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EXECUTIVE SUMMARY

This document describes the BIMERR Deliverable D7.9 “Integrated BIMERR Renovation Decision
Support System 1” and concludes the first iteration of the development activities in T7.5 “Decision
Support System Engine and Ul Integration”. The main aim of this task is to develop RenoDSS
(Renovation Decision Support System) and put forward an intuitive, BIM-based, and easy-to-use
interface that illustrates the renovation options, evaluates their impact on the building performance
and guides through various alternatives towards the optimal choice for given boundary constraints
(such as size of intervention, budget, target energy savings, etc.). In its first version, BIMERR RenoDSS
enables the user to: (i) calculate and visualize the energy, sustainability and economic KPls of a given
building configuration, (ii) set corresponding target KPIs for the renovation, (iii) choose renovation
measures from a list of pre-configured renovation measures, (iv) automatically generate renovation
scenarios which meet the target KPls and are based on the chosen renovation measures, and (v) select

the most suitable renovation scenario by sorting, filtering, and comparing their KPlIs.

The BIMERR RenoDSS is based on state-of-the-art technologies and three layers: (i) the Presentation
Layer, which allows the user to load projects, set target renovation KPIs, select potential renovation
measures, and identify appropriate renovation scenarios with the RenoDSS decision support
component, (ii) the Business Logic Layer which generates renovation scenarios based on the current
building configuration and potential renovation measures selected and configured by the user, and (iii)
the Data Layer to store global and project-specific renovation measures, potential renovation

scenarios and their KPls.

In the second release of BIMERR RenoDSS we plan to provide: (i) more detailed information on single
renovation measures within the scenario view, such as investment cost and quantity (pieces, m?, m3,
etc.) of each measure, (ii) the possibility to enter and visualize monetary units in renovation project-
specific currencies, (iii) PDF reports with detailed information on selected renovation scenarios, (iv) a
downloadable IFC file for each renovation scenario, (v) visualization of the current building and
renovated building configuration based on the corresponding IFC files (based on third-party libraries),
(vi) a context-aware online user manual which describes the RenoDSS functionality within each view,

and (vii) internationalization to support multiple languages within the user interface.
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1. INTRODUCTION

The goal of the European Green Deal is to make Europe the first climate-neutral continent with no net
emissions of greenhouse gases by 2050, Increasing the renovation rate of buildings is a key initiative

to drive energy efficiency in the sector and contribute to the European Green Deal objectives?.

In this context, the main aim of RenoDSS is to put forward an intuitive, BIM-based, and easy-to-use
interface that illustrates the building’s renovation options, evaluates their impact on the building
performance and guides the user through various alternatives towards the optimal choice for given
boundary constraints (such as size of intervention, budget, target energy savings, etc.). RenoDSS
provides a novel renovation configurator that allows the user to explore alternative renovation

interventions.

1.1 BACKGROUND

Nielsen et al. (2016) reviewed related approaches in the field of building renovation decision support
systems. From the 43 reviewed approaches, 13 approaches suggest renovation actions and
automatically generate design alternatives based on a set of predefined criteria. Two approaches
which closely relate to RenoDSS are Jalaei et al. (2015) and Kamari et al. (2019). Jalaei et al. (2015)
developed a decision support system (DSS) as a Revit plug-in, which calculates sustainability, finance,
and social wellbeing KPIs based on the building’s BIM model to efficiently optimize the selection of
sustainable building components at the conceptual design stage of building projects. The DSS relies on
numerical models to generate and simulate alternative renovation scenarios, rank the alternatives,
and enable the user to select the most suitable one. The renovation scenarios are evaluated by the
Life Cycle Cost (LCC) method to analyze and compare the operational cost of the whole building.
Kamari et al. (2019) developed PARDIS, a BIM-based decision support system, which (i) generates and
evaluates dwelling renovation scenarios through specific renovation typologies and constraints, (ii)
evaluates energy, finance, and comfort KPIs and, (iii) visualizes the generated renovation scenarios.
The PARDIS prototype is implemented as a Revit? plug-in and has been empirically evaluated on an

apartment block in Denmark.

L https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal _en, last access: 05.10.2020

2 https://ec.europa.eu/energy/topics/energy-efficiency/energy-efficient-buildings/renovation-wave en, last
access: 05.10.2020

3 https://www.autodesk.com/products/revit/overview, last access: 05.10.2020
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In contrast to existing approaches, RenoDSS is a web-based system that can be collaboratively used by
multiple users independent of closed-source BIM software. It uses the open industry standard IFC for
exchanging building information. Besides finance, energy, and comfort KPI calculation, it also provides
KPIs for urban planning purposes. The RenoDSS software architecture is modularized and open to
external components (e.g., BIMERR Interoperability Framework). The RenoDSS data management
module (see Section 2.3) controls the communication between RenoDSS modules (LCA/LCC, building
energy performance, and urban planning), the BIMERR Material and Component Database, and the
BIMERR Interoperability Framework. Based on the baseline building configuration and the user’s
renovation preferences, the RenoDSS scenario generator (see Section 2.5) generates potential
renovation scenarios and passes them via the data management module to the RenoDSS modules for

calculating the KPIs of each generated renovation scenario.

By taking into account the current (as-is) building characteristics, information about its installed
equipment as well as information about connections to utility networks and interaction with other
buildings, RenoDSS aims to improve on the accuracy of estimations and projections compared to

existing renovation planning approaches.

1.2 Scopre AND OBIJECTIVES OF THE DELIVERABLE

D7.9 “Integrated BIMERR Renovation Decision Support System 1” reports the development activities
in the context of Task T7.5 “Decision support system engine and Ul integration” of WP7 “Renovation

Decision Support System”. It documents the first version of BIMERR RenoDSS.

