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List of abbreviations / Nomenclature

Abbreviation

Definition

CMM City Mapping Module

CPM City Planning Module

DHCRO District Heating and Cooling Route Optimizer
DHW Domestic Hot Water

DMM District Mapping Module

DPM District Planning Module

H&C Heating and cooling

SM Simulation Module

SMM Supply Mapping Module
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1 Introduction

The present document r 830 rFma ecledses of plamning \ared rsianbldtian
modulesd devel oped under RINAE inrthe sramewokiofbNPB a h g 8.5
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Development of planning and simulation modules and validationo |, including the wor

subtask 3.5. 1Plaifining module development: scenarios generatoro RINA-C) and in subtask 3.5.2
fSimulator module developmento RINA-C).

The deliverable, whi ch can be considered as the final
simulation modules, has been implemented collaboratively by RINA-C, UNIZAG FSB and ARTELYS.
Specifically, bi-weekly conference calls (in coordination with WP2 activities) and physical bilateral
meetings (M14 and M22 in Paris) facilitated the collaboration among partners, making possible to
reach the achievements according to the technical specifications already presented in WP1
deliverables and in coordination with WP2 outcomes.

With respect to D3.9, both District and City planning approaches have been duly updated and
enhanced to facilitate usability and accuracy.

Particularly in the last months, the interaction between the partners have been constant also to
guarantee a proper integration of Planning and Simulation Modules with the final version of the
Mapping Module and of the DHCRO (District Heating and Cooling Route Optimizer).

This document describes the content of the final prototype of the planning and simulation modules
of PLANHEAT (see also Annex 1 for the technical description), realized enhancing the quality of the
first version of the modules in terms of data handling, data management, data inter-exchange with
the modules and with the PLANHEAT webserver, graphic end-user interface and easiness to use.

The second chapter explains briefly the role of the planning and simulation module within the overall
PLANHEAT project.

The subsequent chapters are a practical how-to-install and how-to-use guide for the user of the
modulesal so presenyshnhgpa Picsacpdut ¢ bk al so rel e
tool manualq presenting the final prototype of the planning and simulation modules and next steps
to integrate them in the whole PLANHEAT software platform.

The executable files and Python codes of the Planning and simulator modules have been delivered
to ARTELYS for a proper integration in the integrated tool also for its publication/download on the
project website. (www.planheat.eu)

The final version of the modules have been presented in Training Module 4 events and they have
been the basis for the update of Training Module 3 materials.

It is relevant to highlight that due to a long process of bug fixing mostly related to a proper KPls
calculation/data inter-exchange and considering the wide number of scenarios that the tool is able
to generate, D3.10 and the final version of the planning and simulation modules have been delivered
by RINA-C to validation and external cities with some delays, thus affecting the quality and timing of
the validation activities and the drafting of WP4 reports.

It is important therefore to underline that the current document could be updated in a final/more
consolidated version in the weeks following the current submission.

For a detailed background on the algorithms of these modules we refer the reader to:
1 D3.1 Algorithms for energy planning (UNIZAG FSB, M18)
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D3.2 Heating and cooling demand simulator - Residential sector (TECNALIA, M21)
D3.3 Energy demand simulator i Transport sector (UNIZAG FSB, M21)

D3.4 Heating and Cooling supply simulator (UNIZAG FSB, M21)

D3.5 DHC route optimizer (ARTELYS, M24)

D3.6 KPIs calculation models (RINA-C, M21)

D3.9 First Release of planning and simulator modules (RINA-C, M24)

=4 =4 =4 -8 -8 -9

Training module 3 and 4 from WP5 are also useful documents to better understand PLANHEAT
Planning and Simulation modules.
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2 The PLANHEAT Planning and Simulation modules

According to PLANHEAT overall scope to provide public authorities with an integrated tool able to
map, plan and assess energy scenarios at urban level, the global software architecture of the
PLANHEAT platform has been structured into three modules as shown in Figure 1 namely Mapping,
Planning and Simulation module and agreed according to WP1 outcomes.

