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EXECUTIVE SUMMARY 

This report presents the guidelines for integrating Renovation Packages (RP) models from the 
REHOUSE project into various retrofitting design and simulation tools, specifically TRNSYS, 
INTEMA, VERIFY, and Design Builder (EnergyPlus calculation engine). It aims to define the 
necessary requirements, parameters, and model descriptions for their potential integration into these 
tools. While the report provides examples of how some of the RPs models created in the project 
have been applied and connected with simulation software, it is important to clarify that not all RPs 
were covered, as this was beyond the report's scope. However, it notes that further information will 
be provided in the replication Task 5.3 (Replication activities per Renovation Packages beyond 
REHOUSE) of the REHOUSE project, indicating an ongoing effort to expand on this initial work. 

 

KEY WORDS:  Renovation Packages (RP), guideline, digital models, simulations tools, building 
renovation. 
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LIST OF ABBREVIATIONS 

ACRONYM DESCRIPTION 

ADBE Adaptable/dynamic building envelope  

COP Coefficient of Performance 

D Deliverable 

DHW Domestic Hot Water  

DLL Dynamic link library  

EC European Commission 

ECM Energy Conservation Measures 

EER Energy Efficiency Ratio 

ETL Extract, Transform and Load 

HVAC Heating, Ventilation, and Air Conditioning 

LCA Life Cycle Assessment 

LCC Life Cycle Costing 

LCI Life Cycle Inventory 

PCM Phase Change Materials  

PV Photovoltaic 

RES Renewable Energy Sources  

RP Renovation Package 

TRNSYS Transient System Simulation Tool 

WP Work package 
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document in order to better understand its contents is described in Table 2. 

 
Table 2: Connection with other activities of the REHOUSE project. 

ACTIVITY  DESCRIPTION 

T2.1 
The guidelines follow the data model of the RP developed in T2.1 - 
Taxonomy of Renovation packages to integrate it with the retrofitting 
design-tools. 

T2.2 The guidelines use the information of the technical specification of the RP 
defined in T2.2 - Detailed specification of the renovation packages. 

T2.3 
The guidelines are connected with the RP models created in Task 2.3 - 
Modelling, Control and improvement of prefab/off-site construction of 
Renovation Packages. 

T2.6 
This guidelines will be part of the digital catalogue of the products to be 
considered within T2.6 - Digital products (REHOUSE Repository of 
renovation packages.) 

 

2 INTEROPERABILITY REQUIREMENTS 

In deliverable 2.1 - Taxonomy for Renovation Packages Characterisation [1], the connection of 
the data model created in REHOUSE project with the requirements of specific simulation software 
was presented, as shown in Table 3. This connection has been considered in order to understand 
the input requirements of the simulation tools, considering the data that can be provided by the 
RPs models according to the data model defined in the project.  

 
Table 3: RP structure with the data that can be exported to different software tools to perform energy calculations. 

Note: *The set point is controlled but connected to the control elements of the ECM catalogue. Source: D2.1- 
Taxonomy for Renovation Packages Characterisation [1]. 

DESCRIPTION 
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A
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T
R

N
S

Y
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E
le

m
en
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Id YES YES YES YES YES 
Name YES YES YES YES YES 
Description YES YES YES NO NO 
Location (Façade, roof, floor, openings) YES YES YES NO YES 
Measure type (Int-Interm-Ext.Insulation, etc.) YES YES YES YES NO 
xDimension YES YES YES YES NO 
yDimension YES YES YES YES NO 
zDimension YES YES YES YES NO 
Diameter YES YES YES YES NO 
Orientation YES YES YES YES NO 

Product & construction Stage Param. 

Id YES NO YES NO NO 

Name YES NO YES NO NO 

unitsLCC YES NO YES NO NO 

unitsLCA YES NO YES NO NO 
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DESCRIPTION 
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Use Stage Param. 

Id YES NO YES YES NO 

Name YES NO YES YES NO 

unitsLCC YES NO YES YES NO 

unitsLCA YES NO YES YES NO 

End of life Param. 

