


Contents

Introduc�on ........................................................................................................................................................ p1

Case Studies – UK Case Study – Derwenthorpe, York ......................................................................................... p2

Case Studies – Italian Case Study – Granarolo dell'Emilia .................................................................................. p9

Case Studies – French Case Study – Voreppe ................................................................................................... p14

Case Studies – Cyprus Case Study – Aglantzia, Nicosia ..................................................................................... p20  

The prefabrica�on and system integra�on strategy tested in the Cyprus Case Study ...................................... p28 

Sample business plan for commercial-scale implementa�on of the technologies and 

processes developed in the project .................................................................................................................. p30 



Introduc�on

ZERO-PLUS is a collabora�ve approach to the design and construc�on of residen�al se�lements, involving 
technology providers, energy efficiency, and renewable energy experts and developers who work together 
from the earliest stages of design.

The goal is to provide the market with an innova�ve, yet readily implementable system for Net Zero Energy 
(NZE) se�lements  that will significantly reduce their costs. The benefits of the analysis at the se�lement level 
arise from looking at a system of houses with their interac�ons on a community scale compared to individual 
buildings. 

ZERO-PLUS se�lements exceed the state of the art by se�ng performance objec�ves requiring improvement 
rela�ve to other energy efficient buildings: 

• The net regulated energy usage in residen�al buildings in a ZERO-PLUS se�lement is reduced to an 
average of 0-20 kWh/m² per year

• The se�lement generates a minimum of 50 kWh/m² of renewable energy per year

• The investment cost of the ZERO-PLUS building is reduced by at least 16%, compared to a regular NZEB.

The ZERO-PLUS concept is applied in four se�lements located in different countries (Cyprus, France, Italy and 
the UK) and consist of different typologies of residen�al buildings (ranging from villas to apartment buildings 
for social housing), thus demonstra�ng the adaptability and wide applicability of the ZERO-PLUS concept. 

All four case studies have now been constructed, commissioned and occupied. They are in the monitoring 
phase where data about their energy and environmental performance are being collected. They will be used 
for the verifica�on of the se�lements' performance. 

This booklet presents the four se�lements in their final –as-built- state, provides a descrip�on of the 
prefabrica�on and system integra�on strategy tested in the Cyprus case study and, finally, gives a summary of 
the sample business plan for commercial-scale implementa�on of the technologies and processes developed 
in the project. 

Coordinator: 
Na�onal and Kapodistrian University of Athens 

Prof. Ma�heos Santamouris 
Associate Prof. Margarita Niki Assimakopoulos
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Case Studies

UK Case Study - Derwenthorpe, York

The UK Case Study is Derwenthorpe, located on the 
edge of the city of York. The case study, located in 
the North of England experiences a temperate 
climate, resul�ng in average winter temperatures 
between 1�C and 5�C, and average summer 
tempertures between 11�C and 18�C.

As a result of these clima�c condi�ons there is a 
greater focus on hea�ng demand in proper�es, with 
a total of 1975 hea�ng degree days compared to 
298 cooling degree days. 

Figure 1. Loca�on of the UK case study

The Derwenthorpe se�lement, upon comple�on, 
will consist of 489 dwellings of various house types. 
For the ZERO-PLUS project, three proper�es were 
built to meet the project targets. The ZERO-PLUS 
dwellings are representa�ve of typical UK homes 
including two, two-storey semidetached proper�es 
and one two-storey detached property. 

In addi�on to the three dwellings that are part of 
the project, other parts of the se�lement will be 
used to support the renewable energy targets of 
the project.

Figure 2. Site plan for the UK case study

Figure 3. Derwenthorpe community under construc�on (Google aerial 2018)
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Figure 4. Detached dwelling (type C4)

Figure 5. Semi-detached dwellings (type B3)

Figure 6. ZERO-PLUS dwellings in spring 2019
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The concept of the UK case study is to create a 
sustainable community through a se�lement level 
approach for energy genera�on in order to retain 
the tradi�onal characteris�cs of a Derwenthorpe 
home. Energy reduc�on targets are achieved at the 
dwelling level, with renewable energy genera�on 
targets achieved at the se�lement level which in 
turn contributes to the cost reduc�on target.

Table 1 gives an overview of the main characteris�cs 
of the two building types for the UK case study.

For energy reduc�on in the dwellings, standard UK 
produced cavity fill insula�on was used due to UK 
cer�fica�on requirements. During the op�miza�on 
stage of the project, external wall insula�on FIBRAN 
(ZERO-PLUS technology) had to be excluded for the 
following reasons. First, the thermal conduc�vity of 
FIBRAN insula�on was equivalent to the standard 
insula�on being considered for the original 
Derwenthrope dwellings. Secondly, following the 
2017 Grenfell fire in the UK there was an increased 
level of due diligence of product cer�fica�on. A key 
issue with FIBRAN was that it was not cer�fied to 
the Bri�sh Board of Agreement (BBA) standards 
meaning that it could not be installed in the UK. 
Subsequent a�empts to subs�tute FIBRAN with a 
BBA cer�fied product failed due to high costs 
associated with such products.  

For energy genera�on at the se�lement level, a 
large PV array is mounted on the roofs of four 
dwellings, the three ZERO-PLUS dwellings and one 
neighboring non-ZERO-PLUS dwelling. The total 
genera�on will be considered an aggregated 
contribu�on to the se�lement. The use of PV panels

Table 1. Overview of the building parameters for the UK case study

Selec�on process of the technologies 
used in the UK case study 

was a change to the plan of using
(ZERO-PLUS technology) as a result of cer�fica�on 
issues associated with use of WindRail in the UK. 
The deployment of PV panels across dwellings is a 
change to the plan of moun�ng large PV array on 
the roof of the energy centre at Derwenthorpe due 
to the unsuitability of the roof to accept fixings for a 
large PV array.

Energy and thermal performance

Dynamic thermal modelling was used to analyze the 
impact of insula�on and the need to meet thermal 
requirements of the dwellings.  Specifically, each 
dwelling type was modelled in Integrated 
Environmental Solu�ons Virtual Environment 
(IES VE)¹ suite of so�ware, specifically ModelIT for 
modelling the external physical characteris�cs of the 
dwellings and Apache for se�ng thermal 
parameters and running simula�ons. In Apache the 
thermal conduc�vity and thickness of each material 
was entered into the so�ware for the respec�ve 
elements of the building fabric. Following simula�on 
of the fabric in associa�on with hea�ng system 
efficiency, modelled occupant behavior and weather 
data, the final consump�on of the dwellings was 
checked against the primary ZERO-PLUS key perfor-
mance indicator: reduce the opera�onal (net-
regulated) energy usage in residen�al buildings to 
an average of 0-20 kWh/m² per year. Though several 
insula�on op�ons could meet this, ul�mately, cost 
analysis of material, shipment, and installa�on 
jus�fied the use of insula�on products which could 
be locally sourced. 

During the pre-occupancy evalua�on stage, a 
thermographic survey, heat flux measurement, and 
air permeability tests were conducted in the three 
ZERO-PLUS dwellings. The objec�ve of pre-
occupancy tes�ng was to check the actual thermal 
performance of the building envelope and iden�fy 
any areas of air leakage, thermal bridging or less 
than adequate insula�on in the external fabric. 
Thermal imaging was carried in March of 2019 to 
highlight areas of anomalous surface temperature 
pa�erns. The heat flux measurement for assess-
ment of thermal transmi�ance (U-values) was 
carried out for 3 weeks in April 2019.

