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1 Summary

This deliverable (D2.6) reports the main outcome of REWARDHeat Task 2.4 focused on the
development of an open source, GIS-based tool for the predesign of District Heating and Cooling
Networks (DHCNSs) under neutral -temperature design and operation premises promoted by the
project.

The document presents the status of development of the tool by M 30 with detailed descriptions
of the tool interfaces and main capabilities already  defined in D2.4.

Moreover, the structure of the development activities as wellast  he most relevant aspects of the
ongoing works are presented. These currently focus on the backend development of the
software both addressing the definition of the database structure and the improvement of the
different calculation modules.

The development of the predesign tool will continue up to M 42, when first release of the
validation report will be included in the  deliverable D2. 7.
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2 Introduction

The main and final purpose of REWARDHeat WP2 activity on the design of district heating and
cooling networks (DHCNSs) with multiple energy sources is the development of an open -source,
GlSbased tool for the predesign of such networks, focusing on supporting the increased
integration of low -temperature renewable (RE)and waste heat (WH) sources at urban | evel into
thermal grids conceived under the neutral -temperature design and operation premises
developed by the project.

Related to this main objective, several tools have been (or currently are) developed to support
planning and design of district heating networks (e.g. PLANHEAT[1], THERMOS|2], Hotmaps [3],
City Energy Analyst [4], SimStadt [5], INDIGO [6])

The development of REWARDHeat predesign tool takes benefit from the available background
knowledge and fundamental modules offered by th  ese existing software applications and linked
open EU research in order to provide a dedicated, complete tool oriented to the specific
challenge addressed by the project. In these sense, unique features under development are
focused on:

1 Preliminary techno -economic evaluation of neutral -temperature bidirectional networks
based on yearly calculations with hourly re solution accounting for the impact of network
temperature levels. Specific network topologies, centralised and distributed energy assets,
design guidelines and operational constraints for these networks are considered.

1  Mapping of energy resource potential  from low -temperature RE/WH sources in cities

1  Combination of GIS -based information for energy demand and resource estimation together
with the above -mentioned dedicated modelling approach

In addition, it should be remarked that the predesign tool developmen tis fed by the outcomes of
the different WP2 tasks , thus integrating the generated knowledge and collected inputs from :

1 T2.1 z structured database with available information from best practice examples on
neutral -temperature DHCNs

1 T2.2z GISbased assessment of low -temperature RES and waste heat sources at urban level
1  T2.3z Design requirements collected from DHC experts and potential end users of the tool

Within this context, the present deliverable will first describe the REWARDHeat predesign tool
general concept and detailed interface mock -ups that constitute the ongoing development s to
enable the interaction with the user  as well as the actual (predesign) calculation workflows. Then,

a brief update on the current development status is provided , and fin ally, the next steps and
expected timelines are referred.
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3 Predesign tool concept and interface-upsck

The general concept of the REWARDHeat predesign tool was already presented and described in
more detail in REWARDHeat D2.4, Section 8.2 [7]. Figure 1 shows the general software
architecture distributed into 3 main layers: (i) Data layer; (ii) Business Logic Layer; and (iii)
Application Layer . The first two layers comprise the tool backend, while the Application Layer
represents the tool frontend or Graphical User Interface (GUI).

i The Data Layer contains the data repositories where the general project information, GIS
data of the target urban areas (buildings, sources, roads, etc.), technology data and other
contextual informatio n (e.g. weather data, economic and environmental reference
indicators, etc.) will be stored.

1  The Business Logic Layer connects the data layer to the application layer and controls the
overall functionality of the tool by performing the main calculations and data processing.
Different scripts will implement the core services/modules dedicated to energy demand
calculation, network route design and network energy modelling and simulation.

1  The Application Layer acts as the point of interaction between the REWA RDHeat predesign
tool and the user. It will be used for data insertion and results visualization, including the
supporting warnings and guidance to the user across the tool workflow.

