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CONCEPT

ZERO-PLUS is a comprehensive, 

cost-effective approach for the 

design, construction and 

monitoring of Net Zero Energy 

Settlements (NZES). Focusing on 

the settlement-level instead of 

single buildings, the ZERO-PLUS 

approach aims to bring together 

settlement planners, building 

designers, technology developers 

and suppliers, energy efficiency 

and renewable energy experts, 

contractors, and building owners 

to work together from the earliest 

stages of project conception to 

optimise the NZES design. 

01.
What is the ZERO-PLUS Approach?

The added-value of the ZERO-PLUS approach lies in the cost-effectiveness of 

the construction process, thanks to the application of an integrated approach 

to building design, and in the optimisation of the energy load for each building 

by designing the energy generation system at the settlement level. 

The benefits of applying the ZERO-PLUS approach have been demonstrated 

in four pilot projects in different climatic settings (in France, the UK, Italy and 

Cyprus) as part of the EU-funded Horizon 2020 project ZERO-PLUS (Grant 

Agreement 678407).

The ZERO-PLUS approach has three phases; design, construction and 

occupancy with each having its own set of activities. A number of tools and 

methods have been developed for each phase. These are described in detail in 

the guidebook on ZERO-PLUS Tools and Methods. 

The diagram below provides an overview of the ZERO-PLUS approachA1. The 

toolkit developed is shown in grey at the top of the diagram. The main steps of 

the approach are shown in the main body of the diagram. Arrows between the 

steps show the linkages between the steps. 

A1Amancic D. and Isaac M. (2019). D8.4 Sample business plan for commercial-scale implementation of the technologies and processes
developed in the ZERO-PLUS project

www.zeroplus.org

https://cordis.europa.eu/project/id/678407


Figure A1. Detailed ZERO-PLUS approach for Net Zero Energy Settlement design, construction and monitoring 

The ZERO-PLUS approach for Net Zero Energy settlement design, construction and monitoring

www.zeroplus.org
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02. What are the Benefits? 
The ZERO-PLUS approach integrates design, 

construction and monitoring considerations in the 

planning of settlements, including the selection of 

suitable technologies. The benefits that result from the 

application of the approach can be summarised as 

follows:

Moving the focus from the single building scale to the 

settlement scale enables to account for the application of 

communal energy production and management 

technologies. This systems’ upgrade provides both 

economic and energy benefits. Firstly, a reduction in the 

initial investment cost for the technologies thanks to their 

sharing among the community. Moreover, the installation 

at a larger scale of more powerful systems is 

characterised by higher energy efficiency.

Finally, the energy balance among the different users

in the community grid, allows for loads and renewable 

energy use shift and cost savings.

Shifting the scale of the single building to the whole 

settlement allows for the exploitation of the benefits 

achievable by improving the outdoor microclimate 

conditions both for the external community areas and 

the single buildings. These benefits have to do with the 

mitigation of the outdoor microclimate such as 

overheating and other climate change related 

phenomena and reduction of building energy demand 

and associated CO
2
 emissions. They are achievable 

thanks to the proper implementation of microclimate 

mitigation strategies. The principal acknowledged 

strategies are green and cool materials. 

Increased efficiency

through the application of

communal energy production 

and management technologies

Improved microclimate

conditions through urban design 

solutions, leading to a reduction 

in energy demand and CO
2
 

emissions

B. A.

Optimisation at settlement level

reduces cost 

Integrated planning and management

of supply chain and construction process  

Methodology ensuring optimal

achievement of NZE performance  

NZEBs are expensive

Uncoordinated construction

supply chain  

Unsure how to achieve Net-

zero energy performance

Without ZERO-PLUS With ZERO-PLUS
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The enlargement of the scale of analysis from the single 

building to the settlement level allows accounting for 

shared energy production and management systems. 

The performance of these systems can be optimised 

thanks to the availability of a larger area of application 

and, therefore, more opportunities for installation and 

higher installed power. 

The challenge of significantly reducing the costs of NZE 

settlements can be met, in part, by reducing the "balance 

of system" costs of the technologies through efficient 

production and installation processes. Customised and 

optimised solutions are developed for each project, yet 

automation is implemented, where possible, to ensure 

efficiency and economies of scale, and thus reduced 

costs. Effectively, a detailed analysis of the selected 

technology products in each project is performed, to 

propose a feasible solution for the production, transpor-

tation, assembly, installation, and lifecycle management 

aspects of those products. By increasing productivity 

and value-added activities, time and cost savings can 

consequently be achieved.

The Involvement of diverse expertise in all phases of 

project development, from pre-design to post-occupancy 

is assumed. The team of experts is expanded to include 

building energy simulation and analysis experts, 

monitoring coordinators, IT engineers and where 

required, the developers of innovative technologies,

the project owner as well as the occupants.

       Optimal energy production 

through a proper technology 

design and integration at

settlement scale 

Economies of scale, leading 

to opportunities for lower initial 

investment costs

A Life Cycle Cost Analysis (LCCA) regarding the specific 

contribution of each of the selected innovative compo-

nents is performed and the optimum economic sizing is 

estimated. Given the estimation of the technical and 

economic optimum target for each innovative compo-

nent and system, optimisation techniques are used to 

select the final sizing of each technology and component. 

 Selection of cost-optimal 

combination and size of

technologies 

 Access to the expertise 

required for the design, construction 

and maintenance of innovative 

building and settlement design 

solutions 

Improvements in energy and environmental perfor-

mance (in terms of comfort) are simulated for the 

proposed home energy management systems, for 

advanced lighting control systems, for different types of 

occupancy schedules and different modes of operation. 

Advanced simulation techniques at high spatial and 

temporal resolution are used to create a range of load 

profiles for different occupancy patterns. 

The performance of the building systems is also tested 

and optimised for current and future climate (2030s, 

2050s, 2080s) as a safeguarding measure against the 

expected increase in indoor temperatures and solar 

insolation.

In addition, information collected in the monitoring phase 

is analysed both qualitatively (questionnaires for occu-

pants) and quantitatively (monitored data) to identify 

potential barriers in the use of the building and its 

systems. 

 Enhanced building

performance for the end users

C.

D.

E.

F.

G.
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03. What is the Potential Scale of Implementation?

Table A1. Characteristics of the ZERO-PLUS project case studies

The ZERO-PLUS approach is flexible, thus expandable 

to any new highly energy efficient building, especially 

new residential settlements. Examples are mixed-use 

developments including commercial and/or industrial 

buildings as well as residential ones. As the 

ZERO-PLUS approach includes an optimisation 

component, and due to its modular nature, it can be 

transposed to different climatic settings and 

environments. 

 

In the ZERO-PLUS project, the approach was 

implemented in four demonstration case studies, 

located in Cyprus, Italy, France, and the UK. These 

settlements are located in sites with different climatic 

characteristics and consist of different types of 

buildings thus demonstrating the adaptability and wide 

applicability of the ZERO-PLUS approach (Table A1.)

Location Climate
Type of

buildings

Energy

conservation

Energy

generation 

Energy

management

York, UK

Detached and

semi-detached

dwellings

XPS (composite
cool thermal
insulation on walls
and roof) by FIBRAN

Thermal energy
stored in hot water tank
Energy regulation
(low temperature at night)

freescoo HVAC
(solar air conditioning
system) by SolarInvent
ETICS XPS (composite
cool thermal insulation
on walls)  by FIBRAN

Temperate

Granarolo

dell’Emilia,

Italy

PV system
on roof

PV system
on roof

MRE C05 PV system
on roof by ANERDGY
Spring 310M (electrical
and thermal solar panels
on roof) by DUALSUN
Connection to district
heating network (biomass)

Powerwall II batteries for
the management of
electricity demand from PV
and off-peak reduced rate
charging by Tesla
BEMS with learning
thermostat by HIVE

FAE HCPV
(combined heat
and power
generation system)
by Idea

Voreppe,

France

Nicosia,

Cyprus

Temperate

and

Mediterranean

Intense

Mediterranean

Semi-

continental 

Prefabricated

container

system

Social housing

apartment

block

Villas

REACT Storage and
inverter system by ABB
Load control by ABB
BEMS system by ABB

Figure A1. View of the ZERO-PLUS buildings (top left: France, 

top right: UK, bottom left: Italy, bottom right: Cyprus)
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04. What can it Achieve? 
Application of the ZERO-PLUS approach ensures 

achievement of cost, energy use and renewable 

energy production targets. The as-built 

performance of the four ZERO-PLUS project 

settlements against their targets are summarized 

below. The achieved performance demonstrates 

the increased environmental and social value of 

the ZERO-PLUS approach.