Id YES NO YES NO NO 

Name YES NO YES NO NO 

unitsLCC YES NO YES NO NO 

unitsLCA YES NO YES NO NO 

Associated Co-benefits/ Expected 
Impact 

Id YES NO YES NO NO 

Name YES NO YES NO NO 

units NO NO YES NO NO 

P
as

si
ve

 e
le

m
en

t 

Total thickness YES YES YES YES YES 
Thermal resistance YES YES NO YES YES 

Layer 

Id YES YES YES YES NO 
Name YES YES YES YES YES 
Type YES YES YES YES YES 
Description YES YES YES YES NO 
Thickness YES YES YES YES YES 
Density YES YES NO YES YES 
Specific heat YES YES NO YES YES 
Thermal conductivity YES YES NO YES YES 
Thermal resistance YES YES NO YES NO 
Water vapor permeability (Sd) NO YES NO YES NO 
Emissivity NO YES NO YES YES 
Thermal absorptance YES YES NO YES NO 
Solar absorptance YES YES NO YES YES 
Visible absorptance YES YES NO YES NO 
Roughness YES YES NO YES NO 

Opening 

Other openings Type (cavity)  YES YES YES YES NO 

Opening object 

Type (window/ door) YES YES YES YES YES 
Glazing>type YES YES YES YES NO 
Glazing>Uvalue YES YES NO YES YES 
Glazing>Gvalue YES YES NO YES YES 
Glazing>GlazingLayer YES YES NO YES NO 
Frame>Uvalue YES YES NO YES NO 
Frame>material YES YES YES YES NO 
Panel YES YES NO YES NO 

A
ct

iv
e 

el
em

en
t 

Solar thermal system 

Nominal power YES YES YES YES YES 
Performance YES YES YES YES YES 
Fluid type NO YES NO YES YES 
Angle NO YES YES YES YES 

PV system 

Nominal power YES YES YES YES YES 
Performance YES YES YES YES YES 
inverterEfficiency YES YES YES YES YES 
Angle NO YES YES YES YES 

Heating/ Cooling 
system 

Generation element 

Nominal power YES YES YES YES YES 
Performance YES YES YES YES YES 
Fluid type YES YES NO YES YES 
Type (boiler, chiller, 
etc.) YES YES YES YES YES 

Source (gas, biomass, 
etc.) 

YES YES YES YES NO 

Distribution element 

Nominal power NO YES NO YES YES 
Performance NO YES NO YES YES 
Fluid type YES YES NO YES YES 
Type (pump, tube, 
etc.) YES YES NO YES YES 

Pressure drop NO YES NO NO NO 
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DESCRIPTION 
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Terminal unit 
(fan coil, radiator, 
underfloor heating, 
etc.) 

Heating Nominal 
power 

YES YES NO YES YES 

Cooling Nominal 
power 

YES YES YES YES YES 

Heating Operation 
Temp. YES* YES YES YES YES 

Cooling Operation 
Temp. YES* YES YES YES YES 

Thermal transmittance NO YES NO NO NO 

Ventilation system 

Nominal power YES YES YES YES YES 
Type YES YES YES YES YES 
Ventilation rate YES YES YES YES YES 
HR efficiency NO YES NO NO YES 

Storage system 

Nominal power YES YES YES YES NO 
Type YES YES YES YES NO 
capacity YES YES YES YES NO 

Thermal storage 

Material NO YES YES NO NO 
Latent heat  NO YES NO YES NO 
Melting temperature NO YES NO NO NO 
Density NO YES NO NO NO 
Thermal conductivity NO YES NO NO NO 

Electrical storage NO YES YES NO NO 

C
on

tr
ol

 
el

em
en

t Sensor Measure NO YES NO NO NO 
Controller Control type YES YES NO YES NO 
Actuator type NO YES NO YES NO 
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3.2 INTEMA 

3.2.1 INTRODUCTION TO INTEMA 

INTEMA is a suite of software tools for conducting accurate simulations of multi-domain 
energy systems, capable of modelling multiple systems related to energy production, storage, 
and consumption. Typical applications include building or district-level systems. The goal of 
this software solution is to support applications in systems of varying scales: from single 
thermal zones to neighbourhoods and entire islands, focusing on the synergy potential between 
sectors to maximize RES penetration, energy savings and energy efficiency. The suite is 
offered in the form of a web platform through an easy-to-use graphical interface to facilitate the 
use of the tools by energy sector non-experts. 

The components of INTEMA are shown in Figure 5. 

 

Figure 5: INTEMA software components. 