<
O
B Graphical User interfaces ~
O 3 & B 8 =
a1 < User data 2D 3D Data
& — collection visualization visualization Communication
<
W . 2
5 Services/Modules Layer
0 5) O - =
—_ ) Scenario .
Data Demand Network Scenarios . . Project
Q insertion calculator calculator i simulation & exportation
9 generation operation p
! . =
(%))
% Communication Logic Layer
g Data Access Object Layer
@ Core Communication Layer
i =
% REWARDHeat Data Repositories
-
|<£ 3Contextual Data @ Tech. gg GIS m Platform
<DE Repository database ‘ repository repository

Figure 1 - General architecture of the REWARDHeat Predesigrodl.

In order to provide a clear vision of the tool capabilities, the interaction with the user (comprising
input and output data definitions) as well as the overall information management and calculation
workflows , a set of interface mock -ups have been already devised. These mock -ups are
presented in Figure 2 to Figure 17, including relevant descriptions of each step.  Nevertheless, it
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should be noted that most mock-ups are preliminary and currently under development, so slight
modifications might take place durin g the development process.

Figure 2 shows a tentative design for the REWARDHeat tool main webpage with a brief
description of the project and tool objec tives while enabling the registration (creation of a new
user account) or login process through the corresponding username and password information.

SR/

REWARDHeat prdesign tool

Brief description

Username

Password:

Figure 2 - Home page of the REWARDHeat Predesigrodl

Once the user has logged in, Figure 3 shows the general appearance of the User area. It will be
possible to create new projects (to start the predesign  process of a new DHC project) and/or
access already existing projects (previously created by the user).
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User area ;
User area
My projects
Project01
Project02 Projectol
Project02
Project03 Project03
OR

You have no projects

Create new project

Figure 3 - User area of the REWARDHeat Predesigrodl

The definition of a new project starts with the selection of the GIS in  formation source and the

Area of Interest (see Figure 4). Two main options will be provided so that the user can select the

main (GUS) source of information: (i) using data avai
own shapefile with more detailed and/or accurate information (e.g. building attributes such as

building use, year of construction, height, etc.). A brief guide will be provided to support the user

with the shapefile uploading, in case of not selecting OpenStreetMap source. The s  hapefile must

comply with a set of mandatory and optional attributes.

Moreover, o ffline enrichment of OpenStreeMap files for selected locations in Europe are
intended to be developed also within the project, so that a third option -not reflected in the
picture - can be provided to the user : selecting an enriched shapefile previously uploaded and
available into the tool GIS database.

Once the GIS source file is selected, the user will be asked to draw the Area of Interest (Aol)
where the project should be dev eloped. The AOI must contain those buildings whose energy
demand will be targeted by the addressed DHC project.
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Selection of the AOI (Area Of Interest) ;
User area
: Uploadyour shapefile
Project01 %
Areaof interest

Area from map / Use OpenStreetMap Buildings

Search for a location:

{ S NDKX®

Draw your Aol:

« W 4
& A

Figure 4 - Selection of the AOI pageof the REWARDHeat Predesigrodl

Figure 5 to Figure 7 represent the interface provided to define and /or complete the definition of
the baseline scenario. It should be noted that depending on the level of detail of the source file,
some of the bui Iding attributes for one, several or all the buildings within the A Ol may be empty
or inaccurate (so that the user can modify their values if more reliable information is available)

Therefore, an interactive framework will allow the user to work with the b uildings contained in

the Area of Interest in order to select one or several of them (from the list or directly on the map).

For the selected buildings, if their energy demand is not known and needs to be calculated , the

building use, year of construction and height must be provided ( Figure 6, Option 1). Moreover, for

a baseline calculation of the buildingsA energy cor
environmental indicators, the type of energy system in place must be defined.

