Automation of building energy model calibration for improving
operational efficiency in buildings
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Home to the largest building physics analytics team in the world
-~ ez Developers of the Intelligent Communities Lifecycle (ICL) digital twin .
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ICL Digital Twins for Buildings and

IES’ ICL Digital Twins can be used for monitoring
and management and for predictive modelling

Tackles Uncertainty
= Buildings are used by humans
= Every building is a ‘prototype’

Use of Legacy Systems & Control Technology
= Multiple Buildings, Systems & interfaces

Harness the power of physics-Based Simulation
= Traditionally done only in design

= Not integrated in Building Lifecycle

* Need for multi-year modelling

Use of Al / ML Algorithms
= Useful for data analysis, but predictive
capacity is diminished in novel situations
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IBECOME wants to demonstrate a
combination of novel technologies for:

MARY’S HOUSE

LIGKTS

Reducing bills in a building or facility
through energy savings and demand
response while...

...improving occupant wellbeing and
optimising comfort...

...by leveraging 10T, data analytics and

A ,)) the efficient control of a building...

q| ...while enabling additional services
.1,

L such as EV charging optimisation...
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Services

Additional

Core

Energy-Comfort Optimisation Healthcare Management

EV Charging Optimisation

Measurement & Verification

Car sharing

Demand Response

Fault Detection & Diagnosis Can you think more?

Predictive Maintenance

What-if scenarios
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How we enable those services?
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Physics Enabled Simulation

Based on fundamental
physics principles
Simulates the physics of
energy & heat flow

Real & Virtual Sensor Data ]

= |oT & BMS Data from "
L @ — the Real Building (( ‘ﬁ ))
=  Virtual Sensor Data 2

\\/ from the Simulation J
& \,

f
&
L

Al & Machine Learning
= Enables data driven prediction
Fills data gaps & checks for anomalies

J

Digital Twin

Leverages the best of both Building Simulation,

Sensor Data, Al & Machine Learning




Physics enabled simulation

Prediction of future savings

prediction of impact of potential ECMs before their
installation, fault detections and Measurement and
Targeting (M&T) - Using existing/past data to set future
targets of energy reduction.

Estimation of achieved savings
Energy savings cannot be measured directly. Energy
savings are the absence of energy

Optimisation of energy use and comfort

We generate virtual datasets, simulate operational
ECMs and push the best control strategy to a device to
satisfy specific conditions
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Why is calibration important?

From baseline/compliance to operational model

COMPLIANCE ; 5 OPERATIONAL -

High

Data requirements / accuracy of the model

& Total elecancty (MWh
® Level 2 3otal slecinoty (MvWh

The performance gap

from the European Union’s Horizon

eeeeeeeeeeeeeeeee

10



KUE sumencal_optimsatanmocpt

File Progect Acsons Vew telp

vyaRBBR DO
v Dptesiatos Wookhest s st
WUR - example (a5 NSGA-TT paper)
I Mosd Mo
[%

l Defewson  Cpgacyues Desgn Parpmetess Cocetrints
I Srrator | Grutin Costes

|°’°""5¢ﬂ'¢s Progress

|Optewatce Sertrgs Iobpectees
permeriam 4 5
frpaiation wre 100
[ st sobtion cache ot \
A3
10
15
2 18
LU Adaes

This project has received funding
from the European Union's Horizon
2020 Programme under Grant
Agreement no 854617

Lengthy m
expert enetl

— Required

Pt WUR - exange (a6 NSGAT paper |

~-—-- - ----

How we achieve calibra

canguctivity_grou

Report/
Dashboardz

3

ar_flow_south |

seee B QS Of trial that renliires

Step 2

Step 3
«»

T

Output
{Value Add)

Apache
Operat’

Level 2
Apache
oM

IES Tools

olutions

Base Model

Building

Mockins 26-07- 2010 (1173005 ari)

Autsor: Gordon Aed

Data

2725
S0
MR 723

Convergence

21.5
2

IBEC=ME




Automated Calibration Method

Literature Review of

Accuracy

Complexity

ogies

Computational Effort

Bayesian High High
Metamodel Medium Low High
Profile Optimisation Low Low Low
Whole Building Optimisation High Medium Medium

 Whole building optimisation was selected as it produces the highest
accuracy at least computational effort

« Although profile optimisation is lower in computational effort, the
accuracy of these models are not sufficient for the needs for optimising
building control
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Key problems to sol\'

To be able to use calibrated models for operational efficiency
we had to solve two main problems:

Calibration is a complex problem.

“Historically, the calibration process has been a form of art th
inevitably relies on user knowledge, past experience, statistic
expertise, engineering judgment, and an abundance of trial a
error. [1]"
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Key problems to sol\'

To be able to use calibrated models for operational efficiency
we had to solve two main problems:

IESVE is a desktop suite of interconnected tools. It is not
efficient to run the whole platform on the cloud (yet ©) as it
consumes many resources. Apache is the dynamic simulation
engine,

We had to decouple the Apache from the IESVE platform and

cloudify it in a lightweight version OR use a Reduced Order
Model.




Solution a0

ROM (i.e. simplified model) Apache on Cloud (i.e. full physics model)

Cost effective Cost effective

Highly scalable Highly scalable

Fast simulations as models are not Speeds up complex workflows
complex
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Solution

We developed a Ul and AP|
to allow humans and
machines run physics-
based simulations on the
cloud

We automated many
manual steps in calibration
process that reduce time
and improve calibration
accuracy

This project has received funding
from the European Union’s
Horizon 2020 Programme under
Grant Agreementno 894617

@ Apache Models Simulation

Apache on Cloud

Apache on Cloud is @ web application for running apache simulations and analysis on the cloud

Leam more »

Modelling Services

IES Consulting offer modelling services that
assess and optimise the energy and
environmental performance of the built-
environment across design, operation and

refurbishment

Who Can We Help?