WindRail 

FIBRAN

2m
2m

2m
2m

¹IES VE thermal calcula�on and dynamic simula�on so�ware was selected as it is an approved industry standard, audited by the Chartered Ins�tu�on of Building Services 
Engineers and the United Kingdom Accredita�on Service as well as being an accredited so�ware for producing Energy Performance Cer�ficates (EPCs) by the Building 
Research Establishment (BRE).

http://www.zeroplus.org/index.php/technology/30-zero-plus-windrail-technology
http://www.zeroplus.org/index.php/technology/30-zero-plus-windrail-technology
http://www.zeroplus.org/index.php/technology/30-zero-plus-windrail-technology
http://www.zeroplus.org/index.php/technology/31-zero-plus-insulation-xps-technology
http://www.zeroplus.org/index.php/technology/31-zero-plus-insulation-xps-technology
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Figure 8. PV on roofs of B3 homes

The combined capacity of the se�lement solu�on 
PV array will produce an es�mated 15,650 kWh of 
electricity annually. This will cover the 50 kWh/m² 
se�lement genera�on requirement. 

Implementa�on of the technologies selected for 
the UK case study 

The HIVE ac�ve hea�ng, smart home system is 
installed to serve as an energy management tool for 
the occupants of the dwellings. HIVE will allow 
smart home learning for ideal hea�ng, and remote 
control of hea�ng, ligh�ng and selected appliances. 
The HIVE ac�ve hea�ng system allows users to 
control hea�ng and hot water from their 
smartphone, tablet or laptop. The system allows 
add-ons for home power management including 
ligh�ng, home mo�on sensing, window and door 
sensing and smart socket controls for any appliance. 
Dynamic thermal modelling resulted in an es�mated 
5% reduc�on in hea�ng fuel consump�on and a 
10% reduc�on in ligh�ng energy consump�on.

Figure 9. Hive ac�ve hea�ng thermostat control, smart plug, smart bulb 
and ac�vity sensors 
(image from h�ps://www.hivehome.com/products/hive-ac�ve-hea�ng)

·  Thermal imaging in all three dwellings showed air 
    leakage pathways around openings and penetra-
    �ons. 

·  Air permeability tests showed a significant loss in 
    air�ghtness from the first tests to the second tests. 
    Though one dwelling doubled in its air permeability 
    result, all dwellings remain within UK Building 
    Regula�ons expecta�ons. 

·  Heat flux measurements showed poor thermal 
    quality in the walls and roof sec�on that were 
    measured, though only two areas were measured.

Renewable energy analysis
Standard photovoltaic panels are installed across 
four dwellings in the development.

Figure 7. Heat flux measurement and thermal imaging in type B3 stairwell

The key findings are as follows:
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Also, as a part of home energy management, Tesla 
'Powerwall 2' ba�eries were installed in each 
ZERO-PLUS home to allow use of PV generated 
electricity to be maximized in the dwellings. The 
Powerwall 2 has a Usable Capacity of 13.5kWh with 
a depth of discharge of 100%. The ba�ery storage 
linked to the PV allows the ba�ery to store excess 
energy generated during the day to make it avail-
able when the resident requires it, minimising 
reliance on energy supply for third party u�li�es. 
The ba�eries also allow the use of reduced tariff 
electricity to be diverted to peak �mes through 
overnight charging.

Use and interconnec�vity of technology

The insula�on stands alone to first and foremost 
reduce consump�on at the base level: conserva�on 
of heat. The Hive home energy management system 
improves further the energy conserva�on in the 
dwellings by allowing the user to control the 
magnitude and �ming of heat consump�on at a fine 
detail. The Hive home energy management system 
is a wireless thermostat control device that commu-
nicates with a hub that is connected to homes 
broadband router, and the receiver which allows the 
thermostat to communicate with the boiler. Hive 
allows for more detailed control over the hea�ng 
system while away from home. The unique quality 
of Hive is that it comes with an online app. The app 
allows:

·  Hea�ng control: Switch hea�ng on and off, up or 
   down; the boost bu�on allows extension of hea�ng
   outside of regular schedule.

·  Hot water control: Turn hot water on and off; the

Figure 10. Tesla Powerwall 2

The renewable energy systems are not directly 
interrelated with the insula�on or Hive as the 
dwelling uses natural gas for space and water 
hea�ng and electricity for non-regulated loads. The 
energy generated by the PV will be consumed by 
the dwellings when possible. When genera�on 
outperforms demand, ba�eries (sized to the 
system) will store excess genera�on. If and when 
genera�on outperforms demand and ba�ery 
capacity, the excess generated energy will be 
exported to the grid.

In Table 2 the technologies selected for the UK case 
study are summarized.

HIVE Ac�ve Hea�ng and Home Energy 
Management

The HIVE Ac�ve Hea�ng thermostat was installed as 
part of the wider HIVE Home Energy Management 
System. In addi�on to the hea�ng control, this 
includes HIVE Ac�ve Sensor, HIVE Ac�ve Plug and 
HIVE Ac�ve Light.

    boost bu�on allows extension of water hea�ng 
    outside of regular schedule.

·  Geoloca�on: Based on the user's phone loca�on, 
    Hive will send reminders to turn hea�ng on before 
    arriving at home, or off if le� on accidently.

·  Hea�ng & hot water schedules. 

·  Frost protec�on: To help protect pipes from 
    freezing, Hive automa�cally ac�vates when the 
    hea�ng is off and the temperature inside the 
    home dips below 7°C.

Table 2. Overview of used technologies, their func�on and expected 
performance



HIVE Ac�ve Hea�ng is a system which allows the 
users to control their hea�ng from a smartphone.

The main features of the HIVE Ac�ve Hea�ng are 
the ability to turn the hea�ng on remotely, along 
with learning algorithms built into the system
which ensure that correct temperatures are 
achieved when required.

The HIVE hea�ng control can also connect to other 
HIVE products, such as the HIVE Ac�ve Sensor, to 
allow the hea�ng to be turned on when the front 
door is opened.

The full HIVE Energy Management system consists 
of:

PV and Tesla Powerwall 2

PV panels are installed on four dwellings to provide 
a se�lement level approach to energy genera�on. 
310W panels are used to create a total system size 
of 17.36 kWp per property.

The PV and Powerwall 2 are set up for easy connec-
�vity and opera�on. A�er the PV are installed, the 
Tesla Powerwall is designed to automa�cally divert 
any unused generated electricity to charge the 
ba�ery (i.e. 'self-powered'). 
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·  HIVE Window or Door Sensor, which provides 
    no�fica�ons if a door or window is opened when 
    the resident is away and works with HIVE Ac�ons 
    to save on hea�ng and ligh�ng.

·  HIVE Ac�ve Lights, which allow ligh�ng to be set to 
    schedules brightness levels, with the ability to save 
    energy by controlling lights remotely.

·  HIVE Ac�ve Plug, which allows for Control from 
    smartphone, tablet or laptop, and to schedule 
    appliances to switch off automa�cally.

There is also the op�on to set �me-based charging 
and discharging via the Tesla app. This is useful for 
homes on differen�al tariff, meaning electricity 
costs are cheaper overnight.
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Figure 11. ORSIS Energize pla�orm data

Energy consump�on among other parameters are 
being monitored in the homes. ORSIS monitoring 
equipment measuring temperature, rela�ve 
humidity, CO₂ concentra�ons, and energy use, are 
set up in each home and the data are accessible 
through the ORSIS Energize pla�orm. The PV and 

ba�ery distribu�on is being monitored by the Tesla 
ba�eries and the data are accessible through the 
Tesla app. All data including the HIVE data will be 
accessible in one place to the researchers through 
the ZERO-PLUS Web-GIS pla�orm set up by TUC.