Alternatively, if the user has got more reliable information on the energy demand of the target
buildings, he/she will be allowed to directly provide aggregated annual demand values and/or
hourly load profiles for the whole year (Figure 7, Option 2)
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Insert building attributes 2
User area

Project01

Area of interest

Baseline definition

Energy demand available

Energy demand not available

D Area (n?) Height (m) Use Year Energy System Heating Energy Demand CoolingEnergy Demand DHW energy demand
XX XX XX XX XX XX XX XX XX
XX XX XX | XX XX XX
7 <
XX XX XX XX~ XX XX XX XX XX
Insert building use type Heating generation Calculate
Residential A X
Public building Heating emitters
Office X
Theatre
Hospital DHW generation
v X
DHW emitters
X

Figure5 - Insert building attributes of the REWARDHeat Predesigrodl

Insert building attributes a
User area
Project01
Area of interest
Baseline definition
Energy demand available
Energy demand not available
D Area (nf) Height (m) Use Year Energy System Heating Energy Demand CoolingEnergy Demand DHW energy demand
XX XX XX XX XX XX XX XX XX
XX XX XX XX XX XX
XX XX XX XX XX XX XX XX

Calculate
Modify building height

Figure 6 - Insert building attributes. Option 1: energy demand not available.
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Insert building attributes 2
User area

Project01

Area of interest

Insert annual Building Energy Demand

Baseline definition

Insert Building Energy Demand file

X
Energy demand available

Energy demand not available

D Area (n?) Height (m) Use Year Energy System Heating Energy Demand CoolingEnergy Demand DHW energy demand
XX XX XX XX XX XX XX XX XX
XX XX XX XX XX XX _
XX XX XX XX XX XX XX XX XX

Insert annual DHW needs Calculate

Insert DHW needs file
X

Percentage out of the heating total demand|

Figure 7 - Insert building attributes. Option 2: energy demand available.

Once all the building attributes are correctly defined, the baseline calculation can be executed

Results deriving from this calculation can be visualized in dedicated graphs showing the most
relevant energy indicators (see Figure 8).

Insert building attributes

[ ]
[
User area

Project01

Area of interest

Baseline definition

Energy demand available

Energy demand not available

D Area (n?) Height (m) Use Year Energy System Heating Energy Demand CoolingEnergy Demand DHW energy demand
XX XX XX XX XX XX XX XX XX
XX XX XX XX XX XX
XX XX XX XX XX XX XX XX XX

Calculate

, ettt e Lk = Visualize
B o 2 ‘ s results
=t Wﬁ B i
e P T T

Figure 8 - Results of the baselinecalculation of the REWARDHeat Predesignobl

Figure 9 shows the next step of the DHC predesign project, which consists of creating the
different scenarios to be analysed. A dedicated interface will allow the user to create new
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scenarios and/or ex plore the characteristics of those ones already defined within the selected
project. A visualization option to directly compare two different scenarios could be also provided.

It is important to remark that scenarios are defined inside a specific project ( then they are
referred to the same A Ol). Moreover, each scenario is characterized by a set of design
constraints, in terms of energy, economic or environmental indicators, and a set of energy
sources and storage components to be considered in the DHC netwo  rk design.

Scenarios 2
User area
Project01
« Area of interest
« Baseline definition
« Scenarios
» Scenario01
» Scenario02 My Scenarios
» Scenario03
Scenario01
Scenario02
Scenario03
OR
You have no scenarios

Figure9 - List of scenarios associated to the same projectof the REWARDHeat Predesigrodl

Figure 10 shows the interface where the energy resources and other network components to be
considered in a particular scenario are defined.

The ambition is that the tool will show the energy resources available within the close
surroundings of the A Ol and the user will select those to be considered in the analysis by directly
clicking on the map of the interface. The same procedure will apply to define the location of
specific centralised thermal plants (e.g. Heat -Only-Boiler, large centralised Heat Pump, CHP plant
etc.), storage systems and connections to existing larger DHC systems.

In addition, at this stage each building block within the A Ol will be assigned to one end -use
substation. The user will be allowed to remove/add/merge substations (e.g. if a common
connection point to the thermal network is desired for several blocks).