Through our advanced analysis knowledge and
expertise, we offer customised consulting
services 1o meet the needs of Architects,
Engineers, Bullding Owners, Facilities & Energy
Management, Developers, Local Authorities and

Contractors.

Copyright © 2011-2020 - Integrated Environmental Solutions Limited. All rights reserved

VE Training

Whether you are entirely new to the VE, or an

existing user simply looking to refresh your skills,

IES Training offers a range of options to suit all

competency levels
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Current Calibration Process

Manual Process

lterative Manual Process tha
we automated

|ES Best Practice Mode! Calibration Process
Model Inputs and

Assumptions
Compare Measured
= vs. Simulated
Uncalibrated
ncal e Calibrated
Collected & Documented N ) Operational Model! = Operational Model

I Digital Twin

i s Run

Syn( ISCAN IESVE

& IESVE Simulation

Weather and
Measured Data

Check
Input Priority
Matrix

AMR L'sensors
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Apache on Cloud

Optimisation
APR List

e O s S Ee CLOUD SERVICE

building
mode| *
CALIB 5
OPTIMISATION
= METRICS AVALYSIS D
o L/
o i > _ j :

building U API
! @ model @
Find optimal parameter inputs CLIENT

& generate a new model with
best parameters
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- D | T
= w BOE= - AoC Outputs

This certification verifies that: Helix_Operational Model moots the minimum target criteria Defined model outputs may be exported to
Bccavding 30 the EVO Rad ASHENE standuds Export to .CSV file a .CSV file for further analysis / integration
with third party tools.

@ Swagger /swagger.json Explore

Model Calibration Certificate

Calibration on the Cloud €2

[ Base URL; isim.iesve.com/api ]

[swagger.json

Swagger Ul for Calibration on the Cloud API documentations

Terms of service
Contact the developer

Apache 2.0

Validation Data
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Case study

Schneider Electric Building in Bologna
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Results Comparison: Manual vs. Automated Calibrati

Automated Calibration resulted in 27% improvement in model accuracy

Calibration Metrics Comparison

RMSE MAE RMSE MAE

2.5

N

1.

(&)]

Temperature °C

0.

&)

o

Plotter_Air Temperature Showroom_Air Temperature

® Manual Calibration m Calibration on the Cloud
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Results Comparison: Manual vs. Automated Calibrati

Challenges of Manual Calibration Addressing the Challenges with AoC

Lack of standardisation Defined workflow developed

Time taken to calibrate a model has been reduced significantly.

Manual Calibration = 2 days

High costs associated with time intensity Automated Calibration < 20 minutes

(The timings are dependant on model complexity)

Lack of clarity on which datasets to collect SA module identifies the most important datasets

Deterministic approach used to improve [ SA module identifies which variables have biggest impact on model
accuracy, which relies on user expertise accuracy and optimization helps find best fit.

Apache on the Cloud provides an automated process for calibration
which reduces the reliance on the expertise of the modeller.

Lack of automation
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Integration between ph nd data

driven models

. L . . brid del
« A prediction algorithm can now interact  co.simumion AnachenVvEML

with the physics simulations engine in
VE-
4

every time step
ML

 This way we can combine the best of
two methods, including |oT data
collection to enable data driven
predictions and control optimisation
(e.g. optimise heating to maximise
comfort and minimise energy savings
simultaneously)




IBECOME virtual BMS - sample workflow

Building loT

Collect static data manually (drawings-patterns etc.)
Collect data from loT and BMS automatically
Develop baseline energy model

Develop initial calibration semi-automatically

Schedule co-simulations daily/hourly to inform services

Run control algorithms and send to dashboard or device directly if possible
App to regularly check if the model is calibrated

Perform auto-calibration on the cloud or nudge expect to check




RL controller performance test in simulation
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RL controller performance test in simulation
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RL controller performance test in simulation
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RL controller performance test in simulation
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Comparison between iBECOME controller and
standard methods tested in simulation

Results comparison: Energy costs Results comparison: Comfort violation minutes
600 3500 3220
494.8 3000
500 2550
2500
400 365.89 R
€ 2000
W 300 265.18 2
§ 1500
200
1000
100 500
0 0 0 0
0 0
Rule based Max comfort RL Control Rule based Max comfort RL Control
B Energy cost (£) ® Minutes violation Room : 3106 B Minutes violation Room ; 3118

The intelligent controller (uses Reinforcement Learning algorithm)
provides an optimal solution with 25% lower energy costs than the max
comfort scenario without comfort disruption.
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Trial of the vBMS: Demonstration sites

Country Crest, Helix Building, ASP della Carnia,
Ireland Glasgow Italy
Food Processing Facility Office Care Home

World Trade Center,
Grenoble

Business Center
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Summary and Next _

» Calibration is a complex problem, we are trying to find solution
simplify it and use it in operational phase

« We will trial our services in the demo sites and evaluate them

iBECZME
see | g

A Methodalogy for determination of virtual sensors for comfort DOWNLOAD
3 Bifiolsl  ER AL MG

A Automation of dynamic building simulation model calibration and ROM generation DOWNLOAD
(' RLTTE & 433M8

tps://ibecome-project.eu/downloads/

}_ Methodology for determination of virtual sensors and meters for flexiblility —
Biflolsl MMIdawms

pu Control algerithms for energy, comfort and fiexibility optimisation DOWNLOAD
afilelsl @ EOYME

Methodology for determination of virtual sensors for comfort
Bkl ®BABSME

DOWNLOAD
A API generation for Interconnectivity DOWNLOAD
— A Alls) SR O A
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ibecome-project.eu

BA info@ibecome-project.eu
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