Figure 12. Tesla app data

Monitoring and Evalua�on of 
performance



UK Pilot project 

Descrip�on snapshot

In May 2019, the as-designed performance of the UK pilot was:

17.7% cost reduc�on
3-11 kWh/m²/year net regulated energy consump�on
51.7 kWh/m²/year energy produc�on by RES

Selected technologies:
HIVE Ac�ve Hea�ng & Smart controls
Ba�ery storage
Solar-PV (at the se�lement-level)
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The case study belongs to the clima�c zone E (2162 
hea�ng degree days and about 110 cooling degree 
days) and is characterized by temperate and Medi- 
terranean climate. Through the year, the average 
maximum temperature is 24.6°C, while the average 
minimum temperature is 2.5°C.

The total area covered by the project is approx. 
9600 m² (not including public spaces). Here, eight 
single-family villas will be built, including the two-
demonstra�on high-energy efficient single- family 
villas characterized by a similar architectural design 
(i.e. one ground floor villa and one two-story villa), 
see Figure 14. The standard ground floor villa has 
one kitchen, one living room, one hall, two bath-
rooms, three bedrooms, one u�lity room, and a 
private garage. Each villa has private access and 
garden, which become a connected area within the 
se�lement. The villas are each located in one lot.

The total floor area of each villa is about 240 m² 
distributed into an approximately rectangular 
ground sub-lot of about 800 m². The entrance is 
oriented to the North-West side of the lot. The 
accommoda�ons are designed to host one family of 
three to five people. Two families relocated in the 
two villas a�er construc�on was completed, in 
summer 2018 and spring 2019, respec�vely.

The two demonstra�on villas have been built within 
a growing urban area belonging to an on-going 
regenera�on local program. The en�re neighbor-
hood has been conceptualised to being built 
following the guidelines given within the framework 
of ZERO-PLUS project with the aim to improve the 
microclimate condi�ons, the livability, and the 
energy efficiency of the en�re area. Table 3 
summarizes the main characteris�cs of the two 
building typologies in the Italian case study updated 
according to the pre-occupancy checks.

Italian Case Study - Granarolo dell'Emilia

The Italian case study is part of a housing develop- 
ment area already under construc�on in Granarolo 
dell'Emilia (BO), located at 28 m above sea level 
(a.s.l.) in Emilia-Romagna, see Figure 13. The flat 
area covered by the project includes the two 
demonstra�on single-family villas that were built 
following the guidelines given by ZERO-PLUS in 
order to reach a Net Zero Energy (NZE) se�lement. 
In par�cular, the total area dedicated to the de- 
monstra�on case study, i.e. two NZE buildings and 
the vicinity, is close to 2760 m². The surrounding 
area is a residen�al area rich in social services (e.g., 
schools, administra�ve offices, stores, banks, etc.) 
and public transporta�on u�li�es. In addi�on, it is 
close to a public green area.

Figure 13. Loca�on of the Italian case study

Figure 14. ZERO-PLUS villas

Table 3. Overview of the main characteris�cs of the buildings in the 
Italian case study se�lement
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In the Italian case study, the following technologies 
were selected: PV panels for energy produc�on at 
both building and se�lement level; FIBRAN 
insula�on for energy conserva�on at building level; 
ABB REACT+ for energy storage at both building and 
se�lement level; ABB Load Control for energy 
management; ABB Home Energy Management 
System (HEMS) for energy management at building 
level. The WindRail B60 system, ini�ally considered 
as poten�al RES technology, had to eventually be 
replaced by addi�onal PV panels due to procedural 
issues.

In order to calculate the performance of each 
selected technology, different analysis methods 
were used. The energy produced by the PVs and the 
achievable energy conserva�on through the 
installa�on of FIBRAN insula�on were analyzed via 
building thermal-energy dynamic simula�on.The 
numerical analysis was performed within EnergyPlus 
simula�on environment with DesignBuilder 
graphical interface. The TMY (Typical Meteorological 
Year) for the case study loca�on was selected from 
the EnergyPlus weather file database as climate 
input data. In addi�on, energy management 
systems were par�ally simulated via dynamic 
simula�on through EnergyPlus. Finally, the two ABB 
REACT+ were selected for the storage of energy 
produced by the PV panels in the Italian case study 
se�lement. Therefore, the two storage tanks, one 
for each villa, were dimensioned based on the data 
of energy produc�on.

The technologies implemented at building level, like
FIBRAN insula�on, HEMS and Load control by ABB, 
will contribute together for the energy conserva�on. 
PV panels at both building and se�lement level will 
contribute to the energy produc�on and will allow, 
together with the energy storage, the use of 
renewable energy at different �mes during the day.

The energy produced by the RES technologies (i.e., 
PV panels) will be firstly used to cover the buildings' 
consump�on. Secondly, it will be stored in the 
energy storage to be used for private purposes 
when the RES technologies are not producing 

Selec�on process of the technologies
used in the Italian case study

energy. Lastly, the excess of energy will be provided 
to the na�onal grid.

The selec�on of the ZERO-PLUS technologies was 
performed with the aim of achieving simultaneously 
the three main goals of the project in terms of ener- 
gy produc�on, energy consump�on, and cost. For 
example, the thickness of the insula�on panels was 
op�mized in order to reduce the predicted energy 
consump�on of the two villas. The number and 
typology of PV panels at the building and se�le- 
ment level were defined in order to reach the total 
amount of 50 kWh/m² y of energy produc�on.

Table 4 shows an overview of the technologies used 
in the Italian case study.

Table 4. Overview of used technologies,their func�on,and expected 
performance
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Implementa�on of the technologies 
selected for the Italian case study

FIBRAN insula�on

The XPS FIBRAN insula�on system was integrated 
into the wall and the sloped roof of one villa. In the 
sloped roof, a thickness of 7 + 7.5 cm was used, 
while in the ground floor and external walls 10 + 5 
cm and 22 cm were used, respec�vely (Figure 15).

Figure 15. The applica�on of the FIBRAN insula�on in the roof and in
the walls in the Italian case study

PV panels

One module of ABB REACT+ has been installed in 
the technical room of each villa to store the energy 
produced by the PV panels both at building and 
se�lement level. This system allows the villas to 
improve their energy self- consump�on and save on 
their energy bills together with the ABB load control 
and the ABB Home Energy Management System 
(HEMS).

In the Italian case study, 40 polycrystalline PV panels 
were used for energy produc�on. 14 PV panels were 
installed on the roof of each villa with 8 kWp of total 
power producing about 39 kWh/m² y. Furthermore, 
6 addi�onal PV panels were mounted on the roof of 
each villa with 4 kWp of total power producing more 
than 9 kWh/ m² y, to cover community needs see 
(Figure 16).