The objective of this document is to give an overview and documentation of the first stable release of
BIMERR RenoDSS and describe:

e Functionalities of BIMERR RenoDSS

e Technology stack

e Communication within the BIMERR RenoDSS modules
e Assumptions and restrictions of the first release

e Installation instructions

e Usage walkthroughs

e Licensing

BIMERR RenoDSS will be delivered in two releases. The second release of BIMERR RenoDSS will be built
on the outcome of this deliverable and will contain all planned functionality and enhancements based

on the feedback of the pre-validation and validation activities (WP8).
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1.3  RELATION TO OTHER TASKS/DELIVERABLES

T7.5 “Decision support system engine and Ul integration” and therefore D7.9 “Integrated BIMERR

Renovation Decision Support System 1” are related to the following BIMERR deliverables:

e D3.1 “Stakeholder requirements for the BIMERR system”: the business scenarios, use cases,
and requirements described in D3.1 are the basis for the development of BIMERR RenoDSS.

e D3.3 “BIMERR evaluation methodology”: energy, economic and sustainability KPIs described
in D3.3 are calculated by the RenoDSS modules (LCA/LCC, energy, and urban planning).

e D3.6 “BIMERR system architecture final version”: the final version of the BIMERR architecture
provided an overview on the BIMERR components, how they communicate to each other and
how BIMERR RenoDSS is embedded in the BIMERR Framework.

e DA4.6 “Building Information Query Builder Creation”: the query examples collected in context
of T4.6 supported the design of the endpoint methods with which BIMERR users and
components can retrieve data from the BIMERR Material and Component Database.

e DA4.8 “Integrated Interoperability Framework 1”: supported the preparation of RenoDSS for
the future integration into the BIMERR interoperability framework.

e D7.1 “Populated Material/Component Databases 1”: the developed building material and
component database is used to provide RenoDSS with material and component data for the
energy, economic, and sustainability KPI calculation.

e D7.3 “Life Cycle Cost/Assessment Module 1”: the LCA module calculates the economic and
sustainability KPIs of the renovation scenarios.

e D7.5 “Building Energy Modeling Module 1”: the building energy performance module
calculates the energy KPIs of the renovation scenarios.

e D7.7 “Urban Planning Module 1”: the urban planning module calculates the urban planning
KPIs of the renovation scenarios.

e T8.1 “External information availability and sourcing”: ensures that data relevant for pre-

validation and validation sites are available.

1.4 STRUCTURE OF THE DOCUMENT

Section 1 describes the scope/objectives of the deliverable and its relations to other tasks and
deliverables. Section 2 gives an overview of BIMERR RenoDSS, its architecture, functionalities, BIF
integration plans, technology stack, assumptions, restrictions, installation instructions and licensing.
Section 3 provides and end-to-end walkthrough to show the functionalities on a sample building.
Section 4 outlines the research and development plans for the second iteration of BIMERR RenoDSS
due in M30.
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2. BIMERR RENODSS

2.1 OVERVIEW

The main aim of RenoDSS is to put forward an intuitive, BIM-based, and easy-to-use interface that
illustrates the building’s renovation options, evaluates their impact on the building performance and
guides the user through various alternatives towards the optimal choice for given boundary constraints
(such as size of intervention, budget, target energy savings, etc.). RenoDSS offers a renovation

configurator that allows the user to explore alternative renovation interventions.

The first version of BIMERR RenoDSS is available at*: https://renodss.xylem-technologies.com/

2.2  ARCHITECTURE

Based on the BIMERR architecture (see Deliverable D3.6), Figure 1 shows the architecture of RenoDSS

and its modules.

BIMERR Renovation Decision Support System (RenoDSS)
BEP module LCA/LCC module
FMUs
IDF Generator [———| BEP Simulation A
A
EnergyPlus o .
IFC, obXML, Output = Urban planning module
EPW < 2
(Csv) g ] A o ©
- \4 < et E e 1. Load project, set
§ 51 § g o0 target KPIs and
g BEP Manager 5 S % < renovation measures
[%:3 : ©
9 52 £ s g B
a -
-2 2 ué- 3a. IFC for each scenario, ~ 4a. Energy a ~U9 g i
5B -8 obXML and EPW KPls = > B
Sh -2 T E; 5. Renovation a S
55 % A v 0 v v scenario KPIs | 2 5
S = » o E
=8 > RenoDSS scenario generator and data management module g~
§ < =
o
A 6. Renovation
scenario
2. Baseline IFC, 7. Selected renovation selection
obXML and EPW scenario’s IFC and KPIs
A

BIMERR Interoperability Framework (BIF)

Figure 1: Architecture of the BIMERR renovation support tools

RenoDSS communicates via the RenoDSS Data Management Module with the LCA/LCC module, the
BEP (Building Energy Performance) module, the Urban Planning module, the RenoDSS Ul, the BIMERR

4 For security reasons the access to RenoDSS is restricted to authorized IP addresses. Please send an email to
support@xylem-technologies.com to request access to RenoDSS.
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Material and Component Database, and the BIMERR Interoperability Framework. A detailed

description of the data flow between the modules can be found in Section 2.3.

2.3 DATA MANAGEMENT MODULE

The data management module coordinates the RenoDSS data flow (see Figure 1) as follows:

The data flow starts with the user selecting a specific renovation project via the RenoDSS Ul.
The selected renovation project is sent by the RenoDSS Ul to the data management module.
The data management module queries the baseline IFC (building information model of the
current building state), obXML (occupant behaviour model) and EPW (weather data) files for
the selected renovation project from the BIMERR Interoperability Framework (BIF). Currently
this step uses mocked data as RenoDSS is intended to be integrated with the BIMERR
Interoperability Framework (BIF) by its second release that is expected on M30. Based on the
renovation measures selected by the user in the RenoDSS Ul, RenoDSS will generate one
modified IFC file per renovation scenario. This IFC file contains the building information model
of the renovated building. Please see Section 2.5 for detailed information on how the
renovation scenarios are generated.

For each renovation scenario, the data management module sends the corresponding IFC file
to the BEP (building energy performance), LCA/LCC (life cycle assessment), and urban planning
modules. To the BEP modaule, it also sends the obXML and EPW files previously retrieved from
the BIF.

The energy, LCA/LCC, and urban planning KPIs for each renovation scenario are calculated by
the respective modules and are returned to the data management module.

The retrieved KPIs are forwarded to the RenoDSS Ul and are presented to the user via the
RenoDSS decision support Ul.

The user identifies and selects the most promising renovation scenario by using the KPI filter
and sorting mechanism of the RenoDSS decision support Ul.

The IFC file and the KPIs of the selected renovation scenario are provided by the data

management module to the BIF for further usage in other BIMERR components.

