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Executive Summary

The overreaching aim of this document is to provide users of the SO WHAT Advanced Tool detailed
instructions on how to install, navigate, and utilise the various pieces of software, as well as
identifying relevant technologies, buildings, and data to be used within the analysis, for the purposes
of waste heat/cooling recovery and reuse.

The document is intended to be used as a step-by-step guideline to enable new users to get started
with creating pilot site models, as well as with investigating ways to recover and exploit their waste
heat and/or cold (WH/C) resource potential, either by re-using this resource internally (on-site) or by
distributing it externally (to local district buildings/sites through a district heating/cooling network).

Also included is a methodology on how individual sites may identify relevant waste energy recovery
technologies to investigate and model as well as the relevant building and data that would be best
suited to this analysis.

It should also be noted that as well as a formal deliverable, this report will be updated and used as the
paper version of the manual for people to use and it will also form the basis for the online version
(D4.6 Delivery of self-learning modules). Alongside this, training videos will be produced, as part of
D7.6 Training Resources for Relevant Stakeholders.
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Introduction

This document represents the Deliverable 4.8 which contains a manual for the SO WHAT
commercial/advanced tool. It is intended to be used as a step-by-step guideline to enable new users
to get started with creating pilot site models, as well as with investigating ways to recover and exploit
their waste heat and/or cold (WH/C) resource potential, either by re-using this resource internally (on-
site) or by distributing it externally (to local district buildings/sites through a district heating/cooling
network).

This manual will highlight the relevant IES and RINA-C software to download for this project, how to
download it, and how to utilise the tools to develop a model appropriate for waste heat/cooling
energy recovery. This includes how to prepare the models, upload data, run simulations, and review
and analyses the results.

A methodology on how individual sites may identify relevant waste energy recovery technologies to
investigate and model as well as the relevant building and data that would be best suited to this
analysis has also been included.

As such, the document has not been written in a standard SO WHAT deliverable format, and differs
in the numbering of its different sections. This is to enable the easy production of the SO WHAT
Manual to be lifted directly from this document both on paper and online (D4.6 Delivery of self-
learning modules).

This document is structured into 3 main Sections.

e Section A details the installation process of the relevant IES software.

e Section B outlines the setting up of models, collecting of relevant data, and initial energy
simulations for both baseline and comparative theoretical model.

e Section C discusses how to identify relevant buildings and technologies and mentions the
integration of RINA-C's PLANHEAT for analysis of the SO WHAT tool for community models.
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Section A Install the SO WHAT software

Below is a sequence of steps to be followed for installing each of the software for SO WHAT purposes.
Prior to these steps, the user should have sent an e-mail to info@SO WHATproject.eu asking for the
software licences. The user should then have received an e-mail with instructions to follow. This
should occur prior to the next steps.

Please make sure you follow every single step as written in the sequence, as missing one will cause
some installation problems.

To begin the process of activation of all the licences, please create an account with www.iesve.com.

e Click onlogin and then —click on here to register. https://www.iesve.com/register
e Enterall required details and create an account. (use the same email address as that to
which this email is sent to create the account)

1. Install IESVE

To activate your keys through our new license management system, you will need to be on a machine
that has VE (download here) and pointing to the current keys folder location. Then follow the below
steps:

e InVE, select Help = Troubleshooting = Set License Folder
o The file path will be displayed. Navigate to that folder and please delete the keys.txt file
therein.
e Once deleted, go back to VE 2019, and select Help = Request License
e Complete the form with the Activation Code:
e Select'Activate’
e Click 'Send Request’ and license will be updated within the hour
Once a code has been used it cannot be used again.

If you get an error upon completing the above, please follow these instructions:

e Open VE - Help = request license key

e Intab Action, select “"Request free trial” do not send the request
e Inthe same tab action, select “Activate/Refresh software again
e Sendrequest

Once you have successfully installed VE, please then follow the iCD steps below.

1.1 Additional free training for IES VE
If you would like more training in this, it is suggested that the user watches the free Getting Started
with the VE on-demand series here https://distance-learning.iesve.com/p/getting-started. You will
need to enrol and/or login to IES Distance learning to access.

You might also find the series of free on-demand ICL (Intelligent Community Lifecycle) Digital Twin
courses from the Upskill with IES series useful https://learn-on-
demand.iesve.com/courses/category/icl-digital-twin and there are also live online training options
with an instructor available here https://www.iesve.com/training/online-training.
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2. Install IESiCD

e Download Sketch Up — 2018 version and above (and below 2022 version for and iCD 2021
version and below). (iCD is a Sketchup plugin)

e Loginto https://www.iesve.com/login — please use the same login and password as created
above.

e Download latest installer from website - https://www.iesve.com/support/icd/download

e Once you download and install the plugin, then go to Extension s IES iCD =
Troubleshooting and License = Request License Keys

e Enter all details below, then enter activation code.

e Activation Code —same as the VE code:

e Sendrequest

e Afewvideosto getyou going: https://www.iesve.com/products/icd/trial and
https://youtu.be/PQsOGhz6EnU

e Free Training can be found here https://distance-learning.iesve.com/p/getting-started-with-
icd. You will need to enrol and/or login to IES Distance learning to access.

e Thereisalso an online User Guide available in the help section of the tool (last icon in iCD
toolbar) and an online support section containing lots of getting started resources here
https://www.iesve.com/support/icd

If there is an issue with activation email keys@iesve.com and someone from the IES support team
will be able to assist. An automatic email with the following message will be sent and someone will
return with assistance in time.

"For iSCAN, iVN & iCIM the keys team has not yet given you access to use the software, but they will do
so in the next 24 hours. So please follow these steps tomorrow.”

2.1 Additional details regarding SketchUp installation
SketchUp can be downloaded from the SketchUp website (https://www.sketchup.com/plans-and-
pricing#for-professional). However, please note it requires subscribing for a plan to purchase your
own licence. SketchUp Pro is the version is recommended because a desktop version is required to
enable an installation and use of the IES iCD Plugin, whereas additional functionalities offered by
SketchUp Studio version is not necessary. For example, at IES we avail of a company plan for
SketchUp Pro.

The only way to use SketchUp for free is to first apply for a 30-day free trial, so if this is the option you
would like to proceed with, you should wait before installing the IES iCD Plugin until when it is
necessary to work on software.

3. Install [ESiVN

e Download the latest installer from website - https://www.iesve.com/support/ivn/download

e Youwill needto login to the website using the same login and password as created above.

e Use your same iesve.com login to sign in to the iVN and start using it.

e Afewvideosto get you going: https://www.iesve.com/products/ivn/trial and
https://www.youtube.com/watch?v=74bH20BQCr8&feature=youtu.be

e Free Training can be found here https://distance-learning.iesve.com/p/getting-started-with-
ivn. You will need to enrol and/or login to IES Distance learning to access.
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e Thereis also an online User Guide available on the ‘start’ page in iVN (accessed by clicking
the firsticon in iVN toolbar) and an online support section containing lots of getting started
resources here https://www.iesve.com/support/ivn

Regarding the installation of multiple iVN builds, when necessary, please create a shortcut on your
desktop to where IVN is installed e.g., C:\Program Files\IES. When you install an iVN build, then please
rename the build accordingly (see screenshot below). As you can see, a user can have at least 10
versions of iVN on their laptop, e.g., iVN 2021_3 0 - 192897 (FB1 - 10122021), i.e., iVN [Version] -
[change list number] (branch - date).

3 ¥ fies - o x
Homa  Shate  View "]
* [ < Boes
Properties.

Hew tem
~ Easy accoss
Pinto Quick Copy  Pasts New
access @ fider ]
Clipboard Organise New :
T 3 THiSPC > Local Disk(C) > Progrm Fies > €S >
00.Rand D #* O Nome 4
ScreenToGif recordings. . 0.0ld builds .
1.8 VN 2020.0.0 - 162933 (RC - 16042020)
FW_REGISTRATION_PACK e, VN 2020.1.0 - 171664 (RC - 22102020) '
iCIM - QA Main IVN 2021.0.0 - 178161 (RC - 26022021)
0id Desktop IVN 2021.0.1 - 179098 (RC - 17032021) 4
IVN 2021.1.0 - 185843 (RC - 20072021)
S This K VN 2021.1.1 - 187537 (RC - 27082029)
30 Objects IVN 2021.2.0 - 169676 (RC - 12102021) H
Deskiop IVN 2021.3.0 - 169620 (Main - 09102021)
4 Documents VN 2021.3.0 - 192618 (FBS - 03122021)
B Downloads. VN 20213 0 - 192897 (FB1 - 10122021}
2 Music # Prototype - Shortaut !
. 3 v Soros :
8 Videos !
2. Local Disk (C) !

Figure 1 File location for installing IES software.

It is then suggested to save models using the same naming convention, so one can know which build
the model was created with, e.g., iVN 2021_3_0 - 192897 (FB1 - 10122021) - [model name] (see
screenshot of saved models).
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ScreenToGif recordings  # & ivN 2020_1.0 - 171664 (RC - 16102020) - Compatability test project 93 KB
183 8 ivN 2020_2 0 - 170952 (FB2 - 01102020) - Glasgow test model 0 KB I
FW_REGISTRATION_PACK Ice. VN 2021.3.0 - 192228 (FB1 - 26112021) - publish to iscan
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Figure 2 Naming convention advised for model saving.

4. Install IESiISCAN

e Access and sign into iSCAN using your iesve.com username and password (web application
https://iscan.iesve.com/).
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e Afewvideos to get you going: https://www.iesve.com/icl/iscan/trial and
https://www.youtube.com/watch?v=34H1dokBlaQ&feature=youtu.be

Free Training can be found here https://distance-learning.iesve.com/p/iscan. You will need
to enrol and/or login to IES Distance learning to access.

There is also an online support section containing lots of getting started resources here
https://www.iesve.com/support/iscan

5. Install [ES iCIM
e You can access the trial dashboard through this link - https://icim-trial.iesve.com/icim
e You will need your standard iesve.com login.

There is also an online support section containing lots of getting started resources here
https://www.iesve.com/support/icim
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Section BWaste Heat/Cooling potential for asingle
industrial/manufacturing site

This section relates to the steps required by the user to collect and organise data that exists for the
building(s) and is required to calculate potential waste heat /cooling resources.

1. ldentify and collect relevant data
Data is at the basis of an initial identification and assessment of the WH/C resource potential
available. To aid the understanding of what data is required and available, the prior completion of a
building data checklist should be conducted (see Annex A).

The areas for which information is required are:

J Industrial site information;

J Waste heat/cold recovery & Renewable heat/cold and electricity;

J Industrial site processes information;

J Industrial site services information;

. Automated Meter Reading (AMR) data and energy costs information;
. General building information.

Once the data available has been established, and collected, there are different routes the user
should take in order to get to the answer of waste heat/cooling potential, depending on what data
they have.

These routes (also known as Data Use Cases) are identified and depending on the type of operational
data that can be shared from each facility (i.e. utility bill, partial or detailed sub-metering data, or a
combination of these) a generic stepped modelling path is followed towards an initial identification
and assessment of their respective WH/C resource potential, as further detailed below, including a
brief explanation for each step of the generic modelling path.

For each of the 5 use cases, an associated set of minimum additional information required is defined,
as can be seen in Figure 3. Following on from an analysis of completed demo-site data checklists, one
of the use cases listed in Figure 3 is identified for each demo site, which allows for assessing whether
minimum data requirements are met for an assessment of WH/C resource potential through existing
modelling tools, and which provides further details on the subsequent modelling path steps.

Data available Minimum additional information required
e  Description of processes & services via diagrams or otherwise
. Utility bill e  Description of inputs & outputs, product flows / temperatures, production
data only calendar
e  High-level information on daily profiles to inform rough-cut profiles
e  Description of processes & services via diagrams or otherwise
Partial e  Description of inputs & outputs, product flows / temperatures, production
2 sub-metering calendar
only e  High-level information on daily profiles to inform rough-cut profiles, where
required

Deliverable 4.8 SO WHAT Manual

. Page 12 of 66
W Horizon 2020 This project has received funding from
X ek European Union Funding the European Union’s Horizon 2020 research and innovation

for Research & Innovation
programme under grant agreement No 847097



Data available Minimum additional information required

e Information on what inputs/outputs the sub-metering relates to

e  Description of processes & services via diagrams or otherwise

Utility bill & partial e  Description of inputs & outputs, product flows / temperatures, production

3 sub-meterin calendar
9 e  High-level information on daily profiles to inform rough-cut profiles
e Information on what inputs/outputs the sub-metering relates to
Detailed e  Description of processes & services via diagrams or otherwise
4 sub-metering time e  Description of inputs & outputs
series e Information on what inputs/outputs the sub-metering relates to
Utility bill & detailed e  Description of processes & services via diagrams or otherwise
5 sub-metering time e  Description of inputs & outputs
series e Information on what inputs/outputs the sub-metering relates to

Figure 3 Recommended use case identification matrix.

2. Data formatting, upload to iISCAN, mapping and/or pre-processing
Relevant data is extracted from collected data sources (e.g. energy audit report) and/or data format
is adjusted so that it can be integrated into existing SO WHAT modelling tools, in particular for time-
series operational data (from utility bills or sub-metering systems).

The data processing platform (iISCAN) requires time series data, but with various formats (e.g., csv)
available and a broad range of time resolutions (e.g. from 1 year to 1 minute).

