. The reason for this discrepancy could be the different temperatures 
between rooms (only one room per time is heated up), the uncertain share between the 
different uses – appliances/lighting, space heating and DHW and the assumptions made on 
infiltration and ventilation rates. At the time of the study, monitoring data were still limited to 
allow for model’s calibration. 

Results for scenario 2 and 3 are reported in Figure 64 and Figure 65 respectively. Despite the 
scenario 3 is the most demanding one, the yearly heating demand is less than 60 kWh/(m²y), 
thus limited for an existing building. In fact, walls are characterized by constructions with good 
thermal performance (see section 3.1). 

 

 

Figure 63 – Scenario 1 - Estimation of building heating demand before renovation works (17 °C during the 
night, 18°C during the day) 

 

42 32 46 33 33 33 33 33 33 33 33 33 46 31 44

35 22 38 27 27 27 27 27 27 27 27 27 40 25 39

47 31 39 26 26 26 26 26 26 26 26 26 41 37 41

64 47 42 53 43 43 43 67

C B A C B A C B A C B A C B A

Building Total Heating Energy Demand (MWh/y)

159
Building Average Heating Energy Demand (kWh/m2y)

35.3

Heating Energy Demand

n 12 n 14 n 16 n 18 n 20
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Figure 64 – Scenario 2 - Estimation of building heating demand before renovation works (18 °C during the 
night, 20°C during the day) 

 

 

Figure 65 – Scenario 3 - Estimation of building heating demand before renovation works (20 °C constant) 

 

In order to understand the different heating demand profile of dwellings with different location, 
orientation and area, the monthly heating demand of the yellow-marked apartments in Figure 
62 are reported in Figure 66. Dwellings exposed on multiple sides of the building have heating 
demands up to double of the internal ones. 

52 41 57 42 42 42 42 42 42 42 42 42 56 40 55

44 29 48 36 36 36 36 36 36 36 36 36 50 34 49

58 40 49 34 34 34 34 34 34 34 34 34 52 47 52

79 59 53 53 54 54 54 82

C B A C B A C B A C B A C B A

Heating Energy Demand

n 12 n 14 n 16 n 18 n 20

Building Total Heating Energy Demand [MWh/y]
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Heating Energy Demand
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Building Total Heating Energy Demand (MWh/y)
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Building Average Heating Energy Demand (kWh/m2y)
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Figure 66 – Monthly heating demand of dwellings with different location, orientation and area; existing 
case and set temperature at 20°C. 

 

1.1.1.1 Post-intervention scenario 

The building energy demand after the retrofit interventions has been estimated for a set-point 
temperature of 20°C for heating and 25°C for cooling. 

Concerning the modelling of the mechanical ventilation, the building simulation accounts for 
the use of the ElfoPack and then for two different air supply rates for the conditioning mode 
and for the ventilation only mode. The ElfoPack supplies 100 kg/h of fresh air during the whole 
day. In case of cooling or heating need, the ventilation flow rate may increase up to 400 kg/hr 
and is cooled/heated before being supplied into the rooms. The additional 300 kg/h come from 
the internal air. 

The building energy demands are reported in Figure 67; the yearly heating demand of the 
whole building is 14.9 kWh/m²y. As the ElfoPack is also used for cooling, cooling demands are 
calculated and reported in Figure 68. Apartments are coloured by cooling demand: from the 
most demanding in red to the lowest in blue. 
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Figure 67 - Post retrofit interventions (set point temperature at 20°C) - Estimation of building heating 
demand. 

 

 

Figure 68 - Post retrofit interventions (set point temperature at 25°C) - Estimation of building cooling 
demand 

 

The retrofit interventions on the building envelope and the use of a mechanical ventilation can 
reduce the current heating demand by 75% if compared with the existing building with an 
assumed set point temperature for heating at 20°C. 

The implementation of a cooling system improves the internal thermal comfort but generates 
an additional energy demand. The cooling demand in the building after retrofit is 12.8 
kWh/(m²y) (see Figure 68). 
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3.3.3 Evaluation of the energy consumption of the building 

As mentioned in the previous section, the ElfoPack is used as the only HVAC system and 
includes a ventilation unit for mechanical ventilation and air conditioning, and the DHW 
production. 

Electric consumption is calculated based on the efficiencies reported on the ElfoPack 
datasheet and accounting for the energy uses profiles. 

The advantage of using the ElfoPack is the possibility to produce DHW during summer without 
any energy consumption (except for the hydraulic pumps) because the heat generated by the 
cooling unit is recovered for DHW production.  

Table 14 summarizes thermal and electric energy consumptions for heating, cooling and DHW, 
pre and post retrofit. 

The retrofit interventions on the building envelope and the ventilation system reduce the 
heating consumption by 75% while generating a cooling demand. 

The new system can reduce the consumption for electricity for DHW production up to 81% 
thanks to the heat recovery during the summer period. Energy saving for space heating is 93% 
thanks to the reduction of the heating demand and the high generation efficiency of the unit.  

The total energy consumption was calculated, accounting for overall savings of 84% compared 
to the pre-interventions conditions of the building. However, the new consumptions for 
ventilation (ELfo pack fans) are approx. 11.5 kWh/m², thus bringing the energy savings with 
respect to the existing building scenario to 69%. 

 

Table 14 – Post-retrofit interventions - Energy consumptions for space heating/cooling and DHW 

DHW  Unit PRE POST SAVINGS 

Thermal energy for DHW use kWh/(m²y) 20 20 0% 

Electric energy for DHW kWh/(m²y) 20 3.7 81% 

SPACE HEATING     

Thermal energy for heating  kWh/(m²y) 58.7 14.9 75% 

Electric energy for heating  kWh/(m²y) 58.7 3.9 93% 

Eff. / COP - 1 3.83  

SPACE COOLING     

Thermal energy for cooling  kWh/(m²y) -  12.8 -  

Electric energy for cooling  kWh/(m²y) -  5.0 -  

EER - - 2.53  

TOTAL     

Electric energy kWh/(m²y) 78.7 12.6 84% 

Electric energy + ventilation kWh/(m²y) 78.7 24.1 69% 
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4 Salford case study 

4.1 Building status before renovation 

Albion Tower is a 15 stories residential tower block built in the 1970s and constructed using 
the Bison large format concrete panel system.  

 

 

Figure 69 – The demo case building in Salford 

 

Located in Salford in the North West of England, the building comprises of 100 dwellings. 
These are broken down into 32 56m2 1 bed flat, 67 80m2 2 bed flats and 1 80m2 apartment 
currently used as an office. 

The building contains 7232m2 of heated, habitable space and a further 2344m2 of corridors 
and basement space. 
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Figure 70 – The demo case area in Salford 

 

The building itself and vast majority of dwellings are owned and managed by Salix Homes Ltd, 
a registered provider of socially housing in the UK. There are, however a number of 
leaseholder property owners (circa 20) who are responsible for the maintenance and upkeep 
of their own dwellings but who are required to contribute and participate in the management 
and improvement of services affecting the building as a whole.  

 

 

Figure 71 –Salford CS – Typical floor plan 

 

The Energy Performance Certificates for the dwellings within Albion Tower vary in terms of the 
primary energy requirement for space heating and domestic hot water provision, but an 
average of 6,500kWh is a robust estimate. 
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The building was characterized by very poor thermal performance with the external envelope 
scoring the lowest possible rating in the Energy Performance Certificate assessment. The 
individual gas combi-boiler heating systems, low energy lighting and double glazed windows 
bring up the energy performance rating of these dwellings. 

