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CIBSE TM61-64 series on operational performance

TM61 Operational performance of buildings

TM62  Operational performance: Surveying occupant
satisfaction

TM63  Operational performance: Modelling and
calibration for evaluation of energy in-use

TM64  Operational performance: Indoor air quality —
Emissions sources and mitigation measures




CIBSE TM61: Aims & Scope

* Energy performance gap and IEQ
performance evaluation




CIBSE TM61: Aims & Scope

* Energy performance gap and IEQ
performance evaluation

» Key factors at different stages: Design;
Construction; Commissioning & Handover;
and Operation

Early design decisions & complexity
Uncertainty in IEQ modelling design
Inter model variability

On site workmanship
Changes after design

Incomplete commissioning and hant
User and facility managers training

Occupant role in controls
Automated controls

Longitudinal variability in operation
Uncertainty related to IEQ monitorin
Poor practice and malfunctioning Eq

Early design decisions

Complexity of design

Uncertainty in building energy modelling:
-Specification uncertainty
-Modelling uncertainty
-Numerical uncertainty
-Scenario uncertainty
-Heuristic uncertainty

Inter model variability

On site workmanship
Changes after design (including
value engineering)

Incomplete Commissioning
Functional Defects

Poor practices and malfunctioning
Occupant behaviour

Degradation of systems and material
Measurement system limitations
Longitudinal variability in operation
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CIBSE TM61: Aims & Scope
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« Energy performance gap and IEQ
performance evaluation

» Key factors at different stages: Design;
Construction; Commissioning & Handover;
and Operation

Office Hospital

* Four case studies on holistic evaluation of
operational building performance

Apartment Block



Building performance modelling and
calibration for evaluation of energy in-use C|BSE

Operational performance _\K

CIBSE TMG63

TM63: 2020

« Methodology to evaluate energy performance in-use.

How to use Digital Twins for
Energy POE

« Compliments and extends CIBSE TMb54: Evaluating
Operational Energy Performance of Buildings at the Design

Stage

TM54 TM63
Design Stage Operation Stage

*See Chapter 8: Post occupancy evaluation of TM54: 2022 for links between
TM54 and TM63




CIBSE TM63: Aims & Scope

Framework for M&V of in-use building energy

performance: R —————  Ae—
Gap due to
technical issues
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« Guidance for creating calibrated models (Digital Twins) HEER duefoc,,a,,ges
'§ < in operational §
> requirement >
QL >
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» Determine performance gap accurately and identify its (0
root causes
¢ Separate underperformance due to Changes made to Compliance Design In-use baseline  Actual energy

use

meet functional needs and technical shortcomings calculation  perfomance
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TM63: Model Calibration

Evidence based calibration process

As-designed model

Intermediate model and initial run

Iterative improvement final model
calibration and validation

Partially calibrated model

Sensitivity analysis

BUILDING DESIGN & OPERATION DATA

Baseline Data ~
Fabric, system’s design & controls, occupancy & operation assumptions

PRELIMINARY MODELLING

> As-Designed Model

1

v v
Compare
simulated vs monitored Yes CALIBRATED Use for further
Calibration Check MODEL assessment
if criteria met?

A

I N

Manually Change Inputs

or

Use Automated Optimisation

$ A
n
Partially » w2 8
_p| Calibrated Hted noE %%
Model n g E—g
==
w25
EXPERIENCE-BASED " ;é’

FURTHER FINETUNING n

Best Guess Value
for uncertain inputs and
their probable ranges

Simulations Use methods like regression

Multiple | 5 Analyse Inputs/Outputs

SENSITIVITY ANALYSIS

Calculate Sensitivity &
Identify Hierarchy of
Most Influential
Parameters




Step-by-step TM63

1
framework STEP1 Collect Data —
Collect Building Data Design stage documents, Audits, Metering and
Monitoring, Stakeholder Interviews
Design Stage —
— Compare i
1

Operation data & Design data

1

1
) STEP 2 | Identify Issues and Changes

Identlfy Performance | Discrepancies in building’s use, operaton [~ 7 """~ !
1
1
1
1

settings, systems’ functioning and controls
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1
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1
1
1
1
1
|
1 1
I ! . - !
Ssues ! Operating conditions |
1 1
1 1
Simulation Inputs Categorise ! |
Design stage data to be used — Discrepancies based on nature ! : |
as initial model inputs of the root causes | Technical Problems gkl ro
1 1 1
| | -
1 I : :
. 1
STEP 3 '| Create Design Performance Model ! Lo
K l ' Use design stage data to create a building : As Designed Model ! |
Undertake Mode Ing performance assessment model : 1 :
! -
_______________________ ] I |
1 1 1
1 1
STEP 4 Fine-tune Discrepancies -
. Based in the issues identified in Step 2, modify : :
Calibrate Model the design performance model’s input parameters : :
. . 1 1
| Validate Calibrated Model Lo
Finetune until calibration ! 1
criteria are met, cross-validate ! .
with IEQ performance checks Modify Calibrated Model .
e Technical issues identified in are addressed ~ =~~~ 1
: in the model and reverted to design intents :
! |
1 .
1
STEP 5 ! C
1 _ f ompare .
Create In-use N ' Re CaICl.JIate B.aselme ) _____ Actual energy Technical energy
Using actual operating conditions but assuming use & In-use f
: - S O - pertormance gap
Baseline original design intents are met for technical issues baseline