Start Date  End date Me0 MO M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

2018-01-01 2018-01-31 953221 953221 16827 1618 162773 1387 19926 407 43591 102055 3871 9192 39846
2018-02-01 2018-02-28 829232 829232 11484 1412 111569 1461 18933 465 30035 95017 3704 8642 37513
2018-03-01 2018-03-31 972635 972635 19134 1679 136300 1400 20024 471 50042 105283 4418 11174 30658
2018-04-01 2018-04-30 772062 772062 13254 1419 103981 682 16826 487 34664 84573 4471 9027 16884
2018-05-01 2018-05-31 996217 996217 16449 1516 150913 942 18077 2039 43020 122720 5307 9445 19820
2018-06-01 2018-06-30 1120758 879753 13448 1488 169929 377 18403 4127 35117 101046 4748 7881 20414
2018-07-01 2018-07-31 1426135 996840 41927 1395 208195 436 19986 6832 41927 131632 5328 8646 22210
2018-08-01 2018-08-31 1037283 792013 24347 858 33910 275 18393 6294 24347 115491 3581 7713 19073
2018-09-01 2018-09-30 1462522 1084302 38597 1399 322229 1204 18158 1703 38597 148401 5064 11374 22657
2018-10-01 2018-10-31 1178994 758244 37671 1134 126304 1709 17487 542 37671 121879 4961 13196 26911
2018-11-01 2018-11-30 1126943 773393 44176 1167 189186 742 16908 491 44176 86368 5610 12955 26607
2018-12-01 2018-12-31 881014 595384 32850 809 86017 1154 18388 417 32850 97471 272 12054 24416

Figure 4 Example of time series data in CSV which can be imported into iSCAN.

Formatted time-series operational data is then uploaded to online data visualisation and processing
platform (iISCAN).
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Security level:

To begin go the iISCAN webpage, add your project, and then add buildings within the site. It is
important to keep the building names consistent between IES platforms to allow effective data
communication and modelling.

After this, project building can have relevant time series data imported and linked to them.

IE iSCAN Research Data Import-20210929_iCD_PMP

Project=  Building»  Data=  Investigate=  Reports=

B
No data has yet been imported = .
Channel list

Channel grid

Data table

.

Export

iii
~
o
v

> |+ Newdmscuce > # Dwsowcesctop > D TR

Overview

Configuration of data import into (SCAN Research requires multiple parts - the input format, the data source, and data bindings.

The input format d data tagged with import references. The time-series data consists of timestamps and values, the import reference Is the identity from

the external sys!

The data source tells the robot or other automated syst o fetch the data from. A manual data source has its files uploaded by users, a polled data source |s fetched from the internet, a pushed data source has data
pushed from another machine and an emall data source data attached to messages posted to an email address,

The data bindings take the indentifiers extracted from the imported files and bind them to channels, so that when a file s imported its data ends up where it should

For some form ich as XML, the input format can include a template to transform the file to a form that can be imported. CSV based input formats have definitions for what format each cell in the CSV contains and
v the value | nple the first row might be wport reference for each column and the first column might be the timestamp, with other columns be 1es. Other format types, such as SenML JSON, are
nore thorougt dardised and do not require detalled configuration of the Input format

Input format types

The supported input format types are

Figure 6 iSCAN data import configuration wizard.
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Uploaded time-series operational data channels are then tagged and mapped across diverse types of
energy (e.g., electricity, natural gas, etc.), process, end-use, etc.

Go through the steps of the data source configuration wizard to upload the relevant data profile.

1. Introduction: explains some points such as input format types and how this may relate to
the data that is available to upload. Refer back to this page if required.
2. New data source: give the data import a relevant and useful reference name. Select the

type of data that is to be uploaded (most BMS and time series data will be CSV - column
per channel).

3. Data source set-up: Ensure Keep uploads, Timestamp in input files use local time, and
Timestamps use daylight savings (if necessary) are checked while Use time of upload as
timestamp for data should remain unchecked.

4. Example Data: Select the data file to be uploaded and click Process file format (this may
take some time if the file is large).
5. Configure format: Headers in grey and red, timestamp data is represented in blue, value

data in yellow. This shows an example of the data imported where it can be viewed that
the example data import was successful and in the correct format. If this needs to be
amended it can be done so by selecting the relevant cell and selecting from the drop
down list the relevant type. The setting button also gives more insight to different details
although this should not need to be used. Click the blue continue button to move to the
next page.

6. Data Binding: As this is a new project the data will not have been bound to any previous
uploaded data. As shown in the image below simply select the check box by the bindings
column header to select all data points and click the Create channel button to assign the
default name for each data point (the same name as in the import file header) and click
the Save Changes button on the pop up.

7. Summary: Click the Upload files button and from the pop up select the data file for upload
then click import data.
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on Wizard - Sowhat Manual

@ Introduction ¥ 4 Newdsata source » # Datasourcesetup > B Bempledata ¥» = Configure format > > o Summary
Data bindings.

~ Bound ~Import Reference ~Name - Context - Units - Period ABinding
Me0_Calculated_2ndPart Me0_Cakculated_IndPart «not bounds
M24 M24 «not bounds
Mis M1s «not bounds
M1 M1 «not bounds
Cg2_Caleulsted Cg2_Calculated «not bounds
M3 M3 m3 -enot bounds-
M5 5 «not bounds
M27 M2z «not bounds
Mg§ Mg <not bounds
Mig Mg not bounds
M30 M30 «not bounda
Med Med «not bounds
M1g M3 «not bound»
M4 M4 «not bound
M31 M1 «not bounds
M25_Calculated M25_Calculated «not bounds
M23 M23 «not bounds.
M26 M26 “«not bounds.

«not bounds 3
«'next to the name of a variable indicates the corresponding data channel has not been created. '~ indicates that a channel matching the import reference exists and can be bound using ‘apply defaults’ =" in the list of channels shows that the channel has nat béen bound via this data sou
Hide Clea Example file [ Show hidden bindin}

Figure 7 Data binding page within the iSCAN data import wizard.

After these steps your data set should be uploaded successfully. It is best to give a quick review to the
datathat has been uploaded. Select the investigate drop down and select Visualise where all the data
points can be seen under Channels.

E iSCAN Research Visualise - 20210929_iCD_PMP

Project~  Building~  Data~ I Reports~
€ Showing daily summary - select fewer days to show measured data
Settings Insights
Channels 500
Channels EEE 4000
v Qenera\ = o
M24
PMP_Magazzino Centralizzato - DHW demand Ic oo
PMP_Magazzino Centralizzato - Room units coo
PMP_Magazzino Centralizzato - Room units hea’
PMP_Magazzino Centralizzato - Sim auxiliary ent 0
PMP_Magazzino Centralizzato- Sim cooling ene
PMP_Magazzino Centralizzato - Sim dhw energy 2000
PMP_Magazzino Centralizzato - Sim equipment
PMP_Magazzino Centralizzato - Sim heating ene 1500
PMP_Magazzino Centralizzato - Sim lighting ene
PMP_Magazzino Centralizzato - Sim potable wat 1000
PMP_Magazzino Centralizzato - Sim total carbor
PMP_Magazzino Centralizzato - Sim total electri 5004
PMP_Magazzino Centralizzato - Sim total energy H”u
PMP_Magazzino Centralizzato - Sim total naturz . . . . . . . . . s - L . ! _ J ] . .
PMP_Maaazzino Centralizzato - Sim waste wate Apr20 May21 Jun21 Ju22 Aug22 Sep22 Oct23 Nov23 Dec24 Jan24 Feb24 Mar27 Apr27 May28 Jun28 Jul29 Aug29 Sep29 Oct30 Nov30 Dec31 Jan31
! " Jan Feb Mar Apr May Oct Nov Dec
= | Filter channels v Q || [
Scenarios
Saved plots u - u . u
52551 2 3 4 5 6 1 8 9 10 1 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 26 23 30 31 32 33 34 35 36 37 3 39 40 41 42 43 44 45 46 47 45 49 50 51 &2
‘ 2013 ‘ 2014 ‘ 2015 | 2016 | 2017 | | 2019 | 2020 | 2021 | 2022 ‘ 2023 ‘ ‘

Figure 8 Visualising the data imported to iSCAN.

A small star next to the channel name notes that the units have not been defined for this data point.
Select the Data drop down and go to the Channel list to review all the channels (data points) and
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assign relevant information and details to them. It is advised that the Name be changed to a custom
name to make this easily recognisable and better describe the channel. Also, the Level and Units
boxes should have the relevant information put into them. Once the Units box is filled the star by the
channel name will be removed.

The Expression box at the bottom allows mathematical expressions to be written for custom data
points (such as adding all electrical meter data to have a singular total electrical usage for the
building), the Syntax button will detail various expression that can be written and provide examples
of these.

Sample type represents the type of data that has been imported for this specific data channel. For
metered data the Metered Value is best suited although the Average type is often appropriate and
most flexible for imported data, there is a help (*?”) icon which can be clicked and describes the other
sample types in detail to allow the most appropriate to be selected. For more information on this the
IES Learning video under iSCAN - Data Import will provide guidance on the various types and these
steps.

In the example below, submeter “Co"” logs lighting kW usage in the example building. The name is
changed to reflect this and the level is noted as Energy while Power kW has been assigned as the
Units. As this is sub-metered data the Metered Value option has been selected as the sample type
with an Expected Period of 60 minutes as this is the time samples the metered data has been
recorded in (energy readings are recorded hourly for this example data). Sample type of Metered
Value will allow iSCAN to calculate the rate of change over the expected period (60 mins).

Channels

Energy o
S e Ty (E D] Name @ Elec Submeter CO- Lighting Sample type @ ) Spot value

O Average

2% Import reference @ o O Cumulative

o ) Discrete stepping
® Meterad Value

Expected period @ 60 min

Export
(J Export as data channel (APM)

Export as data channel (C5V)

nterpolate (APM CSV)

i Export as free-form profile (FFD)
ax it

Méx @ Absolute ) Modulating

T
M7_Calc i nterpolate (FFD)
17_Calculated Import limiting None: The limits are not applied when importingd O “ :

Ma Profile @

Expression @

Figure 9 Channel list setting to define specific detials to imported data (meter data in this example).

3. Rough-cut profiling and/or data processing and/or upload to iSCAN
Thisis applicable for use cases 1, 2 and 3, see Figure 3. Where necessary, rough-cut profiling technique
(available through the existing “Utility Bills” module from the IES iSCAN online data collection and
processing platform) is used to develop more detailed facility's energy consumption and generation
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profiles (preferably at hourly intervals) from available low-resolution data such as monthly or annual
utility bills.

An example of the rough-cut profile creation process is shown below:

Monthly energy consumption or generation data (kWh, as exemplified for sub-meter “M3")
converted into energy demand or supply (kW, as exemplified for sub-meter *“M3") profiles, with a 1-
hour time resolution, for each of the 68 meters and sub-meters available from the demo site data
sources. This is achieved by distributing the metered / sub-metered monthly energy consumption /
generation (kWh) into their associated load operational schedule, and constrained by their respective
rated power (kW), as exemplified for sub-meter "“M3" in the figure below.

iSCAN Research Utility Bills - PMP

Bullding=  Data~ te Reports =

Utility bill detail Juestionnaires Demand shifting

@
Name M3_CAB. 3-NIRD - CRIOCONCE
L
Type Electricity
N L
Units.

Bill Values

The value shown here is daily use averaged over bill period. The colour scale is based on minimum to maximum for the year shown;

white indicates no value.

The total for 30 selected days with values is 322200 1094 . 10741
Jan Feb Mar Apr May Jun Jul Now Dec

FERE NS

1204880

wnmamann
|

R AR T E T T TR cnae
[ 2014 | 2095 [ 2096 | 20T ] | IECIEN| 2022
I 2)- (3

Delete selected data
PREPARAZIONE LIGUORI (f2
P LRSI LR ER I COE RS Add utility bill | Remove utility bill

)_CAB. 4 2 + TINAGGI-20

@ iISCAN Research Visualise - PMP

Project-  Bullding-  Data~  Investigate~  Reports-
q W y
Settings 1ot 143 (MR
100
Channels
000
2008
Channels EEEm 0o
B00.00
» Electricity LV
¥ Auxiliary service o
» Compressed air 0000
» Other auxiliary services
000
» Pumping unit
» Refrigeration and other auxiliary ser 00.00 4
¥ Refrigeration unit w00
» Rum
v Vermouth 2000
T w0
M13 (kW) .
52 Seplmber Mon03  Wed05  Fi07  Sep09  TeeM  Thut3  Sal1s  Mon®7  Wed18  Fa21  Sep23 TS Thu  Salz®  Ociob
3 (kW) 30 Jan Feb Mar Apr May Jun Jul Aug Sep oc Nov Dec
» Refrigeration, pumping and other at+ T
v "
i
= Ve (] |
™
Scenarios 5251 2 3 4 5 B T 8 5 101 12 43 % 15 18 17 18 19 20 1 22 30 34 25 3 27 30 20 90 M 32 31 34 35 00 I 00 W 4D &1 47 43 44 43 48 47 81 & 0 M R
[ 2014 | 2018 2016 07 2019 2020 | 2om | 2022 |
3] By 5 > m + - I 3lock 2913 - 73234 kW Mean =

Figure 11 Rough-cut profiling for the demo-site, energy consumption on an hourly basis.
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User defined batch profile

Operating hours Percentage rating
Percentage rating non-operating
Open Close operating hours  hours

Monday

Tuesday

Wednesday

[
{
[
Thursday [ 2300
{
[
{
[

Friday 23:00 I 07:00 - [ 100 % %

Saturday 23:00 [ 07:00 { 100 % || o ‘ %

Sunday 16:00 I 07.00 2 [ 100 % || o ‘ %

Holiday 16:00 " Iomo = [ 100 % || 0 % | O
Are there intermittent periods during daily operation?
Intermittent period number and length Number Length

% hours

Enter holiday periods [ HolidaysAndProduction V| Show
Enter production calendar [ ProductionLessHolidays V| Show o

Figure 12 Rough-cut profiling for the demo-site, operational schedule questionnaire.