 

 

Figure 72 –Salford CS – EPCs 

 

The building has only undergone regular property maintenance interventions such as kitchen 
and bathroom replacement programmed along with a window upgrade around the year 2000. 
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4.2 Building Renovation 

The planned interventions on Albion Tower were: 

• Installation of a new heating system 

• Renovation of the building envelope including windows  

4.2.1 Renovation of the building heating system 

Following the Grenfell Tower fire in the summer of 2017, it was decided that on safety grounds, 
individual gas heating systems were to be removed from Salix Homes’ tower blocks as a matter 
of urgency. 

The BuildHeat proposal involved the installation of a shared loop GSHP heating system as 
opposed to other forms of wet communal or direct electric heating technologies. 

Based on past experience of operating wet communal heating systems in other tower blocks, 
Salix Homes discounted this technology meaning the only viable alternative was a direct 
electric system. 

Again, based on customer feedback, direct electric systems were ruled out due to high running 
costs, poor controllability and resident consultation exercises. 

The shared loop proposal (originally intended to be installed in conjunction with Pink 
Ennerboxx hot water storage and Schneider monitoring and control devices) allows Salix 
Homes to remove gas from the tower block, avoid the heat metering, monitoring and billing 
requirements of the Energy Efficiency Directive that are associated with wet communal heating 
systems and provide to occupants a low running cost alternative given that a low running cost 
system was being removed. 

 

 

Figure 73 –Salford CS – SCHEMATIC OF THE SHARED LOOP SYSTEM 
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The heat pump units used on this project are manufactured by Heliotherm and are connected 
to a Rygan ground collector. 

 

Figure 74 –Salford CS – Rygan System 
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Due to the Enerboxx not holding the necessary certification to allow installation in the UK 
market, an alternative hot water storage product was designed and used, namely a 120l 
unvented cylinder manufactured by World Heat. 

 

 

Figure 75 –Salford CS – Cylinder drawing 

 

The design of the heating system, undertaken by Ground Heat Installations Ltd incorporates 
individual 1-6.8kw inverter drive GSHPs fitted one to each dwelling connected to four 
hydraulically balanced riser systems. 

Sizing of heat pumps and radiators will have followed the strict guidelines as laid out by MCS 
and the approach to calculating heat loss as required by MIS3005. 

Within the basement would be located a plant room housing riser distribution system to the 
four individual riser systems enabling each riser to be independently controlled appertaining to 
the GSHPs it serves. Six circulation pump sets would also be fitted within the basement central 
plant room.  

14 183m vertical bore holes would be installed to supply the brine riser system. 

Apartment heating systems 

Installation of new oversized Stelrad radiators replacing existing. Radiators have a design run 
temp of 45deg at peak times. Alteration of existing copper pipe work to accommodate new 
radiator sizing. All radiators having thermostatic radiators valves fitted with full through pipe 
work loop to furthest radiator. 

New 120ltr unvented DHW cylinder to be fitted to cupboard including potable pressure vessel 
and discharge pipe work, new flow and return circuit pipe work to be fitted from GSHP position 
back to cupboard fitting new pipe work at high level. Heating expansion vessel to be fitted to 
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DHW cylinder cupboard complete with heating filling loop and discharge pipe work. New 
central discharge pipe work to be fitted to riser cupboard. 

Heliotherm 1-6kw SMS ground source heat pump to be fitted in place of existing gas boiler. 
SMS to be fixed to wall using rubber spacers to break direct contact with concrete wall. Existing 
heating circuit pipe work and domestic hot and cold supply pipe work to be altered to serve 
DHW cylinder. 

Simple Room thermostat to be fitted to central hall area / or lounge for heating control. Although 
timed DHW programming is available it has been recommended to allow priority DHW 24/7. 

Heliotherm SMS 1-6 to have web access control for both engineer and client to monitor and 
control remotely. The Heliotherm SMS has RHI calorific and electrical consumption meters 
built within the unit , this data can be collated online through the Heliotherm portal for recording 
periodic data. The Heliotherm SMS has a data bank recording all parameters for up to three 
years. 

New Comms electrical circuit to be fitted to each riser system for individual GSHP connectivity. 

New web portal system fitted, each GSHP shall have Comms cable wired back to basement 
and terminated at Comms cabinet, new ethernet cable being fitted back to Albion Towers office 
to pick up the client’s own router. New electrical circuit from resident’s consumer unit to new 
GSHP to be fitted at high level and cased  

Radiator Specification - All radiators to be Stelrad K2 

One bedroom apartments 

Lounge. 600 x 2200 

Hall 600 x 700 

kitchen 600 x 1200 

Bedroom 1. 600 x 1200 

Bedroom hall 600 x 400 

Bathroom 600 x 500 

Two bedroom apartments 

Lounge. 600 x 2400 

Hall. 600 x 400 

Kitchen. 600 x 1100 

Bedroom 1. 600 x 1100 

Bedroom 2. 600 x 1200 

Bedroom hall 600 x 400 

Brine distribution 

Albion Tower shall have four brine distribution riser circuits. All pipe work, fittings and fixing 
brackets to be stainless steel and press fit fittings. Each riser shall terminate within the 
basement plant room. Concrete diamond drilling to floor slab in apartments using Hilti water 
management system. Core holes shall be 2 x 100mm diameter and 1 x 50mm diameter. 
Temporary fire stopping shall be fitted during installation process to all penetrations through 
floors and walls. Permanent fire stopping shall be fitted using Hilti products on completion of 
each riser system. 
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All riser pipe work shall have class O water resistant insulation fitted with all joints sealed. 
Isolation valves for service and maintenance to basement being fitted. Isolation valves, 
balancing valves and NRVs to be fitted to source supply draw off points to each apartment. 
Pressure gauges to be positioned at top and bottom of each riser. An automatic brine filling 
system shall be fitted to basement with a brine supply service tank supplying the auto fill 
system. Each riser system to be pressure tested and commissioned calibrating correct flow 
rates and water treatment certification issued on completion. 

Basement plant room 

Albion Tower basement shall house the riser distribution system fitting to rear central chamber. 

Horizontal stainless-steel pipe work to be fitted to below riser compartment positions within 
basement. Four risers in total being fitted at one to each side of the block and two in the centre 
of the block. All pipe work to be insulated using class O water resistant insulation. 

Brine distribution center fitted to central chamber within basement supplying each riser, each 
riser to have brine circulation pump sets fitted. Isolation valves, pressure gauges, dirt 
separators to be fitted within plant room to each riser. 300ltr header to be fitted to connect to 
two bore connectors from the bore field. 

Bore field 

The bore field shall consist of 14 x 183m deep x 153mm bore holes using the Rygan coaxial 
system. 

Trench work between boreholes to be carried out for header pipe work. All header pipe work 
shall be fitted at a min depth of 1m below surface level. Marker identification fitted at 600mm 
and each bore hole position recorded. Isolation valves to bore field to be fitted within basement 
plant room. The bore connector pipe work shall enter the basement at approximately 1.2m 
below surface. 

The header pipe work shall be in SDR11 fusion pie work. 
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4.2.2 Renovation of the building envelope including windows 

As a result of the Grenfell Tower fire, Salix Homes decided not to specify any insulant or 
cladding materials that were combustible as part of the renovation of the exterior of the 
building. 

Based on past experience and approval for use of the Alumasc Swisstherm Mineral Wool 
system, this system was proposed and accepted for use on Albion Tower. 

 

 

 
Figure 76 –Salford CS – Diagram of EWI (External Wall Insulation) build up 

 

The Swisstherm Mineral Wool system incorporates a dual density mineral wool insulant, with 
a Lamba value of 0.036 W/m2K, basecoat, fiberglass scrim reinforcement, silicone-based 
primer and textured silicone decorative finish coat. 