Figure 16. Loca�on of the PV panels in the Italian case study

ABB REACT+

Figure 17. ABB REACT+ for electric storage installed in one of the two villas
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Monitoring and Evalua�on of 
performance

Monitoring equipment for recording and 
transferring performance data of the energy 
produc�on technologies to the Web-GIS 
pla�orm has been installed in both villas. The 
inverter that has been used to connect the PV 
panels to the Italian na�onal energy grid is used 
to measure the energy produc�on. Addi�onally, 
a DAVIS meteorological sta�on has been 
installed on top of the roof of one villa with the 
aim to measure the meteorological condi�on of 
the area, such as air temperature, rela�ve 
humidity, wind speed and direc�on (Figure 18). 
All the monitored informa�on is transmi�ed in 
real-�me to the ZERO-PLUS Web-GIS pla�orm.

The monitoring equipment for the indoor 
environmental quality and energy consump�on of 
the buildings has been installed according to the 
specifica�ons that have been set by the project's 
technical commi�ee to ensure the correct 
measurement of the Net regulated energy (one of 
the KPIs of the project), and residents' thermal 
comfort. The following measurements are gathered: 
• Room temperature, rela�ve humidity, CO₂,
windows open/closed;
• Energy for hea�ng, cooling, and domes�c hot 
water;
• Energy produc�on by RES and consump�on by 
dwelling.

Figure 18. DAVIS meteorological sta�on installed within the se�lement

Spot measurements were also taken with a 
portable microclima�c sta�on and monitoring 
sensors during the pre-occupancy monitoring 
phase (Figure 19) needed to assess the building 
performance before the residents moved in and 
the thermal plant started running. These 
monitored data have been used to validate the 
energy simula�on models of the two villas. 

Figure 19. Portable microclimate sta�on for spot measurements

12 www.zeroplus.org
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Italy Pilot project 

Descrip�on snapshot

Selected technologies:
FIBRAN technology
Solar PVs
ABB Load control
ABB REACT
ABB Home Energy Management System
Solar PVs (at se�lement-level)

In May 2019, the as-designed performance of the Italian pilot was:

33% cost reduc�on
1.5 – 1.6 kWh/m²/year net regulated energy consump�on
60 kWh/m²/year energy produc�on by RES



The building will pioneer the future French na�onal 
thermal regula�on for 2020, and aims at genera�ng 
savings for tenants thanks to energy autonomy. 
Table 5 gives an overview of the main characteris�cs 
of the France case study building.

The town of Voreppe is located in an urban area 
with medium density housing in the eastern part of 
France about 15 km North-West of Grenoble city, 
see Figure 20. Voreppe is a city of 10 000 inhabi-
tants and is located in a lowland between two 
mountains with a li�le variable wind direc�on.

The ZERO-PLUS building has been constructed 200m 
away from the railway sta�on linked to Grenoble 
(10 minutes) as well as the ci�es located between 
Voreppe and Lyon.

The climate in this area is con�nental with a 
temperature gradient that can range from -11°C in 
the Winter season and up to + 36°C in the Summer 
season. The rainfall average is around 1000 mm per 
year.

The ZERO-PLUS building is a collec�ve building with 
18 apartments on 4 floors. It includes 7 one-
bedroom, 6 two-bedroom, 4 three-bedroom, and 1 
four-bedroom apartments, see Figure 21.
The objec�ves of the city and Alpes Isère Habitat  
are mul�ple: They focus on the urban development 
around the railway sta�on se�lement. More 
precisely, two buildings (including the one of 
ZERO-PLUS) comprising 18 and about 14 social 
housing units will be constructed and a building of 
roughly 20 dwellings for sale will complete this new 
se�lement. So far only the ZERO-PLUS building is 
constructed and occupied.

French Case Study - Voreppe

Figure 20. Loca�on of the Voreppe City

Table 5. Overview of the building parameters for the France case study

Figure 21. View of the ZERO-PLUS building
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The technologies to implement have been deter-
mined thanks to Dynamic Thermal Simula�on.

The necessary data and parameters taken into 
account are:

Firstly, a heat exchanger of the biomass urban 
hea�ng network is used to provide heat (hot water). 
The heat exchanger is able to deliver approximately 
44 000 kWh (hea�ng and hot water) and is 
connected to the Domes�c Hot Water (DHW) tank 
for the supplement to the produc�on of hot water. 
The consump�on is reduced via Spring 310M 
modules developed by DUALSUN

For energy storage, a boiler with a capacity of 750 
litres for Domes�c Hot Water (DHW) - in addi�on to 
the DUALSUN system - is used, see Figure 23. The 
building's DHW boiler, which is connected to the 
urban hea�ng network and the solar boiler supplied   

The urban hea�ng network of Voreppe town is 
supplied by renewable energy at a rate higher than 
87%. Most of this energy is produced by a wood 
boiler plant, that produces the energy of a re-
newable district, see Figure 22.

•   The performance of insulators and the glazings 
     (thermal resistance and thickness of insula�on)
•   The surface of the building (surface out of clear 
     work of reference for the thermal regula�on)
•   The worksheet data of the European equipment 
     manufacturers (outputs of produc�on) to 
     evaluate technologies to be set up.

with DUALSUN modules, is firstly  powered with the 
DUALSUN energy and then assisted with the Distric 
Hea�ng System when needed. The calcula�on 
resulted in a thickness of 100 mm for the thermal 
insulator.

The Spring 310M modules developed by DUALSUN 
exploit solar radia�on to generate electricity and 
heat simultaneously. One Dualsun Spring 310M 
module has dimensions of standard photovoltaic 
panel (60 6-inch cells), 1.7m length, 1.0m width and 
3.5cm thick. It is made of high-efficiency 
monocrystalline cells, cooled by water circula�on on 
backside of panel, see Figure 24. An ultra-thin heat 
exchanger is added, completely integrated into 
panel, genera�ng an excellent heat transfer 
between photovoltaic frontside and water circula-
�on on backside. The nominal PV power is 310Wp, 
and the Thermal power output is 570W/m².

Selec�on process of the technologies 
used in the French case study

Figure 22. District hea�ng plant (wood boiler) in Voreppe providing 
heat to the se�lement

Figure 23. Domes�c Hot Water tank boiler

Figure 24. View of Spring 310M modules developed by DUALSUN
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(www.dualsun.com).

https://dualsun.com/fr/
https://dualsun.com/fr/
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For the electricity and heat produc�on in the France 
case study, 20 modules have been implemented on 
the roo�op of the building. The photovoltaic 
electricity of the DUALSUN modules is es�mated to 
provide 7,800 kWh/year. Furthermore, for the solar 
produc�on of warm water the DUALSUN modules 
will provide approximately 8,288 kWh/year.

Addi�onal producer of renewable energy in the 
France case study is the MRE C05 module 
developed by ANERDGY, see Figure 26. The MRE C05 
represents a modular all-in-one smart roof edge 
system, which is flexible in units, energy genera�on, 
design op�on and func�ons. It combines the 
following key features of energy, design and 
func�on:

· Energy: The MRE C05 modules exploit solar 

radia�on to generate electricity, thanks to 
standard photovoltaic panel implemented on a 
innova�ve baseframe. They are dimensioned for 
a photovoltaic electrical produc�on of 
approximately 6540 kWh/year. 

· Design: It is important for architects to be able to 

integrate the MRE C05 modules structurally to 
the building and get an integrated visualisa�on 
concept. The focus on design offers new 
silhoue�es and mul�ple design op�ons in terms 
of colouring, illumina�on or front design. A major 
aspect is also that with the installa�on of a MRE 
C05 system, other technical installa�ons, which 
are normally built in the inner part of the 
roo�op, can be reposi�oned under the MRE C05 
system. This cleans up the roo�op inner area 
allowing the architect flexibility for alterna�ve 
uses e.g. greening, urban farming or a terrace, 
see Figure 26.