Subsequent data processing is applicable for all demo sites, but less resource-intensive and more
accurate for use cases 4 and 5, Figure 3. Collected and uploaded time series operational data are
further processed in to generate energy input and heat output profiles, including waste heat and cold,
for industrial processes and process components of interest. This can be achieved offline or directly
through the IES iSCAN online data processing platform, by implementing mathematical
“Expressions” (i.e., formulas) on the collected data. Such mathematical “Expressions” vary in terms
of complexity and are specific to each demo-site, depending on the collected data types and
depending on whether “rough-cut” profiling was necessary or not. It should be noted that such a step
might even be bypassed in cases where collected data already include all the process energy input
and output profiles, including waste heat and cold, which are necessary for the development of an
Energy Sankey diagram. On the opposite, such a step might be quite resource-intensive by requiring
the use of external databases, in addition to the data available from a demo site, such as
thermophysical properties of common energy conveyor mediums (e.g., air, steam, water, gases,
etc.).

4. Produce results and visualisation for potential Waste Heat/Cooling
This is relevant to the 5 use cases that are detailed in Figure 3. Subsequent to data rough-cut profiling
and processing that enabled to generate energy input and output profiles for industrial processes and
process components of interest, including waste heat and cold, there are two ways to visualise an
overall industrial site waste heat and cold resource.
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On the one hand, this can be achieved directly through the IES iSCAN online data processing
platform, by implementing mathematical “"Expressions” (i.e., formulas) in order to aggregate the pre-
processed energy input and heat output profiles, including waste heat and cold, for industrial
processes and process components of interest, at a whole site level and with a 1-hour time resolution.
An example of such a waste heat/cold resource profile visualisation can be seen in Figure 13 below.

ALY ® PYP_Site_WH_Generation_Estimated (kW)

2000 H

T T 1
November December 201¢

Nov Dec

T
October

T
September
Jan Feb Mar Apr May Jun

Fr
sa

52 53 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 S2
I [ 2012 [ 2014 | 2016 | 2016 | 2017 | [ 2018 | 2020 | 2021 | 2022 | 2023 |

= E Range  Block 7.712 - 36.765 MWh Total ~

Figure 13 Example of demo-site aggregated waste heat resource profile, with a 1-hour time resolution (iISCAN)

On the other hand, this can be achieved through the development of an Energy Sankey diagram. To
do so, a building energy simulation model of the facility (construction and HVAC systems, if
necessary) needs to be created first through the IES VE detailed building energy modelling and
simulation platform, where a sufficient level of general building information was previously collected
fromindustrial demo sites, as based upon the prior completion of a building data checklist (see Annex
A). Alternatively, a simplified standard building model can be used instead, with adjustments
possible, in particular for weather conditions, as illustrated in the Figure 14 below. Then, process
models of the internal manufacturing lines of interest, at a process or component scale, can be
created. However it should be noted that processes are not modelled as physics-based models, but
rather as data-based models represented by a single or a series of components. Furthermore, the
visual representation of these components can be adjusted or designed from scratch, but here simply
represented by a box for each process considered, as exemplified in Figure 15 below. Subsequently,
Creation and population of process databases, in particular energy inputs and heat outputs (including
waste heat) time series operational data. Once processes are modelled by one or a series of
components, energy input and output profiles that were previously processed in iSCAN can be
associated with relevant components, as well energy inputs from building model HVAC systems
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(including RES systems), if these are modelled, as exemplified in Figure 16 for a SO WHAT project
demo site. Annual building energy simulation is then performed through the VE and existing tool
scripts are used for visualisation of process energy flows through an Energy Sankey diagram, as
illustrated in Figure 17 below for a SO WHAT project demo site. In particular, the Energy Sankey
diagram considers the energy and heat/cooling flows in the factory and is created around several
column headings. Each heading represents a column of nodes which are built up from the model data
the user has entered in the manufacturing view. Each heading relates to the following elements
within the manufacturing view: Source (i.e. Fuels), HVAC Plant Convertors (i.e. IES VE Apache
Systems), System Load (i.e. Load developed on the systems), Use/Demand Sinks (i.e. Component
variables), Process Converters (i.e. Components), Sinks (i.e. Products & Waste heat removal).

Figure 15 Example of demo-site process component model
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Object Process Data

Process Name:

Product Category: Process

Max. Flow Rate: 15178.000
Description Purpose

Cc1 Energy End Use
c2 Energy End Use
M1 Energy End Use
M2 Energy End Use
M3 Energy End Use
M4 Energy End Use
M13 Energy End Use
M14 Energy End Use
M16 Energy End Use
M20 Energy End Use
M26 Energy End Use
M32 Energy End Use
81 Energy End Use
82 Energy End Use
83 Energy End Use

Process Material Inputs

4 Add New Row

Vermouth Process

Process Material Outputs Process Energy Inputs  System Inputs Heat Outputs Waste Heat M

== Delete Row(s)

Process Name

Product Name

Max. Flow Rate yqjyet: | VermoBefile Name ~  Process Unit: ||

Profile:  VermouthProduction -

Meter El:i'fly Unit (PU = product unit) Profile
Electricity: Meter 1~ 103.623 Kilowatt - KW ~ C1_Mod v
Electricity: Meter 1~ 44.35 Kilowatt - kW ~ C2_Mod A4
Electricity: Meter 1~ 252.692 Kilowatt - KW ~ M1_Mod v
Electricity: Meter 1~ 7.797 Kilowatt - KW ~ M2_Mod ~
Electricity: Meter 1~ 1171.74 Kilowatt - KW ~ M3_Mod ~
Electricity: Meter 1~ 8.877 Kilowatt - KW ~ M4_Mod ~
Electricity: Meter 1~ 522.235 Kilowatt - KW ~ M13_Mod ~
Electricity: Meter 1~ 95.377 Kilowatt - KW ~ M14_Mod ~
Electricity: Meter 1~ 4.323  Kilowatt - KW ~ M16_Mod ~
Electricity: Meter 1~ 137.931 Kilowatt - kW ~ M20_Meod ~
Electricity: Meter 1~ 37.938 Kilowatt - KW ~ M26_Meod ~
Electricity: Meter 1~ 9.264 Kilowatt - KW ~ M32_Meod ~
Electricity: Meter 1~ 12,923 Kilowatt - KW ~ §1_Mod ~
Electricity: Meter 1~ 79.545 Kilowatt - KW ~ §2_Mod ~
Electricity: Meter 1~ 80.769 Kilowatt - KW ~ §3_Mod W

isC

Reset 1] Cancel
Object Process Data
Process Name

Process Name: Vermouth Process Product Name

Product Category: Process Max. Flow Rate sejyet: Vermo?Brefile Name ] Process Unit: [1

Max. Flow Rate: 15178.000 Profile:  VermouthProduction i

Heat
: Residual
. Unit (PU = Recovery Receiving

Description Grade Heat Output preduct unit) Profile (Reclamation)  System PR;ZI:{F:II(I%;
77777777777777777 Capacity (%)

C1WH med v 0 Kilowatt - kW ~ off continuously v 50 None ™ 50

M14 WH med v 0 Kilowatt - kW ~ off continuously v 50 None ™ 50

M26 WH med v 5.691 Kilowatt - kW~ M26_WH_Mod v 50 None v 50
S1WH med ~ 0 Kilowatt - kW ~ off continuously v 50 None ~ 50
S3WH med v 89.065  Kilowatt- kW ~ S3_WH_Mod v 50 None v 50

M4 WH med v 0 Kilowatt - kW ~ off continuously v 50 None ~ 50

M13 WH med < B57.879  Kilowatt-kW ~ M13_WH_Mod v 50 None v 50

M16 WH med v 0 Kilowatt - kW ~ off continuously v 50 None ~ 50

M3 WH med < 342137  Kilowatt - kW ~ M3_WH_Mod v 50 None ~ 50

M32 WH med ~ 10.215  Kilowatt- kW ~ M32_WH_Mod v 50 None v 50
C2WH med - 6.653 Kilowatt - kW~ C2_WH_Mod v 50 None v 50

M2 WH med - 1.17 Kilowatt - kW~ M2_WH_Mod v 50 None v 50

M20 WH med v 20.69 Kilowatt - kW~ M20_WH_Mod v 50 None v 50

M1 WH med v 37.904  Kilowatt - kW ~ M1_WH_Mod v 50 None v 50
S2WH med v 87.715  Kilowatt-kW ~ S2 WH_Mod v 50 None v 50

Process Material Inputs  Process Material Outputs Process Energy Inputs System Inputs Heat Outputs Waste Heat  Misc

4 Add NewRow =— Delete Row(s)

Reset (i} Cancel

Figure 16 Data syncing of process energy inputs (on top) and process waste heat energy output (at the bottom)
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HVAC Plant Converters System ioads UseDemand Sinks

Figure 17 Example Energy Sankey diagram for a SO WHAT project demo site

5. Setup and simulation of Waste Heat/Cooling recovery and exploitation

technologies for use in industrial facility
Once the potential waste heat in the industrial facility is known, and the user has a good idea of which
technology they wish to simulate, a baseline model of the site’s energy demand and carbon emissions
is required in order to allow the simulation to give valid results.

5.1 Set up baseline model of industrial site
A baseline model is fundamental to understand the current energy demand and carbon emissions of
the block under assessment and to assist in the potential for any waste heat or cooling recovery for
use internally and within the community.
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First, a 3D model of the block under assessment needs to be created. The iCD tool allows several file
formats to be imported, including Shapefiles and GeoJSON files. If the geometries of the buildings in
the block are available into any of those formats, you can import them as shown below.

B PEB Model - SketchUp Pro 2020
File Edit View Camera Draw Tools Window Extensions Help
1 IESICD . »  IESiCIM Client > >
# Measurements
lgn[ﬁe"—’ ¥ IESISCAN Client > y{\VﬂE’(‘
Ground textures
Update model attributes IES iCD o
lar As 7 | » g T ur a

Rl E/0C0BEEAOSHF B M A
Accessibility Assessment =B J
Attribute Visibility

IES iCD Layers
Set VE location

Import/Export 3 ¥ Include hidden objects in export?

Reports > Exportto VE

Troubleshooting and licence * |11 Export GealSONA.

Preferences Import GeoJSON (with attribute mapping)..
Model Image Import SHP...

About .. Export CSV..

Import CSV..
Import Excel File...

Export filters and boundaries.
Import filters and boundaries.

Figure 18 Shapefile and GeoJSON file import.

If those formats are not available, which is often the case, the iCD gives the user the possibility to
import buildings from Open Street Map (OSM). The OSM database can contain higher or lower level
of detail depending on the site location, but it normally gives a good basis upon which building the
initial model. Click on the OSM import button and import the area needed for the project.

"G/ O H-SBSOH LB G2 AKGXS/%Q"
@Y G OBECQAOSHREENAD

IMPORT FROM OPENSTREETMAP

~ Dashes
gt Q SEARCH RESULTS ~ @ Untagged W oetou
—_ ~— [
v
PESSION §
- \
o i =
‘ : s
O IMPORT OPTIONS > Instructor
e . — » Components
[¥ Include buildings /‘ ~ =
[ with 3D shell
“w .
/ . o Selection
[ as adjacent bldg
[¥ estimate building height and/or
storeys
Default height (m) 7
Roofs: | Flat -
2 e = g ¥ include roads & pavements
—— [ include landscaping
[ include terrain
[ Include map tiles (ground plane) o
(meneuses i) i
S — 2022 MAPQUEST, € MAPS cRMS. m -
F“‘)'“_:‘ Powered by Leaflet - Geocoding & Thes Courtesy of MapQuest * _ Data by Cancel
1000R under OBDL

Figure 19 Importing from OSM to iCD.
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Once the import from OSM is complete, the buildings will appear within the model as well as the map
tiles and roads, if selected during the import process. At this point, the user needs to start addressing
the building geometries within SketchUp/iCD model. Where OSM does not have a certain info (e.g.
number of storeys of a building), a default building height will be assigned instead. The same for
glazing ratios, roof types and more. For such reason, it is fundamental that the user addresses each
building and manually modifies each parameter that seems to be inaccurate, based on the
information they are able to collect.

With a baseline model in place the user needs to ensure the building geometries are correct. Where
there hasn’t been certain info provided (e.g. number of storeys of a building), a default building height
will be assigned instead. The same for glazing ratios, roof types and more. For such reason, it is
fundamental that the user addresses each building and manually modifies each parameter that
seems to be inaccurate, based on the information they are able to collect.

In order to do so, click on a building and open the object parameters. Every attribute of the building
can be changed manually. You should aim to reach the most accurate level of detail you can possibly
reach, in order for your baseline to be a realistic representation of the actual block.