Its main advantages over similar commercial tools lie in simulating the synergy among various 
assets of multiple energy vectors (e.g., electricity, heating, cooling with storage). Supported 
features include selecting a location from the map and automatically retrieving weather data, 
deciding the materials of the examined buildings, and defining the energy systems in detail. The 
energy analysis is performed dynamically over an entire year using an adjustable and variable 
time step. This strategy enables the simulation of energy systems with high accuracy by 
considering transient phenomena, control system decisions, and operating schedules. 
Furthermore, INTEMA is based on open-source libraries of Modelica, a physical system modelling 
language. These libraries are developed to be customizable, enabling a user-friendly web 
environment.  

3.2.2 MAIN FEATURES 

INTEMA is a versatile energy simulation tool with several general features and applications. Its 
cascade component model architecture offers high flexibility in system design, where each 
component is created by connecting various subcomponents. This streamlines the development 
process and simplifies the enhancement of existing components, as INTEMA allows users to 
create new components or modify existing ones to meet their specific needs. The tool performs 
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dynamic simulation analyses using adjustable and variable time steps, ensuring a reasonable 
simulation time, such as simulating a one-year period in around two minutes of real-time. The 
adjustable time step accommodates control algorithms and strategies, transient phenomena, and 
operation schedules of appliances and lighting, ensuring accurate simulations during abrupt 
system variations due to control signals. Unlike models with a constant time step, INTEMA's 
adjustable time step increases accuracy and reduces computational time by concentrating time 
nodes only when necessary. This high level of customizability supports the simulation of complex 
energy systems and novel energy devices, features often lacking in other existing tools. 

INTEMA provides an accurate representation of energy systems with variable assets such as 
boilers, heat pumps, solar thermal systems, photovoltaic panels (PVs), wind turbines (WTs), and 
thermal and electrical storage units. By using multi-zone and multi-node components, INTEMA 
captures the dynamic operation within devices, ensuring a detailed examination of every energy 
system. The tool accurately estimates all energy demands of a building, including thermal needs, 
domestic hot water needs, electrical needs (appliances, lighting), local energy production from 
renewables, and the contribution of storage devices like phase change material (PCM) or electric 
batteries. The tool also facilitates the investigation of thermal and electrical storage systems and 
includes forecasting modules to optimize the building's energy behaviour. INTEMA enables the 
simulation of multi-domain energy systems, including local energy units, buildings, and district 
systems. This capability makes INTEMA ideal for the simultaneous analysis of various energy 
units across different classifications, such as electrical and thermal systems. 

INTEMA's versatile and comprehensive features make it suitable for a wide range of applications, 
including detailed energy system analysis and design, building energy demand estimation and 
optimization, simulation of renewable energy integration and storage solutions, multi-domain 
energy system analysis, and custom energy component development and novel device 
simulation. By leveraging these capabilities, INTEMA supports efficient and accurate energy 
system simulation, aiding in the development and optimization of sustainable energy solutions. 

3.2.3 GUIDANCE ON INITIAL CONFIGURATION AND USER 
INTERFACE 

This section provides guidance on how to select and configure models to simulate specific 
components of a Renovation Package using INTEMA. Users can define and simulate multiple 
components, including building elements, HVAC systems, and electrical systems. 

 

Defining Building Elements 

In INTEMA, users can manually define the passive elements of a building (Figure 6). All 
thermophysical properties of structural elements (e.g., walls, slabs, ceilings, doors) and openings 
can be specified. Users can also define the dimensions of these elements. 

Initially, users define the constructions of various structural elements of the building (Figure 6a). 
A construction is a set of material layers of specific types, order, and thicknesses. For example, 
a load-bearing construction might consist of three layers: 2 cm of plaster, 40 cm of reinforced 
concrete, and another 2 cm of plaster. INTEMA's library includes common construction materials 
with their thermophysical properties automatically retrieved. Users can also define custom 
materials by importing parameters for thermal conductivity, specific heat capacity, and density. 

Next, users define walls and slabs by specifying adjacent zones, azimuth (distance from true 
north), tilt, width, and height (Figure 6b). Walls typically have a 90° tilt angle, while floors and 
ceilings have 0° and 180°, respectively. This method allows any inclination to be described. Each 
element is then linked to a predefined construction that describes its properties. Windows (Figure 
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6c) are defined by specifying adjacent zones, azimuth and tilt angles, width, height, thermal 
transmittance values for the glass and frame, frame portion, total U-value, and solar energy 
transmittance (g-value). Doors are defined similarly by specifying adjacent zones, azimuth and tilt 
angles, width, height, and relevant construction materials (Figure 6d). 