Once the energy resources and network components are selected, the scenario is ready for the
network route calculation. This will be accessible through a dedicated button in this interfa ce.
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Scenario01 2
User area

Components and resources

Project01 XXXl

Area of interest

Select RES

Remove RES

Baseline definition Include substation
i Remove substation

Scenarios

» Scenario01 Merge substations / buildings

Components/Resources Insert generation plant

Remove generation plant

. Insert seasonal storage
» Scenario02 9

» Scenario03 Remove seasonal storage

Insert connection with existing DH

VYoo ew e e & &

Remove connection with existing DH

Calculate
network

Figure 10 - Selection page of components and resourcef the REWARDHeat Predesigrodl

Figure 11 shows a representative screenshot of the completed network calculation process. The
result of such calculation (with the thermal network connecting energy sources and end -use
substations after an optimization process) will be shown in the map.

Scenario01

User area

Components and resources

Project01

Select RES

Area of interest Remove RES

Baseline definition Include substation
Scenarios Remove substation
» Scenario01

Components/Resources

Merge substations / buildings
Insert generation plant
Remove generation plant

0 Insert seasonal storage
» Scenario02 9

» Scenario03

Remove seasonal storage

Insert connection with existing DH

BB B0 e & e

Remove connection with existing DH

Calculate
network

Figure 11 - View of the network route after calculation process of the REWARDHeat Predesigrodl

The second key aspect to define when specifying the characteristics of a new scenario is the
design constraints/restrictions.  Figure 12 shows a dedicate d interface for this purpose. The
detailed definition of this stage is still under elaboration. Generally, restrictions will be mainly
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included wunder "BEconomi cA and UYEnvironmental A catego

added if needed). Within eac h category a set of restriction types (e.g. maximum CAPEX, maximum
Levelized Cost of Heat, minimum GHG emission savings, etc.) will be provided in a drop  -down list,
also allowing the user to define the threshold value for the selected constraint.

Scenario0l ;
User area
Definition of restrictions
Project01 i
Economic
Area of interest X

Baseline definition
Environmental

X

Scenarios
» Scenario01
Components/Resources
Restrictions

» Scenario02
» Scenario03

Figure 12 - Page for user introduction of restrictions to the scenario of the REWARDHeat Predesigrodl

After this stage the predesign scenario is completely defined; however, many network solutions

with completely different energy/econom ic/environmental performances would be able to meet
the targeted energy demand and make use of the selected energy sources and network assets;
even several of them would be able to get this respecting the performance limits required by the
scenario restric tions. Indeed, this is exactly the nature of the predesign problem addressed by
the tool , which gives rise to its main objective : to be capable of providing approximate (but
reliable) comparison of how different network designs ( Yo pt cao pesféxp unde r a given
scenario, and support ing the user on selecting the most convenient one.  The existence of this
type of restrictions should be further discussed in order to define the impact in the design
calculation of the network.

Figure 13 presents a specific interface (inside the definition of a particular scenario) where

different network/system configurations can be specified and prepared for evaluation. Such

net work designs or configurations are referred as
new ones and/or access to read or modify the characteristic information of any of them.
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Scenario0l
User area

Calculate system

Create system configuration options

Project01
Area of interest dispateh.
Baseline definition
Scenarios
Scenario01

Components/Resources

You will be able to select some parameters and features of the energy system configuration.
The tool will perform a parametric simulation providing the optimal result on equipment sizing and economic

You still have not defined any system configuration option

Restrictions oo ®
SN PR My energy system configurations
;o S01¢ Option01
S02¢ Option02
S03¢ Option03 See option
OR

Figure 13 - List of energy system configuration options for a given scenario of the REWARDHeat Predesigrodl

Figure 14 and Figure 15 show a tentative interface to enabl
network/system configuration) within a given scenario. The final appearance of these windows is

closely linked to the detai Is of the network modelling approach, which is currently under
development; however, the general concept of the information required at this stage and the tool

capabilities that have to be accessible from this interface are as follows:

The main characteristic parameter of each option will be the reference network temperature,
which will be required to the user. In addition, so far, only the location of energy sources and

network assets (e.g. storage systems) have been provided. At this stage, tec
for them need to be defined.

hnical specifications

The same problematic affects the type and characteristics of building substations . Depending on
the network temperature levels and the targeted temperature of use which is linked to the
existing building e nergy systems (terminal units), heat exchanger - or heat pump - based

substations may be needed ).