The EWI system was designed by Alumasc Facade Systems and was designed so as to 
comply with the Part B and Part L2b of the Building Regulations dealing with fire safety and 
energy efficiency respectively. 
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UPVC double glazed units were also specified for installation at the same time as the EWI 
system to minimise thermal bridging. The thermal performance of the windows is again 
stipulated by Part L2b of the Building Regulations. 

 

Figure 77 –Salford CS – Building Regulations Table of Uvalue  
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4.3 Comparison of energy demand and consumptions 

4.3.1 Model of the building 

The 17 floors are all identical, except for the different function of some locations of the 
basement (i.e., plant room, security office, and another office). Boundary conditions are also 
identical for the different floors, except for the external surface of the top floor and of the ground 
floor (whose ceiling and floor, respectively, are not adjacent to other heated zones) that have 
different thermal characteristics. As visible in Figure 78, there are no other tall buildings close 
to the Albion Tower, so that the shading is not considered. The building itself has no shading 
ledges. 

Based on these considerations, the geometric model (Figure 78) includes: floor n. 0 (ground 
floor), floor n. 8 (being representative of the typical intermediate floor), and floor n. 17 (top 
floor). As the simplification of assuming one intermediate floor identical to other 15 would bring 
a non-realistic peak power profile, a methodology for considering different apartments use and 
simultaneity of the loads is developed and further presented. 

 

Figure 78 – 3d model view (Trnsys17 add on for Sketch Up) 

Boundary conditions 

A typical year is used as weather profile for the Manchester location. Input data includes air 
temperature, relative humidity and solar radiation (http://www.meteonorm.com). Internal 
thermal gains account for people metabolic heat, appliances and lighting. 

Different profiles of people activity are used, due to the non-simultaneous behaviour of tenants. 
The profiles of occupancy are stochastic10 and consist of time series of hourly values denoting 
whether people are active, sleeping, or away. Also, depending on the analysis and apartment 
size, the apartments can have a different number of people, which ranges from 1 to 4. 
Appliances and lighting are defined according to the people presence. A continuous constant 
gain is due to appliances (for example stand-by or fridge) and others, including lighting, is 
related to occupants’ activity, which is zero when people are away or sleeping. Internal gains 
values are reported in Table 15. 

Table 15 – Internal gain values adopted for the Salford demo case 

 

10 Widén, J. and E. Wäckelgård, A high-resolution stochastic model of domestic activity patterns and electricity 
demand. Applied Energy, 2010. 87: p. 1880-1892 

http://www.meteonorm.com/
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 Power convective radiant latent 

Occupants - standing, relaxed 126 W/person  42% 18% 40% 

Occupants - sleeping 76 W/person  42% 18% 40% 

Appliances continuous 105 W 90% 10% - 

Appliances and lighting (when people 
active) 

508 W 90% 10% - 

 

Three occupancy scenarios are identified, in order to provide in the simulations a reasonable 
level of variability of the various floors (which comprises 6 apartments each), and consequently 
of the whole building. The variability of heating loads is due to both the different occupancy 
scenarios and the different exposures. Each of the six apartments of a reference intermediate 
floor is simulated with three occupancy scenarios (low, medium, full, as shown in Table 16).  
For defining the building heating load, a probability of each scenario occurrence for each 
apartment of the reference floor has been fixed. The sum of floors obtained by combining the 
different loads profiles of the apartments gives the building heating profile and demand. The 
top floor and the ground floor are simulated apart with an average occupancy profile. 

Table 16 – Occupancy scenarios 

 People per 
floor 

People in 1-
bedroom flats 

People in the 2-
bedrooms flats 

Profile number** 

Low occupancy 10 1 2 1,10,14,16,18,19 

Average occupancy 15 1.5* 3 2,3,4,5,6,8,11,13 

Full occupancy 20 2 4 7,9,12,15,17,20 

* this can be assumed to be equivalent to an adult and a child 

 

In Figure 79, a simplified scheme of the system model at dwelling level is shown. The brine-
to-water (B/W) heat pump at dwelling level supplies alternatively the radiators or the DHW 
storage. The source side of all the heat pumps is flow into to a common water loop that is 
connected to the geothermal probes. 

 

Figure 79 Scheme of the system at dwelling level 

The water loop is modelled with pipes and pumps for modelling thermal losses and electric 
consumption of the auxiliaries. A numerical model of the geothermal probes models the 
behaviour of the ground and the return temperature that influences the heat pumps 
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performance. for modelling the whole system, a simplification that decouples the system at 
apartment level and the water loop is adopted. Firstly, dwellings heat pumps are modelled with 
a initial temperature of the water loop. Secondly, the water loop with the geothermal probes 
are modelled by considering the heat pumps load and a new return temperature is defined. 
This process has been iteratively repeated for three times. 

4.3.2 Evaluation of the energy demand  

Pre-intervention scenario 

In the EPC for the scenario without insulation (i.e., the pre-intervention scenario) and for a mid-
floor flat of 80 m2, a heating energy demand of 3868 kWh/year is reported. This is about 48 
kWh/m2 and it is comparable with the values obtained with the dynamic simulation, which for 
the 80 m2 flats in a mid-floor and with the full occupancy scenario, gives a range of 47-57 
kWh/m2, depending on the exposure.  
The whole building simulation is obtained by combining different apartments loads in each 
floor, in order to compose 17 different floors. The result of such a combination of different 
apartments profile and typology gives a total building heating demand of 52 kWh/m²y ranging 
from 43 kWh/m²y in the apartments with lower demand to 81 kWh/m²y of a roof floor apartment. 

4.3.3 Evaluation of the energy consumption of the building 

The intervention on the building envelope, specially the wall insulation with the Swisstherm 
Mineral Wool system, has led to a significant improvement of the envelope performance, and 
consequently to a reduction of the building heating demand. The same approach for the 
calculation of the building demand explained for the pre-intervention case, is adopted to 
estimate the post-retrofit heating need of the building, with variability of occupancy conditions. 

The estimation of the building heating demand post retrofit amounts to 29 kWh/m²y with a 
demand reduction of 45% with respect to the case pre-intervention. While the mid floors 
apartments range between 25 to 30 kWh/m²y, the north oriented floors of the roof floor can 
achieve 45 kWh/m²y of heating demand. 

The heat pump COP over the heating season is in average 4.2. The high performance despite 
the cold climate is obtained thanks to the ground source which during winter time ranges 
between 0 and 6°C. For DHW production, the average SCOP is lower than for space heating 
because of the water higher temperature at load side (around 55°C). 

The total primary energy reduction obtained through the intervention on the envelope and 
HVAC system amounts to 40% (see Table 14). 

 

Table 17 – Post-retrofit interventions - Energy consumptions for space heating/cooling and DHW 

DHW  Unit PRE POST SAVINGS 

Thermal energy for DHW use kWh/m²∙y 20 20 0% 

Electric energy for DHW kWh/m²∙y  9.9  

Gas energy for DHW kWh/m²∙y 25   

Primary Energy for DHW  27.5 22.8 17% 

SPACE HEATING     

Thermal energy for heating  kWh/m²∙y 52.2 29.3 45% 
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Electric energy for heating  kWh/m²∙y  6.3  

Gas energy for heating kWh/m²∙y 65.2   

Eff. / COP - 0.8 4.2  

Primary Energy for heating  71.7 14.5 80% 

TOTAL     

Electric energy kWh/m²∙y  16.7  

Gas energy kWh/m²∙y 58   

Primary Energy kWh/m²∙y 63.5 38.4 40% 

 

.  
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5 Pinerolo 1 case study 

5.1 Building status before renovation 

5.1.1 BUILDING DESCRIPTION 

The building is a multifamily house with 12 dwellings, built in 1965 and owned by Eneralliaudi 
s.r.l. Dwellings have with different sizes between 150 m² and of 50 m². The apartments are 
distributed in 1 staircases on 4 floors.  