VO /- HSBECH S EB G AN BN E G-
@/ ChBECROSRE BT

® IESiCD

EDIT OBJECTS <EEXN >

Name  PMP_Magazzino C @

v GENERAL

Objecttype  Building >

Number of storeys 1

Building storey height (m) 5 =
Dogo0ascs

Glazing ratio (%) | 30 . 00004 Txliﬁﬁﬂgmm =
RUC ou =T >
» —
Rooftype  Flat v ﬂﬂ" il
o Broug A T
e . ;
Roof angle (degrees) 30 e mmr,miﬁm
sl

Roof overlap (m) O

Roof Glazing ratio (%) 0O
Lovel of Detail-Building Full Glazing v

Max bldg height (m)
Total floor area (m?) 10,814.25
Footprint area (m’) 10,814.25 *
Wator fixtures
Zaxisoffset (m) O
v ICLSETTINGS

Constructiontype  Concrete-poured v

Cooling generator efficiency » Meas

Figure 20 Editing building details in iCD.

Once enough input data has been assigned to the model to represent as close as possible the real set
of buildings, it is time to run energy simulations in order to get demand profiles of the buildings and
have an estimation on their energy and carbon footprints.
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Before simulating, it is important to link the iCD to a project in iSCAN. This will allow the user to
export simulated data into the iISCAN platform for each building straight after an energy simulation
has been carried out. To link the iCD to iSCAN, first login into iISCAN and create a new project. Give
it a name, and add any additional user that might need to collaborate on the same project from the
‘Project users’ page.

The newly created project now needs to be connected to the iCD in order for data to be streaming
from one tool to the other. To do so, from the iCD go into Extensions = IES iCD = |IES iSCAN Client
- Setup Endpoints and Token. Here, add the scan project url and token, then click on Save. Note
that the url and token can be retrieved from iSCAN within the ‘APl tokens’ page of your new project.
If there are no tokens created yet, you can create a new one by clicking on ‘Create token’, and then
copy that into the iCD. Make sure to select the ‘maintainer role’ when creating the token.

BEsicD x

IES ISCAN ENDPOINTS

IES ISCAN ENDPOINTS
Location Status Actions Tokens
https://scan.iesve.com/project/NewProjectExample Availability unknown Check | Delete Add token: ,m
Add project:
Update model tokens Close | | Save

Figure 21 iCD connection to iISCAN.

Lorenzo De Donal

E iSCAN API Tokens - New Project Example

Token State Building Role Expires
Generalgp1z Active - Maintainer 2021-07-29
token
url

/

Use the Project root URL as the entry point for client code:] https://scan.iesve.com/project/NewProjectExample

An API reference guide is available.

Create token = Refresh  Rescind Hide | Hide expired | Show hidden Show tokens for all users.
You can also use the VE live sync button in the Building details page to create a Maintainer token associated with a specific building.

Figure 22 iSCAN Project token and url.
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Before running energy simulations, give a specific name to the buildings in the block. As noted
previously it is important to keep the same building names across platforms and models to allow for
seamless integration of the models and data. This will help recognising the demand profiles of each
building once they will be exported into iSCAN.

Also, it is important to set the CO2 emission factors and costs according to the specific country in
which your model is located. To do so, go into Extensions = IES iCD - Preferences and set tariffs
and emissions according to your knowledge. If not known, you can leave them by default as per UK

dataset.
W IESiCD x
¥ CARBON EMISSION COEFFICIENTS A
These settings are model specific.
Region: UK v -
Location Territory: UK - 2013 &
The location was not found, carbon coefficients are set to UK defaults; Please change if relevant data is available.
Natural Gas | 0.216 o
LPG | 0.241 m]
Biogas 0.098 m}
Qil | 0318 (]
Coal 0345 O
Anthracite 0.394 O
Biomass | 0.031 O
Electricity 0519 O
Waste Heat | 0.058 O
¥ RESOURCE COSTS PER UNIT N
These settinas are model specific.

Figure 23 Carbon emission factors and Tariffs.

It is now all set to start running energy simulations from the iCD tool. In order to do so, select one or
multiple buildings and click on the VE simulation button within the iCD toolbar, select your simulation
preferences, hit ‘update’ then ‘Launch’. Remember to tick the ‘Export’ button if you wish to push the
time series demands into iISCAN. You will also need to select the iISCAN project to which you want to
send results to, from the dropdown menu.
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Figure 24 Running basic energy simulations in iCD.

If the simulation has not already exported the results to iISCAN the below option should appear after
the simulation and the project and endpoints can be selected if an error has occurred.

IES iSCAN EXPORT

Choose an iSCAN project to export to

https://iscan-research.iesve.com/project/SowhatPmpTest ﬂ

| Setup endpoints |

+ Able to export the simulated entity. A

» Auto export enabled. Attempting to export to https://iscan
research.iesve.com/project/SowhatPmpTest

+ Exported data to "20210929_iCD_PMP" - "PMP_Magazzino Centralizzato

Sim waste water generated”. Start Date: 2018-01-01 00:00

« Exported data to "20210929_iCD_PMP" - "PMP_Magazzino Centralizzato
- Sim potable water demand”. Start Date: 2018-01-01 00:00

+ Exported data to "20210929_iCD_PMP" - "PMP_Magazzino Centralizzato
- Sim total natural gas®. Start Date: 2018-01-01 00:30

* Exported data to “20210929_iCD_PMP" - “PMP_Magazzino Centralizzato

Export

Figure 25 Exporting iCD simulated results to iSCAN.

Once the energy simulation has finished running for your building (or set of buildings), you will see
results being exported into iISCAN. At the end of the process, a new building will be created into the
iISCAN project, with the same name of your iCD project, as seen in Figure 26. Within that building, all
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relevant time series channels will be created, with a clear naming formed by the name of the specific
building and the name of the variable. Summary values of energy demand data will also be shown

within the iCD, into the building properties.

[=] SoWhat PMP Test

Tag vocabularies

Units

Rule scheduling

Project users

APl tokens

Add building
Removed buildings
Rename project

Hide project

20210929_iCD_PMP

Figure 26 iSCAN project homepage.

In iISCAN, use the “Investigate” tab to review the data over a time series that has been simulated for

this building.

e - 20210929_ICD_PMP

Settings
Channels

Channels [

Yo

1l
<

-
Scenarios ]

Saved plots

ot i y 200 BFM [
(] W
Mail At Mx0s kre A oo Nowmbwr Decambor 218 Fomay Math A My dm  hiy  Amsl Sesmber Ocduber Novarba
Mar Ao woy Jun i Aug Sop. oct Now e

Aust - Septomber Ock

HEAUBBRNUDUSAYBBEaa

meupbuBswr e mn
[ 201 [ w15 | a6 | 2017 ] I 2| 21

T T YY)

aa-»am+—e

Figure 27 Visualising exported iCD simulation results in iSCAN

Basic energy simulation results can also be reviewed in iCD after the energy simulation has been
completed. While the desired building is selected click the Room/Building Query button and scroll to

the Simulation Results section.
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EDIT OBJECTS

Name

sim auxiliary energy (kwh / m” per year)
sim cooling energy (kwh / m’ per year)

sim dhw energy (kWh / m" per year)

Sim oquipment anergy (kWh /m’ per
year)

Sim hoating enargy (kWh / m’ por yoar)
Sim lighting energy (kWh /m’ per yoar)
sim total carbon (€O, kg/m" per year)

Sim total energy (kWh / m” per year)

Sim watar bidet spray (//m’ por yoar)

J| sim watar kitchen tap use (I/m’ por yoar)
sim water shower use (//m* per year)

Sim water toilet use (i/m* per year)

Sim water total (i/m’ per year)

Sim water rinal use (/m’ per year)

Figure 28 Reviewing the simulated energy totals within the iCD building viewer.

Areport for all the buildings that have been simulated can also be reviewed by going into Extensions
- Reports = Energy Reports = Full Energy Reports. To note this is a model level report rather than
a building level report. Other reports can also be reviewed in this section that may be of interest.

I k|@ Vad &vn-|¢ Extension Warehouse @\$@Pﬁ\@y%§g\%|@'

Extension Manager
B/ COBHEBL o e

IESiCD > IES iCIM Client >

IES iSCAN Client >

Ground textures

Update mode! attributes

Solar Assessment

Accessibility Assessment

Attribute Visibility
IESiCD Layers

@ [EsicD

Set VE location
Import/Export >
Reports >

Troubleshooting and licence > Site Reports

Preferences Energy Reports Monthly site energy consumption
. P . Model Image Water Reports Energy Use Intensity distribution
Energy Use Intensity distribution About .. Urban Planning Reports Monthly building energy brezkdown

Site Renewable Reports Annual site energy breakdown

Gross floor area

76,784 m*?

Time Series Reports Full energy report

Total building energy

17.1 GWh

Total building energy
use intensity

223 kWh/m?>

Number of buildings

»
e
B LU0 020000 00 0 02EEs

0 118-169 169-220 220-271 271-322

Energy Use Intensity (kWWh/m®)

Figure 29 Full energy report from the iCD simulation.
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5.2 Export data from iSCAN to iCD

Section B.2 details how meter data can be uploaded to iSCAN. After meter data has been uploaded
and connected to iISCAN the exporting of this data to the iCD model will allow for analysis in iCD and
greater model accuracy and detail.

Tags made iniSCAN for relevant buildings in iCD must have the same name between the 2 platforms.
Ensure that either the iCD model has the same buildings name as detailed in iSCAN or the reverse of
this.

In iISCAN select the Tag vocabularies option in the project menu page. On the next page click the
Create Tag Vocabulary at the bottom left of the page.

[=] SoWhat PMP Test

20210929_iCD_PMP

Figure 30 Setting up tag vocabularies in iSCAN to link data to relevant buildings.

Two Tag Vocabularies will need to be made. The first under Building Names and the second under
Variables. Building Names will contain a list of the building names for this project. The Variables will
contain the metered data for the buildings and site. Using both of these identifiers it will be possible
to assign metered data to the relevant building in the iCD model. To note, the tags in the Building
Names Vocabulary must be the same as the building names in the iCD model.

Select the Buildings tag you have created and select Create Tag in the bottom left of the page. Now
enter a building name for one that is in your project site. Repeat this step for all building you intend
to model in your project. Once done this will similarly be repeated in the Variables Tag Vocabulary
you have created. For this example, Metered Lighting will be imported (as shown in section TO1.2),
although this will need to be repeated for other data that is to be exported.
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Name PMP Metered Lighting|

Summary

Enter the summary using Markdown syntax. Enter maths by putting $5 around the expression and using TEX syntax,

flose

Figure 31 iSCAN tag creation.

It is now necessary to return to the project list page, select the project, and then the Channels List
under the Data drop down to return to our metered data that has been imported to iSCAN. Select the
data point within the Channel List (in this example it is the Electrical Submeter Co — Lighting) and

select the Tags option. Within this page select Add Tag and add the building and then variable that
were previously created in Tag Vocabularies.

iSCAN Research Data Channels - SoWhat Manual

Project~  Building - Inve Reports~

Channels
Channel Settings Summary Nates Values Rules
v Energy a

Elec Submeter CO - Lighting (kWh)
» General

Tag Name Value Category Vocabulary

Midm -

= L]
- { AddTag || Remove Selected
72 channels —

Chengessaved  Copychannel  Applytoothers [JEVNRSIINWII TV R PR

Figure 32 Assigning variable and building tags to relevant data in the iSACN channel list.
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The iCD model building and the iSCAN data now need to be linked if this has not already been done.
Return to the Projects List page and select the APl Tokens button. Here a token should be created

under the Maintainer role.

Create API token

Days until expiry
100

07/10/2022

The token will expire after a time limit has been reached. Tokens can be renewed if required.

The roles the token can be used to automate actions:

Observer

The token can be used to look at building details and channel data.

Operator

The token can be used to Create exports, and change channel export settings.
Maintainer

The token can be used to change item details.

You cannot give 2 token  role greater than yaur own.

(S Save changes

Figure 33 Creating tokens in iSCAN to link the iSCAN data to the iCD model.

Return to the iCD model and select Extensions—=>|ES iSCAN Client—> Setupn Endpoints and Tokens.
Paste the URL from iSCAN into the Add project box and copy the iSCAN token into the Add token

box.

Now it is possible to link the tags made in iSCAN to the iCD model. Click Extensions—=>1ES iSCAN
Client=>Channel Associations. The IES iSCAN Channels box will pop up, select the Match button and
then select Save. To view the results and that the import has been done correctly, in iCD select the
relevant building, click the Room/Building Query button and scroll to the User Defined section and
find the relevant meter data variable that has been imported.
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Figure 34 Linking the iCD model to iSCAN.

® Esico *

MATCHED ISCAN CHANNELS

ENTITY MATCHING

© Channels are associated with individual buildings
® Channels are associated with their tags and all entities
are included

Entity matching vocabulary:
Building Names

[¢

VARIABLES

Variable vocabulary:
Variables ~

ICD ATTRIBUTES

Attribute:

T

The match will be based on the value of tags from the
ISCAN vocabulary "Building Names" and the values of the
iCD entity attribute "Name". The variables corresponding
to the iSCAN channels will be determined based on the |
channel tags from the vocabulary “Variables”.

Please select a matching method in order to associate ISCAN channels to entities.

.

Figure 35 Matching the correct iSCAN channels to iCD.

5.3 Synchronisation of iCD data with iCIM model

In order to use the Network tool, we need to bring a copy of our iCD model onto the iVN model. This
cannot be done through a simple export/import but needs to be done by first exporting the iCD model
onto the cloud.