Table A2. As-built performance of the four ZERO-PLUS case studies

Key Performance Indicators Italy France UK Cyprus

16.02.8 -2.3

44.2 49.7

26.7% 24.8%

14.8

52.4 55.4

17.8% 17.0%

Net regulated energy consumption

(kWh/m2/year)

(target: < 20 kWh/m2/year)

Renewable production (kWh/m2/year)

(target: > 50 kWh/m2/year)

Cost reduction 

(target: 16% reduction compared

to the reference case)

A. CONCEPT  |  DESIGNING NET ZERO ENERGY (NZE) SETTLEMENTS - GUIDEBOOK 9

www.zeroplus.org

Figure A2. The Cyprus Case Study



05. Where is it Applicable?
The ZERO-PLUS approach has been developed 

primarily for new settlements and neighborhoods. 

However, the approach can be adjusted so that it is 

also applicable for the retrofit of existing settlements. It 

can also easily be expanded to include additional uses 

(e.g. schools, office buildings, etc.). In fact, such an 

expansion is likely to make the approach even more 

effective given the larger scale of many such buildings, 

and the fact that they are often located within 

campuses in which settlement-level solutions could be 

more easily applied. 

As demonstrated by the ZERO-PLUS project, the 

approach is also relevant for different building types 

– both public and private housing, single and multi-unit 

housing and is also applicable in a range of different 

climatic regions with different heating and cooling 

requirements.

The following aspects further determine the

applicability of the ZERO-PLUS in different contexts:

 

Urban planning: the application of the ZERO-PLUS 

approach should be aligned with the long-term urban 

plans of the settlement and its surroundings to ensure 

that the opportunities for its application are fully 

exploited. 

Building permits: the innovative technologies to be 

applied should be introduced to the relevant local 

planning authorities early on to reduce the risk of 

complications with the building permits.

Utility companies and service providers: support 

of the local utility companies and energy service 

providers about the implementation of communal 

energy production and management technologies 

should be sought in advance.

Residents: the occupants of the residential buildings 

should be willing to accommodate and use new 

technologies. Care should be given so that they have a 

full picture of the operation and maintenance require-

ments and procedures of such technologies.

Project team: a diverse and expanded project team 

including building energy simulation and analysis 

experts, monitoring coordinators, IT engineers and the 

developers of innovative technologies, where relevant, 

is required. The project owner as well as the occupants 

may also need to be involved. The project team should 

be formed and work together from the outsets of the 

project until the end, implementing an integrated 

project design and delivery process. It is important 

that such a team is led by a project manager who 

oversees the project development and coordinates 

communication among all team members. 
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Β. Tools and Methods



TOOLS AND METHODS

The ZERO-PLUS approach 

consists of three phases, Design, 

Construction and Occupancy, 

with each having its own set

of activities. Methods and 

accompanying tools for each

of these phases have been 

developed through the EU-funded 

ZERO-PLUS project (GA 

678407).

An overview of the developed 

tools and methods is provided 

below.

01.
Overview of Tools and Methods

www.zeroplus.org
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Occupancy Phase

Construction Phase

Design phase

Construction/Installation M&V procedures

Post-Construction – pre-occupancy M&V procedures

Cost control and change control tools

Monitoring and Verification plan

Commissioning planning

Post-Occupancy Evaluation (POE) protocol

Web-GIS monitoring platform

Problem Identification Protocol

Dynamic thermal simulation of buildings performance

Assessment of the building typologies baseline

Modelling of established Energy Efficiency (EE) technologies to minimise demand

Optimisation of selected energy conservation and Energy generation technologies

Simulate home Energy management systems and lighting controls

Run measures as packages integrating Energy conservation,

Energy generation, home Energy management, and lighting control technologies

Method for microclimate simulation and development of weather files

Tool for the Optimisation analysis of Energy generation technologies

Settlement level simulation tools

Design optimisation tool for minimising
the initial and life cycle costs

Cost reduction assessment methodology

Step 1
Step 2
Step 3
Step 4

Step 5

www.zeroplus.org
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02. Design phase
The overall aim of the design phase is to optimise the 

expected energy and environmental performance of 

the buildings, the installed systems and the settlement 

whilst minimising costs of implementation using 

simulation and cost calculation tools. The tools and 

methods developed for this cause are described 

below.

2.1 Dynamic thermal simulation
of buildings performance

2.1.1 Assessment of the building
typologies baseline 2.1.2 Modelling of established Energy

Efficiency (EE) technologies
to minimize demand

Method

The building scale modelling and simulation involves 

five steps to create a baseline and arrive at an 

optimised design which integrates optimal 

technologies to achieve the project performance 

targets.

1. Model the baseline building.
The parameters are provided by the

housing providers / architects based

on the request for information.

2. Simulate the results.
Assessment of the baseline includes the evaluation 

of energy and comfort needs of the residential 

typologies during the year.

a. Site parameters, e.g. location specific weather files

b. Buildings spatial configurations, e.g. floor area 

and ceiling height

c. Construction/material parameters, e.g. material 

U-values and thicknesses

d. Thermal and energy consumption templates 

and profiles, e.g. heating set-point, heating 

schedule, occupancy schedule

e. Systems details, e.g. heating and ventilation 

efficiencies

To establish the as-designed results for the case study 

buildings, baseline energy use and environmental 

performance of representative residential typologies 

are assessed in detail in terms of space heating, hot 

water, cooling, lighting and appliances, using dynamic 

thermal simulation (DTS)Β1. 

Before applying project-specific energy conservation 

and energy generation technologies, established 

energy efficiency (EE) technologies are applied to the 

baseline model to minimise demand. This step 

ensures that energy savings from established 

measures is achieved first, before installing advanced 

and project specific measures and technologies. 

These include:  

Method

1. Identify established (good practice) 
energy efficient technologies and 
measures. 

2. Change EE parameters in the baseline 
model to established technologies, 
e.g. change double glazing in the baseline building 

to low-e double glazing to establish savings impact; 

replace standard boiler with efficient boiler.

3. Simulate the results for each established 

measure and for all the measures combined.

Β1 Gupta, R., Gregg, M., Dracou, M.K., Pyrgou, A., Pisello, A.L., Piselli, C., Pignatta, G., and Jehl, B. (2016). ZERO-PLUS D3.1 Report on the expected energy and environmental performance
    of each energy production and energy management technology.

www.zeroplus.org
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2.1.3 Optimisation of selected
energyconservation and
energy generation
technologies

After demand is minimised by modelling, established 

energy efficient technologies, energy savings from 

advanced envelope components, energy production 

technologies (e.g. wind and solar energy systems for 

electricity generation & solar concentrators for 

production of hot water, heating and cooling), 

advanced thermal HVAC systems, and thermal 

storage systems are assessed Β1.

2.1.4 Simulate home energy
management systems and
lighting controls

To establish the impact and feasibility of home energy 

management and lighting controls, the expected 

energy and environmental performance of 

internet-based home energy management and 

(lighting) control systems are simulated B2.

2.1.5 Run measures as packages
integrating energy conservation,
energy generation, home
energy management, and
lighting control technologies

Finally, to bring everything together in an optimised 

design, all selected energy conservation, generation 

and management technologies are packaged together 

to create an optimised design approach to achieve the 

project targetsB2.

Method

1. Model each individual measure using 
the modelling parameters provided by 
the technology manufacturers.

2. Simulate the results for each 
measure/technology separately.

3. Any associated changes that need to be 

made in the designs of the case study residential 

buildings to accommodate these new systems, are 

suggested and documented.

Method

1. Model each energy management and 
lighting control system.

2. Simulate energy savings from 
advanced lighting control systems
(combining daylight and occupancy sensors).

3. To optimise the energy savings and 
associated environmental performance 
of the home energy management 
systems, the simulations are run for three types 

of modes:

a. Normal: With conventional controls such boiler 

thermostat, a timer or programmer, a room 

thermostat, thermostatic radiator valves (TRVs)

and no lighting control.

b. Automatic: Heating & hot water switch on and off 

in relation to set schedules, weather and 

occupancy. Lighting switches turn on and off as per 

daylight and occupancy.

c. User-led: Control of heating, hot water and lighting 

from phone/tablet/laptop.

B2 Gupta, R., Gregg, M., Dracou, M.K., Pyrgou, A., Pisello, A.L., Piselli, C., Pignatta, G., and Jehl, B. (2016). ZERO-PLUS D3.3 Report on the combined energy and environmental performance
of the proposed energy production and management technologies.