The data management module communicates with the BIMERR Material and Component Database in

two cases:

1. Modification of the material and component database content by the user via the RenoDSS

ul.
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2. Retrieving material and component data for extending the IFC files with the necessary material
and component properties before sending the IFC files to the BEP, LCA/LCC, and urban

planning modules.

In the following section, the definition and selection of renovation measures as mentioned in Step 2

of the data flow is described.

2.4 RENOVATION MEASURES

The RenoDSS user selects pre-defined renovation measures to enable the generation of renovation
scenarios. The renovation measures are defined by the RenoDSS admin user and can be modified by

the RenoDSS user within the renovation project context.

2.4.1 Definition of global renovation measures

The RenoDSS admin user defines global, i.e. available to all projects, renovation measures within the
categories facade, roof, floor, fenestration, lighting, heating system, hot water, solar, and cooling

system (see Figure 2).

Facade Roof Floor Fenestration Lighting Heating system Hot water Solar Cooling system

Renovation Messares o) Constructions
@ Financial details

ame GoupTpe  Un Uletime Name

BEE (mlz]0]

R ———— s w oo BEa

s 5]

Position  Layer name Material Thickness (mm) Material cost (MU/m?) Installation cost (Mu/m’) Malntenance cost (MU/m) Disposal Cost (MUfm?)

PP S—

L aese Adeses-symhetcres adhesve s 500 s w0 100 BEE

2 i eesFasskgi) a0 00 w0 L0 1000 BEE

3 Paser Singecostplastermorarfor exerioruse O e 1300k 200 w0 s 200 BEE

Figure 2: Definition of global renovation measures (constructions)

In each renovation measure category (as shown in Figure 3), renovation measures can be defined and
described by a name, type (active, passive, or renewable), reference unit (m?2, m3, mm or pcs), lifetime
in years, IFC element types (e.g., IfcWall or IfcRoof) on which the renovation measure is applied, and

the side of the IFC element the renovation measure is applied (conditioned or unconditioned side).
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Edit measure

Name

Esternal facade insulation

Group Type

PASSIVE

Unit

IFC Element Types

IFC Element Types

© On conditioned side
® Onuncanditioned side

Figure 3: Edit measure

Within the renovation measure categories fagade, roof and floor, constructions can be added to
renovation measures (see top right in Figure 2). Each construction is described by layers (see bottom
in Figure 2). Each construction contains on Position 0 the existing construction on which the renovation
measure is applied. Starting from Position 1 the RenoDSS admin user defines the layers as shown in
Figure 4. Each layer is described by a name, a material from the BIMERR material and component
database, thickness of the applied material, and material, installation, maintenance, and disposal cost

in monetary units (MU) per reference unit of the renovation measure (e.g., m?).

Edit layer

Fosition

2

Layer name

insulation
Material
Category 1 Insalating materisls
Category2 Synthetic insulating materials
Category3 £PS Insulation
Material EPS-F(15.8 kg/m’)
Thickness (mm)

00
Miaterial cost (MU/m)

w
Installation cost (MUfm?)

a

Maintenance cost (MU/m’)

1

Disposal cast (MU/m?)

1

Figure 4: Layer editing

To allow for alternative materials and thicknesses per layer, layer information can be copied and
assigned to the same position within the construction. As an example, Figure 5 shows two alternative
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thicknesses of the insultation material in Position 2. This enables the renovation scenario generator to

generate a renovation scenario for each insulation thickness and support the user at comparing both

renovation scenarios. See Section 2.5 for further details on how the renovation scenarios are

generated.
Layers
Position Layer name Material
0 Existing Existing Construction
1 Adhesive Mineral adhesive
2 Insulation Wood fibre WF-PT (250 kg/m?)
2 Insulation Wood fibre WF-PT (250 kg/m?)
3 Vapour Brake ‘Vapour barrier Polyethylene (PE)

Thickness (mm} Material cost (MU/m?)
5 5.00

50 10.00

100 20.00

1 10.00

Figure 5: Alternative materials and thicknesses per layer

Installation cost (MU/m?)

10.00

10.00

Maintenance cost (MU/m?)

Disposal Cost (MU/m?)}

(el lo0]
(5] 7]0]
(el lo0]
meara -

Within the renovation categories fenestration, lighting, heating system, hot water, solar, and cooling

system, renovation measures are defined by components, i.e., technical systems which are treated as

a unit and not as a composition of materials. Figure 6 shows the definition of renovation measures on

the component level. For each renovation measure, the RenoDSS admin user defines more than one

component from the BIMERR material and component database as potential renovation measure

implementation.

¥ = Home  Administration
Measures
Facade Raof

Renovation Measures

Name

Trple glazed windews

Details

Component

Doubie coated heat protection gass (+-16-4 air)

Floor Fenestration

Group Type

PASSIVE

Material cost {WU) Installation cost (MU)

15.00 500

Figure 6: Definition of global renovation measures (components)
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2.4.2 Selection and modification of project-specific renovation measures

Based on the global renovation measures defined by the RenoDSS admin user, the RenoDSS user

selects those renovation measures which should be applied to a specific renovation project as follows:

1. For each renovation measure category (e.g., facade or roof), RenoDSS identifies those IFC
building elements which are relevant to the renovation measure category (based on the IFC
elements types such as IfcWall or IfcRoof defined in the renovation measure).

2. RenoDSS groups all IFC building elements with identical constructions and lists them in the
dropdown “Building element” — see top left in Figure 7. Grouping identical constructions
enables the user to apply renovation measures more efficiently than selecting them for each
single IFC element. The user can deselect single IFC elements within the group to prevent the
application of renovation measures on these specific IFC elements.

3. The current construction of the selected building element is shown in the top middle area of
the user interface. The user must select the conditioned side of the construction to ensure
that the scenario generator applies the selected renovation measures on the correct side of
the construction.

4. The renovation measures for each building element are selected by the RenoDSS user in the
top right area of the user interface. Zero or more renovation measures can be selected.