The building is located very near town center at halfway up the hill of Pinerolo. It has a sort of 
curved shape, due to the location on the hill, with a street surrounding the building on the north, 
east and south part. In the center of the building, a stairwell, with a lift, is present, where there 
are the entrance for dwellings. As many of these types of building built during these years in 
Italy, dwelling are characterized by the presence of many big windows. 

 

    

Figure 74  – Pinerolo CS – External views 

    

Figure 75 – Pinerolo CS – External Views 
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In the basement, cellars and boiler rooms are present, while part of the ground floor is used as 
garage and deposit. An internal courtyard is present, owned exclusively by the building. 

  

Figure 76 – Pinerolo CS – Internal courtyard and garage 

 

  

Figure 77 – Pinerolo CS – Examples of rooms with old windows 
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5.1.2 BUILDING CONSTRUCTION 

•         Reinforced concrete structure with non-bearing brick walls 

•         External walls consisting of a 8 cm bricks inner layer, 30 cm air gap layer and 12 cm 
bricks layer on the exterior part 

•         Flat concrete roof.  

•         Single-pane glass windows without thermal break. 

 

Figure 77 – Pinerolo CS – Basement and Ground floors map 

 

 

Figure 78 – Pinerolo CS – First and Second floors map 
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Figure 79 – Pinerolo CS – Third and Flat roof map 

 

5.1.3 BUILDING SERVICES 

• Central heating system with a gas condensing boiler located in the basement 

• Heating terminals represented by radiators placed mostly under windows 

• DHW production by using electrical boilers located in each apartment 

• No air conditioning system is present 

• No ventilation system is present 

5.2 Building Renovation 

The planned interventions for Pinerolo case study building are: 

• Renovation of the building envelope, including windows replacement 

• Installation of Photovoltaic system and solar thermal collectors on the flat roof 

• Heat pump installation for heating and conditioning systems 

• Installation of Energy Boxxes for each apartment to provide DHW and hot/cold water 
for heating and conditioning 

5.2.1 Renovation of the building envelope 

The renovation of the building envelope includes several types of interventions: 

• Installation of a ventilated façade on all the external vertical walls, with insulation 
composed by glass wool layers of different thickness; 
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Figure 80 – Pinerolo CS – Typical external walls stratigraphy after renovation 

 

    

Figure 81 – Pinerolo CS – Insulation layers behind the ventilated façade 
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Figure 82 – Pinerolo CS – Laying of the tiles for the ventilated façade 

  

• Laying of a 12 cm EPS insulation layer on the garage ceiling; 

• Laying of a 8 cm EPS insulation layer on the cellars ceiling; 

• Laying of a 10 cm EPS insulation layer on the ceiling facing the flat roof and the terrace; 

• Laying of a 10 cm insulation layer on the ceiling and on the walls of the building 
entrance; 

• Laying of a 6 cm insulation layer and on the walls of the stairwell; 

• Installation of new external windows, built in PVC, with double glazing system, thermal 
break and a maximum transmittance of 1.2 W/m2K; 

  

Figure 83 – Pinerolo CS – New windows installed 

 

• Installation of a new type of roll-up shutters, with new insulated ones. 
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5.2.2 Building services 

The renovation of the energy system of the building foresees different interventions both on 
the energy production part and on the energy transmission and supply. 

An air-to water heat pump, with a power of 50 kW in heating at -8°C, will be placed on the flat 
roof. This unit will provide hot technical water for the heating system during winter and cold 
water for conditioning in summertime. 

In winter, heat pump will work in parallel with the existing gas boiler, which acts as back-up of 
the heat pump when necessary. This new system includes the installation of accessories and 
devices like heat exchangers and pumps. 

The domestic hot water (DHW) is also produced with a hybrid system: a new solar panels 
system will be placed on the roof, to exploit the free energy from the sun to heat the water of 
the primary circuit, to produce DHW passing through a heat exchanger. The total surface of 
solar panels is 42 m2 The existing gas boiler also acts, in this case, as back-up of the system: 
in case of no sufficient energy from the sun, boiler will provide DHW thanks to another 
dedicated heat exchanger. The safety of the solar circuit is assured by the installation of a dry-
cooler, to dissipate heat in case of overheating. 

The whole system described above is controlled by a freely programmable BMS system, that 
can read values and act on boiler, heat pump, valves and pumps to keep the system 
functioning with the desired parameters, assuring also energy savings. 

  

Figure 84 – Pinerolo CS – The new HVAC/DHW substation in progress 
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Figure 85 – Pinerolo CS – HVAC and DHW system scheme 
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Pipes with sanitary water and heating/cooling water flows through the pipes from the substation 
located in the basement through the EnergyBoxxes located in each apartment.  

These ones are hot water storage tanks containing 140 liters of water. Energyboxxes will 
provide instantaneous DHW for dwellings thanks the on-board serpentine exchanger, but also 
the technical water for heating and conditioning, regulating the flow by valves. On these 
devices, flow and energy meters are present, as well as a dedicated BMS controller, to read 
energy values and to control valves. 

 

Figure 86 – Pinerolo CS – Enerboxx render and connections scheme 

 

 

Figure 87 – Pinerolo CS – Enerboxx being installed 
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Radiators inside the rooms are replaced with fan coils: in fact, the old terminals cannot work 
during summertime, with the conditioning system now present. 

On the roof, there is also the photovoltaic system, with a power peak of 20 kW. The PV system 
is completed with inverter and electric accessories for measure and safety and it is connected 
with the same electric meter of the heat pump, in order to use the electrical energy generated 
to make the heat pump work. 

 

 

 

Figure 88 – Pinerolo CS – PV panels on the roof 
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5.3 Comparison of energy demand and consumptions 

5.3.1 Model of the building 

The building model is developed in Sketchup, with the Trnsys3D plug-in 
(https://trnsys.de/docs/trnsys3d/trnsys3d_uebersicht_en.htm). The apartments are considered 
as single thermal zones. The main shading elements (i.e. roof pitches, balconies, the building 
nearby and the hillside) are also modelled. Figure 80 shows two views of the building model 
while Table 18 summarizes exposure and area of each apartment. 

  

Figure 80 – Geometric model of the Pinerolo demo case building from two perspectives (South, on the left 
and North-East, on the right). 

 

Table 18 – Exposure and floor area for each dwelling of the Pinerolo building 

Apartment 
num. 

Floor Exposure Floor area 
(m2) 

Apartment 
num. 

Floor Exposure Floor area 
(m2) 

1 0 N 51 6 2 N 75 

2 0 S-E-N 87 7 2 S-E-N 105 

3 1 N 75 8 2 E-S-W 126 

4 1 S-E-N 105 9 3 N-W 92 

5 1 E-S-W 99 10 3 E-S-W 90 

 

Boundary conditions 

For the climatic boundary conditions, a typical meteorological year for the location of Turin is 
used. The weather profile is hourly based, and it includes air temperature, relative humidity 
and solar radiation (http://www.meteonorm.com/). 

Different profiles of people activity are used, due to the non-simultaneous behaviour of tenants. 
The profiles of occupancy are stochastic 11  and consist of time series of hourly values denoting 
whether people are active, sleeping, or away. Also, depending on the apartment size and 
number of bedrooms, the apartments can have a different number of people, which ranges 
from 2 to 4. Appliances and lighting are defined according to the people activity, and it is zero 
when people are away or sleeping. Regardless of the people presence, a continuous constant 

 

11 11 Widén, J. and E. Wäckelgård, A high-resolution stochastic model of domestic activity patterns and 
electricity demand. Applied Energy, 2010. 87: p. 1880-1892 

https://trnsys.de/docs/trnsys3d/trnsys3d_uebersicht_en.htm
http://www.meteonorm.com/
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gain due to appliances (for example stand-by or fridge) is also given as internal gain. Internal 
gain powers and heat transfer ratio are reported in Table 19. 