(a) 

 

(b) 
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(c) 

 

(d) 

 

Figure 6: Screenshots of the INTEMA.building software where the user defines the passive elements of the building 
[constructions (a), walls/slabs (b), windows (c), doors (d)] 

 

Defining HVAC Systems 

Users can define the heating and cooling systems for each thermal zone. First, the user selects 
an HVAC type from the dropdown menu and clicks "Add system" (Figure 7). The available 
systems cover all typical HVAC options (Table 5). Users then select the relevant system and set 
the system parameters (Figure 8). A list of zones appears, allowing users to set operational 
parameters (heating, cooling setpoints, and zone infiltration rate) and select the available systems 
(main and auxiliary) delivering heating and cooling in each zone by clicking the "Edit" button next 
to each zone. 
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(a) 

 

(b) 

 
Figure 7: Screenshots of the INTEMA.building software where the user selects the HVAC system in each zone (a) and 
defines the operational characteristics of the thermal zone (b) 

Table 5: Available HVAC systems combinations in INTEMA.building 

# Heating System Cooling System DHW System 

1 

Boiler Heat Pump 

Boiler 

2 Electrical 

3 Solar Thermal + Boiler 

4 
Solar Thermal + 

Electrical 

5 
Solar Thermal + Boiler 

+ Electrical 
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# Heating System Cooling System DHW System 

6 

Heat Pump Heat Pump 

Electrical 

7 
Solar Thermal + 

Electrical 

8 
Air-to-water Heat Pump 

(radiators) 
Air-to-air Heat Pump 

Electrical 

9 
Solar Thermal + 

Electrical 

 

(a) 

 

(b) 
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(c) 

 

(d) 

 

(e) 
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(f) 

 
Figure 8: Screenshots of the INTEMA.building HVAC system definition views 

 

Defining Electrical Systems 

Users define power production systems by selecting the type and clicking "Add system" (Figure 
9). Specifications for these systems can be defined by the user. The available systems cover all 
typical electrical power system topologies (Table 6). 

(a) 

 





https://mbe.modelica.university/behavior/equations/physical/
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cooling. As can be noticed, there are 3 main sections of code: (i) a section for parameters and 
variables, (ii) a section for initial equations, and (iii) a section for equations. Of course, there are 
additional sections available, such as defining connectors to enable the component to 
communicate with other components at the system level. However, this is beyond the scope of 
this simple introduction. 

(i) model NewtonCooling "An example of Newton's law of cooling" 

     parameter Real T_inf "Ambient temperature"; 

     parameter Real T0 "Initial temperature"; 

     parameter Real h "Convective cooling coefficient"; 

     parameter Real A "Surface area"; 

     parameter Real m "Mass of thermal capacitance"; 

     parameter Real c_p "Specific heat"; 

     Real T "Temperature"; 

(ii) initial equation   

       T = T0 "Specify initial value for T"; 

(iii) equation 

        m*c_p*der(T) = h*A*(T_inf-T) "Newton's law of cooling"; 

         end NewtonCooling; 

 

One of the major advantages of Modelica is its ability to define equations without specifying 
causality. This means that the modeler does not need to determine the direction of data flow or 
dependencies. Instead, the modeler can write equations in their natural form, as found in 
textbooks, and the Modelica tool automatically determines the necessary causality and solves the 
equations accordingly, considering the entire system's context. 
 