5. As the application of renovation measures often requires the removal of old construction
layers or components, the RenoDSS user must indicate at the construction layers (top middle
area of the user interface) which layers are removed at which renovation measure application.
Each renovation measure is encoded by its identifier (e.g., A and B) at each layer. By clicking
on the buttons, the user can change the colour from green to red and from red to green. Red
means this layer is removed when applying the renovation measure. Green means this layer
will be kept when applying the renovation measure. E.g., when applying external insulation,
the old insulation layer is usually removed before applying the new insulation layer.

6. By selecting a specific renovation measure, its layers are shown in the bottom area of the user
interface. The layers are initially copied from the global renovation measures as defined by the
RenoDSS admin user and described in Section 2.4.1. After the layers have been copied into the
specific renovation project, the RenoDSS user can modify them as needed. E.g.,

adding/changing layers and materials, modifying costs, etc.
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Home
Measures
8 rrojects
Facade Roof Floor Fenestration Lighting Heating system Hot water Solar Cooling system
i Basedata
M urban planning Building element group Thickness Construction layers O ne Renovation measures
* - Conditioned side ] i
@ xes Basic Wall:Case ] extwall ( i A Esterior Insulation Finishing System
216mm  Gypsum Wall Board -ﬂn B External Thermal Insulation System

= Measure: Area Building elements

e 180mm  Concrete, Cast-in-Place gray -ﬂn c Internal Thermal Insulation System
P scenarios 8 =

13.60m'  Basic Wall:Casel-extwall:182667

348m’ Basic Wall:Casel-extwall:191974

16mm  Gypsum Wall Board nu.

60LM*  Basic Wall:Casel-extwall:191311

Lapers [o]
Position Layer name. Material ) (Mu/m?) /m?) Disposal Cost (Mu/m*

1 Adhesive Adhesives - synthetic resin adhesive 5 10.00 20.00 0.00 10.00 n

2 Insulation EPSF (15.8kg/m’)

200 2000 4000 000 10.00 (o] ~]a]
3 Plaster EPS-F (15,6 kg/m®) 100 10.00 20.00 200 10.00 mnn

combiations:3- okcaatontime: 20 econcs [

Figure 7: Selection and modification of project-specific renovation measures (constructions)

Figure 8 shows the selection and modification of project-specific renovation measures on the

component level. At the component level, building elements are also grouped and we assume that old

components are removed before new components are applied as renovation measures.

Home
Measures.
&8 rrojects
Facade Roof Floor Fenestration Lighting Heating system Hot water Solar Cooling system
i Basedata
Ml Urban planning Building element
P Fised-extwindow
= Measure Area Building elements
P scenarios < 29m? Fixed:extwindow 246416
] component Material cost (MU) Installation cost (MU] Maintenance cast (MU) Disposal Cast (MU)
@ Triple insulating glass Clear glass (6-12-6-12-6) 20,00 20.00 500 5.00 [ 7]
) Double coated heat protection glass (4-16-4 air) 15.00 25.00 500 15.00 [ 7]

Figure 8: Selection and modification of project-specific renovation measures (components)

In the following section the generation of renovation scenarios as mentioned in Step 2 of the data flow
is described.
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2.5 SCENARIO GENERATOR

The scenario generator generates IFC files that represent renovated building configurations based on:
(i) the IFC representation of the current building configuration, (ii) potential renovation measures
selected by the user and their mapping to IFC elements as defined in Table 1, and (iii) a rule set on how

these renovation measures can be combined and applied on the building.

2.5.1 Combining renovation measures

Renovation measures such as external wall insulations or new heating systems are technical measures
to improve the energy performance, comfort, or life cycle cost of the building. Table 1 shows the
renovation measures which are supported by the current implementation of the scenario generator.
To reduce the number of potential combinations, it is assumed that only one renovation measure per
renovated building element is applied in one renovation scenario. E.g., the fagade of a specific building

element is either renovated by an external facade insulation or an internal facade insulation but not

both at the same time within one renovation scenario.

Table 1: Renovation measure table

Name Category IFC element>

External thermal insulation system Fagade IfcWall; IfcWallElementedCase; IfcWallStandardCase
Internal thermal insulation system Facade IfcWall; IfcWallElementedCase; IfcWallStandardCase
Flat roof external insulation Roof IfcRoof; IfcSlab

Pitched roof internal insulation Roof IfcRoof; IfcSlab

Top slab external insulation Roof IfcRoof; IfcSlab

Basement ceiling insulation Floor IfcSlab

Slab internal insulation Floor IfcSlab

Double glazed windows

Fenestration

IfcWindow; IfcWindowStandardCase

Triple glazed windows

Fenestration

IfcWindow; IfcWindowStandardCase

Photovoltaic panel

Solar collector

IfcSolarDevice

Solar thermal collector

Solar collector

IfcSolarDevice

Condensing natural gas boiler Heating system IfcBoiler
Air to water heat pump Heating system IfcPump
Air to air split units Cooling system IfcPump

As described in D7.3, each renovation measure within the category facade, roof and floor is specified
by the layers of its construction and the building materials which can be used within the layers. As an

example, Figure 9 shows the layer configuration of renovation measure “Top slab external insulation”.

5> https://standards.buildingsmart.org/IFC/RELEASE/IFC4/ADD2 TC1/HTML/, last access: 10.08.2020
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The first layer is the insulation, which is put on top of the existing slab. In this example the insulation
can be 200mm cellulose or EPS insulation material with a thickness of 200, 300 or 400mm. The second

layer plywood is placed on top of the insulation.