B1 Gupta, R., Gregg, M., Dracou, M.K., Pyrgou, A., Pisello, A.L., Piselli, C., Pignatta, G., and Jehl, B. (2016). ZERO-PLUS D3.1 Report on the expected energy and environmental performance
  of each energy production and energy management technology.

www.zeroplus.org
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2.2.1  Method for microclimate
simulation and development
of weather files

A “reference” case is firstly modelled, using available 

tools for microclimate simulations, considering a 

limited portion of ground around the buildings that 

need to be optimized. The information about the 

buildings and the settlement is taken from the 

as-design data (quoted plans and sections, outdoor 

skin materials, amount of greenery, and material of 

other outdoor surfaces) or integrated via general 

considerations and Google Earth snapshots, when 

missing. Location-specific statistical weather data are 

used for the simulations.

Three main “optimized microclimate” scenarios are 

eventually proposed: 

Method

1. A range of simulations are performed to 

integrate both energy production
and energy management/control 
technologies improvements for 
maximising energy savings and 
improving the environmental 
performance (in terms of thermal comfort). 

2. Establish a final selected package

3. The performance of the proposed systems is also 

tested and optimised for current and future climate 

as indoor temperatures and solar insolation are 

projected to change as a result of climate change. 

The selected package is simulated 
using future weather years (FWY) files 
(where available), e.g.:

a. 2030s, high emissions, 50% probability

b. 2050s, high emissions, 50% probability

c. 2080s, high emissions, 50% probability

2.2 Settlement level
simulation tools

The settlement analysis methods for the ZERO-PLUS 

project involve firstly, the assessment of the influence 

of outdoor microclimate mitigation at settlement level 

and, therefore, at building level thanks to the 

development of tailored weather files for dynamic 

simulation and secondly a tool for the optimization 

analysis of energy generation technologies from a 

settlement perspective.  

    1. Increase in vegetation and application of 

permeable paving in the settlement. In particular, 

the vegetation percentage is incremented 

according to the different architectural and 

landscape constraints of the settlement. 

    2. Increase in the solar reflectance capability of the 

external surfaces of buildings’ envelope 

components (i.e. roof tiles and external walls), 

namely application of cool material, and addition

of other cool materials for outdoor paving, e.g. 

gravels.

    3. Combination of the two strategies.

Figure B1. The partners during a ZERO-PLUS project meeting

www.zeroplus.org
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 B3  Pisello A.L., Castaldo V.L., Piselli C., Fabiani C., Pigliautile I. and Pignatta G. (2016). ZERO-PLUS D4.1 A full report of the outdoor energy technologies and renewable systems at NZE
     settlement including energy and environmental details about innovative solutions to be implemented in common areas 

 B4  Pisello A.L., Castaldo V.L., Piselli C., Fabiani C., Colleluori M.,Pigliautile I. and Pignatta G.(2016). ZERO-PLUS D4.3 Elaboration of the simulation tools and models of the NZE settlements with
     integrated and proposed systems and analysis of the simulated results (non-public deliverable)

Figure B2. Microclimate simulation models examples

Figure Β2 shows examples of microclimate simulation 

models of the ZERO-PLUS project settlements. 

Due to the high computational times of this numerical 

analysis, simulations can be run only for a limited time 

period, usually a few days. In this procedure, models 

are used for simulating the hottest summer day and 

the coldest winter day for 24 hours in order to obtain 

hourly output values. Grid dimensions and modelling 

inputs depend on the characteristics of the case study 

settlements B3, B4.

Regarding the outputs obtainable through 

microclimate simulation, a huge amount of data about 

the state of the atmosphere and vegetation at different 

times of the simulation, dynamic data of buildings 

canvas, pollutants concentration, state of surfaces, 

and the main microclimate conditions in the outdoor 

environment is created. The latter can be analyzed 

and compared to define advantages and problems of 

each settlement configuration. In particular, the 

attention is focused on five main parameters, which 

can be considered as both representative of the 

outdoor environment and the more important outdoor 

boundary conditions affecting the real efficiency of the 

technologies implemented at settlement and building 

level in a project: outdoor air temperature, wind speed 

and direction, and direct and diffuse solar radiation.

Figure Β3 - Figure Β5 depict some examples of 

outputs in the form of maps from the ZERO-PLUS 

project. 

Starting from the available microclimate simulation 

outputs (i.e. hourly values for dry-bulb temperature, 

direct and diffuse solar radiation, and wind speed) for 

one day in summer and one in winter, annual hourly 

trends of the same parameters are obtained to 

generate weather files to be used in building 

thermal-energy dynamic simulation. Effectively,

a complete weather file can be generated for each 

simulated scenario, i.e. “reference” and “optimized 

www.zeroplus.org
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B5  MathWorks, Matlab. Available from https://it.mathworks.com/products/matlab.html 

B6 Castaldo V.L., Pisello A.L., Piselli C., Fabiani C., Cotana F. and Santamouris M. (2018). How outdoor microclimate mitigation affects building thermal-energy performance:
    A new design-stage method for energy saving in residential near-zero energy settlements in Italy. Renewable Energy, vol. 127, pp. 920–935

Figure B3. Microclimate simulation outputs examples – Air Temperature

Figure B4. Microclimate simulation outputs examples – Wind Speed

microclimate” configurationsB3, B4 .

A novel MatlabB5 code has been implemented for the 

generation of these annual files. The whole 

 B3  Pisello A.L., Castaldo V.L., Piselli C., Fabiani C., Pigliautile I. and Pignatta G. (2016). ZERO-PLUS D4.1 A full report of the outdoor energy technologies and renewable systems at NZE
     settlement including energy and environmental details about innovative solutions to be implemented in common areas 

 B4  Pisello A.L., Castaldo V.L., Piselli C., Fabiani C., Colleluori M.,Pigliautile I. and Pignatta G.(2016). ZERO-PLUS D4.3 Elaboration of the simulation tools and models of the NZE settlements with
     integrated and proposed systems and analysis of the simulated results (non-public deliverable)

www.zeroplus.org
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methodology is described in detail in a scientific 

publicationB6. 
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Figure B5. Microclimate simulation outputs examples – Direct Shortwave Radiation

2.2.2  Tool for the optimization
analysis of energy generation
technologies

Another novel Matlab-based calculation tool has been 

developed with the aim of determining whether or not 

the hourly energy requirements of each building in a 

settlement can be covered by a specific combination 

of the different technologies within the settlement 

itself. The final goal of this tool is to optimize the 

configuration and combination of the different 

technologies at the settlement level in terms of 

maximization of the use of renewable energy, also 

based on the specific building loads and settlement 

configuration. 

The toolB3,B4 guides the user through the energy 

analysis of the settlement, by asking for input about 

the settlement configuration and the renewable 

energy systems implemented. Thereafter, the tool 

loads the needed data and proceeds to analyse and 

compare the energy requirement and production. At 

the end of the calculation the energy production and 

need of all the elements in the settlement, i.e. 

technologies and buildings, respectively, are produced 

as output. Two indexes, the energy deviation index 

(EDI) and the global energy deviation index (GEDI), 

were newly defined in order to immediately represent, 

in a quantitative way, the energy scenario of the 

settlement, considering the previously selected 

energy technologies and their energy production. 

Moreover, the tool enables the user to find the most 

suitable location within the settlement of the

renewable energy production technologies,

based on the settlement configuration, elements,

and microclimate conditions.

 B3 Pisello A.L., Castaldo V.L., Piselli C., Fabiani C., Pigliautile I. and Pignatta G. (2016). ZERO-PLUS D4.1 A full report of the outdoor energy technologies and renewable systems at NZE
     settlement including energy and environmental details about innovative solutions to be implemented in common areas 

 B4 Pisello A.L., Castaldo V.L., Piselli C., Fabiani C., Colleluori M.,Pigliautile I. and Pignatta G.(2016). ZERO-PLUS D4.3 Elaboration of the simulation tools and models of the NZE settlements with
     integrated and proposed systems and analysis of the simulated results (non-public deliverable)
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B7 Laskari M., Synnefa A. and Santamouris M. (2016). ZERO-PLUS D5.1 A full report of the design of the buildings and the surrounding spaces, including all energy, environmental,
 architectural and engineering details (non-public deliverable)

2.3 Cost reduction assessment
methodology

The initial integrated design aims in selecting the final 

combination of the innovative energy and 

environmental technologies to be implemented in each 

case study. Through this process the systems and 

techniques selected separately for building and for 

settlement level are integrated in an overall combined 

design. 

The initial selection of technologies is an outcome of 

many iterations until the performance targets of the 

project are met. Advanced simulation techniques for 

Three building scenarios are considered in the methodology for cost assessment:

    1. Conventional Building: a building conforming to the minimum energy requirements as set

by the local building regulations. 

    2. Zero Energy Reference Building: a building designed with conventional building level technologies

(e.g. conventional PVs) having the same energy and environmental performance as the ZERO-PLUS Building. 