From the network temperature and the information already available in the project related to the
targeted energy demand and energy potential of the selected sou  rces (both in terms of energy
volumes and temperatures), the tool will provide default specifications for the majority of energy
equipment involved in the system. However, the user will be allowed to modify this information

in order to address specific eva luations. In that case, the tool will trigger warning messages if
inconsistent system definitions are intended and/or if the limits for the defined solutions to be

simulated are exceeded.

Finally, for what particularly concerns individual centralised therm al plants and connections to
existing DHC grids, again type and characteristics (e.g. thermal power) need to be defined at this

point (see Figure 15).
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Scenario01 2
User area
Configuration panel
Project01
DH temperature level
Area of interest 20°C 30°C 40°C 50°C 60°C 70°C 80°C
Baseline definition
Scenarios
» Scenario0l
Components/Resources
Restrictions
Calculate system Demand substations
i Scenar?ooz D Annual energy demand Substation type Attribute 01 Attribute 03 Attribute 03
» Scenario03 XX XX XX AN XX XX XX
XX XX xx XX XX XX
RES substations Insertsubstationtype
Heat exchanger A
D Annual ~ Attribute 01 Attribute 03 Attribute 03
Heat exchanger + storage
XX XX Heat pump XX XX XX
- X Heat pump + storage ™~ X ™~
Heat pump + storage + backup boiler
Thermal power plant v
‘ ) [ Attribute 01 [ Attribute 03 [ Attribute 03 [ Attribute 04 [ Attribute 05 |
‘xx ‘xx ‘><>< ‘xx ‘xx ‘xx ‘
Figure 14 - Parameters definition of the energy system configuration |
Scenario01 2
User area
S01¢ Option01 o
: - Configuration panel
Project01 - /
DH temperature level
Area of interest 20°C 30°C 40°C 50°C 60°C 70°C 80°C
Baseline definition
Scenarios
» Scenario01
Components/Resources
Restrictions
Calculate system Demand substations
» Scenario02 D Annual energy demand ‘ Substation type Attribute 01 Attribute 03 Attribute 03
plScenancos XX XX [ 'xx XX XX XX
XX XX XX XX XX
RES substations Cogenerston 4
D Annu; Bl Attribute 01 Attribute 03 Attribute 03
XX XX T XX XX XX
XX XX v XX XX XX
Thermal power plant
‘ 1D ‘ Thermalpower plant type ‘ Attribute 01 ‘ Attribute 03 ‘ Attribute 03 ‘ Attribute 04 ‘
‘XX ‘XX ‘XX ‘XX ‘XX ‘XX ‘
Generate mOdel

Figure 15 - Parameters definition of the energy system configuration Il

The problem definition workflow presented so far should be followed in the abovementioned
sequence when a project is defined and accessed for the first time. Later stages of the definition

process cannot be accessed if the first ones are not fulfilled. How

scenarios is reached the user will be allowed to navigate

www.rewardheat.eu
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Figure 16 shows the appearance of the main tool window corresponding to the summary of a
given scenario when some options have been already defined and calculated inside. The general
scenario informatio n on sources, network route and assets, is presented directly on the map. The
list of restrictions is also accessible, and finally, the list of defined options is also included in the
summary. These options can be accessed and may be compared through dedic  ated graphs that
can be launched from this interface.

Finally, the possibility to duplicate a given scenario is provided.