Position Layer name Material Thickness (mm)
1 Insulation Cellulose spray on insulation {95 kg/m?) 200

1 Insulation EPS-F (15.8 kg/m?) 200

1 Insulation EPS-F (15.8 kg/m?) 300

1 Insulation EPS-F (15.8 kg/m?) 400

2 Board Plywood and laminated veneer lumber for interior use (375 kg/m?) 35

Figure 9: Renovation measure "Top slab external insulation" and potential building materials for each layer of the
construction

As each renovation measure can be implemented by different material/thickness combinations the

number of potential renovation scenarios is calculated as follows:

n l m c
ri= ] Q] [mo+n
i=0 g=0 j=0k=0
e RM: number of renovation scenarios
e i current renovation measure category facade, roof, floor, fenestration, solar collector,

heating system, cooling system
e g: current building element group
e j: current renovation measure in renovation measure category i
e k: current construction or component in renovation measure m
e NL: sum of equal position numbers per layer in construction c or number of equivalent

implementations for component c

Description of the RM formula:

Each renovation measure category (fagade, roof, etc.) contains specific renovation measures (external
thermal insulation system, internal thermal insulation system, etc.). Each renovation measure is
implemented by a layer-based construction or a single component and can be applied onto different
building element groups (e.g., different types of exterior walls or roofs). Building element groups group
building elements with the same characteristics. For example, walls, roofs, slabs and floors with the
same construction would be grouped into the same building element group. Table 2 shows the input

data for the following example used to describe the RM formula rationale.
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1: Renovation | 2: Renovation | 3: Building | 4: Number of | 5: Number of | 6: Number of renovation
measure measure element valid layer | combinations per | scenarios
category group combinations | renovation measure
or category
components
External Fagade Exterior 2
thermal wall 1
insulation Exterior 2
system wall 2
(2+2+1)*(2+2+1)=25
Internal Fagade Exterior 2
thermal wall 1
insulation Exterior 2
system wall 2
Flat roof | Roof Roof 1 4
external
insulation
Pitched roof | Roof Roof 1 8
internal (4+8+4)+1=16+1=17
insulation
Top slab | Roof Roof 1 4
external
insulation
Basement Floor Floor 1 2
ceiling 25%17%5%3*3%3%2=114.750
insulation 2+2=4+1=5
Slab  internal | Floor Floor 1 2
insulation
Double glazed | Fenestration Windows 1
windows 1
Triple  glazed | Fenestration Windows 1 tri=a+l=s
windows 1
Photovoltaic Solar collector Roof 1 1
panel
Solar  thermal | Solar collector Roof 1 1 tri=2e1=3
collector
Condensing Heating system | Building 1 1
natural gas
boiler 1+1=2+1=3
Air to water | Heating system | Building 1 1
heat pump
Air to air split | Cooling system Building 1 1
. 1+1=2
units
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If a layer-based construction is defined by more than one material/thickness combination per layer
position, the total number of possible combinations is the product of the sums of equal position
numbers per layer. For example, the construction in Figure 9 would result in 4*1=4 valid layer
combinations (4 insulation material/thickness combinations in layer 1 and one in layer 2). Table 2

shows the number of valid layer combinations or components within the fourth column.

As one renovation measure category can be implemented by more than one renovation measure (e.g.,
double- or triple-glazed windows for renovating the fenestration as shown in Table 2), but the final
renovation scenario contains only one renovation measure per renovation measure category® and
building element group, we must sum up the number of potential renovation measure
implementations per renovation measure category and building element group. As it is also possible

not to implement any renovation measure, 1 is added to the sum. See Column 5 in Table 2.

As renovation measures can be applied onto different building element groups within one renovation
measure category (e.g., renovating different exterior walls with different renovation measures), the
number of combinations per renovation measure category is the product of potential renovation
measure implementations per building element group plus one for the non-renovation option (see

previous paragraph). See Column 5, renovation measure category Fagade for an example in Table 2.

Because we assume that only one or none renovation measure is implemented per renovation
measure category and building element group in one renovation scenario, we must multiply the
number of potential renovation measure category implementations to get the total number of

potential renovation scenarios. See Column 6 in Table 2.

2.5.2 IFC file modification

For each renovation scenario, the scenario generator produces an IFC file which represents the
renovated building. The IFC file is sent by the data management module to the RenoDSS BEP, LCA/LCC,

and urban planning modules for calculating the KPIs of the building.

We use the xBIM Toolkit for loading and modifying the IFC file of the current building configuration as

follows:

1. Load baseline IFC file by xBIM Toolkit

2. For each renovation scenario

& Under this assumption a renovation scenario would not mix e.g., tripe- and double-glazed windows within
one renovation scenario.
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a. Identify those IFC elements which must be modified based on the renovation
measures selected by the user (e.g., specific IfcWall, IfcRoof or IfcSlab elements)

b. Remove layers (e.g., old insulation layers) as specified by the user
Add renovation layers as specified in the renovation scenario

d. Send IFC file for KPI calculation to BEP, LCA/LCC, and urban planning module

e. Retrieve KPIs from calculation modules and store them in decision support data
structure

3. Present KPIs of all calculated renovation scenarios in the RenoDSS decision support system to

the user

2.6 TECHNOLOGY STACK AND IMPLEMENTATION TOOLS

BIMERR RenoDSS is based on state-of-the-art technologies and three layers:

e The Presentation Layer, which allows the user to load projects, set target renovation KPIs,
select potential renovation measures, and identify appropriate renovation scenarios with the
RenoDSS decision support component. The user interface is built upon Angular, Typescript,
and NGRX Entity/Store.

e The Business Logic Layer is written in Java and generates renovation scenarios based on the
current building configuration and potential renovation measures selected and configured by
the user. xBIM is used for reading and modifying the IFC files.

e The Data Layer that utilizes PostgreSQL to store global and project-specific renovation

measures, potential renovation scenarios and their KPls.

% Presentation Layer g
PG

I

. . xbim
Open)DK Business Logic Layer !
pen) BICLaYer  toolkit
Data Layer
Figure 10: Architecture of BIMERR RenoDSS
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BIMERR RenoDSS utilizes the open source technologies and libraries as defined in the following table.