· Func�on: The MRE C05 system comes with a 

base frame to host the modules. This frame 
together with the MRE C05 module integrates 
building func�ons such as lightning protec�on, 
safety rail, snow, rain & ice handling, façade 
water protec�on and hos�ng space for technical 
roof installa�ons. In the French case study, a total 
of 6 MRE C05 modules have been used. 

Each technology – DUALSUN and MRE C05 – is 
connected to one different inverter developed by 
SMA . Electricity is  (www.sma-france.com)
connected to the breaker box in the basement, and 
then delivered to the French distribu�on network.

Figure 25. MRE C05 modules

Figure 26. Example of alterna�ve use of the roof.

Table 6. Overview of used technologies, their func�on and expected performance 

(www.sma-france.com)

https://www.sma-france.com/
https://www.sma-france.com/
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The heat exchanger of the urban hea�ng network is 
located in a substa�on in the basement of the 
building, see Figure 27.

Six modules of the Anerdgy Mul�func�onal Roof 
Edge (MRE) have been installed on the roof edge 
area at the north building direc�on. They provide a 
total amount of around 6600 kWhel/year. 
Beside the energy genera�on the MRE provides also 
addi�onal func�onality to the roof where it is 
installed:

•   Lightning protec�on 
•   Handling of Rain, snow and ice at the MRE area 
•   Providing accessible & weather protected storage 
      space under the MRE
•   Easy access to the façade from the roof top for 
     maintenance including safety connec�on points

Implementa�on of the technologies 
selected for the France case study

Heat exchanger

Figure 27. Loca�on place of the district heat exchanger in the France 
case study 

Spring 310M modules developed by DUALSUN

Figure 28. View of Spring 310M modules developed by DUALSUN, 
installed on the roof of the building

MRE C05

Figure 29. View of MRE C05 modules developed by ANERDGY installed 
on the roof of the building

Figure 30. Plan of the roof with the loca�on of DUALSUN and 
ANERDGY Technologies

These modules used to generate electricity and 
heat have been installed on the roof of the French 
case study, see Figure 28. Smaller than MRE C05 
modules, Spring 310M modules are placed at the 
south of the roof, while MRE C05 are implemented 
at the north, thus no module produces shade on 
one another.

Summary of Solar energy produc�on technologies

6 MRE C05 modules

20 Spring 310M DUALSUN modules
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Monitoring and Evalua�on of 
performance

In the case study of France, the MRE C05 and the 
Spring 310M modules have been installed for 
energy produc�on.

The mathema�cal model, that describes the 
calcula�on of energy produc�on as a func�on of the 
relevant environmental parameters, was defined for 
the installed technologies. The purpose of the 
models is to predict the energy produc�on 
necessary to support maintenance of the 
technologies. The MRE C05 PV mathema�cal model 
was created by the manufacturer. It has as input the 
date, �me, global solar radia�on and as output the 
electrical power. As DUALSUN modules are proven 
technology that is already on the market, we have 
introduced in the simula�on the technical data 
provided by the manufacturer.  

Furthermore, the monitoring equipment for 
recording and transferring performance data of the 
energy produc�on technologies to the ZERO-PLUS 
Web-GIS pla�orm has been selected. The inverters 
used to connect MRE C05 and Spring 310M modules 
to the French na�onal energy grid are used to 
measure the power and the energy produc�on.

The commercial monitoring equipment that will 
measure indoor environmental quality and energy 
consump�on of the buildings has been selected 
according to the specifica�ons that have been set by 
the project's technical commi�ee to ensure the 
correct measurement of the Net regulated energy 
(one of the KPIs of the project), and thermal 
comfort of the residents of the se�lement.
The following measurements will be gathered:

•   Room temperature, rela�ve humidity, 
     occupancy, illuminance, windows open/closed
•   Energy for hea�ng and domes�c hot water
•   Energy produc�on by RES and consump�on by 
     dwelling.

Figure 31. Cross-sec�on of the roof with the loca�on of DUALSUN and 
ANERDGY Technologies

The installa�on and maintenance of the innova�ve 
technologies used in the ZERO-PLUS project requires 
skilled personnel with knowledge about the specifi-
ca�ons of the products. Alpes Isère Habitat  and the 
Project Management worked together to select 
qualified companies able to assemble the different 
innova�ve systems correctly. A specific call for 
tenders has been drawn up to allow this selec�on. 
Companies installing the technologies had to 
respect and follow manufacturers´ informa�on for 
the installa�on of each system. The se�ngs have 
been done jointly with the technology suppliers. In 
addi�on, a synergy between installers and suppliers 
has been created with the la�er training the former. 

MRE C05 ANERDGY modules

Spring 310M DUALSUN modules
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Descrip�on snapshot

France Pilot project 

In May 2019, the as-designed performance of the French pilot was:

18.4% cost reduc�on
16 kWh/m²/year net regulated energy consump�on
55.8 kWh/m²/year energy produc�on by RES

Selected technologies:
ANERDGY MRE C05
DUALSUN bi-technology solar panels, thermal and photovoltaic
District hea�ng (at se�lement-level)



The ZERO-PLUS demohouse itself will not be erected 
under the ZERO-PLUS project. However, the techno-
logies, selected to meet the project's goals, have 
been installed and are monitored on a preexis�ng 
prefabricated container system structure that 
already exists in the CyI premises (the “exis�ng 
demobox”) (Figure 34). In the future, the Cyprus 
Ins�tute will install mul�ple copies of this 
demohouse on a demonstra�on site reserved on its 
premises for this purpose (Figure 35).

Figure 34. The exis�ng demobox with the selected technologies

Figure 35. Site plan for the Cyprus case study within the premises of CyI

The se�lement is located in the Cyprus Ins�tute 
(CyI) campus in Aglantzia (35.14 N and 33.38 E), a 
suburb in the southern part of Nicosia, the capital of 
the Republic of Cyprus. It is situated in a low-density 
area and borders with the Athalassa Na�onal Forest 
Park (Figure 32). 

The climate in the area is intense Mediterranean, 
with mild winters (T  = 10°C) and hot summers min, average

(T  up to 46.7 °C). As a result of these climate max

condi�ons, there is a greater focus on space cooling 
demand.

The Cyprus case study is based on the design of a 
theore�cal prefabricated container system structure 
(ZERO-PLUS demohouse), displayed in figure 33, 
which is intended for residen�al use and more 
specifically for student housing.

Cyprus Case Study – Aglantzia, Nicosia

Figure 32. Loca�on of the Cyprus case study

Figure 33. The Future ZERO-PLUS demohouse
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The concept of the Cyprus case study is to create a 
zero-energy se�lement formed by numerous 
ZERO-PLUS demohouses that will be realized in the 
near future by the exis�ng demobox and the RES 
technologies installed by ZERO-PLUS
In the current demobox, 1 module of FAE HCPV and 

1 system of Freescoo HVAC are installed. The 
Freescoo HVAC system is mounted into a fake wall 
that is filled with FIBRAN insula�on. For the 
construc�on of the future ZERO-PLUS demohouse, 
the use of 40 mm of Fibran insula�on on the walls 
and 80 mm on the roofs is considered (Table 7).