    3. ZERO-PLUS Building: a zero energy building that uses innovative energy efficiency and energy

production systems at building level plus: 

    • settlement level RES 

    • advanced energy management systems 

    • advanced building envelope components 

    • improved microclimatic techniques.

The methodology for the cost assessment consists of the following steps:

    1. Full and detailed definition of the characteristics and energy performance of the three considered

building scenarios. 

    2. Calculation of the extra costs for the Zero Energy Reference Building elements and components

compared to the Conventional Building. 

    3. Calculation of the extra costs for the ZERO-PLUS Building elements and components compared to

the Conventional Building. 

    4. Comparison of the extra costs for the elements and components of the Zero Energy Reference and the

ZERO-PLUS building and determination of the percentage cost reduction for the ZERO-PLUS building. 

building and settlement level are used for the 

calculation of the energy and environmental 

performance of each proposed system and its 

components. In parallel, an initial cost analysis is 

performed. Based on the results of the energy and 

economic analysis an initial selection of the energy 

conservation, energy management and energy 

production technologies is accomplished. 

A bespoke methodologyB7 has been developed for

the assessment of the cost reduction of the initial 

ZERO-PLUS design compared with current costs

(i.e. for a reference building). The costs considered in 

the methodology are the costs for acquisition, supply 

and installation. 

www.zeroplus.org
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2.4 Design optimization tool
for minimizing the initial
and life cycle costs

After the initial integrated design of the case studies is 

finalized, a Life Cycle Cost (LCC) Analysis and 

Optimization processB8 is carried out with the objective 

to reduce the LCC of the innovative technologies as 

much as possible, while still achieving the performance 

targets of the project. For this purpose, a LCC analysis 

and optimization tool has been developed and 

implemented in Google Spreadsheets (Solver add-in 

for the optimization model).

The objective of the LCC Analysis model is to analyze 

the total LCC of the technologies in the project, as in 

the initial design, and to collect the required data for 

the LCC optimization in the next stage. Initial, 

operational, maintenance and end of life costs are 

taken into consideration for the LCC analysis. 

The assessments of the energy consumption of the 

buildings and of the production potential of renewable 

energy systems incorporated in the communities are 

based on energy modeling. The weather and climate 

uncertainties are considered in these simulations.

The total LCC of the technologies is calculated for each 

case study as present value in €/m2. The results are 

considered as a reference point for performance 

measurement of the further described LCC 

optimization process.

An LCC Optimisation model has been developed to 

optimize the engineering design for the project. The 

objective of the optimization is to identify the 

configuration that will minimize the system’s LCC 

(objective function) and yet fulfil the project’s 

performance targets (constraints). The output of the 

optimization is the economic optimum number of units 

of each technology. The model is constrained to 

include at least one unit of each technology.

After the optimization process is completed, sensitivity 

analysis sheets are added to the tool. Those sheets 

allow the examination of the target function’s value and 

the value of the constraints of any configuration. The 

sizing of each technology in the examined 

configuration is the only input data required. Target 

function value, the reduction percent in this value 

compared to the original design, and the values of the 

constraints are automatically calculated and 

presented. 

B8 Kyprianou Dracou M., Rabinowitz G., Isaac S., Shubin S., Kolokotsa D. and Tsirintoulaki A. (2016). ZERO-PLUS D5.4 A full LCA economic analysis for each settlement including all elements
  defining the economic and financial performance (non-public deliverable)

Figure B6. Architect impression of the development in France
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B9 Isaac S. (2016). ZERO-PLUS D6.2 Cost Management Program (non-public deliverable)
B10 Shubin S. (2016). ZERO-PLUS D6.3 Change Management process in ZERO-PLUS (non-public deliverable)

03. Construction Phase

A cost management program is applied during the 

design and execution of the project, to prevent cost 

overruns that would affect the project’s goals. The 

program includes the development and application

of a Cost Control (CC) toolB9, which facilitates the 

preparation of preliminary cost assessments, and the 

definition and monitoring of budget reserves.

A Change Management (CM) processB10 is 

implemented through an additional tool, to identify,

for each change requested by a project stakeholder 

during the design and execution of the project, the 

expected implications of the requested change, and 

the consequent cost of the change. 

The CC tool has been implemented in Microsoft Excel, 

and includes macro functions and Visual Basic for 

Applications (VBA) code. The CC tool includes 2 

assessment sheets, one for the ZERO-PLUS building 

and another for the Zero Energy Reference Building. 

All ZERO-PLUS building design sheets contain 3 

tables: 

Some of the data need to be provided by the user, while 

other data are automatically calculated by the CC tool. 

Using the CC tool, the costs of the project can be 

continuously monitored throughout the design and 

1. Specification data: presents gross data regarding

the case study and to provide data for calculations.

2. Cost and Energy Performance data: contains

all cost and energy performance data.

3. Summary table: presents the status of cost

and energy Key Performance Indicators,

calculated from the previous tables.

3.1 Cost control and change
control tools

execution process to prevent unexpected cost over-

runs.

The objectives of the Change Management (CM) 

process are to allow project partners to identify, 

examine and discuss the implications of every 

proposed change before it is implemented, in order to 

prevent deviations from project goals. The implemen-

tation of changes can thus be monitored to ensure 

that their implications are correctly identified when the 

changes are requested. The CM process is part of the 

cost management program, and the CM tool is linked 

with the CC tool and LCC analysis tool.  

The CM tool has been implemented in Google Spread-

sheets, including JavaScript code. The CM process 

implemented through the CM tool is described in 

Figure Β7. The CM tool has four major components:

www.zeroplus.org
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1. Change Report Form – containing data to be added

by the person proposing the change (depending on 

the type of data either manually, through a drop-down 

menu, or with an automatic default value).

2. Change Implications Table - showing the expected 

impact of the proposed change on the project's 

performance targets.

3. Technology Connections Table - containing

information on the dependencies that connect

the technologies in the system, in order to

ensure that the implications of a change on

other subsystems is identified when the change

is first proposed.

4. Changes Database – containing data on each 

proposed change and its assessed implications.

Figure B7. Change Management process

www.zeroplus.org
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The main purpose of the commissioning planB11 is to 

provide key guidelines and support the owners of the 

project, in order to ensure proper implementation of 

the selected innovative technologies, and help them 

navigate through this complex process. The plan 

provides detailed information on proposed actions

that could be implemented by the project owners in 

the assembly, installation and pre-occupancy phases 

of the project. The general sequence in which these 

actions are carried out is:

For the assembly and installation phases, basic 

checklists are provided for the commissioning of each 

innovative technology.  For the pre-occupancy phase 

building diagnostics and systems, tests are described 

for measuring and verifying the performance of the 

3.2 Commissioning planning

1. Installation of the Web-GIS platform used to

record test results.

2. Commissioning of each innovative technology.

3. Building diagnostics.

4. Monitoring of performance of the ZERO-PLUS

technologies during the pre-occupancy phase.

different technologies, as well as actions for testing the 

monitoring system, and for guiding the building users.

The commissioning plan contains basic checklists for 

commissioning each innovative technology during its 

assembly and installation. These checklists describe 

the performance tests to be carried out and the 

parameters to be checked after completing the 

installation of each system separately and as a 

stand-alone scenario. The checklists are provided in a 

form that can be easily printed and used by the project 

owners (Figure Β9). They allow the project owners to 

check the implementation of each technology and to 

detect, as far as possible, deficiencies while 

construction is taking place and before the 

pre-occupancy phase.

The commissioning plan specifies a number of 

different building diagnostics tests to be carried out 

after the completion of the construction, to evaluate 

the physical performance of the building envelope for 

heat loss, and to ensure that calibrated building 

energy simulations can be executed in the 

pre-occupancy phase. These include mandatory air 

permeability and U-value tests, as well as additional 

optional tests such as infrared thermography, 

co-heating and U-value tests. The appropriate tools, 

measures and outputs are described.

B11  Shimanovich M. and Isaac S. (2017) ZERO-PLUS D6.7 Building Commissioning Plan (non-public deliverable)

Figure B8. MRE roof technology example

www.zeroplus.org

24B. TOOLS AND METHODS  |  DESIGNING NET ZERO ENERGY (NZE) SETTLEMENTS - GUIDEBOOK  



Figure B9. Example of a checklist  for an innovative technology
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Key installation instructions for Freescoo HVAC

Instruction Status (checked

or not checked)

Hydraulic connections are located in the bottom part of the unit, in the space

 between the machine and the frame of the façade module.

1.

2.

4.

3.

5.

6.

7.

8.

9.

10.

11.

