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Model calibration as an

Enabllng Data SClence Purumeters

. unit shape

. bathroom location

. entry point

. WWR, sill height, window height

. Orientation (o, 30, s0, 0, 120, 150, 180, 210, 240, 270, 300, 330)
. Month/day/hour

. daylight illuminance grid size.

application

Our free and open-source
toolkits

What’s next
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e~ Directory

Building Energy Software Tools

Formerly hosted by US Dept. of Energy

Search Software And Training

Total Results: 207
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Enabling Data Science via R
* |/O processor for structured 1/0

« Parametric manager for flexible and
extensible simulations

N US g S Jia, H. & Chong, A. (2021). Eplusr: A framework for integrating building energy simulation and
DEA

e e o data-driven analytics. Energy and Buildings, 110757.
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Structured I/0O

Relational Database | Object-oriented | Tidy data

-
saL
* Large volumes of simulation
data easily reduced to focus
analysis on the most relevant
data
group_by()

» Take advantage of R data
wrangling and visualization
capabilities

TINUS Goess
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AlB[C[D]
| [ select()

summarise()

arrange()

mutate()

left_join()

geplot()
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Parametert; = t},t2,...,t7
A

I ) - Parameter ty = t3,t2,...,t0
a ra I I l etrl C measure(idf, 21, t2, 3, t4, t5) 7‘ $apply_measure ()/L Parameter t3 = té, tg, 00090
Parameter ty = t},t2,...,t}

Parameter t; = t1,t2,...,t2

Manager

Parametric Models

®
®
_64
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« Easy management of large
parametric simulations

* Runs all parametric e —
simulations in parallel S V0 = v

$locate output()

. — eplusout.err eplusout.err eplusout.err eplusout.err
$list table() eplusoutrdd ||| [eplusoutrdd ||(||eplusoutrdd |f|| ... eplusout.rdd
$read table () :] eplusoutmdd | H feplusoutmdd | H|eplusoutmdd eplusoutmdd

$read rdd()

e - - - -
S$report_data dict() SQL SQI_ SQL SQI.

$reprot_data()
$tabular data()
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Example Application:
Automated Calibration

Casel

IegiCase X | Y Z|A (B |C

Case X Y Z - 1|caset|x1|v1|z1 |a1[B1]cr
Param X Y Z Casel|X1[y1|z1 N Case2 Case2 2 |Casel | X1)Y1)Z1]A2|B2 |C2'
Min_[Xmin |Ymin|Zmin| ~ LHS ~ |Case2|X2|¥2 |72 apply_measure() | — | .eplus_run() == | .data_sim() ' [C3S€2|X2[¥2|Z2 |AT|B1|CT
Max  [Xmax|Ymax|Zmax Case2|X3(Y3|z3 SaL 2 |Case2[X2|Y2 |72 |A2 B2 |C2'
Caseh|Xa|Va|za| Measure Case3 Case3 1|case2|x3|v3|z3 a1 [B1]cr
- 2 [case2|x3 |3 [z3 [a2 B2 [c2:
SQL 1 |cases|x4 |va |z [m [B1]cr
o T — Casek Caseh 2 |cases|x4 |4 [z4 |A2]B2|c2!
.input() A Key1|Variable1| Hourly
Index Mappi RDD B Key2 |Variable2| Hourly data_field()
apping .data_
1|1 data_bc()
N -
2|A2|B2|C2 @ Key Variable Frequency
.output() -
Measurements C Key3 |Variable4| Hourly

. Samplel(X1|Y1|z1
Output variables Sample2 (X2 Y2 |z2

& meters Samol
ple3|x3 Y3 |z3
[I[Yq Sample A |[B [C cpred Bl HDH EYRE Samples|Xé | Y4 |24

Samplet |1 [B1]C1 |Cp sample1 [NMBE1|CVRMSE1
Sample2|A1|B1]CT]C Sample2 [NMBE2|CVRMSE2
sample3 |1 [B1]CT [ sample3[NMBE3|CVRMSE3| .evaluate()
Samples | A1 [B1[C1 [c7= Sample4|NMBEX|[CVRMSE4