Scenario01l
User area

Project01

Area of interest
Baseline definition

Scenarios
» Scenario01

User restrictions for Scenario01

Economic
» Scenario02

» Scenario03 X

Environmental
X

Potential system configurations of Scenario01

Optionl
Option2 See

Compare .
Duplicate scenario
configuration options

Figure 16 - Summary of a scenario of the REWARDHeat Predesigrodl

Similarly, Figure 17 shows the proposed appearance of the main tool window corresponding to
the summary of a given project when the baseline scenario has been already calculated and one
or several scenarios have been defined inside. This window will provide access to baseline
calculation results/graphs and to the specification of the different scenarios (including the
possibility to define new ones).
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New scenario

i [ ]
Scenarios -
User area
Project01
Area of interest
Baseline definition
Scenarios
» Scenario01
» Scenario02
» Scenario03 Scenario01
Scenario02
Scenario03

Export scenarios
H
:

Figure 17 - Summary of the scenarios and results associated to the same projectof the REWARDHeat Predesign
Tool
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4 Development status

The development of the REWARDHeat tool has been started in February 2021 once the tool
requirements and functionalities were defined and translated into the specific use cases that
must be covered. For further details, please refer to REWARDHeat deliverable D2.4 [7].

4.1 Organization of the development process

The development process has been organized into the following topics:

f

www.rewardheat.eu

Enriched input shapefiles z Activities to generate input shapefiles of selected locations
around Europe t hat are relevant for the project, and for which more detailed and/or
accurate GIS information than in OpenStreetMap database can be provided. This affects
buildings information as well as energy sources and other relevant infrastructures within the
urban e nvironment (e.g. roads, existing DHC networks, etc.) and will be dealt with in T2.2
Estimation algorithms for low temperature waste heat potentials at urban level are being
developed and available information from other relevant sources coming from PLANHE AT
will be recovered.

Energy demand estimations 7z REWARDHeat tool will build on the energy demand estimation
algorithms already developed within the framework of previous projects, particularly
PLANHEAT. However, the adaptation of the corresponding module s to be integrated into the
whole web -based tool is being addressed, including specific improvements on the collection
of input data for the demand calculation equations (an example of this is further explained
later in this document).

Network router 7z REWARDHeat tool will also build on existing tools for what concerns the
network router. Particularly, the optimization algorithm implemented in PLANHEAT will be
recovered.

Network overall energy modelling z This is the core part of the tool calculation engine . Based
on the literature review and the tool specifications reported in D2.4 [7] a general model
approach is being defined to account for the impact of different network temperature levels

and different system configurations for neutral -temperature bidirectional thermal grids
including appropriate capture of the effects produced by th ermal energy storage systems
and different sizing of central and decentral production units.

Database structure and contents 7z As already mentioned, the REWARDHeat tool will rely on a
specific Data Layer with several databases dedicatedly defined to deal w ith all the
information derived from the required inputs, interim internal calculations and produced
outputs. This mainly includes general project information, GIS data, technical data for the
different involved technologies, as well as other contextual da  ta.

Backend connections z The Communication Logic Layer (represented in  Figure 1) is a hidden,
but fundamental, part of the development. The software int egration of the tool databases,
the calculation engine and the Graphical User Interface (GUI) will be dealt with in a parallel
development thread.

GUI / frontend development 7z This comprises the creation of the visual interfaces
represented by the aforemen tioned mock -ups particularly including those required
input/output interactions between the tool and their users.
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These topics can be classified into 4 separ ate groups: (i) JUnputs and
JSoft war e, (hiaadbaser dbsign and development, and(iv) 3 Frontend devel opmen

In this sense, the development of the first  three groups has been prioritized in order to work in
parallel on the different services/modules of the calculation engine, as well as on the enrichment
of input information, while the supporting database structure and communication features are
created. This is being addressed in an iterative development process where different
development threads feed each other as the definition of the calculation modules evolve.

Afterwards, the development of the GUI will be initiated. Frontend modifications are more
challen ging; this is why it has been decided to undertake the full development of the GUI once
the first consolidated versions of the backend are ready.

4.2 Tool frontend developments

The pre-design tool is built under client-server architecture to provide user the f unctionality of
implement their own analysis without installing some applications and software. All the
developments cover the initial architectural design described with the pre -design tool mock -ups.
The alpha version of the tool includes the following in  terfaces:

¥ Main page

f  Project management area

¥  Selection of an Area of Interest (AOI)
¥ Baseline definition

These interfaces including the main functions and functionalities of each step will be described
below considering the user interaction in each i nterface. The first developed interface
corresponds to the main page of the tool. Figure 18 shows the design of the REWARDHeat pre -
design tool main webpage with a brief description of the project and tool objectives while
enabling the user registration (creation of a new user account ) or login process through the
corresponding username and password information. These two options ( Figure 19) for user
interaction are included with two  buttons. The scroll -down function in this main page gives user
the opportunity to find more information about REWARDHeat project.