The hydraulic joints can be made watertight with Teflon tape.

The outdoor air grills must be connected to the outdoor ambient.

An electric box connecting the cables that power the unit must be installed at

a maximum distance of two meters from the unit.

No batteries are used for the operation of the system.

The Freescoo façade solution is designed for installation on outer building walls.

It cannot be installed on roofs.

The unit must be accessible from inside the building for inspection and

maintenance purposes.

The outdoor air grills must be reachable from the outside for maintenance

purposes (cleaning/changing air filters).

For hot water – Two pipes of ½” for supply and return.

Adsorption unit directly connected to the circuit of solar hot water;

a boiler can be used as a backup system.

For cold water – Two pipes of ½” for evaporative unit and drain.

The evaporative unit is directly connected to water supply.

Electric supply should be – 220V AC or 24V DC.

.......................................................... .......................Name:                                                           Date:



The plan also specifies a number of building pre-occu-

pancy tests that measure energy generation, energy 

end uses, and indoor and outdoor environmental 

conditions (temperature, humidity, CO
2
 etc.), namely:

The tests and their results are linked to the monitoring 

system.

In addition, a variety of tests are described in the plan 

that are to be executed to ensure that all the innova-

tive technologies are performing (simultaneously and 

separately) according to the project’s goals, under full 

and partial load conditions. 

Monitoring protocols are prepared for measuring and 

verifying the energy savings and production provided 

by the different technologies, and the parameters that 

need to be measured for each technology (see, as an 

example in Table Β1). Finally, instructions for the 

installation and testing of the monitoring system are 

provided in the plan as well.

1.Metering / sub-metering (and/ or BMS data

collection) (e.g. ventilation system, renewable 

technologies)

2. Walkthrough survey (photographic or video

documentation) 

3. Environmental spot measurements, on-going onsite 

monitoring and climatic data collection (weather 

station)

Table B1. Example of a specification of technology performance tests

System

Manufacturer/
Installer

FAE HCPV

IDEA s.r.l.

DNI

Delta T
(for thermal power)

Electric Power

Measurement required for
monitoring, maintenance
and KPI estimation

Units
Data

Format

Installed

on unit

Available at

output

TCP/IP

ready
Sensor type

[W/m2] 0-5VPyrheliometer

[°C] 0-20mA2 T sensors

[W]Wattmeter

Flow rate
(for thermal power)

Proposed Key Performance
Indicators estimation

Percentage of availability
in various settlements [%]

Energy produced by the technology [kWh]

Energy produced by the technology [kWh]
versus the solar radiation

Ratio between Solar Thermal Energy Gain
(measured at inlet and outlet of hydraulic
circuit: ∆T, Flow Rate) and DNI on overall
mirror surface

Ratio between Electric Power Output
(measured by wattmeter) and DNI on overall
mirror surface

Electric power output measuring ∆T and Flow
Rate at solar absorber pipe. DNI obtained with
pyrheliometer multiplied for the overall mirror
surface of each module

Solar Thermal Energy Gain obtained
measuring ∆T and Flow Rate at solar absorber
pipe. DNI obtained with pyrheliometer multiplied
for the overall mirror surface of each module

Thermal energy meter and meteorological
station with IP Connectivity

Thermal Energy meter

Reliability of Energy System
(No of faults and maintenance
requirements) 

Thermal Efficiency [%]

Electrical Efficiency [%]

[mc/h]Flow meter

Measured by Requirements
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An M&V Plan for Net Zero Energy SettlementsB12  has 

been developed following the general guidelines of the 

IPMVPB13 as well as monitoring indications set out by 

the M&V Protocol for Net ZEBsB14 . For individual 

aspects of the design different international standards 

are followed: Additionally measurement and verification procedures 

are differentiated into different categories and project 

phases (Table Β2).

3.3 Monitoring and Verification plan

    • EN 15251B15 for the measurement of user

comfort (thermal comfort visual comfort

and indoor air quality)  

Building
diagnostics

Physical Testing
of Innovative
Technologies

Building
Monitoring

Social science
surveys

Table B2. M&V Plan summary with procedures related to the project phases

Phase 1: Pre-Design

Phase 3: Construction/
Installation

Phase 4: Post-Construction/
Installation – Pre-occupancy

Phase 5:
Post-occupancy

Phase 2: Design

· Energy definitions, project boundary,

performance baseline

· Data to be measured and measurement

specifications (units, resolution, range accuracy)

· Monitoring equipment to be used

· Design Quality control

· Installation and Function Quality Control

· Commissioning

· Pre-occupancy monitoring

· Commissioning

· Post-occupancy monitoring

· Data post-processing and analysis

· Quality control

· Questionnaires

Commissioning
procedures

Tests from Phase
4 may be
repeated

Reporting

· Selection of expert partners

· Goal setting

    • EN 15603B16 for the definition of the energy

performance of buildings

    • BS EN ISO 50001B17  for monitoring the energy 

management at the district level 

B14 Napolitano A., Noris F. and Lollini R. (2013). Measurement and Verification protocol for Net Zero Energy Buildings. IEA SHC/ECBS Task 40/Annex 52

B13 EVO, “Core Concepts - IPMVP - International Performance Measurement and Verification Protocol,” no. October, 2016

B12 Mavrigiannaki A. (2020). ZERO-PLUS M&V Plan for Net Zero Energy Settlements

B15 CEN, “EN 15251: Indoor environmental input parameters for design and indoor air quality , thermal environment , lighting and acoustics,” Bruxelles, 2007
B16 CEN, “EN 15603: Energy performance of buildings - Overall energy use and definition of energy ratings,” 2008
B17 BSI, “BS EN ISO 50001:2011- Energy management systems - Requirements with guidance for use,” 2011
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3.3.1 Construction/Installation
M&V procedures

3.3.2  Post-construction – pre-
            occupancy M&V procedures

The measurement and verification procedures that are 

provisioned for the construction phase are linked with 

the project commissioning. These include a check list 

for installation as well as functional testing so as to 

ensure as-expected performance of the building 

systems and technologies. 

Systems and technologies: Installation of 

technologies and systems as well as functional tests 

are implemented by experienced and properly trained 

staff according to the installation and testing 

guidelines prescribed in the commissioning plan. 

Monitoring equipment: For the monitoring 

equipment, installation, calibration and proper

function testing is prescribed. These actions are the 

responsibility of the monitoring equipment supplier. 

Where such a service is not available from the supplier, 

project owners/ contractors should employ staff with 

expertise in installation, calibration and functional 

testing of the monitoring equipment, following the 

supplier’s guidelines.

Management: The relevant provisions of the 

Commissioning Plan mainly require human resources 

(skills/expertise) and time. Contractors oversee t the 

commissioning to ensure that it is implemented as 

planned and tackle possible deficiencies and delays. 

Technology providers and monitoring equipment 

providers are in close cooperation with contractors 

and project managers to assist in proper installation 

and functional testing of their products. A fundamental 

procedure for the management of this phase is the 

recording of any changes made during 

construction/installation and the preparation of as built 

documents.  

The procedures provisioned for this stage are 

intended to monitor both the simultaneous and 

individual performance of the systems and evaluate 

them against the project’s targets. 

Pre-occupancy monitoring: Pre-occupancy 

monitored data is acquired for approximately 1-2 

months so as to provide a baseline of performance 

that is needed for the calibration of the installed 

systems.

Where pre-occupancy monitoring is not feasible, this is 

recorded in the Change Management Tool along with 

the alternative pre-occupancy monitoring approach to 

be followed. Alternative options are considered early 

on and described in the Risk Registry of the project. 

The Risk Registry is a live tool where all possible risks 

from design until occupancy are listed. The registry 

categorizes risks according to management or 

technical, identified each according to its probability of 

occurring and severity of impact if materialized, and 

identified appropriate mitigation measures and person 

to take action.

Systems and technologies:

Two categories of tests are suggested:

• Building diagnostics tests for the evaluation

of the physical performance of the building fabric.

• Systems testing for the measurement of the 

performance of the technologies, the energy

uses and environmental parameters. 
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Function of the Monitoring System is tested as well 

according to a series of tests that are decided and 

implemented by the monitoring coordinator. The 

purpose of the tests is to collect data during a test 

period and cross-check them with the data provided 

by the internal data logging of each device in order to 

verify the performance and accuracy of the system. 

These procedures are intended to complement and 

not replace any instructions provided by the 

monitoring equipment’s suppliers.

Process budget and resources: Project managers 

select the tests they would like to carry out 

considering constraints such as the schedule, costs 

and experts’ availability. 