The infiltration rate is 0.10 vol/h and the mechanical ventilation rate is 0.3 vol/h, constant over 
the year. Heat recovery is applied only when it is convenient, in terms of heating or cooling 
energy saving, i.e., when external air is colder than internal air in winter, and vice versa in 
summer. 

Table 19 Internal gain values used in the Pinerolo case model 

 Power convective radiant latent 

Occupants - standing, relaxed 126 W/person  42% 18% 40% 

Occupants - sleeping 76 W/person  42% 18% 40% 

Appliances continuous 105 W 90% 10% - 

Appliances and lighting (when people active) 508 W 90% 10% - 

 

5.3.2 Evaluation of the energy demand  

Pre-intervention scenario 

The behaviour of the Pinerolo demo building has been simulated for a whole year assuming 
the thermal characteristics before renovation. This result is used for a comparison with 
performance after renovation and for an assessment of the potential energy and costs savings. 

The energy demand for heating and cooling before the renovation is reported in Figure 81. The 
dwellings have quite different exposures and S/V ratios between each other, but it can be noted 
as the heating demand is mainly influenced by the presence of external surfaces and, in 
particular, of external ceilings. The dwellings with one external slab present higher heating 
demand. For space cooling, the demand depends on the exposure having higher cooling 
demand the south oriented dwellings. 

 
DWELLING NUMBER 

 
HEATING DEMAND 

 
COOLING DEMAND 

     
90 kWh /m²∙y 

 
13 kWh /m²∙y 

            
third floor  9 10   117 104   17 23 

second floor 7 6 8  100 76 79  14 13 18 

first floor 4 3 5  69 77 87  12 9 10 

ground floor 2 1 garage  101 87    5 7   
 

Figure 81  Energy demand for heating and cooling for the Pinerolo demo case building before the 
renovation. The layout of the dwelling is approximate. Post-intervention scenario 

 

The total heating demand of the Pinerolo demo case results around 90 kWh/m²∙y ranging from 
70 kWh/m²y of an intermediate south oriented floor to 117 kWh/m²∙y for a top floor apartment. 
Cooling demand is assessed around 13 kWh/m²∙y slightly varying from 5 in the ground shaded 
floor to 23 kWh/m²∙y in the most exposed one. 
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5.3.3 Evaluation of the energy consumption of the building 

Based on the simulations, the intervention on the envelope can reduce heating demand from 
90 kWh/m2∙y to 15 kWh/m2∙y which corresponds to a reduction of 83%. Regarding cooling 
demand, which is already quite low for the pre-retrofit scenario, the insulation of the envelope 
and the windows replacement does not lead to a reduction of the demand. This is because the 
envelope, in addition to limiting the heating transmission during the hottest summer hours, it 
also limits thermal losses during the night. The dwellings with higher energy demand are still 
the ones at the last floor. However, after the renovation, the energy needs are more 
homogeneous among the dwellings. 

 

 
DWELLING NUMBER 

 
HEATING DEMAND 

 
COOLING DEMAND 

     
15 kWh /m² 

 
13 kWh /m² 

            
third floor  9 10   25 18   14 19 

second floor 7 6 8  16 13 15  11 13 16 

first floor 4 3 5  9 13 19  11 11 10 

ground floor 2 1 garage  14 10    8 13   
 

The change of HVAC system and intervention on the envelope have no influence on the DHW 
demand, while the contribution of solar thermal collectors reduces the gas consumption of 
24%. By considering the consumption of electricity by auxiliaries, the reduction of Primary 
Energy consumption for DHW is 16%. 

The proposed intervention on the Pinerolo building 1 decreases the primary energy 
consumption for space heating of 87%. The presence of a cooling and mechanical ventilation 
systems adds an electricity consumption of 8 kWh/m²y. 

Despite the new consumption, the total primary energy savings after renovation works amount 
to 62%. In addition to this, the tenants can benefit of a better comfort thanks to a cooling and 
a mechanical ventilation systems. 
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Table 20 – Post-retrofit interventions - Energy consumptions for space heating/cooling and DHW 

DHW  Unit PRE POST SAVINGS 

Thermal energy for DHW use kWh/(m²y) 20 20  

Electric energy for DHW kWh/(m²y)  1  

Gas energy for DHW kWh/(m²y) 25 19 24% 

Primary Energy for DHW kWh/(m²y) 27.5 23.2 16% 

SPACE HEATING     

Thermal energy for heating  kWh/(m²y) 90 16 82% 

Electric energy for heating  kWh/(m²y) - 7  

Eff. / COP - 0.8 2.5  

Gas energy for heating kWh/(m²y) 113   

Primary Energy for heating kWh/(m²y) 124 16 87% 

SPACE COOLING     

Thermal energy for cooling  kWh/(m²y) -  14  

Electric energy for cooling  kWh/(m²y) -  4  

EER - - 3.8  

Primary Energy for DHW kWh/(m²y) - 9 +100% 

VENTILATION     

Electric energy for cooling  kWh/(m²y) - 4  

Primary Energy for DHW kWh/(m²y)  9 +100% 

TOTAL     

Electric energy kWh/(m²y) - 16  

Gas energy kWh/(m²y) 138 19  

Primary Energy kWh/(m²y) 152 58 62% 
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6 Pinerolo 2 case study 

6.1 Building status before renovation 

6.1.1 BUILDING DESCRIPTION 

The building is a multifamily house with 13 dwellings. Apartments have from one to three 
rooms, with different sizes between 35 m² and of 60 m². The building, of only two floors, 
develops in length, with 6 apartments on the ground floor and 7 apartments on the first floor. 

Condominium is located in the city center of Pinerolo, close to the historic center, next to a 
creek. It was born as a residence for holidays, but now it hosts different type of tenants. The 
accesses for the apartments on the ground floors is located directly on the façade, while 
dwellings on the first floor face a corridor accessible via a common internal staircase. 

Building has had a sort of first renovation in the last years, with the replacement of the external 
doors and windows of the dwellings and the replacement of the gas boilers for heating and 
DHW purpose with condensation ones. 

 

     

 

Figure 89  – Pinerolo CS 2 – External views 

   

Figure 90 – Pinerolo CS 2 – External Views 
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An attic is present, under the two-pitched roof, completely empty before the renovation project, 
with a thin fiberglass insulation layer resting on the ground. 

    

Figure 91 – Pinerolo CS 2 – Attic 

 

    

Figure 92 – Pinerolo CS 2 – Examples of internal dwellings 

 

In the renovation done in the past years, there was an installation of a photovoltaic system of 
8 kW of peak power. 

The building has a single POD (point of delivery) for electricity: energy meters for each dwelling 
and common services are present, to allocate consumption correctly. 

   

Figure 93 – Pinerolo CS 2 – The existent photovoltaic system 
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6.1.2 BUILDING CONSTRUCTION 

• Reinforced concrete structure with non-bearing brick walls 

• External walls with no insulation: an air gap between two layers of bricks is present 

• Gable roof with wooden slats and joints and concrete tiles  

• Double glazing windows with thermal break (dwellings), single pane windows, with 
aluminum frame on the staircase and common corridor. 