Table 3: Technologies and libraries used in BIMERR RenoDSS

Apache Tomcat 9 Apache License 2.0 license

Angular 8 MIT License

Typescript 3.5.3 Apache License 2.0 license

NGRX Entity/Store 8.5.2 MIT-style License

Java OpenlJDK 11 GPLv2

Spring Boot 2.2.1 Apache License 2.0 license

Hibernate 5.4.38 LGPL2.1

PostgreSQL 9.5 PostgreSQL License (similar to BSD/MIT)
xBIM Tookit 5.1 Common Development and Distribution

License (CDDL)

2.7 API DOCUMENTATION

RenoDSS utilizes the BEP, LCA/LCC, and urban planning modules to calculate the renovation scenario
KPIs. For calculating many renovation scenario KPls without blocking the RenoDSS user interface,
RenoDSS provides an asynchronous interface to communicate with the BEP module which is described
in the following. The RenoDSS BEP endpoint is available at

https://renodss.xylem-technologies.com/api/m2m/bep/kpis

To access the REST endpoints via an application such as Postman’, an APl key must be provided in the
header of the HTTP request as follows:

o Key: apiKey
e Value: 0bf7366f-919¢c-4781-bb91-59be80608feb

7 https://www.postman.com/, last access: 12.10.2020
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POST b https://renodss.xylem-technologies.com/apifm2m/bep/kpis
Params @ Authorizatior Header Body @ Pre-request Scrip Te: Settings
Headers
KEY VALUE DESCRIPTION
Cache-Control no-cache
Postman-Token <calculated when request is sent>
Content-Type application/json
calculated when request is sent>
calculated when request is sent>
PostmanRuntime/?
Accept *f*
Accept-Encoding gzip, deflate, br
Connection keep-alive
apikey 0bf7366f-919c-4781-bb01-59be80608fe6

Figure 11: Postman request with API key

The POST request must submit the calculated KPIs as shown in Section 6 (Annex). It is important that
a valid renovation scenario ID, project ID, and user ID is provided with the request. If project and
scenario ID do not match, the HTTP status code 400 “Bad Request” is returned. If the API key is not
provided correctly, the endpoint returns 401 or 403 HTTP status codes.

2.8 ASSUMPTIONS AND RESTRICTIONS

As the development of BIMERR applications is still ongoing and validation activities have not started

yet, the first release of BIMERR RenoDSS is based on the following assumptions/restrictions:

e Currently the scenario view shows only basic information regarding the involved renovation
measures. In the next development iteration, it is planned to show more detailed information
on renovation measures within the scenario view (e.g. investment cost or quantity of each
measure).

e To reduce the large number of potential renovation measure combinations, only one
renovation measure per renovated building element is applied in one renovation scenario.

e Costs are currently entered and shown in abstract monetary units. It is planned to implement
currency conversion schemas in the next development iteration.

e No written reports (e.g., PDF reports) for created renovation scenarios are provided. This
makes it hard to distribute the RenoDSS results to relevant stakeholders. In the next version

PDF reports will be implemented.
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e Currently no IFC file is provided for the created renovation scenarios. As such further editing
or refining renovation scenarios by other software tools (e.g., Revit or ArchiCAD) is not
possible. The plan is to provide IFC file download per renovation scenario in the next RenoDSS
release.

e No visualization of the current building and renovation building configuration is implemented.
To support the visual user experience, it is planned to implement an IFC-based building
visualization (based on third-party libraries) in the next development iteration.

e No guidance for the user. In the next RenoDSS release we will implement a context-aware
online user manual which describes the RenoDSS functionality within each view in simple
terms to the user.

e Currently RenoDSS is available in English only. We plan to support multiple languages within

the user interface.

2.9 INSTALLATION INSTRUCTIONS

BIMERR RenoDSS is accessible via a web-based GUI, and therefore it does not require installation or

downloading of any component to use it.

2.10 LICENSING

As parts of RenoDSS are based on and integrated into the Xylem business intelligence platform it is a
closed source component. The Xylem platform provides, except from the core business logic which
was developed in BIMERR, all components to provide the RenoDSS functionality to the user (e.g., Ul

elements, user management, security mechanisms, software architecture, etc.).
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3. BIMERR RENODSS END-TO-END USAGE WALKTHROUGH

After logging into BIMERR RenoDSS, the project view (see Figure 12) is presented to the user. The

user’s renovation projects are visualized on a map and a list view.

18.08.2020

19.082020

vvvvvv

Figure 12: RenoDSS - project view

By clicking on a project in the list view, the project data is shown (see Figure 13). A map view visualizes
the building’s location and neighboring buildings. The project information shown in the top right area
is extracted from the building’s IFC file (building height, external wall area, usable floor area) and user-

defined meta data (address and region).

Input parameters for the LCA/LCC module (see Deliverable D7.3 for further details) are configured in
the bottom area of the project view Ul. Data for: (i) analysis period and rates, (ii) energy prices and
emissions, and (iii) environmental cost is initially loaded with region-specific default values and can be

adjusted by the user. If no default values for the specific region exist, global default values are loaded.
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Figure 13: RenoDSS - project data view

5 Project details
Address Larratundu Kalea, 19, Bilbo
Building height e61m
External wall area 176728 m*
Usable floor area 132734 m
Region Poland

Leatil|© OpeaStreeniap costrioutors © CARTO

Energy prices and emissions Environmental costs

Open Urban Planning Module

Within the RenoDSS urban planning view (see Figure 14 and Deliverable D7.9 for further details), the

user can add the energy production and consumption profiles of the building and its neighboring

buildings to calculate energy flows between the buildings. RenoDSS uses the energy flow data to

estimate if renewable renovation measures such as PV can contribute to district-wide energy efficiency

goals.
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~
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Figure 14: RenoDSS - urban planning view
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Within the RenoDSS KPI view (see Figure 15) the KPls calculated by the LCA/LCC module (see

Deliverable D7.3), the Building Energy Performance module (see Deliverable D7.5), and the urban

planning module (see Deliverable D7.7) are presented within the categories Economic, Sustainability,

Energy, and Comfort to the user. The calculated KPI is shown in column “Status quo”, the target value

can be set in column “Target”. Please note that the first RenoDSS version does not support Comfort

KPI calculation and setting the corresponding target KPIs. With the renovation scenario view (see

Figure 17) RenoDSS will only show renovation scenarios with KPIs that meet the target KPIs set by the

user.