Welcome to REWARDHeat pre-desingn tool!

designed to allow users 10 pre-desing a new DHC netwock of 8 network retrofit with multiple energy sources starting from the heat
uctured in the planning database. To use the pre-desing tool, you must first be a registered user. Get access and set Up yout own

&y T T e
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Figure 18 - Home page ofthe REWARDHeat préelesign tool

alogin X

Welcome to

REWARDHEAT

Access with your email

login1

ssssssses @

REGISTER

Edit User

Figure 19 - Application form for the login (left) and register (right) in the pre-design tool

The second developed interface provides users the opportunity to create and manage new
projects (Figure 20). Once the user is registered as a tool user and logged in the tool, users need
to create a new project to start using the calculation algorithms for district heating design. For
this a project name and a description  will be provided ( Figure 21).

< J REWARDHeat

My Projects

[ocere
oo |
[ocere
[ocere
=

Figure 20 - List of projects in the project management area of the REWARDHeat preesign tool

®» New project

Test

Test tool validatior| v

CANCEL CREATE PROJECT
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Figure 21 - Application form for the definition of a new pr oject using the pre-design tool

The third interface that is now included in the tool is the selection of an Area of Interest (AOI)
(Figure 22). This interface provides user the following functions and functionalities: (i) upload your
own shapefile, (ii) use OpenStreetMap buildings and (iii) select building geometries from a
demosite . Each functionality is explained below.

0 CONTACT US

B MY PROJECTS 2 LOGOUT &rewardheat

- y petie @ # Use OpenstreetMap Buidings @ Demo sites @

Figure 22 - Area of interest (AQI) interface included in the predesign tool.

¥  Upload your own shapefile: this function gives user the opportunity to upload a shapefile of
the building as starting point for baseline definition. The shapefile will be upload ed using a
zip file in which all the files required in a shapefile are stored. At least .shp, .dbf, .prj are
included in the zip file. The shapefile needs to include these attributes: yea  r of construction
(year), building height (height), building area (area), building use (use) and a numerical
identifier (id) for each building ( Figure 23). If a shapefile is provided, the attributes of each
building parameter will be provided. Otherwise, the tool will estimate it as detailed in the use
of OSM or will allow the user to edit the attributes of his building to choose the most
appropriate . Otherwise, the tool will estimate it as detailed in the use of OSM or will allow
the user to edit the attributes of his building to choose the most appropriate

¥  Otherwise, the tool will estimate them as is detailed in the use of OpenStreetMap buildings
or will allow the user to edit the attributes of each building or a group of buildings to choose
the most appropriate value of each attribute.

year height area use id
1 1964 140 1864,698 education 1"
2 1965 21,0 149,649 residential 12
3 1973 25,1 530,128 residential 13
4 1900 11,9 3697,870 education 14
5 1971 20,5 644,680 residential 15
6 1971 241 352,309 residential 16
7 1977 20,5 391,935 residential 17
8 1976 19,0 739,808 residential 18
9 1980 71 1858,845 education 19

Figure 23 - Example of building attributes.
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1 OpenStreetMap buildings: this function uses the API service of OpenStreetMaps (OSM) to
collect the building geometries and attributes that are collected by this initiative. The tool
provides two different alternatives to collect the data: build a polygon or a polyline to call the
OSM database (Figure 24) and collect the required data for the project ( Figure 25). Some of
the attributes are empty in OSM and default function s were developed to give a value based
on estimations as height -area ratio, residential as default value for building use or 1980 as
default value for the year of construction. The building area is calculated by the tool
backend. As explained before, the tool will allow the user to edit the attributes of each
building or a group of buildings to choose the most appropriate value of ea ch attribute.