To do so, from the iCD toolbar, click on the ‘Synchronise’ button, add the iCIM url as a new endpoint,
and then add a new project, as seen in Figure 36 and Figure 37 below. Enter a project name and
description (optional), and click on ‘Create’ to synchronise your model to the cloud. This will create a
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new project on the iCIM, permanently linked to your desktop version of the model. From this point
on, any change made to the iCD model can be sent to the cloud model by simply clicking again on the
synchronise button and send the changes. This is also useful when multiple users are working on a
single model, so that they can send/download changes to the cloud to always work on the most

updated model.

In order to enable a successful iCD/iCIM synchronisation, all the landscaping objects (Water bodies,
Soft Landscape, Hard Landscape), in particular the largest water body object, should be removed
from the iCD model. Although these objects can be included into an iCD model prior to be
synchronised with an iCIM model, the large size of some of these objects (e.g. water body objects)

may create a size issue when synchronising with iCIM.

B[ Untitled

A @ m ‘@ Esico

iCIM SYNCHRONISATION

s -[os]

D Projects -+ Add New

JHeas&do N

Please select a location to sync your projects or click manage

WE AVRVROSPOVNE
SAEILHT IR AL

s

Naan 045 PU

8 2=
¢ 9

— o x

&%
®) @ dlick or drag to select objects. Shift = Add/Subtract. Ctrl = Add. Shift + Ctrl = Subtract. Measurements
Figure 36 Synching the iCD model to iCIM.
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Figure 37 Setting up the endpoints between iCIM and iCD to link them.

Deliverable 4.8 SO WHAT Manual

:* s *«* Horizon 2020 This project has received funding from
Xk European Union Funding the European Union’s Horizon 2020 research and innovation
for Research & Innovation

programme under grant agreement No 847097

Page 35 of 66




—— SOWHQO

Security level: /! ENSIT

With regards the iCIM url endpoint, it should be noted that enabling of dangerous operations is not
necessary, and the following iCIM Trial endpoint should be setup (https://icim.iesve.com/trial/cim or
https://icim.iesve.com/trial/gfc), as per Figure 38 below.

® ESC0 o

Edit Endpoint

° The endpoint is compatible with this version of iCD

iCIM Trial

https://icim.iesve.com/trial/gfc

Check URL

Figure 38 Final step in linking iCD and iCIM models.

In this way, iCIM models that are synchronised with iCD models can be accessed in iCIM Trial here
https://icim.iesve.com/trial/#/.

6. Identify and select technologies to recover and reuse waste

heat/cooling
A wide range of waste heat and cold (WH/C) recovery technologies in industry are presently available
in the software. They greatly differ in terms of operating principle and operating conditions, target
applications, development stage, costs and benefits.

These technologies were assigned to five main categories:

Heat-to-heat technologies.

Thermal energy storage technologies.
Waste heat to cold technologies.
Heat to power technologies.

Heat upgrade technologies.

v W
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Theimage below details the findings from research conducted to identify technologies with potential
use in the various SO WHAT project sites for waste heat/cooling recycling.

/
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Figure 39 Waste energy technologies identified for the SO WHAT project.

Discussion should occur internally within the user’s organisation to select which technologies are
most suitable to the use’s context. To aid this, the SO WHAT project has produced number of
documents as follows:

D2.6 - Scenarios to be covered by the SO WHAT tool

D1.6 - WH/C recovery and thermal storage technologies

Within the D2.6 document, the project produced a methodology and scenarios to help guide the
users on their selection. The following sub sections are an overview of this.

6.1

SO WHAT methodology for selecting technologies
The methodology for the hierarchy of scenarios was designed in order to guide the different users to
view and choose the most appropriate technologies and combinations that suite their context and
requirements. It will be used in the development of the SO WHAT tool whereby the scenarios
available to choose from will be dependent on the type of user and the version (Free or Commercial)
they are using. The methodology is numbered sequentially, however there are many different sub
scenarios grouped under one main theme and a number of them will only apply to specific user types.

The methodology is based on the principles of reducing waste as much as possible, before recovering
waste and reusing in the most efficient ways. It is summarized in the following 6 stages (Figure 40),
which are described in further detail below, whereas the full lists of scenarios for each of these 6
stages can be found in Table 2 of the previously submitted deliverable report D2.6 - Scenarios to be
covered by the SO WHAT tool.

* X %
European Union Funding
* 4k

for Research & Innovation

Horizon 2020

This project has received funding from
the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 847097

Deliverable 4.8 SO WHAT Manual

Page 37 of 66

ENSIT


https://sowhatproject.eu/wp-content/uploads/2018/05/Scenarios-to-be-covered-by-the-SO-WHAT-tool.pdf
https://sowhatproject.eu/wp-content/uploads/2018/05/SO-WHAT_D1.6_Report-on-HC-recoverystorage-technologies-and-renewable-technologies_FINAL_updateMARCH2021.pdf
https://sowhatproject.eu/wp-content/uploads/2018/05/Scenarios-to-be-covered-by-the-SO-WHAT-tool.pdf
https://sowhatproject.eu/wp-content/uploads/2018/05/Scenarios-to-be-covered-by-the-SO-WHAT-tool.pdf

o Baseline w h/fc potential
of facility/community
Reduce energy use
and eliminate w h/c
Recover and reuse w h/fc at
a factory level

° Recover and reuse w h/c to provide

power at a factory level
o Recover and Reuse w h/c
at a community level
Use waste h/c to generate power
to supply buildings or the grid

Figure 40 Scenario Selection Hierarchy

Stage 1: Baseline waste heat/cooling potential of facility/community

Although a ‘scenario’ is defined as a potential future state, the user must first have conducted a
baseline simulation of the current state of waste heat/cooling potential and so this is considered as
the top in the hierarchy and first scenario to consider. In both the free and commercial versions of the
SO WHAT tool, this step will be done before the user is able to go through the other future scenarios.
There are 3 Scenarios associated with this stage (see Table 2 of the previously submitted deliverable
report D2.6 - Scenarios to be covered by the SO WHAT tool).

Stage 2: Reduce energy use and eliminate waste heat/cooling

This stage of the scenario hierarchy is not directly the focus of SO WHAT, nonetheless it is a logical
and necessary step that the user should consider and decide whether to conduct before moving to
explore waste heat/cooling recovery and distribution. As the overall aim of reusing waste heat or
coolingisto reduce the amount of resources utilised and cut down on carbon emissions, the industrial
user of one facility should therefore try to improve the overall energy efficiency of their building
before looking specifically at waste heat/cooling. In the software (as explained in D2.3), there will be
a link in the commercial tool into IES VE to enable the user to conduct detailed energy performance
simulations of their facility and analyse the best energy efficiency strategies for the whole building.

Similarly, the user of that facility should also look to completely eliminate waste heat/cooling from
their process before trying to understand recovery potential. This is explained using Kaizen
techniques. It should be noted this analysis is not part of SO WHAT, but was a key focus of a prior EU
FP7-NMP funded project REEMAIN.

Stage 3: Recover and reuse waste heat/cooling at a factory level

This relates to the recovery of waste heat/cooling to be re-used in the factory. Firstly, the user should
look at whether they can re-use the waste within the same process as this will be the most efficient
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Security level:

way to initially utilise resources, before analysing further on how utilise it in a different process in the
facility. There are 16 Scenarios associated to this stage which describe the different technologies to
recover waste heat, and how it can be reused as heat in the factory processes (see Table 2 of the
previously submitted deliverable report D2.6 - Scenarios to be covered by the SO WHAT tool).

Stage 4: Recover and reuse waste heat/cooling to provide power at a factory level

Stage 4 continues within the factory, albeit this time to generate power rather than solely thermal
energy. There are a further 4 Scenarios associated with this Stage (see Table 2 of the previously
submitted deliverable report D2.6 - Scenarios to be covered by the SO WHAT tool) relating to general
guidance on how to generate power and how to add solar panels/solar collectors, as well as more
specific guidance on maximising the use of renewable energy and the optimal mix of different
installations.

Stage 5: Recover and reuse waste heat/cooling at a community level

Stage 5 moves to the scenarios at a community level in terms of the recovery of waste heat/cooling
from industry. After analysing the previous stages, if the user wishes to move to this stage, they
should move to Section C for details on how to conduct this simulation. The first scenario concerns
the overall matching of supply and demand, and then other scenarios look at how either a district
heating network, or another means of transport, could be used to distribute the waste heat to the
consumer. There is also a scenario related to the storage of waste heat so that it can be used at a later
date, as well as two other scenarios that allow the user to conduct a cost benefit analysis of expanding
a district h/c network, or constructing a new one, to connect to newly identified waste heat sources
and users.

Stage 6: Recover and reuse waste heat/cooling to provide power at a community level.

The final Stage relates to recovering waste heat/cooling from an industry and then converting this to
produce electricity to be used either by other local buildings as part of a micro grid, or to be sold and
used by the national grid. After analysing the previous stages, if the user wishes to move to this stage,
they should move to Section C for details on how to conduct this simulation

6.2 Simulation of Waste Heat/Cooling recovery for industrial site

The IES iVN (Intelligent Virtual Network) is designed to perform "as-is" and future scenario
simulations of a community's energy demand and supply distribution network. In the SO WHAT
project, the ability of the iVN to model and simulate heat flows and networks can be created, allowing
for the ability to simulate different waste heat and cooling technologies.

The iVN can provide for the following capabilities:

e Modelling a range of technologies for recovering and reusing waste heat and waste cooling.

e Model the District heating and cooling infrastructure network and run simulations.

e Reporting improvements and analysis to show where opportunities exist to supply a
community with excess WH/C and integrate with renewables.

e Potential demand response flexibility - identify what times demand response could be used
to reduce the load-mismatch between available WH/RES and demand.

e Allow user to export iVN data to the iSCAN e.g. for access by the SO WHAT dashboard.
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6.2.12  SetupiVN project parameters

Now that a copy of the model is stored in the iCIM cloud platform, it is possible to bring that directly
into the iVN Network tool. To do so, open the iVN and go into Import >iCIM Link. In the iCIM Endpoint
box enter the following link: https://icim.iesve.com/trial/gfc/ and press the Load Projects button.
After this you will need to enter your access credentials where it will allow you to view a list of projects
that you have access to on iCIM. Select the relevant iCIM project and ensure the ‘Sync building results’
box is ticked and that the date range includes data from the dates for which you wish to simulate,
then click the import button on the bottom right of the page.

G Import
Welcome
i |- -
rew D iCIM Link | Import & model from ICIM
oA
Open [__J» e 1 Endpoint: ntps:/ficm.Jesve comralgfe =
s Project name - Last imported Start date End date Update available
Export “*5 Weather Data SOWHAT@m
Save gﬂ OpenStreetMap
Save As
Account
Settings

Figure 41 Importing iCIM model to iVN.

Once the process is completed, the 3D model will appear, representing an exact copy of the project
crated within the iCD. The buildings that have been simulated will also contain time-series demand
data, according to the dynamic energy simulation run into the iCD.

As an iCD model (including building geometry from OSM and custom adjustment made by the user)
and iSCAN data should already be linked to the iCIM model, this information should be automatically
imported to the iVN model from the iCIM model. The image below shows the successful importing of
data from the iCIM model as used as an example previously in this project. Note how this building
geometry matches that from the iCD and iCIM models.

Fle View Hel

I]@EB@-!SQ‘W("F’

Object Browser 8 x asset Library =it x

+ | 30~ sownar e

T

+ Project

Jouiangs: 16
ota Inspector
Property

Wacte Heat
Data Inspector | Simudation tub | Analysts knapector & Showsng Filtered

Ready

Figure 42 3D visual of iVN model once iCD model has been imported.
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If some of the information with regards to building geometry needs to be corrected or updated it can
be edited in the Data Inspector tab of the selected building. Click the Analysis Inspector tab to review
that the data from iSCAN and simulated results have been correctly imported to the iVN model.
Charts and tables with the iSCAN data should be visible and populated accordingly.

Figure 43 Data inspector tab where building details can be amended.

If additional iISCAN data needs to be connected to the iVN model due to either more recent data
being collected or the import has not been done effectively it is possible to connect the iVN directly
to the current iSCAN profiles. To do this click the Homepages button as circled below.

Figure 44 iVN homepage button.
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Click the Import button and the iSCAN link option. Similarly, in Section B.5.2 regarding creating
iISCAN API tokens for linking data between iSCAN and iCD an API token with a reference link must
be entered here. Add the iSCAN token and link URL and a list of the channels from iSCAN in the
relevant boxes in the iVN Homepage Import section and select the building(s) and channel(s) as
required. Multiple buildings and channels can be selected to import. Ensure the date range is correct
to include all the data that is required from iSCAN.
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Figure 45 How to import iSCAN data (if required and updated iSCAN data is available).

Other key parametersto set up iniVN at a model project level, prior to progressing with the modelling
of iVN baseline and scenario network models, include the following:

RAR P Horizon 2020 This project has received funding from
%, *.' European Union Funding

for Research & Innovation

Weather File: In order to visualise the current weather file in use, from the object browser,
left click on the imported model project name, and expand the Model Location section in the
Data Inspector. By default, the “heathrowewy.fwt” weather file should be the only one
available, which is relevant to weather data for the UK London Heathrow airport weather
station. In order to adjust the weather file for a more appropriate location than the UK
London Heathrow airport, weather file(s) of interest first needs to be imported into the iVN
model. To do so, click the Homepages button (Figure 44), then the Import button and the
Weather Data link option (Figure 45), prior to selecting the browse button that will
automatically open the iVN software installation folder where the list of Weather Files
installed by default can be browsed. Select one or multiple weather files of interest and
complete import by clicking on the import button. Once import is complete, from the object
browser, left click on the imported model project name, and expand the Model Location
section in the Data Inspector in order to select the weather file to use. More details on
simulation Weather Files can be found here https://www.iesve.com/support/weatherfiles.