The Modelica language is widely supported by various modelling environments. INTEMA utilises 
Dymola an Integrated Development Environment (IDE) for Modelica. Dymola offers a user-friendly 
graphical interface that supports drag-and-drop functionality for components and automatically 
generates visual forms for parameter definition, among other features. Beyond its user interface 
capabilities, Dymola's proprietary solver translates Modelica code into executable machine code 
and simulates it for the user-specified duration. Figure 11 presents screenshots from the Dymola 
environment. Specifically, Figure 11a showcases the graphics view, where the user can interact 
with components in a visual manner. Users can drag and drop components into the system, 
double-click to define parameters, and connect components to each other using the mouse, 
facilitating an intuitive modelling experience. Figure 11b presents the text view, where the 
underlying code can be examined, modified, and expanded. Although this view requires a high 
level of technical expertise, it provides the modeler with significant versatility and advanced tools. 
This enables the modeler to accurately represent any dynamic system, offering a powerful means 
of customization and refinement. The last important view is the simulation view (Figure 11c) where 
the modeler performs simulation experiments on the developed model. In this view, the modeler 
can modify parameters and initial states or conduct sensitivity analyses. It allows the user to 
visualize the trajectories of all variables through plots and compare the results as needed, 
facilitating a comprehensive understanding of the model's behaviour. 
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(a) 

 

(b) 

 

(c) 

 
Figure 11: Dymola environment: (a) graphics, (b) text, and (c) simulation views. 
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(a) 

 

(b) 
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(c) 

 

 

 

 
Figure 13: The developed model in Modelica, (a) Model of the multi-source heat pump in connection with the fan coil 
system, (b) Model of the multi-source heat pump, and (c) The required parameters for the simulation of the entire 
configuration. 

 

RP#2 Adaptable/dynamic building envelope (ADBE) 

Four different types of RP2 were developed in the Modelica language using the INTEMA building 
tool. Each type presents the parameters used for simulation.  

1. An opaque building element with an ADBE facade that includes a building-integrated PV 
panel (Figure 14a and Figure 14b). 

(a) 
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(b) 

 
Figure 14: The developed model of the RP2-1, (a) In Modelica, (b) Parameters required for the simulation of the 
technology. 

 

2. An opaque building element with an ADBE facade that includes both an insulation element 
and a building-integrated PV panel (Figure 15a and Figure 15b). 

(a) 

 

(b) 

 
Figure 15. The developed model of the ADBE2-2, (a) In Modelica, (b) Parameters required for the simulation of the 
technology 
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3. An opaque building element with an ADBE facade that includes an insulation element, a 
building-integrated PV panel, and a window element (Figure 16a and Figure 16b). 

 

(a) 

 

(b) 

 
Figure 16. The developed model of the RP2-3, (a) In Modelica, (b) Parameters required for the simulation of the 
technology 

 

4. A wall and window construction with an ADBE facade that integrates an insulation element 
and a PV panel (Figure 17a and Figure 17b). 
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(a) 

 

 

 

(b) 

 
Figure 17. The developed model of the ADBE #4 technology, (a) In Modelica, (b) Parameters required for the 
simulation of the technology 
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RP#3 SmartWall 

Four different types of RP#3 were developed in the Modelica language using the INTEMA building 
tool. Each type presents the parameters used for simulation.  

 

1. RP#3 that comprises of a thermal insulation element attached on a wall component 
(Figure 18a and Figure 18b). 

(a) 

 

(b) 

 
Figure 18. The developed model of RP3 that comprises a thermal insulation element, (a) Model developed in 
Modelica, (b) Parameters required for the simulation of the RP3-a 

 

2. RP#3 that comprises of a thermal insulation element attached on a wall component and a 
glazing system (Figure 19a and Figure 19b). 

(a) 
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(b) 

 
Figure 19. The developed model of the RP3 that comprises a thermal insulation element and a glazing system, (a) 
Model developed in Modelica, (b) Parameters required for the simulation of the RP3-b 

 

3. RP#3 that comprises of a thermal insulation element attached on a wall component, a 
glazing system, and a fan coil system (Figure 20a and Figure 20b). 

(a) 
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(b) 

 
Figure 20. The developed model of the RP3 that comprises a thermal insulation element, a glazing system, and a 
fan coil system, (a) Model developed in Modelica, (b) Parameters required for the simulation of the RP3-c 

 

4. RP#3 that comprises of a thermal insulation element attached on a wall component, a 
glazing system, a fan coil system and a mechanical ventilation system with heat recovery 
(Figure 21a and Figure 21b).  

(a) 
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(b) 

 

 
Figure 21. The developed model of the RP3 that comprises a thermal insulation element, a glazing system, a fan 
coil system, and a mechanical ventilation system with heat recovery (a) Model developed in Modelica, (b) 
Parameters required for the simulation of the RP3-d. 