With reference to the project timeline, three prototypes of the Mapping Module have been already
released (M15, M24, M32), while the present deliverable represents the second release of the
Planning and Simulation Modules. Even if this version should have been considered as the final one,
due to some delays and bug-fixing issues further developments and improvements could be
expected during the next week giving the opportunity to constantly upload the version of the final
integrated PLANHEAT tool to be available on project website.
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Figure 1: PLANHEAT software platform i General architecture (D1.4, ARTELYS, M9)

As for the Mapping Module, depending on the level of investigation and the approach (i.e. city and
district level approach) chosen by the user at the beginning of the process, the planning module will
work accordingly allowing the definition of future scenarios both at city level and district level (i.e. at
building/group of buildings level). Thus, the Planning Module will consist of two sub-modules: City
Planning Module (CPM) and District Planning Module (DPM).

Both these submodules will be interoperable with Mapping Module (consisting of three submodules:
City Mapping Module - CMM, District Mapping Module - DMM and Supply Mapping Module - SMM).
Respectively: CPM will work with information coming from CMM and SMM, whereas DPM with
information coming from DMM and SMM. SMM role can be considered pivotal as also presented in
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the plug-in GUI as soon as you launch the PLANHEAT tool and in the Planning+Simulation Module
workflow.

AP PLANHEAT

R PLANHEAT

Welcome in the PLANHEAT tool !

The PlanHeat tool is the heart of the PLANHEAT project. Composed of several modules, it will help your city to simulate its way to decarbonising its heating and
cooling system by showing you economically feasible scenarios.

Project name:

| cdq (2015-09-16 14:20) - |

Name cdg |
Creation date | 2019-08-16 14:20
Description | gseq |

@ create a new project @ Duplicate current project

I Delete current project “F Export current project

| &, Import project

(" Import Antwerp default test case

Which module would you like to launch ?

The Planheat workilow is composed of two independant approaches: City and District. The first step of each approaches is the Mapping modufe. Once
the and. are unlocked.

‘ City Mapping Baseline | |

District Mapping
L2 Vv

City Planning and Simulation << | Supply Mapping | >> | District Planning and
Vv

City Mapping Future

Figure 2: PLANHEAT tool starting dialogue window
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Figure 3: Workflow of steps from end-user perspective and interaction between District Mapping Module, District
Planning Module and Simulation module
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The Planningand Si mul ati on modul es act as a Al ow carbon

approaches in order to be guided in the creation of a low carbon H&C plan according to its desiderata
(PLANNING CRITERIA and RELATED KPIs) and to the data coming from the Mapping module.

It is relevant to highlight, that the PLANHEAT planning and simulation module is not an optimization
tool able to optimize automatically the match of demand and potential supply coming from the
Mapping Module.

Planning and Simulation modules receive data from the mapping module and guide the user towards
the creation and evalwuation of | ow carbon H&C
be related to local SEAP objectives or other type of KPIs and criteria (energy related, environmental,
economic, social etc.). The user is able therefore to firstly choose planning criteria and then start the
PLANNING. The created scenario will be then simulated by the simulation module and scenario
results are compared to userdés targets via sel

This prajact has received funding fomthe Eurogean F A
Lln-:n-.Hm:':n::"::"r!-.ewh;-'mMOnalﬂn @ PI—ANH ‘—"“'T
programme ursier grant agresmeni Mo TZITIT.