Table 7. Overview of the building parameters for the Cyprus case study

Selec�on process of the technologies 
used in the Cyprus case study

Innova�ve energy conserva�on and renewable 
energy genera�on technologies were numerically 
tested for the Cyprus ZERO-PLUS demohouse, in 
order to reach the project's performance targets 

and achieve a be�er integra�on of the technologies, 
which can help with the installa�on and mainte-
nance processes. Table 8 shows the selected 
technologies.
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Table 8. Overview of used technologies, their func�on and expected performance. 
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Advanced insula�on provides a needed reduc�on in 
space hea�ng and cooling for the case study 
buildings. In addi�on, one feature that makes the 
advanced insula�on par�cularly important for 
Cyprus is that it is coated with a highly reflec�ve 
surface material, which mi�gates overhea�ng risk. 
More specifically, Fibran technology conserves 
1525.7 kWh/year (i.e. 3.8 kWh/(m² year)) from the 
addi�on of 80 mm insula�on on the roofs and 
1232.5 kWh/year (i.e. 3.0 kWh/(m² year)) from the 
addi�on of 40 mm insula�on on the walls.

Extruded polystyrene produc�on is based on the 
extrusion of the mixture of raw material, with the 
appropriate blowing agents and fire retardant. The 
extrusion makes the molecular structure of the XPS 
to have almost 97% of closed shells. This is why XPS 
material has an extremely high resis�vity towards 
water. Furthermore, the coherence of the structure 
provides a board with very high compressive 
strength. The innova�on in the XPS produc�on is 
the crea�on of a waffle surface (Figure 36) which 
allows the best possible coherence between XPS 
and plaster or primer. 

HVAC Freescoo is an innova�ve compact solar air 
condi�oning system. It is designed for ven�la�on, 
space cooling, dehumidifica�on and space hea�ng 
of buildings. The system is based on a new solar 
Desiccant Evapora�ve Cooling (DEC) concept. Solar 
heat and water are used to drive the cooling process 
that condi�ons the space the unit is connected to. 
The air handling process ensures temperature and 
humidity control. In addi�on, the system is designed 
to provide air flow in the condi�oned space. 

Figure 36. Waffle surface of Extruded Polystyrene board provided by 
FIBRAN.

The HVAC Freescoo technology has an important 
energy conserva�on of 6001.4 kWh/year (i.e. 46.2 
kWh/(m² year). Moreover, the fuel that the HVAC 
Freescoo technology uses for hea�ng is the hot 
water provided by the FAE HCPV technology and the 
fuel that it uses for space cooling is the electricity 
provided by the FAE HCPV technology. 

The FAE HCPV developed by IDEA, associated to 
ARCA Consor�um, is a technology which exploits 
solar radia�on to generate electricity and heat at 
the same �me, with a high combined efficiency. 
A non-image op�c system is concentra�ng the 
sunrays on mul�func�on cells that are ac�vely 
cooled on their backside. An array of 20 of such 
receivers are integrated upon a double-axis tracking 
system that is precisely following the posi�on of the 
sun. To maximize the energy harvest of the FAE 
HCPV system the main axis must always be oriented 
in a north-south direc�on. 

Figure 37. Drawings of Freescoo air condi�oner provided by 
SolarInvent
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The FAE HCPV technology generates electrical 
energy of 917.1 kWh per year, while it also gene-
rates 1207.1 kWh thermal energy per year, which, 
as men�oned above, can be used by the HVAC 
Freescoo technology. It therefore generates 52.46 
kWh/(m² year). The excess thermal energy by the 
FAE HCPV system can be used in order to produce 
dis�lled water for various func�ons of the demobox 
and the future ZERO-PLUS demohouse.

Figure 38. FAE HCPV developed by IDEA

Figure 39. Systems integra�on suppor�ng the Cyprus ZERO-PLUS 
demohouse: the FAE HCPV produces electricity that is used by the 
HVAC Freescoo unit to provide ven�la�on, dehumidifica�on and 
space cooling and hea�ng.

Implementa�on of the technologies 
selected for the Cyprus case study

HVAC Freescoo system

Freescoo is a plug and play compact HVAC solu�on 
fed by low-grade thermal energy (e.g., solar thermal 
systems, heat pumps, gas boilers or waste heat), 
that provides indoor thermal comfort. It is designed 
for sa�sfying the needs for ven�la�on, space 
cooling, dehumidifica�on and space hea�ng of 
buildings in the residen�al and ter�ary sectors. 

The energy input comes from a water-heat 
distribu�on loop that can be connected to a solar 
thermal plant or a gas boiler as a back-up energy 
source. The supply air is sent directly to the 
condi�oned room, but air exchange with an outdoor 
space is also required. In the ZERO-PLUS project, the 
system design has been completely revised to form 
a compact unit, which can be integrated into the 
building façade. One Freescoo system was installed 
in the Cyprus case study on the ground floor of the 
exis�ng demobox, see Figure 40. The characteris�cs 
of the Freescoo system are shown in Table 9.

Table 9. Characteris�cs of the Freescoo system

Figure 40. Freescoo system assembly loca�on
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For the installa�on in the ZERO-PLUS demobox, the 
Freescoo HVAC system has been equipped with a 
frame designed with features, such as using minimum 
parts, which are flexible, interchangeable, and 
upgradable, lightweight, and suitable for mass 
produc�on. In total, three types of frames have been 
proposed within the project. All frames are made of 
structural steel profiles and are fixed to the Freescoo 
system. For ven�la�on purposes, the external vent 
cover is designed to bridge up the connec�on 
between the external environment and the 
inlet/outlet air grills of the adsorp�on bed. The 
internal vent grill cover consists of two parts, an 
upper sec�on and bo�om sec�on. The upper sec�on 
provides an adjustable vent grill cover for interior use. 
The bo�om sec�on has two openings that provide 
easy accessibility during installa�on of the pipes and 
during later maintenance, see Figure 41.

The structural details of the building, the connec�on 
methods, the accessibility of the site, etc. must all be 
considered prior to final installa�on. The main 
installa�on tasks include uploading the system off the 
truck, hois�ng the system and lowering it down to the 
assembly floor level, transpor�ng the system at the 
installa�on loca�on, remove the exis�ng window, 
make openings for ven�la�on grills, install the steel 
installa�on frame, install Freescoo system along with 
accessories, construct the wood stud back support 
structure, install the aluminium suppor�ng frame, 
clips, profiles, and fixtures, install Fibran insula�on 
panels, install the side cladding panels, and the le�, 
right front panel, and finally, install the frontal 
cladding panels, see Figure 42.

Figure 41. Freescoo system installa�on frame details

Figure 42. Freescoo system installa�on method
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Installation frame

Internal ventilation grill cover/upper

Internal ventilation 
grill cover/bottom

External ventilation grill cover
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Back frame will be welded
onto the exis�ng container
frame
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Before the final installa�on of the FAE HCPV system, 
the ground in the proximity of the case study 
building was prepared. A�erwards, the final 
assembly steps were performed according to the 
instruc�on provided by IDEA.

Briefly, the individual installa�on steps are: 
posi�oning the center foot and installing the worm 
reduc�on gears; installing the side feet and the 
external axes; installing further components such as 
the op�c port, the transmission system, the 
actua�on system, the op�cal concentrator, the heat 
sink, the hydraulic moun�ng connectors, the fi�ng 
sinks, and the rotary encoder.

To ensure the func�onality of the system, the 
mirrors require regular cleaning. The cleaning task 
needs to be done manually and carefully in order 
not to scratch the mirror surface. The hydraulics and 
electric connec�ons require regular inspec�on and 
maintenance, as well. Access for maintenance needs 
to be ensured as well as protec�on from unintended 
access.