 

Figure 94 – Pinerolo CS 2 –Ground floor map 

 

 

Figure 95 – Pinerolo CS 2 – First  floor map 
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6.1.3 BUILDING SERVICES 

• Heating system for every dwelling with a gas condensing boiler 

• Heating terminals by water radiators placed mostly under windows 

• DHW production by using the same gas boilers located in each apartment 

• No air conditioning system is present 

• No ventilation system is present 

• Photovoltaic system installed on the roof of 8 kW power peak 

6.2 Building Renovation 

The planned interventions for Pinerolo case study 2 building are: 

• Renovation of the building envelope 

• Installation of a new ventilation system for every apartment 

• Installation of a new heating and cooling system, with the heating system working in parallel 
with the existent one during winter 

• Installation of a new system for domestic hot water production in series with the gas boiler 

• Renovation of the insulation on the horizontal parts 

6.2.1 Renovation of the building envelope 

The renovation of the building envelope includes several types of interventions: 

• Installation of a ventilated façade on all the external vertical walls, with insulation composed 
by glass wool layers of different thickness. Inside the ventilated façade pipes and ducts for 
the new HVAC and DHW systems passes; 

 

 

   

Figure 96 – Pinerolo CS 2 – Insulation layers behind the ventilated façade 
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Figure 97 – Pinerolo CS 2 – Laying of the tiles for the ventilated façade 

  

• Laying of EPS insulation layer in the gap under the ground floor; 

• Laying of a fiberglass insulation on the attic floor, replacing the existent one 

  

6.2.2 Building services 

Renovation of the systems includes modification on the existent heating and DHW production 
systems and the installation of a new ventilation and cooling system. 

A new ventilation system is created, to keep a good air quality inside the apartments and to 
avoid moisture excess. This system foresees ducts for fresh air supply placed in the main room 
of each apartments, while the extraction of the exhaust air occurs from the bathroom. Round 
ducts for this scope are applied on the existing façade and they are covered by the two layers 
of the ventilated façade insulation, remaining hidden from view, for aesthetical reasons. 

In winter season, the existing heating system, with gas boiler and water radiators as terminals 
remains in operation, but a new fan coil for every room is installed on ceilings, to provide 
heating generated with a new heat pump that will be placed, later, on the roof, to use energy 
production from photovoltaic for heating and cooling purpose.  

The new machine that will be installed will be able to produce also cooling water during summer 
to include also cooling to the systems of the building. 

Sanitary water from the aqueduct to be warm up generating domestic hot water will pass in a 
heat exchanger on the roof, before entering in the boiler: the new machine can provide also 
the heat to heat up sanitary water. Boiler will only intervene during summer and in severe 
conditions during winter. 

All the pipes and electrical wires connecting boilers and fan coils to the attic, passes inside the 
ventilated façade. 
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Figure 98 – Pinerolo CS 2 – The new HVAC/DHW system scheme 
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7 Pinerolo 3 case study 

7.1 Building status before renovation 

7.1.1 BUILDING DESCRIPTION 

The building located in Via Moirano in Pinerolo consists of four floors and the basement, with 
a ground floor of around 260 m2 and the other three floors of around 100 m2. The ground floor, 
being bigger, has a portion of flat roof, while the whole building has a pitched roof. Building is 
not completely detached, because of the adherence with the near condominium on the north 
side. 

The building was built for different scopes: the ground floor, indeed, was intended to host 
offices or commercial activities. The ground floors hosted for years a bank branch, with open 
space offices, reflecting its old use in the shatterproof glazing system of the external windows. 

 

     

Figure 99  – Pinerolo CS 3 – External views 

       

Figure 100  – Pinerolo CS 3 – External views 

 



 

 

www.BuildHeat.eu  Page 93 of 112 

 

7.1.2 BUILDING CONSTRUCTION 

• Reinforced concrete structure with non-bearing brick walls 

• External walls with no insulation: an air gap between two layers of bricks is present 

• Concrete gable roof and a flat roof on the portion of the ground floor protruding from 
the rest of the building  

• Single glazing windows without thermal break, with aluminum frame. On the ground 
floor, windows are shatterproof. 

 

Figure 101 – Pinerolo CS 3 –Ground floor map 

 

  

Figure 102 – Pinerolo CS 3 – First and second floor map 
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7.1.3 BUILDING SERVICES 

• All-air system for the ground and first floor, with an Air Handling Unit and VAV terminals for 
all rooms. AHU is located in the basement, equipped with a cold deck connected to a chiller, 
a hot deck fed by a gas boiler and a humidifier. Exhaust air to extract is taken from the 
bathrooms. 

• Water system on second and third floors, with independent gas boilers and radiators. No 
ventilation or cooling system are present. 

• DHW production by using the same gas boilers located in each apartment and by the AHU 
boiler for ground and first floors. 

• No ventilation system is present 

 

7.2 Building Renovation 

The planned interventions for Pinerolo case study 3 building are: 

• Renovation of the building envelope, including windows replacement 

• Installation of Photovoltaic system on the flat roof portion 

• Heat pump installation for heating and conditioning systems 

• Installation of three Energy Boxxes for each apartment to provide DHW and hot/cold water 
for heating and conditioning 

7.2.1 Renovation of the building envelope 

The renovation of the building envelope includes several types of interventions: 

• Installation of a ventilated façade on all the external vertical walls, with insulation composed 
by glass wool layers of different thickness;  

•  

   

Figure 102 – Pinerolo CS 3 – First and second floor map 

 

• Laying of a EPS insulation layer on the basement ceiling; 

• Laying of an insulation layer of fiberglass on the floor of the attic under the pitched roof 

• Installation of new external windows, built in PVC, with double glazing system, thermal 
break and a maximum transmittance of 1.2 W/m2K; 
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7.2.2 Building services 

The renovation of the energy system of the building foresees different interventions both on 
the energy production part and on the energy transmission and supply. 

An air-to water heat pump, with a power of 50 kW in heating at -8°C, will be place on the flat 
roof. This unit will provide hot technical water for the heating system during winter and cold 
water for conditioning in summertime. 

In winter, heat pump will work in parallel with the existent gas boiler in the basement, which 
act as back-up of the heat pump when necessary. This new system includes the installation of 
accessories and devices like heat exchangers and pumps. 

The domestic hot water (DHW) is completely centralized for the whole building, by using the 
existent gas boiler to feed the Enerboxxes where DHW is produced for every dwelling. No 
more boilers on second and third floors will be present. 

The new centralized heating, cooling and domestic hot water production systems are 
controlled by a freely programmable BMS system, that can read values and act on boiler, heat 
pump, valves and pumps to keep the system functioning with the desired parameters, assuring 
also energy savings. 

Pipes with sanitary water and heating/cooling water flows through the pipes from the substation 
located in the basement through the EnergyBoxxes located in the three apartments.  

The storage tanks containing 140 liters of water will provide instantaneous DHW for dwellings 
thanks the on-board serpentine exchanger. They also provide the technical water for heating 
and cooling, regulating the flow by valves. On these devices, flow and energy meters are 
present, as well as a dedicated BMS controller, to read energy values and to control valves. 

 

 

Figure 86 – Pinerolo CS – Enerboxx connections scheme 

 

 

Radiators inside the dwellings are replaced with fan coils, in order to allow also the cooling 
during summer, not previously present.  
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8 Gleisdorf case study 

8.1 Building status before renovation 

In contrast to the other demo cases of the BuildHeat project, the renovation of this building 
was carried out as part of an Austrian funding project a few years ago, and therefore the 
renovation activities itself were not part of the project. 

At that time, however, the innovative "enerboxx" heat storage system, which was supplied by 
the project partner Pink GmbH, was already installed to provide the domestic hot water. 
Therefore, this building is nevertheless very well suited as demo case, whereby the 
improvement of the current control system with the optimized control strategy for supplying the 
building with heating energy and hot water developed as part of the BuildHeat project. 