Project commodities (fuels) carbon dioxide emission factors: In order to visualise and amend

the imported model project carbon dioxide emission factors for each of the project
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commodities (fuels), from the object browser, expand the list of Project commodities and
left click on the fuel of interest, for which the CO2 factor for consumption (kg/kWh) can be
seen in the Data Inspector. By default, values relevant to the UK are set. These can be
amended by left clicking on the CO2 factor for consumption (kg/kWh) value cell and by
entering a more appropriate value for the country and year of interest.

It is strongly advised to set the same Weather File and Project commodities (fuels) carbon dioxide
emission factors in iVN as the parameters previously set up in iCD, in order to ensure consistency in
energy and carbon emission results, as simulated through both the iCD and the iVN platforms.

6.2.2 iVN baseline network model
The modelling of the electricity, heating and cooling networks is split into two methods, the virtual
and physical networks:

e The virtual network modelling provides simple Hierarchical Demand Aggregation and
Supply Allocation (HDASA) whereby waste heat network nodes represent the points in the
network where the demand for commodities is aggregated at a node and the allocation of
load is made to generators connected to this node. Thus, network nodes define the
hierarchical tree structure and act as anchor points for Installations and Buildings. For
example, waste heat tree nodes are tree nodes that deal specifically with the aggregation of
waste heat and prompt to attach waste heat and cold (WH/C) recovery technologies in order
to process the waste heat. Processing waste heat is the act of rejecting waste heat to the
atmosphere. Consequently, "Demand" can be considered as the amount of waste heat
processing which occurs, whereas "Generation" is considered as the production of waste
heat by, e.g., chillers. In the virtual model, waste heat nodes involve calculations based on
power only; they do not involve water flow rates, supply temperature, return temperature or
other thermophysical properties of water.

e The physical network modelling is a more complex modelling approach, whereby hydraulic
and thermal calculations are performed alongside water flow rates and supply and return
temperatures which allow the heat network model to include distribution losses, and a more
accurate picture of how to network operates. The development of a physical network model
is more relevant to an external exploitation of a site waste heat/cold resource potential, by
recovering and distributing such a waste heat/cold resource potential to the community (i.e.
site surrounding buildings) through a district heating or cooling network. The physical
network modelling approach is detailed in Section C.

To begin developing a baseline network model, a new 2D virtual network view should be created and
opened. Todo so, click the “+” button and select 2D virtual network view. Note this 2D virtual network
view can be visualised in various ways: geographical view (i.e. buildings are geolocated on a map),
schematic view (i.e. hierarchical tree structure), custom view. Then select the building you wish to
start developing a relationship between and drag them into the workspace. The selected buildings
will appear into the 2D virtual network geographical view in the exact geolocation at which they
belong to. The example in the image below show the 3 highlighted buildings which were selected and
dragged into the workspace (2D virtual network schematic view).
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Figure 46 Adding a 2D virtual network schematic view in iVN for network configuration.

Now it is possible to create the relationship model. It should be noted that this model is a hierarchal
model where links are drawn from “parent nodes” down to “child nodes”.

Assets can be connected to nodes. The connections represent the flow of energy in the network. The
nodes represent decision points where supply and demand meet.

Nodes must be selected and connected as a source (i.e. provides heating, cooling, electricity etc.) or
sink (i.e. consumes heating, cooling, electricity etc.). Firstly, right click on a node and select “select
iVN item for connection”. Secondly right click the connection node and select “connectiVN item” and
choose either “As Sink” or “As Source” depending on what is relevant in this network connection. In
the below example the cooling node was selected first and the building selected second as the sink
for cooling (as it will consume cooling energy from this cooling node for air conditioning). To note,
multiple nodes/buildings/assets can be selected at any one time for connection if required and
connecting to the same item, also, if you click away from these items during the process it will
deselect them.
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Figure 47 How to link buildings and nodes within an iCD network.

For the following example we will have two buildings that have 2 separate cooling load/nodes as
sources which then ultimately sends the waste heat from this process to one waste heat sink node,
as well as another separate building which is heated by a heat source node.
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Figure 48 A multi-building and node network within a baseline structure.

By double-clicking on one building we can see the demand profiles already imported and add as
required. Associate the channels to each building as required.
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Figure 49 The demand and generation editor for buildings where data can be edited as required.

It is possible to amend the associated loads if required in this box. The Multiplier column can be used
to turn off certain loads if non-applicable or to increase the contribution of certain loads (for example
if a systemis added but there is a multiple of these and the factor needs to be increased). As simulated
data can be imported (from iSCAN/iCD) along with metered data it is preferable to turn off the
simulated data as real-world metered data is available. If simulated data is present while there is also
metered data simply set the multiplier for the simulated data to o. The commodity types and whether
the load is a source (generation) or demand (sink) for the building can be amended by double clicking
the relevant box and new demands or generators can be added as required. Ensure these are correct
and add/amend as required.

When the network has been fully developed and the associated building and node details are inputted
a simulation for the baseline model should be undertaken. This baseline network model will allow for
the performance of the building(s) to be viewed and compared to a later scenario network model,
which will include potential waste heat and cold (WH/C) recovery technologies, as well as potential
renewable energy sources to be added, as discussed in the next section.

Select the network to be simulated from the object browser, then open the simulation hub, tick the
‘Network Simulation’ button and hit ‘Simulate’. Make sure the start and end dates for the simulation
corresponds to the dates for which you have simulated your buildings, so that the timestamps of the
imported demand profiles will match the ones of the added assets.
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Figure 50 Running a network simulation within the simulation tab for the baseline model.

During this simulation, the iVN will make calculation at each timestep (6o mins by default) on the
energy generation, total and residual energy demand, CO2 emissions and more. Once the simulation
is finished, we can check the results by opening the analysis inspector, clicking on a node or asset in
the network and plotting any of the variables available in either table results, line charts or bar charts.
Hold control and left click on various assets to select them together and be able to plot different
variables on a single chart. Click then on one of the 3 chart types to plot results.
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05/11/2018 02:00
05/11/2018 03:00
05/11/2018 04:00
05/11/2018 05:00
05/11/2018 06:00
05/11/2018 07:00
05/11/2018 08:00
05/11/2018 09:00
05/11/2018 10:00
05/11/2018 11:00
05/11/2018 12:00
05/11/2018 13:00
05/11/2018 14:00

05/11/2018 15:00

4

= ‘ iVN - SOWHAT PMP, Baseline GA8

=M@ X Line chart = X Bar chart ™ x . Table view = X
Total waste heat production (SOWHAT F Total heat demand (SOWHAT PMP, B: Total electricity demand (SOWHAT P.*
(kW) (kW) | (kW)
2071.97700 3446.02300 2092.14700
212764800 3446.02300 2586.38300
2127.64800 3446.02300 2619.20200
2127.64800 3446.02300 2619.20200
2127.64800 3446.02300 2619.20200
2166.92900 3446.02300 2840.46400
2166.92900 3446.02300 2840.46400
429.90100 4393.20700 1633.78000
42990100 4393.20700 1590.32800
429.90100 4393.20700 1590.32800
429.90100 4393.20700 1590.32800
429.90100 4393.20700 1590.32800
429.90100 4393.20700 1590.32800
429.90100 4393.20700 1590.32800
429.90100 4393.20700 1590.32800
429.90100 4393.20700 1590.32800
»
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Figure 51 Analyse network results table.
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—— Waste Heat Node: Total waste heat production (SOWHAT PMP, Baseline GA8) (kW)
~—— Heat Node: Total heat demand (SOWHAT PMP, Baseline GA8) (kW)
~——— Electricity Node: Total electricity demand (SOWHAT PMP, Baseline GA8) (kW)
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Figure 52 Analyse network results line chart.
4 iVN - SOWHAT PMP, Baseline GA8 =M™ X Line chart = X Bar chart = X Table view = X
3M
2.5M
2M
1.5M
iM
0.5M
0 S & 3 X XY 9
& & ¥ ¥ o +° ¥ & R o <« o
B \Waste Heat Node: Total waste heat production (SOWHAT PMP, Baseline GA8) (kWh)
B Heat Node: Total heat demand (SOWHAT PMP, Baseline GA8B) (kWh)
M Electricity Node: Total electricity demand (SOWHAT PMP, Baseline GA8) (kwh)
Figure 53 Analyse network results bar chart.
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6.2.31VN network model scenario
As explained in the previous section, the virtual and physical network models can be seen as two
different aspects of the iVN network modelling platform:

e Thevirtual network modelling provides simple Hierarchical Demand Aggregation and Supply
Allocation (HDASA) whereby waste heat network nodes represent the points in the network
where the demand for commodities is aggregated at a node and the allocation of load is
generators connected to this node.

e The physical network modelling is a more complex modelling approach that considers the
real-world infrastructure that connects the building (e.g. electric cables and water pipes)
within the model and site., which allow the network model to include distribution losses, and
a more accurate picture of how to network operates.

For both modelling approaches, virtual and physical, it is possible to address different scenarios
without affecting the existing baseline network model. To do so, from the object browser, right click
on the project name and select ‘Copy to new scenario’. This will make an exact copy of the model,
including both the 2D virtual network and the 2D physical network views, which you can then rename
as you wish.

For the following example the scenario that is being shown below is one where the 2 buildings have
independent cooling systems (i.e. cooling required in a manufacturing building). The waste heat is
then transformed though a heat exchanger to supply heat for another building. At this time the
physical network will not be modelled so physical infrastructure will not be included (details on the
physical network modelling approach are introduced in Section C).

As it can be seen cooling source nodes are connected to buildings, which are then source buildings
for a waste heat node. This waste heat node is the source for the custom installation asset which
would have to be configured and have relevant technical details associated to it as per the heat
exchanger system that does or could theoretically exist. This heat exchanger custom installation
asset is then the source of the heat node, which in turn is the source of heat to meet the final building
heat demand.

The custom installation asset, which has been classified as a heat exchanger in this example, has no
innate properties, unlike the other standard assets that have preconfigured operations and input
variables, which can be edited directly in the iVN Data inspector. As such this custom installation
asset allows the user to define the function and operation through Python scripting which can be
assigned to this custom installation asset through. To do so, a custom installation asset can be
dragged from the iVN Asset Library into the 2d virtual network view, then connected to the waste
heat and heat nodes of the network model scenario, and the relevant Python script isimported to the
iVN, as illustrated in Figure 56 and Figure 57.

One of the main activities carried out in the SO WHAT project has been to develop Python scripts,
which can be associated to an iVN custom installation asset, for each of the waste heat/cold recovery
and exploitation technologies introduced in previous Section B.6. Note these Python scripts are
commercially sensitive, so the user should contact the SO WHAT project partners at
info@sowhatproject.eu for more information needed in relation to these scripts.
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Security level:

For this example network, we have some of industrial waste heat resource potential which is then
being recovered through a waste heat-to-heat (WHTH) system, in particular a district heating heat
exchanger (DHHEX) is being used, as detailed in D1.9 report (modelling algorithms) and in D4.3
(integration into the detailed version of the SO WHAT tool. This DHHEX has been pre-coded for
modelling use, although specific inputs are required. The image below highlights the variables that
require user input into the Python script for the DHHEX technology, which can be performed either
before after importing the Python script into the iVN. These are specific technology inputs and must
be found and assigned for the technology/equipment that is to be implemented in the system. This
table below is an excerpt from a larger table which includes other waste heat/cold recovery and
exploitation technologies and the variables that are to be input by the user, as further detailed in D1.9
report.

# |~ |Cateqory - =T Acronym| ] List of result vari i N ~[VI-to-custom installation input
Hot fluid heat capacity rate (C_h) [KWiK]
Cold fluid heat te (C. W
old fluid heat capacity rate {C_c) (kW/k] Mass flaw rate of the heat source (m_hs) [kgls]
Capacity rate ratio (C*) 01 i
Masximum heat transfer rate (0_max) [kW] ’\:“'ﬂ‘ eatel f‘h “Id’:l“,;’ P [’k ) 9
ol | WETE N | St s Treatam Pt exthissapers Barmolotion] DHHEX | Number of heat transfer units (NTU) [/] ass flaw rate of the cold fluid (m_c) [kals
; Specific heat of the cold fluid (cp_c) [Kifkg-K]
Exchangar heat transfer effectiveness (epsilon) (1] ;
Heat transfor ate (Q) B Inlet temperature of the heat source (Ths_in) [°C]
[ mper; re of the hd fil Te) [
Heat source outlet temperature (Ths_out) (*C] nlet temperature of the cold fluid (Tc) °C1
Cold stream cutlet temperature (Te_out] [°C]
et anser ate ) Gl iass flow rate of the hest source (m_hs) (kg/s]
. Spacific heat of the heat source (cp_hs) [kJikg-K]
Cold fluid cutlet temperatura (Te_out) [°C] !
Inlet temperaturs of the heat source (Th_in) [°C]
LMTD counterflow [°C] .
- . D utlet temperature of the heat source (Ths_out) [°C]
: :’“r" M;[D’] 1 Mass flow rate of the cold fluid {m_c) [kgls]
orrection factor
Spacific hest of the cold fluid kg
Maan temparature diffarance (0Tr) <) s temparsae o o cold A3 ey o)
Heat transter area () [m3) -
Eurchased cost of the hest exchanger at base conditions (Cpo) (€]
Prassure factor (FP) /]
A . Material factor (FM) 1]
1 [wHTH District heating heat exchangers (costing) DR | ol cost factor (FBM) ] f
Purchased cast of the heat sxchnagsr st resl conditians (Cp) €]
Bare module cost (CBM) [¢]

Figure 54 Variable input data required for DHHEX systems.