MDD g
.post_dist()

.stan_run()

-

Sample1[A2 [B2|C2|CPr prediction()
Sample2|A2|B2 [C2|Ced
Sample3|A2 (B2 [C2 | C,Pred
Sample4|A2 [B2|C2 [C P
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" Continuous Model Updating

initial re-calibration re-calibration re-calibration
calibration

time-series
database

measured data
(training data)

Model continuously updated
using real time data from smart
meter if Web API available

priors

priors
fmodel 3
posteriors

fmodel 2
priors posteriors

fmodeH
define initial _—y L posteriors

priors moc;el 0 .
H » time
tinit tinit+ T tinit + 2T tinit + 3T
BE & NUS g + Chong, A., Xu, W., Chao, S., & Ngo, N. T. (2019). Continuous-time Bayesian calibration of energy
@ e e o DEAS models using BIM and energy data. Energy and Buildings, 194, 177-190.7. 9
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" Continuous Model Updating

Non-continuous

Continuous H

1 month
test data

E i 5 time
1 12 24 36 [months]

[[JTraining data [JTesting data

Metric Predictions over  Predictions over testing data
Training data Non-continuous Continuous

(training = 12 months)  (training = 12 months)
CVMRSE [%] 1.04 29.78 10.12
NMBE [%] -0.00 -28.41 -2.78
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=1 non-continuous Bayesian calibration
= continuous Bayesian calibration
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Our Free and Open-Source Developments % o N . &

Released under the terms of MIT License .
GitHub

- Bayesian calibration using Stan 6
https://github.com/adChong/bc-stan

. @ eplusr — R package for integrating EnergyPlus with R

https://github.com/hongyuanijia/eplusr | https://cran.r-project.org/web/packages/eplusr

. % epwshiftr — R package for creating climate change projection

weather files for energy simulation
https://github.com/ideas-lab-nus/epwshiftr | https://cran.r-project.org/web/packages/epwshiftr

12


https://github.com/adChong/bc-stan
https://github.com/hongyuanjia/eplusr
https://cran.r-project.org/web/packages/eplusr
https://github.com/ideas-lab-nus/epwshiftr
https://cran.r-project.org/web/packages/epwshiftr

for Building Ener

https://forms.office.com/r/AuvbwnH6Xj
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y Simulation

Free, Open-Access, Web-based Book

1R Basics

1.1 Coding fundamentals in R

1.2 Importing data
1.3 Tidy data
1.4 Dates and times
1.5 Pipes
1.6 Regular expressions
1.7 Functions
1.8 Cheatsheets
2 Explore
2.1 Specify outputs
2.2 Visualizing data
3 Modify
3.1 Parse model

3.2 Model structure

3.3 Object interdependencies

3.4 Modify inputs
4 Program
4.1 Measures
4.2 Parametric simulation
4.3 Optimization
5 Calibrate
5.1 Sensitivity analysis
5.2 Optimization

5.3 Bayesian calibration

R for Building Energy Simulation

Adrian Chong

2021-06-16

Preface

This is the website for the module PF4213-Building Energy
Analysis and Simulation at the National University of Singapore.
This book will introduce you to building energy simulation and how
to perform data analytics with energy models using R. You will learn
how to get your model into R, simulate it, transform the inputs and
outputs, and visualize and explore them. This book is designed to
be interactive and for you to learn by doing. It is highly
recommended that you do not copy and paste all the code in this
book but instead type them out. Copying and pasting snippets of
code isn’t the best way to learn because more often than not you
are just reading the code at an abstract level without understanding
what it does. In contrast, typing the code forces you to try to
understand what the code is doing.

Structure of this book

Prerequisites
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" What's Next

Open-source web-based High quality open dataset +
visual programming interface open model
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