FAE HCPV system

The FAE HCPV system exploits the property of op�cs 
(lenses or curved mirrors) to focus a wide area 
impacted by the sun radia�on on a small area 
occupied by one or more high efficiency 
photovoltaic cells (up to 44% of conversion rate) to 
generate electricity, see Figure 43. The charateris�cs 
of this system are summarized in Table 10. In the 
Cyprus case study, one module of the FAE HCPV 
system is installed in front of the exisi�ng demobox 
away from overshadowing from the neighbouring 
property, see Figure 44. The complex system 
requires some specific considera�ons for the 
installa�on, such as:

•   The height of the suppor�ng foot might be 
     reduced  to avoid unpleasant visual impact;
•   Special qualified engineers are required to 
     assemble and install the technologies, following 
     instruc�ons from the technology providers;
•   The poten�al installer needs to be trained by the 
     technology providers (condi�on in tender);
•   Importance of collabora�on with the Main 
     Contractor;
•   Proper maintenance from qualified people during 
     the life�me of the technologies.

Table 10. Characteris�cs of the FAE HCPV system

Figure 44. Installa�on loca�on of the FAE HCPV system

Figure 43. FAE HCPV system components

Basic component of the system

1) Outside foot
2) Centre axis with ribs 
3) Op�cal concentrator
4) Inside foot
5) The worm reduc�on gears
     (Tramec XC 63 complete with
      double extension tabs)
6) Op�cal port
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Figure 45. Monitoring equipment installed in the Cyprus case study

Monitoring and Evalua�on of 
performance

In the case study of Cyprus, the FAE HCVP has been 
installed for energy produc�on on the ground in 
front of the exis�ng demobox and the HVAC 
Freescoo system for cooling has been installed on the 
exis�ng demobox. The mathema�cal model, that 
describes the calcula�on of energy produc�on as a 
func�on of the relevant environmental parameters, 
was defined for FAE HCPV. The purpose of the model 
is the predic�on of energy produc�on to support 
maintenance of the technologies. The FAE HCVP 
mathema�cal model was created by the 
manufacturer with inputs of date, �me, global solar 
radia�on, horizontal solar radia�on, ambient 
temperature, wind speed and outputs of the 
electrical and hot water power.

Currently, the link of the predic�on models with the 
ZERO-PLUS Web-GIS pla�orm is in progress.

Furthermore, the monitoring equipment for 
recording and transferring performance data of the 
energy produc�on technologies to the Web-GIS 
pla�orm has been developed. A specially designed 
electronic board will be used to gather and transmit 
the measurements to the Web-GIS pla�orm.

The specifica�ons for the monitoring equipment 
have been set by the project's technical commi�ee 
to ensure the correct measurement of the Net 
regulated energy (one of the KPIs of the project), and 
thermal comfort of the residents of the se�lement. 
The following measurements will be gathered (Figure 
45):

· Room air temperature, rela�ve humidity, 

illuminance,

· Opening and closing of the windows and door.

· Energy for space hea�ng and cooling,

· Overall electricity consump�on by the demobox,

· Energy produc�on by renewable energy sources 

(RES),

· Meteorological data. 
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Descrip�on snapshot

Cyprus Pilot project

In October 2019, the as-designed performance of the Cyprus pilot was:

17% cost reduc�on
14.8 kWh/m²/year net regulated energy consump�on
55.4 kWh/m²/year energy produc�on by RES

Selected technologies:
FIBRAN insula�on
HVAC freescoo
FAE HCPV (at se�lement-level)



The prefabrica�on and system integra�on strategy tested in the 
Cyprus case study

During the course of the project, the consor�um 
decided to alter the exis�ng demobox hos�ng the 
air  quality observatory of the Cyprus Ins�tute (CYI) 
in Nicosia and to install the preselected technology 
products to monitor energy performance. The 
installa�on strategy of the Freescoo system was 
carried out by TUM from March 2019 to October 
2019. During this period TUM worked closely with 
SolarInvent and the CYI to ensure the Freescoo 
system installa�on will be carried out smoothly and 
in accordance to the requirements of the 
technology provider. 

The design of the Freescoo system has changed 
from the two separate modules (Evapora�ve (EVA) 
module and the Adsorp�on (ADS) module) to a 
compacted single-unit design. The technology 
provider has iden�fied four key func�onal 
requirements of the installa�on task including, first, 
the method should ease the installa�on task. 
Second, the design should offer protec�on against 
external elements such as rain and wind. Third, the 
design should offer an elegant appearance, also to 
ease necessary maintenance tasks.

A “Fake wall” or installa�on wall structure was 
developed, which simulates the condi�on as if the 
system is fully integrated with the building 
envelope. The proposed installa�on method assists 
the technology provider in developing a fully 
integrated installa�on method for residen�al and 
commercial applica�ons. The installa�on wall 
consists of galvanized strut channels, steel fixture 
profiles, HPL stra�fied laminated cladding panels, 
and Fibran insula�on panels. 

Figure 46. The proposed “Fake wall” design

The installa�on procedure is listed as follows.

•   Step one: Remove the ground floor window, make 
     opening below the window opening for ven�la�on 
     grills
•   Step two: Install galvanized strut channels 
•   Step three: Install Freescoo system and the fixture 
     profiles
•   Step four: Install Fibran insula�on panels
•   Step five: Install cladding wall panels

Figure 47. The proposed “Fake wall” design
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SolarInvent has approved the installa�on strategy, 
and believes the design provides a valuable pilot 
case to test the on-site installa�on of the latest 
Freescoo system. The installa�on wall concept 
offers a great opportunity for the company to open 
up a new integra�on method with a focus on 
commercial buildings. 

The on-site installa�on of the Freescoo system took 
place at the CYI campus from October 2 to October 
4, 2019. In general, the installa�on is successful. 
Most of the prefabricated parts and components 
shipped from Italy were fi�ed perfectly or with very 
li�le devia�on. The Freescoo system might be too 
heavy for manual handling. As a recommenda�on, 
the on-site labor can use a mini crane for li�ing task 
and to install hoist brackets on the system casing to 
assist the crane li�ing.  

Figure 50. The Freescoo system is successfully installed Figure 48. Maintenance access doors Figure 49. Cladding panel details
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Sample business plan for commercial-scale implementa�on of the 
technologies and processes developed in the project 

The sample business plan lays out poten�al 
direc�ons for the commercial exploita�on of the 
tools and methodology developed during the 
ZERO-PLUS project. It provides a star�ng point for 
companies planning to exploit the project's outputs 
to expand their par�cipa�on in the market for new 
residen�al Net Zero Energy Se�lements (NZES). 
The sample business plan is to be understood as a 
guide to the a�en�on of en��es who wish to 
commercially exploit the results produced by the 
ZERO-PLUS project rather than a plan for immediate 
imple-menta�on.  