Below shows an extract from the DHHEX Python script which requires user variable input as noted in
the image above.

21 import numpy as np # is required for mathermatical functions e.g. log()

22 def DHHEX(INPUTS):

23 if INPUTS == []:

24 MODE=2 # 1: Simulation, 2:5izing

25

26 # parameters

27 m_hs=1.@ # Mass Flow rate of the heat source [ka/s]

28 Cp_hs=5.20@ # Specific heat of the heat source [K3/(kg.K)]
29 T_hsin=118 # Inlet temperature of the heat source [ec]

E:]

31 m_c=.4 # Mass Flow rate of the cold fluid [keg/s]

32 Cp_c=4.288 # Specific heat of the cold fluid [K1/(kg.K)]
33 T_cin=1@ # Inlet temperature of the cold fluid [ec]

34

Figure 55 Extract of Python code for DHHEX system and some of the variables requiring user input.

To note, this code extract does have more variable inputs required within the script. This is one of the
many scripts for the various technologies identified and all require different variables to be input.

As it can be seen in Figure 5o, when all the nodes are selected in the workspace 2d virtual network
model view, they are also highlighted in the Object Browser and their details (which can be edited as
required) are shown in the Data Inspector section.
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Figure 56 Simple heat recovery network in schematic view in iVN.

The Python script to be associated with the custom installation asset called “Waste Heat Exchanger”
must be imported and assigned to this custom installation asset. For this example, it is the DHHEX

scrip as noted previously.

© Import

Welcome 7Yy
(5 iemuink [ vt oo b (B) == '|
New >
ISCAN Link
Open
(> |
[ setect fitegs) for import F3
Export :@ Weather Data
« v 4 1 > ThisPC > Documents > DHHEX VN Python 3} Search DHHEX W Python
Save 2 || Openstreetvap
Save As Organise = New folder =+ ™ @
P Ricardo Script ™ Name Date modified Type Size
Settings = This PC A DHHEXS 03/06/2022 12:46 Pythan File 208
2D Objects # DHHEX v5_ModeRating 03/06/2022 12:50 Pythan File 208
B Deskcop [ DHHEX_v5_ModeSizing 03/06/2022 12:50 Pythan File 208
= Documents. v
File name: | DHHEX v5 | |Python scripts ¢y ~
==

Figure 57 Importing Python script for custom nodes such DHHEX.

Then within the model select the custom node and assign the relevant scrip to it.
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Figure 58 Attaching imported script to the custom node in the iVN.

Now that the parameters are set up, the network model scenario can be simulated, prior to compare
these simulated results against these of the baseline network model that was simulated in the
previous section. To do so, select the network and run a simulation. You should then review the
results in the Analysis Inspector tab and be able to compare them to the baseline (real life) model
allowing for the impact of this technology on the network/site/building to be analysed. Multiple
theoretical/analysis simulations can be conducted where the network configuration and the variables
assigned to the nodes and Python script (for the custom node for the waste energy technology) can
be amended and changed to suit various scenarios and compared to the baseline model.

To note, this is a simple example. A real-life building network model will likely be more complex than
this and it should be expanded to be as detailed as possible to include all relevant nodes and building
systems that produce and consume energy.

6.2.4 Comparison against baseline results (inc. export of simulated results for baseline and scenario
network models)

As mentioned in previous section, in iVN, it is possible to compare results from two or more different

scenarios. Let’s try to compare an example baseline network model to a scenario of this baseline

model in which renewable sources have been added, namely solar-PV panels in this case.

To do so, open both modelsinto the 2D view, select the main electricity node in each network holding
the control button, and then plot the residual electricity demand as a bar chart for the whole year.
Remember you need to simulate both network models before being able to plot results.
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Figure 59 Comparison between scenarios - energy use reduction

In this example, we can see how the demand has decreased across the whole year thanks to the use
of solar energy, especially during summer months when the radiation is higher. However, in this
example, there still is quite high energy demand to be offset to reach a positive balance, and new
scenarios could be created in order to analyse the impact of additional or other sources of renewable
energy such as wind, tidal and more.
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Figure 60 Comparison between scenarios — Surplus generation insight
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Security level:

During the weekends, the residual electricity demand even reaches a negative value, which means
there is surplus of generation compared to the site electricity demand. This could lead to either a local
energy market, where feasible, or it could be used to eventually charge an electricity storage to then
re-use the stored energy when most needed. A line chart could be plotted to better understand when
the peak generation/demand happens, to address the best strategy to exploit the renewable
generation, as seen in Figure 60 above.

6.2.5 Export from iVN to iSCAN of simulated results
The “Export results to iISCAN" feature enables users to export iVN result variables to iISCAN to form
iISCAN data channels for use by other ICL and 3rd party tools.

The heading ‘Export’is a new addition to the Homepage navigator bar. The ‘Publish to iISCAN’ section
is where users setup and manage iSCAN endpoints and iVN object results variables for export.

[Bwzser -oravea — o0 x

@ Export

Welc
eeeee (5 publish to iscan

New (e T

Open Acvve prject URL rject Token St Duiete

Maroge || Creck for Updates| | publen

Figure 61 iVN export 'Publish to iSCAN' section

To create an iISCAN endpoint the user selects the *Add iSCAN endpoint’ button. This adds a new row
tothe iISCAN endpoint management table. The ‘Status’ indicator informs the user whether the iISCAN
endpoint URL and token is valid e.g. Ok = green status, Failed = Red status.

There is no limit on the number of iISCAN endpoints that can be added to the table. Selections and
settings within the ‘Model > Object name’ table are persisted at the project level against the activate
iSCAN endpoint.

To avoid sharing sensitive iSCAN endpoint project token data, shared projects do not display the
iISCAN endpoint project token data and instead **** are displayed. Only users that have added the
iISCAN endpoint can manage and edit the iISCAN endpoint row.
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Active Project URL Project Token Status Delete
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Figure 62 iVN export 'Publish to iSCAN" URL and token.

The ‘Model > Object name'’ table lists each model/scenario(s) within the loaded project.

Commodity level result variables per model/scenario are added to ‘Model > Object name’ table by
right-clicking the Network heading within the Object browser and selecting the ‘Add to Publish to
iISCAN' option.

Faiviv 2021 - Untitled
File View Help

DEoese ac ~

Object Browser o x &

|I Iter ... |

~ Project
v Model

3D Geometry

Met

QOpen in new iVN view

Open in new 2D infrastructure view

Add to Publish to iScan
» Project commodities

Figure 63 Object browser 'Add to Publish to iSCAN' option for commodity level result variables.

Commodity level result variables for the selected model/scenario are displayed under the relevant
model/scenario heading in the ‘Model > Object name’ table.

Model>0bject name

A Model
VN carbon
VN commodities
VM tariffs
VN weather

Figure 64 Display of commodity level result variables

2D Virtual’ related objects, except network nodes, can be added to the ‘Model > Object name’ table
by right-clicking the relevant object within the Object browser or via the ‘2D Virtual viewer’ and
selecting the ‘Add to Publish to iISCAN' option.
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Figure 65 Object browser 'Add to Publish to iISCAN' option for ‘2D Virtual’ related objects.

The selected object(s) (e.g. PV array) are displayed under the relevant model/scenario heading in the

‘Model > Object name’ table.

Model>Object name

¥  Model
iVN carbon
iVN commodities
iVN tariffs
iVN weather
PV Array: PV Array

Figure 66 Display of ‘2D Virtual’ related objects.

By selecting the ‘Manage’ button a user can manage the results variables that are to be exported on
an object by object type basis. The ‘Object result variable’ dialog includes a number of default
selections and can be edited by the user.

Object
VN carbon

VN commadities
VN tariffs

VN weather
Building

CHP

Cooling Generator
Cooling Storage
Cooling Tower
Desalination Plant
Electric Heat Pump
Electric Vehicle
Electricity Storage
Generic

Heat Generator
Heat Storage

PV Array

Power Station

Solar Water Heating
Street Lighting
Tidal Power

Water Reservoir
Wind Turbine

[ object result variable

Potable Water Storage

Waste Water Treatment Plant

Result variable

L R A A A A A AR AR A A AR AR R AR AR |

<

Electricity generation

Incident irradiance per unit area

44 4 44 444

OK

Update available

| Manage heck

Figure 67 ‘Object result variable’ dialog to manage the results variables to be exported to iSCAN.
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Once setup is complete. The user is required to select a valid iSCAN endpoint (i.e. active) and at least
1 model/scenario (row) within the ‘Model > Object name’ table. Selection of the ‘Publish’ button
enacts the publish and creation of iSCAN data channels in iISCAN based on iVN result variables.

A progress bar informs the user on the Publish to iISCAN progress.

[ 2020 - Unites — o x
G) Export
Wekors [ publish to iscan
he ([ Network
Open
Import

Save

Save As

[ Publish to ISCAN progress
Creating IScAN channels ([0 19% ]

Figure 68 Progress bar to inform the user on the Publish to iSCAN progress.

Upon completion, the ‘Last exported’ and ‘Update available’ columns are populated in the ‘Model >
Object name’ table.

The following format for exported iVN results variables in iISCAN is as follows:

e iSCAN building = iVN project name - iVN Model name
e iSCAN data channel = Object type name —result variable name

Once completed, the user can either use iISCAN features to post-process the exported results and/or
visualise these exported results directly for analysis purposes, or the user can contact directly the SO
WHAT project partners at info@sowhatproject.eu in order to collaborate on the development and
setup of ad-hoc online Dashboards, whereby specific widgets and pages can be created and tailored
for an appropriate visualisation and sharing of specific KPIs.
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Section C Waste Heat/Cooling potential for the
community

There are several elements to this Section depending on what the user wishes to achieve. Whichever
aspects the user wants to analyse, the first two sub sections — namely (1) identifying an area of
interest and (2) assigning data - need to be completed. From here, the user may set up and perform
analysis on the following:

e Heat and Cooling Demand of buildings
e District Heating Network to supply buildings
e Potential Renewable Energy Sources

How to perform each of the above is explained further in the sub sections below.

1. Identify and select area of interest
The area of interest should be imported into iCD via OSM (Open Street Map). If an
industrial/manufacturing analysis has been done (Section B), then this may have already been
completed, but if not, Section B 5.1 shows how to perform this action. This will allow for base
information for the site and surrounding buildings to be present and for additional information to be
added.

Boundaries for the area may also be imported using an imported shapefile (.shp) which could be
sourced from QGIS (https://www.qgis.org/en/site/) and imported as shown in the figure below:

IES iCIM Client
IES iSCAN Client
Ground textures

Update model attributes
Solar Assessment
Accessibility Assessment
Attribute Visibility

IES iCD Layers

Set VE location

. Include hidden objects in export?

s Exportto VE
Troubleshaoting and licence Export GeoJSON...

TR Impert GeolSON (with attribute mapping)...

e .
About ...

Export CSV...

Import C5V...

Import Excel File...

Export filters and boundaries...

Import filters and boundaries...

Figure 69 Import shapefile
Final manual tweaks can then be made where building geometry has changed or is not correct in the
model /file.
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2. Data assignment
Each building can be assigned various attributes within iCD, which can be edited manually, or
imported from other files (.geojson,.shp, .csv). For SO WHAT, the attributes can be related to:

Most building data can be added in in the area of the iCD software as shown below:

Geometry Characteristics

Building type

Building General information (if known)

Security level: ENSIT

/

SOWHaQ

¥ GENERAL

Object name

Object type = Building
Number of storeys | 6

Building storey height (m) | 3.5

Building type Office

Space type

Glazing ratio (%) 30

Roof type = Flm

Building 3

35

Flat

Building 1

s

v

Figure 70 Building attributes available in iCD.

However, for SO WHAT, the following custom attributes can also be applied to the all buildings
regarding their type:

Commerce
Education
Health care
Hotel
Office

Public administration

Residential
Restaurant
Sport

If the user already knows the buildings energy and heat demand, it can be either imported from
iISCAN and exported to iCD (see Section Bs.2), or created from the use of PLANHEAT software which
is specific to SO WHAT (see next Section).

* X %
* *
* =
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* % Kk
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3. Model the heat demand of buildings in the area using PLANHEAT

It should be noted that the functions performed in the Section are to be completed by a SO WHAT
Consultant using PLANHEAT software. If the user wishes to model the heat/cooling demand of
buildings in their area, then please contact info@sowhatproject.eu.

PLANHEAT is developed by RINA Consulting for the SO WHAT project and integration between the
main SO WHAT software and PLANHEAT has been developed so that current thermal energy
(heating, cooling and DHW) demand per each building at district scale can be modelled.

Reference to the PLANHEAT instruction manual (provided by RINA Consulting, will detail how to
operate it in conjunction with IES analytical software and models while also explaining its
functionality in greater detail.

4. Setup district heating network
To perform this function, the user will need to have iVN software open. The Object Browser displays
objects in the 3D or 2D workspace views. The ability to draw, display and edit parameters (i.e. pipes,

connections, supply/return temperatures, flow rates, etc) for district heating networks in the iVN has
been added for SO WHAT.