For building diagnostics it is proposed to at least 

perform U-value and airtightness tests. The 

measurement and verification procedures for 

pre-occupancy technologies’ testing do not have extra 

cost implications for equipment. Mainly human 

resources (skills/expertise) are required. The expertise 

for performing the tests and evaluating the results 

should be available from the technology providers and 

project owners or contractors.

The measurement and verification procedures for the 

testing of the monitoring system in the pre-occupancy 

phase do not have extra cost implications either. The 

monitoring coordinator should have the expertise to 

monitor and correct any faults in the monitoring 

schema and data logging. The monitoring equipment 

provider should also be available during this phase for 

assisting in fixing possible faults of the sensors etc.

Finally, systems testing and monitoring equipment 

testing are linked, thus the technology providers, 

monitoring equipment provider, monitoring 

coordinator, contractor and project manager should 

have close collaboration and frequent communication.

www.zeroplus.org
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04. Occupancy Phase

Post-Occupancy Evaluation (POE) aims at surveying 

the user/building interface, the former’s satisfaction 

with the thermal, visual, acoustic comfort and related 

issues, including Indoor Air Quality (IAQ) and Sick 

Building Syndrome (SBS) related complaints. It also 

aims at identifying potential barriers in the use of the 

building and its systems. This is achieved through the 

collection of monitored data coupled with in situ or 

4.1 Post-Occupancy Evaluation (POE) protocol

online surveys and semi-structured interviewsB18. 

At least three seasons are surveyed, both on a sunny 

and a cloudy day, three times for each day (morning, 

noon, evening) (Figure 11). Users should ideally be 

allowed a period of 2-3 moths to get acquainted with 

and accustomed to their unit and its support and 

monitoring systems before the POE commencement.

Figure B11. POE protocol flowchart

POE Task Leader: I.A. Meir, A. Penny, S. Saroglou, BGU
Onsite POE Teams - Cyprus: S. Carlucci, CYI; France: T. Jolivel, Opac38/Alpes Isère Habitat; Italy: G. Pignata, A. Rocconi, CONTEDIL; C. Piselli, I. Pigliautile, C. Fabiani, A.L. Pisello, UNIPG; UK: R. 
Gupta, M. Gregg, OBU; O. Daggett, JHRT
Monitoring data acquisition, processing: K. Gobakis, D. Kolokotsa, A. Mavrigiannaki, TUC
Supporting team: M.N. Assimakopoulos, M. Laskari, M. Saliari, UOA
(2020) ZERO-PLUS D7.5 Post Occupancy Evaluation assessment of NZE settlements (non-public deliverable)
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B18

Climatic Data

    1. Winter

        1.1 Sunny winter day (morning AND noon AND evening)

        1.2 Cloudy winter day (morning AND noon AND evening)

    2. Transition season – Spring

        2.1 Sunny spring day (morning AND noon AND evening)

        2.2 Cloudy spring day (morning AND noon AND evening)

    3. Summer

        3.1 Sunny summer day (morning AND noon AND evening)

        3.2 Cloudy summer day (morning AND noon AND evening)

Questionnaires

(Appendix C)

Semi-structured interviews
(optional - to be conducted in
case of ambiguity emerging
from the questionnaires)

Observations (e.g., attire,
relative position in the room,
use of auxiliary appliances –
fan, heater etc.)

Monitored bldg. operation
(e.g., fenestration operation)

Monitored energy
consumption/systems
operation
(local teams & TUC)

Monitored

indoor/outdoor data

Data processing
and analysis

NO

Building
design / operation

Final report

Case Study X, Blgd XY, Room XYZ

(local teams & TUC)(local teams & TUC)

System
design / operation

Commissioning /
information
documents / protocols

YESPotential fine-tuning
recommendations



A Web-GIS platformB19, B20 has been created that can 

support effective monitoring of the projects. The 

following categories of data are recorded on the 

platform:

    • Indoor Environmental Quality of the buildings

    • Energy consumption of the buildings

    • Energy consumption of the settlements

    • Energy production of each technology

    • Energy production of settlements

    • Settlement meteorological conditions.

4.2 Web-GIS monitoring platform

Figure B12: The monitoring scheme with the web-GIS platform at the center

B19 Gobakis K. (2016). ZERO-PLUS D7.1 Design of a monitoring framework for performance assessment during operation. 
B20 Gobakis K., Mavrigiannaki A., Kalaitzakis K. and Kolokotsa D. (2017). Design and development of a Web based GIS platform for zero energy settlements monitoring. Energy Procedia,
      vol. 134, pp 48-60  
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A monitoring scheme that can effectively record and 

transfer the data to the platform is created and 

installed in the projects. The main focus of the monitor-

ing equipment and the Web-GIS platform is to ensure 

the correct measurement of all variables required to 

calculate and assess the performance metrics of the 

settlements. 

The assessment of the performance metrics is 

performed via the platform through the implementa-

tion of intelligent modelsB21, B22. The intelligent models 

support fault diagnosis and maintenance of the 

technologies. More specifically, the following models 

are implemented:
A training procedure for the building occupants and 

those maintaining the systems is developed to ensure 

the reliable performance of the innovative technolo-

gies. The contents of the training depend on the 

configuration of the innovative technologies and on the 

owner’s requirements. 

In addition, Welcome Packages are prepared for the 

building occupants. The Welcome Package is a 

non-technical user guide that introduces the occu-

pants to the innovative technologies and monitoring 

equipment installed at building and settlement level. 

Guidance on how to access the Web-GIS platform, 

where the monitored data will be collected and stored, 

is also provided in the document. 

Models for Indoor Environmental Quality 

(IEQ) intended to support monitoring and 

evaluation of the IEQ: Real-time synchroniza-

tion of all indoor environmental quality indices; 

Extraction of PMV and PPD; Setting the indoor 

comfort set-points and requirements; Fault 

detection of the various sensors. 

Models for data analysis and prediction: 

Statistical and probabilistic analysis of energy 

demand and energy production profiles; Predic-

tion of energy demand and production 24 hours 

ahead; Linking of the energy demand and 

production profiles with specific subsystems to 

B21 Gobakis K. and Mavrigiannaki A. (2018). ZERO-PLUS D7.2 Development of intelligent models for real-time performance assessment of NZE settlements 
B22 Gobakis K. and Mavrigiannaki A. (2018). ZERO-PLUS D7.3 Development of a framework for reliability centered maintenance of NZE settlements 
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support effective predictive maintenance of the 

technologies; Fault detection of the various 

subsystems to be maintained. 

Models for Integrated Platform Management: 

Integrated resources’ supervisor models intend-

ed to manage interaction of users with the 

platform, interaction among various components 

of the platform and the control logic that can be 

applied to the entire system (e.g. the whole 

building or a section of settlements). The reliabili-

ty of these models is tested in proper simulation 

environments.

Figure B13: The monitoring of indoor environmental quality

http://www.zeroplus.org/pdf/ZERO%20PLUS_D7.3.pdf
http://www.zeroplus.org/pdf/ZERO%20PLUS_D7.2.pdf


To deal with the many problems that may occur in the 

first year of occupation, a Problem Identification 

Procedure has been prepared (Table Β3). The Problem 

Identification Procedure is a protocol of steps that are 

suggested to be followed and implemented by the 

Rescue Team formed for the project, with support 

from the project owners and technology providers as 

4.3 Problem Identification Protocol

needed. The Rescue Team, led by the Rescue Person, 

is a team that takes physical action (hardware reset, 

error that needs action to initiate the device, etc) 

where problems cannot be solved remotely (restart 

cloud platform, etc). A template for reporting each 

problem is also provided.

Table B3. Overview of the Problem Identification steps

Subject of investigation

Step 1 Step 2 Step 3 Step 4 Step 5

Participating partners

Related Documents

Coordinator of step

Building fabric Technologies Occupants MonitoringWeather

Rescue Person

Case study

modelling

teams

Case study

modelling

teams

Commissioning

report

This step can be
omitted during the
first year of the
building’s life

There has to be for
each case study
someone
responsible for
technologies’
maintenance and
for keeping a
maintenance
schedule

·  Technology

   providers

·  Maintenance

·  Commissioning
   report
·  Maintenance
   schedule
·  Fault Notifications

Case study

modelling

teams

Person

responsible

for equipment

calibration

·  Commissioning
   report
·  Maintenance
   schedule
·  Fault Notifications

Comments
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Technologies

C. Technologies



TECHNOLOGIES

Application of the ZERO-PLUS 

approach ensures achievement 

of cost, energy consumption and 

renewable energy production 

targets. Cost reduction is 

achieved through the careful 

selection of innovative technolo-

gies that increase the energy 

efficiency of the settlements and 

through reduction of initial costs 

by allowing, for example, for less 

material and space to be used for 

energy production. Technology 

selection is addressed through 

technology scouting at the design 

phase. 