Administration  Admin User

Home
8 Projects
i sasedots

W Urban planning
F
= Measures

¥ Scenarios

Payback period (in years)

Construction cost [in monetary unit)

Maintenance cost during period of analysis ia menetary unit

Energy
“Total primary energy consumption (in kih/m?/year)

Heating energy demand (in ki
Cooling energy demand (in kiWhjm?/year]

PENAT Primary energy nenrenewable total (in kiWh/m/year)
Cooling load profile fin Watts)

Natural gas energy consumption fin kwh/m*/year)

Electric energy consumption (in khm?year)

Electricity load profile fin Watts)

Other fuel types (in kih/m?/year)

Paak electricity load fin Watts)

PV electic enerty generation (in kivhm?/year)

Figure 15: RenoDSS - KPI view
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With the renovation measure view (see Figure 16), the user chooses renovation measures which are

relevant for the building. Please see Section 2.4 for further details on this process.
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Layers ﬂ

Position Layer name. Material 3] (Mu/m?) /m?) Disposal Cost (Mu/m*
1 Adhesive Adhesives - synthetic resin adhesive 5 10.00 20.00 0.00 10.00 n

2 Insulation EPSF (15.8kg/m’) 200 2000 4000 000 10.00 (o] ~]a]
3 Plaster EPS-F (15,6 kg/m®) 100 10.00 20.00 200 10.00 mnn

Combinations: 3 - Calculation time: 30 seconds.

Figure 16: RenoDSS - renovation measure view

Within the renovation scenario view (see Figure 17), the results of the RenoDSS scenario generator
(see Section 2.5 for further details) and the KPI calculations for each generated scenario are shown.
The renovation scenarios are shown in the Ul’s top right area. Each renovation scenario is described
by its most important KPls, the list view allows for sorting all scenarios by KPIs. In the Ul’s left area
sliders can be used to filter the renovation scenarios by their KPIs. By clicking on a renovation scenario,

the renovation measures of this specific scenario are shown in the Ul’s bottom right area.
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Figure 17: RenoDSS - renovation scenario view
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4. CONCLUSIONS AND PLAN FOR SECOND ITERATION

In its first version, BIMERR RenoDSS enables the user to (i) calculate and visualize the energy,
sustainability and economic KPlIs of a given building configuration, (ii) set corresponding target KPlIs,
(iii) choose relevant renovation measures from a list of pre-configured renovation measures, (iv)
automatically generate renovation scenarios which meet the target KPIs and are based on the chosen
renovation measures, and (v) select the most suitable renovation scenario by sorting, filtering, and

comparing their KPlIs.
The following extensions are planned for the second release of BIMERR RenoDSS:

e More detailed information on single renovation measures within the scenario view. E.g.,
investment cost and quantity such as pieces, m? or m3 of each measure.

e Enabling the user to select the currency for monetary units per renovation project.

e Providing PDF reports with detailed information on selected renovation scenarios to the user.

e Providing a downloadable IFC file for each renovation scenarios to the user.

e Visualizing the current building and renovated building configuration based on the
corresponding IFC files (based on third-party libraries).

e Context-aware online user manual which describes the RenoDSS functionality within each
view.

e Internationalization to support multiple languages within the user interface.
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D3.1 “Stakeholder requirements for the BIMERR system”: the business scenarios, use cases, and

system requirements described in D3.1 are the basis for the development of BIMERR RenoDSS.

D3.3 “BIMERR evaluation methodology”: energy, economic and sustainability KPIs described in D3.3
are calculated by the RenoDSS modules (LCA/LCC, energy, and urban planning).

D3.6 “BIMERR system architecture final version”: the final version of the BIMERR architecture provided
an overview on the BIMERR components, how they communicate to each other and how BIMERR
RenoDSS is embedded in the BIMERR Framework.

D4.6 “Building Information Query Builder Creation”: the query examples collected in context of T4.6
supported the design of the endpoint methods with which BIMERR users and components can retrieve

data from the BIMERR Material and Component Database.

D4.8 “Integrated Interoperability Framework 1”: supported the preparation of RenoDSS for the future

integration into the BIMERR interoperability framework.

D7.1 “Populated Material/Component Databases 1”: the developed building material and component
database is used to provide RenoDSS with material and component data for the energy, economic, and

sustainability KPI calculation.

D7.3 “Life Cycle Cost/Assessment Module 1”: the LCA module calculates the economic and

sustainability KPIs of the renovation scenarios.

D7.5 “Building Energy Modeling Module 1”: the building energy performance module calculates the

energy KPIs of the renovation scenarios.
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D7.7 “Urban Planning Module 1”: the urban planning module calculates the urban planning KPls of the

renovation scenarios.
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6. ANNEX: RENODSS-BEP COMMUNICATION

{
"scenarios": [
{
"userID": "2DaRX543",
"projectID": 248",
"scenariolD": "0",
"EnergyKPIs": [
{
"KP1_Identifier": "EN1",
"KPI_Name": "Total primary energy consumption",
"KPI_Units": "kWh.mA2.year",
"KPI_Values": [
{
"Value": "65.2",
"Timestamp": "12/31 24:00:00"
1
]
b
{
"KPI_ldentifier": "EN2",
"KP1_Name": "PENRT Primary energy non-renewable total",
"KP1_Units": "kWh.m"2.year",
"KP1_Values": [
{
"Value": "65.2",
"Timestamp": "12/31 24:00:00"
}
]
2
{
"KPI_ldentifier": "EN3",
"KPI_Name": "Electric energy consumption",
"KPI_Units": "kWh.m"2.year",
"KPI_Values": [
{
"Value": "65.2",
"Timestamp": "12/31 24:00:00"
1
]
b
{
"KPI_ldentifier": "EN4",
"KPI_Name": "Natural gas energy consumption”,
"KPI_Units": "kWh.mA2.year",
"KPI_Values": [
{
"Value": "0.0",
"Timestamp": "12/31 24:00:00"
}
]
b
{
"KPI_ldentifier": "EN5",
"KPI_Name": "District heating energy consumption",
"KP1_Units": "kWh.m"2.year",
"KP1_Values": [
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"Value": "0.0",
"Timestamp": "12/31 24:00:00"

"KP1_Identifier": "EN6",
"KP1_Name": "Other fuel types energy consumption",
"KPI_Units": "kWh.mA2.year",