 

RP#7 Activated cellulose thermal insulation made of wood waste 

For the simulation of the RP7, a model of a wall component was developed and tested in the 
INTEMA.building tool using Modelica language. More specifically this model simulates a simple 
wall construction on which the activated cellulose insulation block is attached as an extra thermal 
layer. Figure 22a shows the developed model in Modelica and Figure 22b depicts the required 
parameters for the simulation of the model.  

(a) 
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(b) 

 
Figure 22: The developed model of the RP#7, (a) Model developed in Modelica, (b) Parameters required for the 
simulation of the RP#7. 

 

RP#8 Intelligent window system 

For simulating RP8, a model of a window with modular thermal properties was developed and 
tested in the INTEMA.building tool using the Modelica language. Specifically, this model simulates 
a simple window construction with the RP8 technology attached as a window layer. The RP8 
reversibly switches the window's properties. Figure 23a shows the developed model in Modelica 
whereas Figure 23b depicts the required parameters for the simulation of the model. 

(a) 

 

(b) 

 
Figure 23: The developed model of the RP#8, (a) Model developed in Modelica, (b) Parameters required for the 
simulation of the RP#8. 
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open-source and interoperable, and provides a user-friendly interface with drag-and-drop 
functionality for building life cycle models. Additionally, VERIFY enables the estimation of 
environmental and economic KPIs over a period of up to 50 years, considering both actual 
monitored data and relevant forecasted data for various assets. 

3.3.2 MAIN FEATURES 

This section describes the main features of the software and its applications in the performance 
Life Cycle Analysis (LCA) and Life Cycle Costing (LCC). VERIFY is an integrated online platform 
designed to streamline the processes of LCA and LCC for buildings. At its core, VERIFY offers a 
unified solution, combining both LCA and LCC functionalities within a single intuitive interface. 

Central to its functionality is an extensive inventory database (LCI), continually updated to ensure 
accuracy and relevance. This database forms the foundation for detailed analyses, providing 
users with comprehensive data on various aspects of building materials, processes, and energy 
consumption. 

In addition to its robust internal capabilities, VERIFY seamlessly integrates with external energy 
planning tools such as INTEMA.building, enhancing its functionality and expanding its utility for 
users. Moreover, it remains up-to-date with the latest prices of primary energy sources, drawing 
from official data of the European Union to ensure accuracy in cost calculations and analyses. 

One of the key strengths of VERIFY lies in its ability to conduct scenario analyses, allowing users 
to compare different scenarios for optimal economic and environmental sustainability. This feature 
empowers users to make informed decisions based on comprehensive evaluations of potential 
outcomes. 

Another notable feature of VERIFY is its investment planning add-on, which provides users with 
valuable insights into the financial implications of various decisions. By incorporating cost 
considerations into the analysis process, users can weigh the economic viability of different 
options and optimize their strategies accordingly. 

Moreover, VERIFY is designed for scalability and customization, offering easy integration with 
external software tools and platforms through RestAPIs. This flexibility allows users to tailor the 
platform to their specific needs and integrate it seamlessly into their existing workflows. Finally, 
VERIFY supports live monitoring and LCA-LCC computations for multiple users simultaneously, 
making it suitable for collaborative projects and multi-stakeholder environments. 

In conclusion, VERIFY emerges as a reliable, user-friendly tool that seamlessly combines LCA 
and LCC functionalities, providing detailed data, scenario analyses, and investment planning 
support for informed and sustainable building practices. 

 

3.3.3 GUIDANCE ON INITIAL CONFIGURATION AND USER 
INTERFACE 

To perform a Life Cycle Assessment (LCA) on buildings using the VERIFY Web App, users must 
first define the initial configuration of the building, including the building type (e.g., domestic, 
commercial), number of floors, total surface area, location, and other relevant details. After this 
initial setup, users need to define the building components such as heat pumps, photovoltaic 
panels, insulation, etc. To configure these components, users should import them into the Life 
Cycle Inventory (LCI) Database using the VERIFY LCI Web App, which allows importing, and 
updating components. In Figure 25 it is depicted the components input form of the VERIFY LCI 
Web App, where the components initially are described. 



D2.5 / Guidelines for integrating the models in retrofitting design-tools 
 

 

 

37 Co-funded by the 
European Union 

 

Figure 25 VERIFY LCI Web App - Component input form. 