PLANNING AND SIMULATION MODULE WORKFLOW

PHASE 0: identification of DRIVERs and KPls
Baseline scenario Planning criteria Future scenario Check &
Characterization & selection Characterization & .
Assessment fy——— Comparison
< <o o <
Reference KPls Target KPIs KPIs Feedbacks and
computation input by user camputation suggestions

L

Figure 4: Planning and simulation step by step activities

1.1 Methodology

The schematic structure of the relation between mapping and planning and simulation module is
given below.
On the left side of the figure, the three Mapping submodules are shown, as described in this training
module 1l document: the city mapping module, the district mapping module and the supply mapping
module.
In the planning and simulation module, the user will follow different steps:
1. Select planning criteria
2. Construct a scenario for decarbonization of the heating/cooling supply, providing details on
the technological evolutions and their impact on the heating/cooling system
3. Calculation of the KPIO6s and an associated
module provides the user with a feedback system if the scenario input is satisfying all targets
defined. (See PLANHEAT D3.1 and D3.6 for more details.)
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Figure 5: Planning and simulation step by step activities

Like the MAPPING MODULE, the PLANNING and SIMULATION MODULE has two potential
approaches that exploit data coming from the related Mapping modules:

T

DISTRICT PLANNING and SIMULATION MODULE i bottom-up approach i planning
building by building acting on the local energy systems for H&C production. This kind of
approach is beneficial for evaluating where to invest/apply new technologies and understand
the effectiveness of the interventions.

SPATIAL RESOLUTION: building

TIME RESOLUTION: hourly basis

CITY PLANNING and SIMULATION MODULE i top-down approach i planning at city level.
This kind of approach is beneficial for actions more at policy/urban plan level, therefore
identifying and promoting actions at more general level in the city having a higher level
overview of their effectiveness.

SPATIAL RESOLUTION: City level

TIME RESOLUTION: annual

As seen, the two approaches have very different purposes, data requirements, temporal and spatial
resolution. Nevertheless, both of them have some relevant points in common.

1

=a =4

WHERE TO ACT TO DESIGN MY NEW H&C SCENARIO: via the planning module the end
user is mostly able to operate (both in City and District approaches) both on energy sources
and H&C technologies.

CAPITALIZATION OF DATA COMING FROM THE SMM

CALCULATION OF KPIs BENCHMARKING BASELINE AND FUTURE SCENARIOS:
energy related/economic/environmental/technical performances are evaluated starting from
technologies and energy sources parameters (e.g. fuel cost, efficiency, emission factors,
etc.). In case of missing data, default values are provided to the end user via the PLANHEAT
database.
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Figure 6: Where to act via the Planning and simulation module

Baseline
and Future
H&C
SCEnarios

Individual
energy
systems

Energy
sources

Convertional
enegy
sources

In the simulation module calculation of KPIs for baseline and future scenario is performed for both
city and district approach.

The calculation of most of the KPlIs is related to a benchmark between baseline and future possible
scenarios created by the end user. The end user is able to modify energy sources and technologies
for heating, cooling and domestic hot water production both at single and district heating/cooling
network level. After defining the PLANNING CRITERIA, the end user will be guided in the creation
and simulation of the future scenario starting from mapping module data.

The below mentioned H&C technologies are present in PLANHEAT database and can be chosen by
the end user in planning activities (in both CPM/DPM)

| FP PLANHEAT | e FP PLANHEAT
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Figure 7: H&C Technologies present in PLANHEAT Database

At the end of planning and simulation activities, the end user is able to benchmark current scenario
and created future scenario according to selected targets/KPIs related to the different planning
criteria via simple and easy-to-understand KPI panel, also including the identified targets.
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3 Installation procedure

The current prototype has been developed and coded in PYTHON as a plug-in of Q-GIS and it
appears via PLANHEAT logo in the Q-GIS plug-ins toolbar

Currently, it could be installed following the procedure for installing the integrated PLANHEAT tool
plug-in, namely by launching the executable file made available by ARTELYS.

Once the plug-in is installed, it could be launched by clicking the icon equal to the PLANHEAT logo
in the Q-GIS tool bar, as shown in Error! Reference source not found..