"KPI_Values": [
{
"Value": "0.0",
"Timestamp": "12/31 24:00:00"
}

"KPI_Identifier": "EN7",
"KPI_Name": "Peak heating load",
"KPI_Units": "W",

"KP1_Values": [
{
"Value": "5700.0",
"Timestamp": "02/08 07:00:00"
}

"KPI_lIdentifier": "EN8",
"KP1_Name": "Heating load profile",
"KP1_Units": "W",

"KPI_Values": [
{
"Value": "3200.0",
"Timestamp": "01/31 24:00:00"
|3
{
"Value": "4650.0",
"Timestamp": "02/28 24:00:00"
|3
{
"Value": "3320.0",
"Timestamp": "03/31 24:00:00"
|3
{
"Value": "2100.0",
"Timestamp": "04/30 24:00:00"
|3
{
"Value": "670.0",
"Timestamp": "05/31 24:00:00"
|3
{
"Value": "0.0",
"Timestamp": "06/30 24:00:00"
|3
{

"Value": "0.0",
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"Timestamp": "07/31 24:00:00"

"Value": "0.0",
"Timestamp": "08/31 24:00:00"

"Value": "0.0",
"Timestamp": "09/30 24:00:00"

"Value": "450.0",
"Timestamp": "10/31 24:00:00"

"Value": "1980.0",
"Timestamp": "11/30 24:00:00"

"Value": "3260.0",
"Timestamp": "12/31 24:00:00"

"KP1_Identifier": "EN9",
"KP1_Name": "Peak cooling load",

"KPI_Units": "W",
"KPI_Values": [

{

"Value": "6320.2",
"Timestamp": "08/19 14:00:00"

"KPI_Identifier": "EN10",
"KP1_Name": "Cooling load profile",

"KPI_Units": "W",
"KPI_Values": [

{

"Value": "0.0",
"Timestamp": "01/31 24:00:00"

"Value": "0.0",
"Timestamp": "02/28 24:00:00"

"Value": "0.0",
"Timestamp": "03/31 24:00:00"

"Value": "0.0",
"Timestamp": "04/30 24:00:00"

"Value": "0.0",
"Timestamp": "05/31 24:00:00"
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|3
{
"Value": "2240.0",
"Timestamp": "06/30 24:00:00"
|3
{
"Value": "4320.0",
"Timestamp": "07/31 24:00:00"
L
{
"Value": "5800.0",
"Timestamp": "08/31 24:00:00"
L
{
"Value": "3900.0",
"Timestamp": "09/30 24:00:00"
|3
{
"Value": "3100.0",
"Timestamp": "10/31 24:00:00"
|2
{
"Value": "0.0",
"Timestamp": "11/30 24:00:00"
|3
{
"Value": "0.0",
"Timestamp": "12/31 24:00:00"
}

"KPI_ldentifier": "EN11",
"KPI_Name": "Heating energy demand",
"KPI_Units": "kWh.mA2.year",

"KPI_Values": [
{
"Value": "32.8",
"Timestamp": "12/31 24:00:00"
}
]

"KPI_ldentifier": "EN12",
"KP1_Name": "Cooling energy demand",
"KP1_Units": "kWh.m"2.year",

"KPI_Values": [
{
"Value": "40.7",
"Timestamp": "12/31 24:00:00"
}
]

"KP1_Identifier": "EN13",
"KPI_Name": "Electricity load profile",
"KPI_Units": "W",
"KPI_Values": [

{

ERR
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"Value": "3200.0",
"Timestamp": "01/31 24:00:00"

"Value": "4650.0",
"Timestamp": "02/28 24:00:00"

"Value": "3320.0",
"Timestamp": "03/31 24:00:00"

"Value": "2100.0",
"Timestamp": "04/30 24:00:00"

"Value": "670.0",
"Timestamp": "05/31 24:00:00"

"Value": "2240.0",
"Timestamp": "06/30 24:00:00"

"Value": "4320.0",
"Timestamp": "07/31 24:00:00"

"Value": "5800.0",
"Timestamp": "08/31 24:00:00"

"Value": "3900.0",
"Timestamp": "09/30 24:00:00"

"Value": "3550.0",
"Timestamp": "10/31 24:00:00"

"Value": "1980.0",
"Timestamp": "11/30 24:00:00"

"Value": "3260.0",
"Timestamp": "12/31 24:00:00"

"KP1_Identifier": "EN14",
"KPI_Name": "Peak electricity load",
"KPI_Units": "W",

"KP1_Values": [

"Value": "7230.0",
"Timestamp": "08/19 14:00:00"
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"KP1_Identifier": "EN15",
"KP1_Name": "PV electric energy generation",
"KPI_Units": "kWh.mA2.year",

"KPI_Values": [
{

"Value": "0.0",
"Timestamp": "12/31 24:00:00"

"KPI_ldentifier": "EN16",
"KPI_Name": "PV electric energy generation load profile",

"KPI_Units": "W",
"KP1_Values": [
{

"Value": "0.0",
"Timestamp": "01/31 24:00:00"

"Value": "0.0",
"Timestamp": "02/28 24:00:00"

"Value": "0.0",
"Timestamp": "03/31 24:00:00"

"Value": "0.0",
"Timestamp": "04/30 24:00:00"

"Value": "0.0",
"Timestamp": "05/31 24:00:00"

"Value": "0.0",
"Timestamp": "06/30 24:00:00"

"Value": "0.0",
"Timestamp": "07/31 24:00:00"

"Value": "0.0",
"Timestamp": "08/31 24:00:00"

"Value": "0.0",
"Timestamp": "09/30 24:00:00"

"Value": "0.0",
"Timestamp": "10/31 24:00:00"

"Value": "0.0",
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"Timestamp": "11/30 24:00:00"

L
{
"Value": "0.0",
"Timestamp": "12/31 24:00:00"
}
]
b
{
"KPI_ldentifier": "EN17",
"KPI_Name": "Solar thermal energy generation",
"KP1_Units": "kWh.m”2.year",
"KP1_Values": [
{
"Value": "0.0",
"Timestamp": "12/31 24:00:00"
}
]
2
{
"KPI_Identifier": "EN18",
"KP1_Name": "Electrical energy generated in the district and used onsite",
"KP1_Units": "kWh.m"2.year",
"KPI_Values": [
{
"Value": "0.0",
"Timestamp": "12/31 24:00:00"
1
]
b
{
"KP1_Identifier": "EN19",
"KPI_Name": "Energy generated on site and exported to the district",
"KPI_Units": "kWh.mA2.year",
"KPI_Values": [
{
"Value": "0.0",
"Timestamp": "12/31 24:00:00"
}
]
1
]
}
]
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