01.

Technologies selection process

Technologies considered for use in the ZERO-PLUS pilot projects 

included:

Highly efficient insulation and cooling and automated Building Energy 

Management Systems (BEMS)

Innovative energy production systems

Solutions for the distribution network, energy storage and micro grid 
control, and optimum climatic management of the open spaces in the 
settlement

www.zeroplus.org
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Life Cycle Co st Analysis (LCCA) was utilised to

determine the costs incurred by operating the energy 

and environmental systems chosen for the initial design 

of the settlements. Energy performance and cost were 

both optimized through iteration and eventual changes

in the initial set of technologies. The technologies’

configuration eventually installed in the settlements

is summarized in Table C1. 

Table C1.  Mapping of installed technologies

Figure C1. The PV panels in the Italian Case Study

Technologies

TechnologiesCategories

Case Studies

Cyprus Italy France UK

Energy
conservation

XPS insulation by FIBRAN

freescoo HVAC

by SolarInvent

Energy
production

Energy
Management

FAE HCPV by IDEA

PV panels

SPRING 310M by DUALSUN

Biomass District Heating

MRE C05 by ANERDGY

Thermal Storage in DHW Tank

REACT+ by ABB

Load control by ABB

Home Energy Management
System by ABB

BEMS with learning thermostat
by HIVE

Powerwall II batteries by TESLA
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02. Journey to the final technology configuration

2.1 York, UK Climate:

Temperate

Spatial, economic, technical, environmental, regulatory 

and social barriers often lead to changes in the original 

design. Each of the ZERO-PLUS case studies had to go 

through such changes due to many and different 

barriers encountered in different phases of project 

During the optimization stage of the project a number 

of technologies had to be excluded from the initial 

design of the UK case study:

During further detailed planning and cost analysis, 

ANERDGY’s products (WindRail, MRE & B-60) were 

excluded due to these reasons: 

FIBRAN (XPS insulation): Following the 2017 

Grenfell fire in the UK there was an increased level 

of due diligence of product certificati on. The critical 

issue with FIBRAN insulation was that it was not 

certified to the British Board of Agreement (BBA) 

standards meaning that it could not be installed in 

the UK. Subsequent attempts to substitute FIBRAN 

with a BBA certified product failed due to high 

costs associated with the products. Eventually, 

standard insulation considered for the original 

Derwenthrope dwellings was used in the 

ZERO-PLUS dwellings. 

ABB REACT (storage and inverter): the product 

was not physically available for the UK case study 

and after ABB confirming that the product would 

not be launched in the UK market it had to be 

removed from the design.

WindRail (solar and wind energy production):

Due to the switch of the dwelling from flat roof 

building to pitched roofs this technology was not 

feasible any more as it is dedicated to flat roofs 

only. 

MRE (solar energy production)

The MRE system is also specifically for flat roofs 

and therefore could not be used. 

B-60 (wind energy production): 

This micro wind turbine for pitched roofs & mast 

installations phased due the TRL 5 status problems 

for maturity of the system. Specifically, it was 

excluded due to:  

• Sourcing a mast from the UK and whether a      

suitable mast can be supplied at viable cost;

• Mast delivery, installation, fixing of the turbine to 

the mast, electrical wiring and commissioning;

• Certification, warranties and guarantees;

• Service & maintenance responsibility; and

• Timings for delivery.

realisation. The technologies that replaced those 

originally selected still had to serve the energy conser-

vation, energy production and cost reduction targets 

of the project.   

As a conclusion, the final scheme for the UK case 

study includes technologies listed in Table C2.

York
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Table C2. Overview of used technologies in the UK case study, their function and expected performance

Technology Function
Installation
location

Performance Number of units

Standard
insulation

Tesla battery

HIVE smart home
management
system

PV

Cavity wall,

roof, floor

Settlement

Dwelling

Dwelling

N/A

56 panels

1 per dwelling

1 per dwelling

Energy

conservation

Energy production

Energy storage

and management

Energy

management

35% reduction

over UK typical

15,650 kWh/yr

13.5 kWh

Potential 5%
reduction in
heating 
consumption

Figure C2. PV on roofs of UK case study dwellings Figure C3. Hive acting heating thermostat control, smart plug,
smart bulb and activity sensors.

Figure C5. Tesla Powerwall 2 battery for storage of electricity
generated from roof mounted solar panels

Figure C4. Derwenthorpe Community, York, UK
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2.2 Voreppe, France Climate:

Semi-continental

The connection of the building to the municipal heat 

network was a condition for the municipality to sell the 

project support land. The inclusion of this technology 

was therefore mandatory. 

SbSkin (building integrated PV):

modules had to be excluded because the startup 

technology provider suspended its technical 

activities. 

WindRail C30 (wind and solar energy production): 

at the beginning of the construction phase, the case 

study owner was informed that another building 

was going to be built in front of the ZERO-PLUS 

building. This building would block the prevailing 

winds and make wind energy production insignifi-

cant, forcing the installation of WindRail to be 

cancelled. The WindRail system was replaced with 

the MRE C05 from the same technology provider 

(Figure 3). This product was selected for the same 

reason as WindRail, that is to say its location on the 

roof edge. However, six MRE C05 modules, three 

more than WindRails had to be installed, to offset 

the loss of production by the SbSkin modules and 

the wind component of the WindRail.

During the construction phase difficulties were 

encountered that put the originally selected technolo-

gies in question and eventually led to their exclusion 

from the final design:

The final technology scheme for the French case

study is listed in Table C3.

FAE HCPV (electricity and heat generation): 

three months before the end of the construction,

a model of inverter that was consistent to technical 

specifications of both HCPV (direct current)

and the French national grid (three-phased 

current) could not be found. Due to time 

constraints it was decided to replace this 

technology with Spring 310M modules by 

DUALSUN (Figure 4). This technology was chosen 

because the amount of energy produced was 

similar to the HCPV (hybrid production: heat and 

electricity), because DUALSUN modules required 

the same space on the rooftop as HCPV, and 

because the modules could be delivered in less 

than two months, allowing for the construction to 

be finished on time.

Voreppe
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Table C3. Overview of used technologies in the French case study, their function and expected performance

Technology Function
Installation
location

Performance Number of units

Heat Exchanger

MRE C05
ANERDGY

Spring 310M
DUALSUN

Building

(basement)

Building (roof)

Building (roof)

1

20 panels

6 modules

Energy production

Energy production

Energy production

44,000 kWh/year

Electrical energy:

7,800 kWh/year

Thermal energy:

8,288 kWh/year

Electrical energy:

4,130 kWh/year

Figure C6. MRE C05 installation in the French case study

Figure C7. View of DUALSUN Spring 310M installation in the
French case study

Figure C8. The pilot project in France
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During the construction phase, the WindRail B60 

system (wind and solar energy production), initially 

considered to be installed on a mast within the 

common area of the settlement, had to eventually be 

replaced by conventional PV panels producing the 

equivalent amount of energy. The following reasons 

led to the change: 

    1) potential reduction of the energy generated by the 

wind turbine due to the new wind flow pattern derived 

by the presence of additional residential buildings in 

the settlement that were not planned at the time of the 

Italian case study’s design stage

 

    2) a national restriction for the connection of shared 

energy systems (i.e. the wind turbine designed to 

share the produced energy among different residential 

units within the settlement for community use) to the 

national electric grid (residential microgrids were not 

yet allowed in Italy at the time of the construction 

phase of the project) 

    3) the connection of hybrid renewable energy systems 

(i.e. wind-solar energy system) to the national electric

grid from the same connection point required two 

non-simultaneous connection procedures (one for the 

wind turbine and one for the PV panels) that would 

have caused an excessive delay in the collection of the 

energy production data 

2.3 Granarolo dell’ Emilia, Italy Climate:

Temperate and Mediterranean 

Granarolo dell’ Emilia

Additionally, in one of the two villas, the insulation 

panel of FIBRAN (XPS insulation) had to be 

replaced by the Stiferite insulation panel,

presenting higher thermal performance, due

to the owner's preference. 

 4) conflicting opinions of the two owners of the villas on 

the position of the mast in the common area due to its 

visual impact 

    5) preference of one of the owners in having only one 

conventional renewable energy system (i.e. PV

panels) to reduce the risk of dealing with two

technology providers in case of failure of the

hybrid energy system. 