In order for there to be a District Heating Network, the following should be present:

e Large, centralised, heat generator facilities heat a circulating fluid (usually water or steam) to
a relativity high temperature.

e Potentially smaller decentralized heat generators that operate with medium temperature;

e Pumping facilities pressurize the circulating fluid so it can flow to the end-points (i.e. the
consumers of heat).

e Ducts and pipelines carry the circulating fluid directly to the end-points or to heating
substations, that act as intermediate facilities with additional pumps or heat exchanges.

e The circulating fluid is exchanged at the end-points using configurable heat exchangers.

e The warm water, which has been cooled at end-points, is returned back to the heat
generators parallel return pipes.

For district heating to be successful, it must consider the availability and cost of fuels (or other
exploitable heat sources), the topology of the landscape (important for the pressurized hydraulics
system) the demand for heat at end-points and the local climate, which heavily influences demand
and operating characteristics of the network.

4.1 Configure assets & draw and configure a district heating network
The 2D virtual network is configured by connecting all iVN assets to the nodes for the types of
network which are to be simulated. The role of the network nodes is to act as decision points in a
network where energy demand are aggregated and loads are allocated (to dispatchable assets), using
a control strategy, in order for the providers to meet the demand. Linked nodes create a hierarchy of
aggregation through parent-child relationships.
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Figure 71 iVN 2D virtual and physical network views.

Users can add 3D building objects to the 2D virtual network by right-clicking the 3D building object in
the Object browser or 3D viewer and selecting the ‘Add to virtual network’ option.

Delete
Add to virtual network

Add to physical netwaork

Figure 72 3D viewer and selecting the 'Add to virtual network’ option.

Auser can also drag/drop assets from the Asset library onto the 'Virtual viewer’ and form connections.
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Figure 73 Drag/drop of assets from the Asset library onto the 2D ‘Virtual viewer’
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Upon creation of a 2D virtual network users can also create a 2D physical network (previously known
as 2D infrastructure (Level 2) network) for electricity and heating. The 2D physical network viewer is
a single viewer that displays both electricity and heating/cooling physical networks.

With exception of network nodes, users can add objects displayed in the 2D virtual network to the 2D
physical network by right-clicking the object in the Object browser or virtual network and selecting
the ‘Add to physical network’ option.

Heat Node

CHP

Select virtual item for connection

Add to physical netwark

3
Science Park
Reception

F‘m\

Figure 74 2D virtual network view 'Add to physical network’ option.

To form physical connections between objects in the 2D physical network viewer, a user is to right-
click the object of interest and select a ‘Draw’ option. E.g. the CHP object in the 2D physical network
viewer enables a user to draw an electricity and/or heating physical connections (branch, pipe) from
the CHP to another object.

Figure 75 2D physical network viewer ‘Draw’ option.

The ‘Draw [network type] name’ is a polyline feature enabling users to form physical connections
based on map topology. Heat junction(s) and bus(es) for heating and electricity physical network
respectively, are drag/ dropped from the Asset Library onto the ‘Physical network viewer' and
connections formed.
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Heat Junction

CHP

Figure 76 2D physical network viewer '‘Draw [network type] name’ polyline feature.

Upon forming and completing physical connections between objects in the 2D physical network
viewer, simulations are performed via the Simulation hub. The action required to conduct the
simulation were explained in Section B 6.2.2, so please refer back to this.

Results are analysed via the Analysis Inspector, which is explained in more detail in Section B 6.2.4,
so please refer back to this.

5. Understand the potential supply of energy from Renewable Sources
It should be noted that the functions performed in the Section are to be completed by a SO WHAT

Consultant using PLANHEAT software. If the user wishes to understand the potential for renewable
energy sources in their area, then please contact info@sowhatproject.eu.

PLANHEAT is developed by RINA Consulting for the SO WHAT project and integration between the
main SO WHAT software and PLANHEAT has been developed so that potential renewable energy
sources for a given area can be assessed in the PLANHEAT software, and the results displayed in the
SO WHAT tools. The renewable energy sources that can be assessed are as follows:

e Biomass
e Wind turbines
e SolarPV

e Solarthermal

Reference to the PLANHEAT instruction manual (provided by RINA Consulting, will detail how to
operate it in conjunction with IES analytical software and models while also explaining its
functionality in greater detail. Once the potential for supply of energy from renewable sources has
been assessed, this can also be simulated in iVN for potential integration with existing manufacturing
site or district models.
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Conclusion

Overall, this report has provided a manual for the SO WHAT commercial/advanced tool which can
now be used as a step-by-step guideline to enable new users to investigate ways to recover and
exploit their waste heat and/or cold (WH/C) resource potential, either by re-using this resource
internally (on-site) or by distributing it externally (to local district buildings/sites through a district
heating/cooling network).

How to install the necessary software and how to utilise the tools to develop a model appropriate for
waste heat/cooling energy recovery and been explained as has how to prepare the models, upload
data, run simulations, and review and analyses the results.

A methodology on how individual sites may identify relevant waste energy recovery technologies to
investigate and model as well as the relevant building and data that would be best suited to this
analysis has also been included.

Following this report, the next steps are to adjust it so that it can be formally used as a User Manual
(mainly by removing the Executive Summary and Conclusion), and then to also create and Online
Version which will act as D4.6 Delivery of self-learning modules. Following this, training videos will
also be created as part of D7.6 Training Resources for Relevant Stakeholders.
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Annex A — Data Checklist

Demonstration Sites Data Checklist Example
Participant Organisation Name Code IESRD
Participant Location Dublin (IE)
Participant Sector R&D
Respondent Title Facility Manager
. Readily
Industrial site information /Ny acc(e"s/s'zl;le? v | Specify or Comment
Industrial site layout, plans, at a site level pdf, dwg, dxf files
Industrial site audit report and year of completion Audit report number and year of completion
Industrial site list of processes process = e.g. production line and components within this
Industrial site list of services servife = e.gi bailer_, chiller, air-compressing syst?mr etc.,
that is not directly integrated as a component within a
Industrial site list of input and output material type(s), e.g. cold water (m j‘), hot water (m 3}, solids (kg), liquids
quantity unit and range(s) of temperature (m*), recycled (kg), etc. input temperature below 100°C,
Industrial site list of input and output product type(s), e.g. biscuits (kg), dough (kg), etc. output temperature
quantity unit and range(s) of temperature within 75-100 °C range
Industrial site layout, plans, at industrial process level pdf, dwg, dxf files
Industrial site energy storage system type (thermal, e.g. ice thermal storage, 200 MW
Industrial site energy storage system location and pdf, dwg, dxf files or other diagrams
Industrial site and/or industrial process logistics strategy |e.g. just-in-time manufacturing process, production line
Industrial site and/or industrial process final product stock |e.g. final product stock constraints, average final product
capacity and location on-site units stocked on-site, minimum and maximum stock
Are there any Industrial site energy sub-metering and/or |e.g. Yes, overall energy consumption (gas, electricity,
production data monitoring systems installed? If so, heat, etc.), i.e. for all manufactory site processes,
Where are the data collected from Industrial site sub- ’
. o e.g. online database
metering and/or monitoring systems stored?
Waste heat/cold recovery & Renewable Available?| REY |opreaple? .
.. ) |Recessible? 0| Specify or Comment
heat/cold and electricity (Y/N)
insting waste heat-totpower c?nversion technologies e.g. ORC (Organic Rankine Cycle) etc.
(including waste cold) in operation or installed
Existing waste heat-to-heat recovery technologies e.g. Heat recuperators/regenrators, Heat pumps,
(including waste cold) in operation or installed Sorption chillers, District heating or cooling, etc.
Existing other renewable energy systems (RESs) in e.g. Solar Thermal Collector (STC), Cogeneration Heat
operation or installed for heat/cold or electricity and Power for heating or cooling (CHPH or CHPC), Solar
e.g. Photovoltaics (Solar PV) panels area, inclination,
ientati ti 's dat lectricit)
Document on any waste heat/cold recovery technologies ::Ioe:uZt;Z:: Lpelnopciegldaalelchicly
d RES: ’
an s Solar Thermal Collector (STC) panels area, inclination,
orientation, manufacturer's data;
Industrial site processes information, per ] Readily 2 .
oy |Peeessible? 0 | Specify or Comment
process (Y/N)

Process name

e.g. Biscuit production line X

Process component(s) name e.g. Oven X, Conveyer Y, etc.
Processed product category e.g. Biscuits

Processed product name e.g. Dry Biscuits

Processed product unit e.g. kg

Processed product maximum flow rate e.g. 1500 kg/hour
Production profile for process material inputs and outputs [e.g. On continously

Process energy inputs (electricity, gas, heat, etc.),
consumption (daily and/or weekly and/or monthly and/or

e.g. Daily electricity consumption of X kWh, peak
electricity demand of Y kW

Process inputs from industrial site service(s)

e.g. Oven X is supplied with hot water by Boiler Y and

Process heat/cold output type(s) (air, water, gas, etc.),
strategy (i.e. released into space or extracted?) and

e.g. Exhaust air from Oven X, heat output released into
industrial site space at temperature within 200-250 °C

Process waste heat/cold type(s) (air, water, gas, etc.),

e.g. Waste heat from Oven X exhaust air used for

Are there any process energy sub-metering and/or
production data monitoring systems installed? If so,

e.g. Yes, Oven X energy consumption (gas, electricity,
heat, etc.), exhaust air temperature, and production rate

Where are the data collected from process sub-metering
and/or monitoring systems stored?

e.g. online database

Figure 77 Sample of demo-site data checklist, part 1.
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Demonstration Sites Data Checklist Example
Participant Organisation Name Code IESRD
Participant Location Dublin (IE)
Participant Sector R&D
Respondent Title Facility Manager
Industrial site services information, per i eadiy 2 X
service /N) acc(evs/s':lzle? v | Specify or Comment
Service name e.g. Boiler X, Air-compressing system Y
Service peak operating capacity e.g. Boiler X thermal capacity = 350 kW, etc.
Service operating hours for each day/night of the week e.g. Boiler X operating hours are from Monday to Friday
Service percentage rating (against peak operating e.g. Boiler X operated at 90% of operating capacity
capacity) during operating and non-operating hours for  |during operating hours, at 25% of operating capacity
Service intermittent periods during daily operation e.g. There are 3 intermittent periods of 30 minutes each
Service holiday and servicing periods e.g. Boiler X is usually shut down for servicing from 1st of
Service production calendar e.g. Boiler X production calendar is from 1st of Jan to
Service energy inputs (electricity, gas, heat, etc.), e.g. Daily electricity consumption X kWh, peak electricity
consumption (daily and/or weekly and/or monthly and/or |demand of Y kW
Service output to industrial site process(es) e.g. Boiler X is supplying this processes Y and Z
Service heat/cold output type(s) (air, water, gas, etc.), e.g. Exhaust air from Boiler X, heat output is released
strategy (i.e. released into space or extracted?) and outdoor at temperature below 100 °C
Service waste heat/cold type(s) (air, water, gas, etc.), e.g. Waste heat from Boiler X exhaust air used for
Is there any service energy sub-metering and/or e.g. Yes, Boiler X energy consumption (gas), exhaust air
production data monitoring system installed? If so, please [temperature, and output hot water tempearature
Where are the data collected from service sub-metering .
L e.g. online database
and/or monitoring systems stored?
Automated Meter Reading (AMR) data i ezl 2 .
and energy costs information (Y/N) m(evs/srlu';le' il SResiivioqeemuent
Fossil Fuel Yearly (kWh) e.g. 2250 kWh gas
Electricity Yearly (kWh) e.g. 1862 kWh electricity
Total energy costs for electricity, or break down of month
L energy bills in kWh / cost
Electricity bills e.q. Jan - 100kWh, €60
\feb - 120kWh, €70
Total energy costs for fossil fuel, or break down of month
. . energy bills in kWh / cost
Fossil fuel bills e.g. Jan - 100kWh, €60
\feb - 120kWh, €70
Existing energy metering infrastructure (e.g. smart e.g. electricity smart metering, 15-min time resolution, at
metering) and characteristics (time and space resolutions, |a building level, remote data access and extraction
Existing energy supply tariffs and schemes (e.g. ToU e.g. Electricity Day/Night tariffs, or other time-of-use
Is there any building energy management system (BEMS) |e.g. lighting control
Is there any smart sensor in the building (e.g. measuring |e.g. yes, temperature sensor in building room/area X
VVllﬁlj“dlE TTE Udld TIEJSUTEU TTOTTIT UTE STTITdTr U SETTS0T e'g. anlinedatabase
. Readily
General building information /Ny acc(e"s/s'zl;le? v | Specify or Comment
Building ID e.g. is there any national/local building identifier
Building construction year e.g. 2002
Building condition (Bad, Fair, Good) e.g. Good
Building ownership e.g. Tenancy, Owner-occupied, etc.
Building hours of use (Morning & Evening & Night) e.g. 9am - 5pm Mon-Fri
Building type e.g. Office
Building address e.g. Office, Block 1, Street Name
Building HVAC system type(s) (e.g. heating/ cooling / e.g. Radiators for heating & Natural ventillation for both
Building HVAC fuel(s) utilised e.g. Gas for heating and DHW
Building floor area (GIFA / Net) e.g. 1987 m 2
Building floor plans pdf, dwg, dxf files
Building elevation plans pdf, dwg, dxf files
Building section plans pdf, dwg, dxf files
Building fenestration area e.g.345m 2
Building construction material type(s) e.g. Concrete frame construction
Building Energy Performance Certificate (EPC) level (with |e.g. B3
Site photographs e.g. jpeg files

Figure 78 Sample of demo-site data checklist, part 2.
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