This projecthias receied fnding Fomthe European
Lhun'.Hmmn:tlzl'r-.seacﬂ;wlmmwn PLAN HEAT
programmeundes grart a3reamentNo 723787

PLANHEAT TOOL: A QGIS PLUG-IN

QGIS 3.8

Zanzibar

et e D S s e 11
- — T N v B r——

Figure 8: PLANHEAT tool in Q-GIS plug-in toolbar

When launching the installer, the user is prompted to accept the PLANHEAT license agreement
which relies on the MIT license.

F? PLANHEAT Setup - X

License Agreement
Please review the license terms before installing PLANHEAT.

Press Page Down to see the rest of the agreement.

il'he MIT License A
Copyright (c) 2019 Planheat consortium, http: /fplanheat.eu/

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and assocdiated documentation files (the "Software®), to deal
in the Software without restriction, induding without limitation the rights
to use, copy, madify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:
W

If you accept the terms of the agreement, dlick I Agree to continue. You must accept the
agreement to install PLANHEAT.

Mullsoft Install System v3,04

[oee ] [ oo

Figure 9: PLANHEAT License Agreement
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Once agreed, the user has to select one of the QGIS compatible installation already present on his
computer (among QGIS 3.2, 3.4, 3.6 or 3.8) to integrate the PLANHEAT tool into it. If no QGIS

version is present, the user has the possibility to install a compatible version from www.qgis.org.

57 PLANHEAT Setup — ®

Choose Install Location

Choose the folder in which QGIS is installed (e.g. 'C:\Program
Files\QGIS 3.4, Supported versions are 3.2, 3.4 and 3.6,

The installer will install the Planheat plugin for the specified QGIS version. To install in a
different folder, dick Browse and select another folder,

QGIS installation directory.

| C:\Program Files\QGIS 3.2 Browse...

Space reguired: 849.5 MB
Space available: 64.8 GB

<o G

Figure 10: PLANHEAT Q-GIS Installation procedure and folder destination

After selecting a valid QGIS version, the installation process starts.

S PLANHEAT Setup -

Installing
Please wait while PLANHEAT is being installed.

Extract: iconaPlanning.png

Extract: genericResult.py... 100% -~
Extract: geotermal.png

Extract: heating.png

Extract: heatingDHW.png

Extract: heatingQil.png

Extract: highVector.png

Extract: hot_water.png

Extract: ice.png... 100%:

Extract: icon.png... 100%

< Back Close Cancel

Figure 11: PLANHEAT Q-GIS Installation process

It can happen that the PLANHEAT button does not appear, in such cases the plugin has to be

act

vated

manually similarly to other
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Manage and I nstal/l pluginso section and then manu
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Figure 12: PLANHEAT Q-GIS manual installation procedure
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4 District Planning and Simulation Module (DPM+DSM)

Here in this chapter, inspired by training module 3 7 September 2019 version updated material,
DISTRICT PLANNING MODULE and its interaction with DMM and Simulation model will be
described.

This prajci has recaiesd fonding famths Eumgean
Uniary = Horizan 2020 ra saanch ;ndlnﬂmmn @ F I—AN H E'E.'T
pragrammeundes rank agreaman Ho T EIT.

DISTRICT PLANNING MODULE WORKFLOW

+ Import and visualization of relevant information from Mapping Module

* Baseline scenario assessment [simulation on hourly basis)

* Baseline scenario characterization (residential, tertiary and transport sectar) ]
* KPls computation for baseline scenario l

A

€E€€K

= Selection of planning criteria and KPls
= Energy sources prioritization
» Future scenario characterization (residential, tertiary and transport sector)

* Optimization of DHC netwarks

o Ly - - L

Figure 13: PLANHEAT DPM conceptual workflow

According to what said and the fact that the planning and simulation module is able to work on
sources/technologies and benchmark current and future scenarios, the DPM is able to generate
several type of H&C scenarios starting from local assessment of demand and sources.

The updated version of the DPM end user interface, which also reduces the DPM+DSM steps from
9 (as presented in D3.9) to 5, facilitate the creation of scenarios starting from already saved
assessment coming from the DMM.

Figure 14: DPM+DSM in the PLANHEAT tool mask
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