The ZERO-PLUS project has developed a method 
and accompanying tools to provide an overarching 
solu�on to the barriers to successful construc�on of 
new residen�al Net Zero Energy Se�lements (NZES). 
Focusing on the se�lement-level instead of on single 
buildings, the ZERO-PLUS approach aims to bring 
together technology suppliers, energy efficiency and 
renewable energy experts and developers who work 
together from the earliest stages of project concep-
�on to op�mise the NZES design. ZERO-PLUS is a 
comprehensive, cost-effec�ve system for the design, 
construc�on and monitoring of Net Zero Energy 
Se�lements which has been tested and imple-

mented in four pilot projects across Europe (in 
France, the UK, Italy and Cyprus). Applica�on of the 
ZERO-PLUS approach ensures achievement of cost, 
energy use and renewable energy produc�on 
targets. The targets to be achieved can be adjusted 
as needed for specific cases. 
In the pilot projects, it is expected that the following 
objec�ves of the ZERO-PLUS project will be met or 
exceeded:

The added-value of the ZERO-PLUS approach lies in 
the cost effec�veness of the construc�on process, 
thanks to the applica�on of an integrated approach 
to building design, and the op�misa�on of the 
energy load for each building by designing the 
energy genera�on system at the se�lement level. 
The figure below provides an overview of this 
approach to building design by illustra�ng the 
phases of the ZERO-PLUS concept together with 
their associated ac�ons and tools.

The benefits that result from the applica�on of the ZERO-PLUS concept can be summarised as follows:

•  16% cost reduc�on compared to the reference 
    case
•  Net regulated energy consump�on of < 20  kWh
    /m²/year
• Energy produc�on by RES of > 50 kWh/m²/year

Without ZERO-PLUS With ZERO-PLUS
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The diagram below illustrates the ZERO-PLUS concept for Net Zero Energy Se�lement design and construc�on. 
At the top of the diagram, in grey, we show the toolkit developed. In the body of the diagram we show the 
main steps of this approach to design, construc�on and occupancy. Arrows between the steps show the 
linkages between the steps. The table in the following pages provides more detail on each of the steps, on the 
composi�on of the toolkit and on the stakeholders involved.

Figure 51. Detailed ZERO-PLUS concept for Net Zero Energy Se�lement design and construc�on

Table 11. Detailed ac�vity breakdown of the ZERO-PLUS concept
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1Tools that were developed or adapted specifically for ZERO-PLUS (also included in the diagram above) are in grey boxes. Tools for which industry 
standard versions are used are in plain text.



The target market of ZERO-PLUS is the European 
construc�on market, in par�cular the European 
construc�on market for new highly energy efficient 
buildings, especially new residen�al se�lements. 
The target audience of the ZERO-PLUS concept are 
organisa�ons with the resources to develop whole 
se�lements and with ambi�ons to invest in 
developments with high environmental perfor-
mance. Indica�ve customer segments for the 
ZERO-PLUS approach could be:

• Large and / or growing municipali�es aiming 
for excellence in residen�al construc�on, 
which would adopt a holis�c methodology of 
planning and managing the urban expansion in 
the most sustainable way;

• Housing associa�ons with environmental 
commitment, who aim to provide the benefi-
ciaries with highly efficient, environmentally 
friendly and low-carbon buildings;

• Private or public housing developers inves�ng 
in mul�-building residen�al developments 
who wish to leverage compliance with the 
EPBD and improve performance and design;

• Professional architecture/engineering prac�ces, 
which would adopt a comprehensive service and 
toolbox package for the design of NZE se�le-
ments and the management of the construc�on 
and commissioning phases.

The proposed business model for commercial-scale 
implementa�on of the ZERO-PLUS concept may be 
described as a service to be provided for net-zero 
energy se�lement design, commissioning and 
monitoring. The applica�on of this concept results 
in new housing that achieves specific renewable 
energy and energy saving targets at the lowest 
possible cost for the technologies considered. This is 
achieved through an itera�ve, integrated op�miza-
�on process that looks at both the energy and the 
financial performance of the design. Tools are 
provided to ensure that construc�on is completed 
on budget and while achieving design targets. A�er 
commissioning of the buildings, all informa�on 
needed for op�mal maintenance is provided to 
building managers. The service combines the 
knowledge and tools of a range of en��es with 
broad exper�se in design, modelling, construc�on 
management and monitoring of buildings into a 
seamless package as developed for the ZERO-PLUS 
project. 

The ZERO-PLUS project did not include ac�vi�es 
that packaged the methodology and tools devel-
oped to prepare them for large scale commercial 
implementa�on. As a result, the first stage in this 
business plan consists of the prepara�on of the 
tools for commercialisa�on. The tools could then be 
used in test cases - construc�on projects in which 
the ZERO-PLUS concept could be applied and the 
commercial viability of the tools validated by 
suitable metrics. At this stage, grant and / or pa�ent 
investor capital would be needed to fund the 
opera�ons.

Commercial exploita�on could start once commer-
cial viability has been validated. The organisa�onal 
form of the en�ty that would undertake this 
exploita�on would need to be determined jointly by 

the investors and the ZERO-PLUS project partners 
who are owners of the Intellectual Property (IP) that 
is part of the ZERO-PLUS concept. This en�ty could 
be a spin-off company cons�tuted of former project 
partners, or an established company such as a large 
consultancy that is interested in scaling-up the 
commercial ac�vi�es of ZERO-PLUS. Due to the 
depth of knowledge needed for the further deve-
lopment of the outputs of the ZERO-PLUS project, 
the par�cipa�on of staff from the partner 
ins�tu�ons of the ZERO-PLUS project would be 
needed in order to finalise the tools for commercia-
lisa�on. Once the applicability of the concept on a 
commercial basis has been verified, it would be 
feasible for them to step back from direct 
involvement.
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We suggest the following indica�ve roadmap for the 
first steps that could be taken to prepare the 
effec�ve commercialisa�on of the ZERO-PLUS 
concept:

1 Decide on the form of the new en�ty that 
could con�nue the development of the 
concept for commercial exploita�on;

2 A precondi�on to commercial exploita�on 
would be reaching agreement on intellectual 
property rights. Any exploita�on of project 
outputs subject to intellectual property rights 
would only be possible once an agreement is 
reached with the owners of these outputs;

3 An op�on for the staffing of the new en�ty 
would be that project partners willing to 
undertake the start-up of this new en�ty 
would assume responsibility for ini�a�ng 
ac�vi�es;

4 Full implementa�on of the ZERO-PLUS 
approach would be possible if the knowledge 
and tools developed as part of the ZERO-PLUS 
project would be provided to the personnel of 
the new en�ty established for commercial 
exploita�on, subject to the agreements 
reached on intellectual property rights in 
point 2 above;

5 Start a fund-raising campaign both towards 
public grants (upcoming EIC Innova�on grants, 
EIT Climate KIC accelerator programs, etc.) 
and private venture capital.

Once sufficient capital to cover the start-up costs 
has been raised, the following ac�ons could be 
considered:

6 Staffing: Employ technical staff, a Marke�ng 
and Business Development Manager, along 
with any other staff iden�fied as essen�al at 
this stage;

7 Further development of so�ware: External 
so�ware development consultants could be 
hired to support the packaging of the tools 
and develop the ZERO-PLUS web pla�orm, 
based on the outputs of the project, into a 
commercially viable product;

8 Marke�ng ac�vi�es: these could start by 
building on the dissemina�on efforts of the 
ZERO-PLUS project to further develop materi-
als describing ZERO-PLUS in language and 
degree of detail suitable for the various 
stakeholders;

9 Verifica�on of the business model through 
test cases: The first test case would not 
require the ZERO-PLUS concept to be fully 
market-ready, but the business model 
described in this document assumes that the 
test case could be implemented once the 
concept is in the last phases of development;

0 The financial analysis assumes a small income 
from training provided about NZEBs and Net 
zero energy se�lements.
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