The residential complex, which was built as a retirement home, is located in the centre of 
Gleisdorf between Franz-Josef-Straße and Rathausgasse. It consists of several parts of the 
building that were built between 1983 and 2000. A renovation to meet the current requirements 
as a nursing home would have been far too expensive. For this reason, the building complex 
was completely restructured and compacted with the expansion of the loft so that it could be 
renovated with passive house standard. 

 

      

Figure 82 – Gleisdorf CS - Exterior View before the renovation 
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8.2 Building Renovation 

8.2.1 Renovation of the building envelope 

During the renovation, which was carried out in 2015, a total of 53 dwellings with a net living 
area of 3650 m² were built. The apartments consist of 2-4 rooms and they have an area of 40-
90 m², in addition, all dwellings have a balcony or terrace. Of course, the entire facility is 
accessible barrier free. 

The complete thermal insulation of the building was plastered as a curtain wall with web beams 
and soft wood fibre board and blown out with cellulose, which in addition to excellent insulation 
properties also resulted in optimized sound insulation values. The internal insulation, which 
was partly necessary in the old stock on Franz-Josef Street, was also carried out with a similar 
system, but here with clay plaster. Of course, the windows and doors were designed as passive 
house windows in wood. 

 

 

    

Figure 83 – Gleisdorf CS - Exterior View after the renovation  
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Figure 84 – Gleisdorf CS - Ground plan  

 

The compilation of the most important energy data in Figure 85 shows the usable living area of 
3620 m² as well as the heated gross floor area of 5564 m² and an area to volume ratio of  
0.39 m-1. Due to the design as a passive house, the specific heating demand results in a 
calculated value of 9.6 kWh / m²a and an energy efficiency of A ++. 

 

 

Figure 85 – Gleisdorf CS – Energy Data of the building 

 

8.2.2 Building services 

The building is supplied with heat via the local district heating network, which in turn is operated 
with biomass and solar thermal energy, only the peak load is produced with natural gas. The 
original idea to implement the project using geothermal energy and heat pump technology was 
not cost-effective. 

In addition, a photovoltaic system with 80 kWp was installed on the roof of the building as part 
of a contracting project with the local energy supplier, the Feistritzwerke. Due to this, operation 
is entirely taken over by this energy company and all of the electricity generated from the 
system is fed into the public power grid; there is no influence of this system to the energy 
supply of the building. A further consideration as part of the BuildHeat project is therefore not 
necessary. 

For the heat supply, a transfer station with a maximum load of 220 kWth was installed in the 
basement of the building "Rathausgasse 27". This is used to supply heat to a heating manifold 
in which a total of three supply lines, each with two pipes, are integrated (see Figure 86).  
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Two pipelines directly lead to the 53 dwellings and they are used to supply heating energy via 
underfloor heating and to prepare hot water using the decentralized thermal storage 
(enerboxx). In the first line, the 8 apartments in the southwestern part of the building complex 
are connected, the 45 other apartments are supplied via the second line. 

The third supply line leads to an air conditioning system on the top floor of the building, which 
in turn supplies all apartments with fresh air. This is necessary due to the dense building 
envelope. However, since this system runs completely self-sufficiently and therefore does not 
offer any influence, it was no longer considered during the BuildHeat project.  

 

 

Figure 86 – Gleisdorf CS - Scheme of the heat supply 

 

During the renovation of the building, a simple controller of the type "Technical Alternative UVR 
1611" was installed in the technical room to regulate the heating and hot water preparation. 
For the operation of this control system, the input values (green) and the output values (blue) 
shown in Figure 87 had to be integrated into the system. 
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 Figure 87 – Gleisdorf CS - PLC and input- and output values of the current control system  

 

The pictures in Figure 88 and Figure 89 gives an overview on the basic control strategy. 
Different temperatures in the supply lines are shown, that are necessary for the two operating 
modes, underfloor heating (orange) and domestic hot water preparation (blue). In the heating 
mode, the feed temperature can be reduced to the usual temperatures for underfloor heating, 
which are at 40 ° C and below. For hot water preparation, the feed temperature has to be 
raised to 55 ° C, although these phases with high temperatures are limited in time. The 
schedule of the individual phases is also shown in the figure. 
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Figure 88 – Gleisdorf CS – Basic principal of the heating and the control system 

 

 

Figure 89 – Gleisdorf CS – Basic principal of the DHW and the control system 
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The use of decentralized domestic hot water storage tank in combination with a two-pipe 
system with a circulation pipeline has significant advantages compared with other systems 
such as central DHW preparation. Due to the time limitation of the hot water preparation, the 
system has to be raised to high temperatures of over 50 °C only for a few hours (4-5 h) per 
day. For the rest of the day (20 hours) the temperatures can be reduced to operate the 
underfloor heating. Outside of the heating periods, the system can be turned off. Low 
temperatures are good boundary conditions for heat production and also have significantly 
lower losses for the heat distribution. (see also D 2.8). 

The central element for this type of energy supply is the use of a decentralized heat store. The 
forward-looking installation of the innovative hot water storage tank "enerboxx" results in other 
important advantages compared to a conventional heat storage tank (see also D2.8 - Report 
on prototype of innovative Water Storage tank): 

• High space efficiency and room usability through the possibility of the wall integration 

• High comfort through the volume of 140 litres and the large surface of the heat exchanger  

• High hygienic standard through the usage of stainless steel for the storage tank and the 
heat exchanger 

• High energy efficiency through the insulation and the excellent stratification 

• Flexible in terms of the installation of a new control and monitoring system, which is 
based on the direct integration of the hydraulic module into the frame of the storage tank 

The picture in Figure 90 shows the integration of the enerboxx into a bathroom of a dwelling 
as well as the closed and the open hydraulic unit of the system 

 

    

Figure 90 – Gleisdorf CS – View of the wall integrated storage tank and hydraulic module 
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The detailed view of the decentralized storage tank and the hydraulic scheme of the hydraulic 
unit in Figure 91 shows all components installed in the system. It should be emphasized here, 
that two heat meters have originally been installed, which were connected to the central 
heating system via a data line. Furthermore, the two valves of the heating and the hot water 
preparation can be seen, which are switched via an electrical line and a relay operated by the 
central controller. 

 

  

Figure 91 – Gleisdorf CS – View of the originally dwelling system and the hydraulic unit 

 

The data line to the dwellings and the two heat meters of each single apartment were installed 
for the reason, to establish a comprehensive control and monitoring system. This should 
enable analysis and, based on this, optimization of the overall energy supply system. 

Inquiries to all partners responsible for this monitoring system, such as the project manager, 
the building manager and the system administrator of the monitoring system, revealed that a 
large part of the necessary components were installed and connected to the data line during 
the renovation activities. But the final commissioning was never carried out, so there was never 
an ongoing operation of the monitoring system. 

The reasons given for this by the people involved were the expiry of the funding project, 
personnel changes in the management of the energy supply company, and personnel and 
financial resources that no longer exist. 
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On request, however, all the partners involved showed great interest in the solutions for 
comprehensive control and monitoring of buildings developed as part of the BuildHeat project. 
(see also D 2.9). 

This was also based on the partially unsolved problems that occurred during the first few years 
of operation, with the following points worth to mention: 

• Due to a non-installed room thermostat, the room temperature in the dwellings cannot be 
adapted to the perception of the dweller.  

• The overall control of the heating temperature for all dwellings at once does not consider 
the position in the building, so south-facing apartments are always warmer than north-
facing apartments. 

• Because there is no possibility of assigning the energy consumption to a single dwelling, 
there is also no possibility of assigning costs. Accordingly, residents who use energy 
sparingly pay as much as those who waste energy. 

• By using a simple controller and a simple control strategy, the advantages of the system 
used cannot be fully exploited. 