Figure C9. Location of the PV panels in the Italian case study
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Figure C10. ABB REACT+ for electric storage and ABB Load Control installed in one of the two villas

Figure C11. FIBRAN XPS insulation on the floor of one of the villas

Table C4. Overview of used technologies in the Italian case study, their function and expected performance

Technology Function
Installation
location

Performance Number of units

Solar PV

FIBRAN

ABB REACT+

ABB Load Control

ABB Home
Energy
Management
System

Solar PV

Settlement level

Building

Building

12 panels for total
4 kWp

28 panels for

total 8 kWp

220 mm walls
150 mm roof

Energy production

Energy production

Energy
conservation

9.3 kWh/m2 year

39 kWh/m2 year

1 kWh/m2 year

Building and
settlement level

1 in each villa
Energy
Management

Building 1 in each villa
Energy
Management

Building 1 in each villa
Energy
Management

As a conclusion, the final scheme includes the technologies listed in Table C4:
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2.4 Nicosia, Cyprus Climate:

Intense Mediterranean 

Originally, the case study was located in the western 

part of Cyprus, near the town of Peyia (Paphos). The 

residential part of the development included 123 

individual houses and 9-apartment buildings. Two 

residential luxury villas would form the ZERO-PLUS 

buildings. The development experienced substantial 

delays because of significant overdue during the 

planning permission process. In addition, once 

construction works commenced unforeseen on-site 

weather conditions occurred that had to put activities 

on hold for some weeks. Consequently, in order to 

eliminate the risk of exceeding the ZERO-PLUS project 

schedule an alternative case study was sought. 

The alternative case study involves the design of a 

prefabricated container system for residential use, 

namely student housing, and is located on the Cyprus 

Institute campus. Although the demohouse itself will 

not be built in the strict timescales of the ZERO-PLUS 

project, some of the technologies have been installed 

on a pre-existing demobox used as a laboratory and 

monitored as foreseen in the project plan. The installed 

technologies along with the preexisting conventional 

container box form the first step to the creation of this 

expandable settlement. 

The innovative technologies installed in the case study 

are: freescoo, FIBRAN insulation and FAE HCPV. All 

three technologies are ideal for sunny and cooling 

Table C5. Overview of used technologies in the Cyprus case study, their function and expected performance

Technology Function
Installation
location

Performance Number of units

FIBRAN

FAE HCPV

freescoo

Building

Building

Settlement

40 mm external walls

80 mm roof

1 system

1 array with

20 modules

Energy

conservation

Energy

conservation

Energy production

Wall: 3.0 kWh/(m2 year)

Roof: 3.8 kWh/(m2 year)

14.8 kWh/(m2 year)

Electrical energy:

917.1 kWh/year;

Thermal energy:

1207.1 kWh/year

dominated climates hence ideal for the Cyprus case 

study. These were the same technologies selected for 

the original case study in Peyia. The only technology 

with which the alternative case study did not proceed 

is the ABB REACT. 

Nicosia

ABB REACT (storage and inverter) could not be 

used because the design of the FAE was consoli-

dated with 1 module of FAE (1 kW), without 

additional power sources. A similar, but smaller 

inverter+storage system was selected from the 

market and effectively integrated. ABB REACT 

would be ideal for installations starting from 5 kWe.

The final scheme for the Cyprus case study includes

the technologies listed in Table C5. 
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Figure C12. View of IDEA FAE HCPV installation in the Cyprus case study

Figure C13. View of SolarInvent freescoo HVAC and XPS insulation nstallation in the Cyprus case study

www.zeroplus.org

44C. TECHNOLOGIES  |  DESIGNING NET ZERO ENERGY (NZE) SETTLEMENTS - GUIDEBOOK



03. Advancement in TRL
The ZERO-PLUS project resulted in the further 

development of a number of individual technologies. 

The implementation in real-life case studies and the 

verification of their performance has positively 

impacted the SMEs participating in the project. In 

Integration of FAE in real conditions raised some 

adaptation issues related to the availability of suitable 

DC/AC high current inverters, with the required 

certifications to be connected to the grid. At the 

achieved level of integration and maturity (TRL 7/8) in 

the Cypriot case study, the issue was solved with 

commercial single-phase inverters. However, more 

flexible solutions should be found for the final 

commercial uptake. 

Integration of the thermal circuit was seamless, as the 

water buffer allowed the concurrent connection of flat 

solar panels, which buffer the supply of thermal 

energy to the freescoo solar cooling system. Also, the 

integration of an electric storage was simple and 

smooth, with the application of commercial 

off-the-shelf components. 

particular, the planned case studies and consequent 

exploitation activities have been an opportunity for 

those companies to overcome hurdles related with the 

delivery of their products to the market by starting the 

process of market development for their products.

IDEA: FAE HCPV
Case study where it has been installed:

Development within ZERO-PLUS:

Cost:

Product info:

Cyprus

from TRL 6/7 to TRL 7/8

5.000 €/module (1 kWe + 2 kWth) including Water Thermal storage.

http://www.consorzioarca.it/index.php/en/ing-incubation/item/

818-laboratorio-solare-en

ANERDGY: MRE C05 
Case study where it has been installed:

Development within ZERO-PLUS:

Cost:

Product info:

France

from TRL 6 to TRL 8

1200-1500€/m façade length = 1200-2000€/kWpeak 

https://www.anerdgy.com/en/solutions/building/mre

The installation of the module was made by a 

construction company, with no previous experience 

and with minimal assistance by the researchers. 

Monitoring is fully remote through web services. 

Technology has been advanced through a re-design 

process, with a substantial improvement and 

simplification of the mechanics, and the full upgrade of 

the control system, which has been transferred upon 

an industrial platform, with the exception of the sun 

pointing system, based upon image processing, which 

has demonstrated enough liability in the actual 

micro-computer based configuration. 

The module has been installed in real conditions in 

harsh summer climatic conditions and is presently 

monitored also in terms of behavior and resistance of 

the employed materials.

At the beginning of the ZERO-PLUS project 

ANERDGY’s starting point was the so called “WindRail” 

technology – a roof edge system to utilize wind and 

solar radiation to generate electricity. During the 

project the building locations & geometries changed 

quite a lot and basically the WindRail technology did 

not fit any longer – so it had to be further developed and 

extended to be able to serve the ZERO-PLUS use cases. 
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Out of this process the WindRail has been turned into a 

modular system where wind utilization is one option 

but not a must. Also, many other optional 

functionalities have been integrated so that specific 

building needs can be addressed. After this R&D 

process the “WindRail” name became obsolete as the 

functionality drastically changed. So, the system has 

been renamed to “Multifunctional Roof Edge” – MRE.

As a result the MRE technology has been 

demonstrated to be able to serve the project targets of 

the Voreppe case study and utilizes the roof edge area 

for renewable energy generation. 

The design of the freescoo unit focused on building 

integration. The idea was to show that the machine 

can be set inside the structure of a building wall. In 

particular, a new concept of a ventilated façade 

structure which permits the integration of the freescoo 

machine and the FIBRAN insulation panels was 

developed and integrated in the Cyprus case study. 

This new concept led to the reduction of the depth of 

the unit to only 28 cm. 

The added value to the common ventilated façade 

concept is given by the integration of an active air 

handling unit with the wall insulation panels. This 

solution can be used both in new buildings and in 

refurbishments. 

SolarInvent: freescoo
Case study where it has been installed:

Development within ZERO-PLUS:

Cost:

Product info:

Cyprus

from TRL 7 to TRL 8

the current specific cost of the unit is about 3000 €/kW whereas

the target specific cost of the fully industrialized system can be in

the range of 1500-1800 €/kW.

http://www.freescoo.com/en/solarinvent-2/

Figure C14. Installation of freescoo on the western wall of the demobox (left); View of the ventilated façade (right)
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Figure C15. Interaction of the technology provider with the experts involved in the design of Zero Energy Settlements.

04. Message to future projects
In the Zero Energy Settlement concept the energy 

production, energy management and energy 

saving technologies have a prominent role being a 

part of the design. Effectively, the technology 

partners become a member of the planning and 

design team ( Figure C15) that needs to be 

involved in the planning and design process 

early-on, from the pre-design phases. This is 

critical for technologies that are building 

integrated, so that optimum building-technology 

integration can be achieved as well as for settlement 

technologies where site constrains might existC1. 

The technology providers then have critical 

involvement during construction and post-construction 

phases, for technology delivery and support of 

technology installation as well as for the support of 

commissioning.

The regulatory framework of each country might 

restrict the implementation of certain innovative 

technologies or might require specific 

documentation for granting permission to the 

installation of the technologies. Such 

requirements need to be identified early on 

(pre-design) along with a feasibility study for each 

technology in order to identify possible obstacles, 

evaluate suitability of each technology for the local 

context and prepare accordingly. Where necessary, 

the technology should be adapted to satisfy the local 

requirements, which could be seen as an asset to the 

technology’s industrialization and introduction to the 

market.
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