Users can choose from a variety of technologies, as shown in Figure 26, and the input form will 
adjust its fields based on the selected technology, supporting a wide range of technologies for 
both buildings and districts. 

 

Figure 26: VERIFY Web App LCI- Technologies drop down list. 

Once the components are created, users can log into the VERIFY Web App to create the demo 
by utilizing the components from the inventory via an API call. Once the demo is created the user 
can add extra information about the component (e.g., for a heat pump user can define the nominal 
power, COP and more) by editing the created demo. By the end of this phase, each component 
will have all the necessary attributes to perform an LCA. 
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Figure 28 VERIFY Web App - Insulation and Glazing Systems Form 

 

DHW Systems 

Domestic hot water (DHW) systems are essential for providing hot water to the building, and their 
efficiency can impact the overall energy consumption. VERIFY allows users to add DHW systems 
by providing details such as tank material (e.g., copper), capacity, energy source (solar thermal, 
natural gas, diesel, biomass, or electricity), installation year, and lifetime. Users can associate a 
boiler or heat pump set in the heating components or select electricity and provide the system's 
power. Optionally, users can indicate if the system incorporates renewable energy sources (RES) 
and specify the number of panels. By configuring these details, VERIFY can accurately model the 
energy consumption and efficiency of DHW systems (Figure 29). 
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Figure 30 VERIFY Web App - Photovoltaic Installations Form 

 

Wind Turbines 

Wind turbines harness wind energy to generate electricity, reducing the building's carbon 
footprint. In VERIFY, users can configure wind turbines by specifying the type and model, power 
output, height, rotor diameter, location, installation year, lifetime, efficiency, performance metrics, 
and associated costs. This detailed information enables VERIFY to model the renewable energy 
generation potential and assess the environmental and economic impacts of the wind energy 
system. For example, vertical-axis wind turbines are suitable for urban areas with turbulent wind 
conditions, while horizontal-axis turbines are more efficient in areas with consistent wind patterns. 
The power output and rotor diameter directly influence the energy generation capacity. Installation 
height affects wind capture efficiency, as higher installations typically access stronger and more 
consistent winds. Location considerations, such as proximity to buildings and obstacles, impact 
the overall performance and safety of the installation. By configuring these parameters, users can 
optimize the wind turbine setup for maximum energy production and sustainability (Figure 31). 
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Figure 32 VERIFY Web App - Battery Storage Form 

 

Until now, the different types of components and the input forms has been demonstrated. The 
final part for the components, to have all the information in order to perform LCA, is to set time 
series. 

The VERIFY Software Platform is optimized to calculate the use phase of components in great 
detail (e.g. considering degradation and other relevant details), by utilizing time series data with 
hourly granularity for each active component. For instance, photovoltaic panels have time series 
data for electrical production, and heat pumps have time series data for electrical consumption. 
To ensure each active component receives the appropriate time series data, the platform employs 
a Data Lake. Users can import this time series data into the Data Lake via the VERIFY Web App. 

The VERIFY Software Platform is optimized to calculate the use phase of components in great 
detail (e.g. considering degradation and other relevant details), by utilizing time series data with 
hourly granularity for each active component. For instance, photovoltaic panels have time series 
data for electrical production, and heat pumps have time series data for electrical consumption. 
To ensure each active component receives the appropriate time series data, the platform employs 
a Data Lake. Users can import this time series data into the Data Lake via the VERIFY Web App. 
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3.3.4 CREATION AND CONNECTION OF COMPONENTS 

Once the demo is created in the VERIFY Web App, a JSON file containing all the necessary 
information, including user-defined component details, is sent to the backend for LCA 
calculations. The backend calculation module then processes this JSON, integrating it with data 
from the LCI database and the Data Lake, as depicted in Figure 33. This integration allows the 
module to create the component and perform the LCA calculations. 

 

Figure 33: Component Data Integration. 

 

In the VERIFY platform, components are categorised into two main types: active and passive 
(see Figure 34). Active components, such as heat pumps, have time series data for their fuel 
consumption (e.g., electricity, natural gas). Passive components, such as insulation, do not have 
time series data. 

 

Figure 34: Components Classification in VERIFY. 

 

In the VERIFY platform, active and passive components differ in terms of calculated magnitudes, 
as presented in Table 7. 


