g z REWARDHeat

Selection of the Area Of Interest

& ABOUT US

8 Upioad your shapefie @ # Use OpenStreetMap Buidings (@ @ Demo Sttes @

SAVE
of interest sl
B Baseline definition [+ = Finish ~ Doleta lastpoint  Cancel ']

Figure 24 - Selection of an Area of Interest to collect data from OpenStre¢Maps

6/ ‘I] REWARDHeat

Selection of the Area Of Interest

B @ My projects

8 Upioad your shapefile @ # Use OpenStreetMap Buildings (D @ Demo Sites @
i prueba

] Area of interest

I Basefine definition + m e

& @ Scenarios > = =

Figure 25 - Data collected from OpenStre@Maps using the defined Area of Interest

¥  Select shapefile from a demo site. This option to work with real data (buildings and their
attributes) will be included in the tool once data from demosites will be available.
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Once the buildings are collected or updated in the tool, the tool will select the final buildings with
which the user intends to work and save them so that they can be stored in the database being
available during the project baseline definition.

The fourth developed interface covers the project baseline definition ( Figure 26). At the end, this
use case will provide as outputs the energy demand calculation (heating, cooling and domestic
hot water), the primary energy to cover this demand, the cost and the associated emissions. To
obtain these results, the user has four different alternatives for calculation: (i) demand algorithm,

(i) monthly demand disaggregation, (iii) yearly demand disaggregation and (iv) upload your own
demand file. Bel ow we will explain the process to obtain the demand of each building.

£,

o

e 1 oo pocpam s et ecemert, N 571 Copygs 2030 s wasven Oevecona oy | o 808 | CARTIF 100

Figure 26 - Main interface of project baseline definition.

The first item for the energy demand calculation is to evaluate if all buildings have filled the
required attributes (id, area, height, use and year) to set up the process. The user has the
opportunity to modify building attributes by selecting and editing each building or a group of
them. After editing the user need to save to upload the data in the project database ( Figure 27).
For primary energy calculation, cost and emissions, the user needs to select for each building the
heating and cooling gen eration system as well as the heating and cooling distribution system. If
this data were not provided, a default value will be included considering the year of construction

of each building and the typology. If all required data were provided a green valid ation element
wi || be included in the 3is fulfilledij attribute.
includes an option to upload your own energy demand profile (hourly, monthly or yearly) based
on real measured data ( Figure 28). If this data is provided in one or more buildings, the tool
backend excludes them for the complete energy demand calculation selecting the disaggregation
methods or in a simpler way, storing the hourly data profile.
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G|
Figure 27 - Building selection to modify attributes.

=1
-] [ L -]

& & & iy
Figure 28 - Building selected to upload energy demand data.

Once the user has completed all the building attributes that allow the calculation of the energy
demand, the user can activate the "calculate baseline" button to start the execution of the energy
demand calculation algorithm and the primary energy transformation algorithm. A progress bar

will appear showing the user the progress of the calculation and an estimation of the remaining
processes for its completion. When the calculation is finished, a new button will appear to see the
results graphically for each of the evaluated buildings (  Figure 29). The graph library used by the
tool give s users the opportunity to evaluate the results in a yearly, monthly and hourly basis for
each evaluated building. In the graph visua lization, three different alternatives are provided:
demand, primary energy and costs -emissions.
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Figure 29 - Graph visualization of the energy demand calculation in yearly and monthly basis.

4.3 Database, computation moduleshaniiend integration

This section includes a description of the tool database (architecture and stored data), the
different computation modules developed during the tool implementation and a brief
description of how the database and the modules are connecte  d to be functional in the tool.

4.3.1 Predesign tool database

First activities of the pre -design tool development have focused on the definition of a suitable
structure of databases capable of stor ing and serving all the information required at each step of
the predesign tool workflow. Figure 30 presents a preliminary structure of tables linking the
information to be contained in the .dbf file (i.e. the attrib utes table of the source shapefile) with
static information required for the demand calculations according to the reference databases
already available from PLANHEAT.
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