 

The analysis of the current situation in Gleisdorf showed very clearly that the renovation of the 
building that had already been carried out before the BuildHeat project can be complemented 
very well with the control and monitoring system that was actually developed for the demo 
case in Rome. Since precisely these advantages given by this system are still missing at the 
location in Gleisdorf. 

For a possible combination, the first step was to carefully examine whether the infrastructure 
installed in Gleisdorf is also suitable for the use of the control system including all components 
from Schneider Electric (see also D2.7). The most important point for this was the data lines 
that were installed from the technical room to every single dwelling during the renovation 
activities. Due to the fact the apartments have already been occupied; it would be impossible 
to reinstall new suitable data lines. Therefore, the availability of such a cable was the 
precondition for the establishment of a new control and monitoring system. 

An inventory on site showed that originally KNX bus lines were used for the data transfer. 
According to an assessment by the technicians of the project partner Schneider Electric, the 
cables should also be suitable for using the Modbus system. During a visit on site, on which 
access to a single apartment was organized, a test system was set up, which simulated the 
data transfer from the technical room to the test apartment. Through this test it could be 
showed clearly that the installed data cables with the style of installation (see Figure 92) could 
be used for the new control and monitoring system, the next steps for the conversion could 
therefore be plan . 

 

Figure 92 – Gleisdorf CS – View of the data lines installed in the building complex 
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Then the conversion of the hydraulic unit of the dwellings to the new system was checked for 
feasibility. The illustration in shows both the hydraulic and the electrical / electronic integration 
into the existing system. Compared to the basic system in Fig, the use of a single heat meter 
and the additional temperature sensors are worth mentioning 

 

 

Figure 93 – Gleisdorf CS - View of the BuildHeat dwelling system and the hydraulic unit 

 

Based on the schemes shown above, a detailed work instruction for the electrician and the 
plumber could then be worked out in close consultation with the construction companies 
involved in the conversion. With the estimation of the necessary working time also the 
estimation of the total costs for the renovation respectively the conversion could be done.  

 



 

 

www.BuildHeat.eu  Page 106 of 112 

 

Figure 94 – Gleisdorf CS – Work instruction for the electrician and plumber 

The next step was the planning of the conversion activities, consider the fact that all 53 
apartments were already occupied. According to the requirements of the property 
management, there was no loss of comfort for the residents during the modification work, only 
short-term interventions into the existing system were allowed. 

To take this into account a concept was developed in which the new control and monitoring 
system was installed in parallel to the existing control system. The actual control activities were 
then gradually transferred from the origin to the new system, whereby the following steps has 
been defined: 

• Installation of the central BuildHeat control and monitoring system parallel to the original 
control system and connect the two systems via electrical signals for the activation of the 
heating (H) and the domestic hot water preparation (W)  

 

 

  

Te
ch

n
ic

al
 ro

o
m

Original Control 

BuildHeat Control 

Dwelling 1 Dwelling 2 Dwelling xx Dwelling 53

H W

230 V



 

 

www.BuildHeat.eu  Page 107 of 112 

 

• Installation of the decentralized control including all sensors for the monitoring system in 
a single test dwelling and a subsequent function check of the parallel systems and the 
data transmission via the data line  

 

 

• Conversion of all dwellings to the new system and a subsequent takeover of all control 
tasks of the technical room by the BuildHeat control system. After a function check, the 
original control system could be deactivated.  

 

 

The chosen procedure allowed the entire renovation to be carried out as planned without major 
disruption to the residents of the dwellings. The necessary work was always organized in such 
a way that only one access to each apartment was required, with one hour being necessary 
for the hydraulic conversion and two hours for the electrical / electronic conversion.  

The last dwellings were therefore converted in January 2020, after which the control tasks of 
the technical room were integrated into the central BuildHeat control.  

The photos in Figure 95 show the hydraulics and the control cabinet for the newly installed 
control and monitoring system, the finished conversion of the hydraulic unit in the apartments 
was shown in the Figure 96. 
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Figure 95 – Gleisdorf CS – Technical room and cabinet for the BuildHeat system 
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Figure 96 – Gleisdorf CS – Hydraulic unit in a single dwelling with the BuildHeat system 

A few adjustments are currently being made to the display of the monitoring system (see Figure 
97). The illustration shows the main page of the monitoring system, which can be used to 
navigate to the sub-pages of the single dwelling and the heating centre. 

 

 

Figure 97 – Gleisdorf CS – Main page of the BuildHeat system 
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The view of the technical room in Figure 98 shows the neat layout of the real system as well 
as the actual values for all relevant sensors, actuators, pumps etc. Regarding influencing 
control variables, the system was set up by Schneider Electric in such a way that authorized 
employees can easily make changes if necessary. 

 

 
Figure 98 – Gleisdorf CS –Page of the technical room of the BuildHeat system 

 
The overview of a single apartment in Figure 99 shows all available data for a decentralized 
hydraulic unit, whereby the room temperature, the three storage tank temperatures, the supply 
temperatures and the valve positions of the heating and the domestic hot water preparation 
are worth mentioning. 
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Figure 99 – Gleisdorf CS - Page of a single dwelling of the BuildHeat system 
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9 Conclusions 

In the construction sector, the lack of a systemic approach in planning, designing and execute 
the renovation of the building stock is one of the major barriers for the success of any retrofit 
project. Adaptable façade solutions and reliable and cost-effective HVAC systems, capable of 
being easily implemented, can be the solutions to tackle these barriers. Moreover, the 
integration of renewable energy sources at building level, exploiting façades in addition to 
rooftops, will provide additional benefits and increase the energy efficiency by moving towards 
NZEB. 

The technical solutions developed and demonstrated in the Demo Cases allow for a significant 
reduction of the heating needs, an improved control of the risk of overheating, the integration 
of new generation and distribution systems and a faster construction process with high quality 
standards and minimum disruption for owners and tenants. 

Despite the steps above may seem obvious, their application in the renovation of residential 
buildings is an enormous challenge, unless a systemic approach is developed, as 
demonstrated in the Demo Cases of the BuildHEAT project. 

In the demo cases where facades have been renovated, a mix of the BuildHEAT façade system 
and of standard façade technologies has been applied. This approach will allow for testing the 
innovative BuildHEAT façade system by direct comparison with traditional ones on the same 
Demo Case; besides, during the construction phase, the façade installation process from the 
outside will be tested in terms of increased velocity and reduction of the disruption for internal 
works. RES have also been integrated: PV panels and ST collectors. Almost all the Demos 
allow for the integration of ducts and pipes within the façade system. 

The retrofit interventions on the building envelope are at the basis for a reduction of the building 
energy demand. However, in order to achieve significant reductions of the energy use, 
innovative and efficient HVAC systems are required. In this context, the demo cases propose 
a centralized and a de-centralized system respectively, using a heat pumps and dwelling 
ventilation units. In fact, the use of a heat pump with respect to a gas boiler or electric heater, 
allows for a significant improvement of the efficiency and then a reduction of the energy 
consumption for heating, cooling and DHW production. Moreover, the ventilation unit provides 
fresh air in the dwellings, and limits thermal losses due to windows opening at the same time. 

Despite the difference of the solutions adopted in different DCs – centralized vs de-centralized, 
air-to-water vs air-to-air heat pump – a common aspect is the innovative compact, 
industrialized technology of the two packages. This is a key feature in renovation works, 
because it improves the installation works by minimizing the disruption for the inhabitants and 
allows for the integration of the new machine in the usually small areas available in the existing 
dwellings. 

The Demo Cases are representative of repetitive building typologies that can benefit from a 
larger scale of renovation works. In fact, the developed packages are scalable and will find a 
more effective and affordable use if they would be implemented in several similar buildings in 
a district. Interventions on a larger scale will also promote further costs reduction and smarter 
financing mechanisms. 

 