TM63: Modelling and Calibration case study

* Four storey newly built office building with D
2 _ \
about 6500 mfloor area ‘fﬂjﬂﬂﬂlﬂﬂlﬂll!llllll !“h'lnm
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« Located in South-West England

—
R A —

« Mainly has open plan offices and meeting
rooms

ey i
| S I

/i

=y
v ll/////l/l/l//l/’

=
B
INENy

[

[
it

| T

|

N

N

,g

N

N

N

N
g 4
S

IS

~

oL

S/

S

5‘

=

E

=

il
IR l

» Designed to high energy efficiency
standards
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Step 1: Design vs actual performance

= Heating & DHW Elec

m Cooling

0 10 20 30 40 50 60 70 80 90 100
Energy (kWh/m?/annum)

® Pumps & Aux

Internal Lighting

= External Lighting
= Small Power
m Catering

m Server
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Step 2: Performance gap issues

Changes in Operating Conditions Technical Issues
 There were extended operation hours along * Malfunctioning of heat pumps due to issues
with some weekend use with heat exchangers and flow rates
specifications

The total occupancy was about 25-30% « Heating terminals sizing was not consistent

higher with the LTHW requirements
+ Heating set-point was maintained at about  Server loads were overestimated leading to
2-4°C, higher than the design intent less free heat available for the heat pumps
« Limited use of hot-desking and use of ‘kill- * Some ventilation control sensor y
switches’ to shut off systems in unoccupied malfunctioned and there were high parasitic

areas. loads during unoccupied times
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Step 3: As Designed Model - DesignBuilder

SOFTWARE

CIBSE TM54
Model
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Step 4: Model Calibration

DesignBuilder

SOFTWARE

- a x

Timestamp Name: ‘7,4153 Units: Aggregation method: Number of decimal places:

—_— ] —1
Aggregate Data Missing Values (Low) Outiiers (Low)

Cleaning and
processing of

Enhanced Data Processor :
File Edit Help
TimeStep: None Filter Open in RV
&7 Import Wizard
Channel Selection
Confirm which columns of the CSV file should be imported as channels, and their data types.
Column  Header G Channel Attributes
1
2 T412a find
3 RH_413a @® Missing O Value in range |0 -0
4 €02 4133
5 T402 O Outlier
3 RH_402
7 €02.402 Replace
® Current
g 1409 om Vale 0]
] RH_409
10 C02_409 Generated |:"I'|meslamp T 412a A
| |Current value
n 1Atz 2017/01/01 00:00
12 RH_ 413b Vs
T e 201701010005 o/ 179
14 T.412 21701010030 f 1749
21701010045 of 170
2017/01/01 01:00 J 1730
WUTOUOI015 of 1730
2017/01/0101:30 J 1730
Row: 1 of Column: of -1 Currentvalue:  OriginalValue: 01701010145 o 473
2017/01/01 02:00 J 17.20
WUTOUO10215 of 1720
2017/01/01 02:30 J 17.20
WUTU010245 of 1720
2017/01/01 03:00 J 1747
WOV p 1790
2017/01/01 03:30 J 17.10
W05 p 1790
2017/01/01 04:00 J 17.10
WNTOUOI0415 p 1710
2017/01/01 04:30 J 17.10
21701010445 op 1707
Revoke Approval|

monitored data

Bep | [ Cancel | [ ok
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Step 4: Model Calibration

Weather Station - CAMBRIDGE

Current Station

© Design Analysis
@ Operational Analysis

Operational Analysis

Select year:
2018 v

Manually Select handling new year incomplete data

Use default

Temperature Model

Hourly average Om

T

Calculated Timezone adjustment

v

Urban Heat Island

0h

Climate Analysis

Climate file:

Manually Select Timezone adjustment:

None use calculated

& DesignBuilder

SOFTWARE

Real Weather
Data for
Calibration
Period
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Step 4: Model Calibration

40000 —

39000 —

38000

37000 —

36000

35000

34000

33000 —

32000

31000 —

30000

29000

Monthly Frequency

January, Year 1 - December, Year 1

28000

Metered Electricity, CSV - Actual.drb
— Elactricity:Facility , Elsctricity:Facility [KWh] - Simulated.drb
Data Comparison

Measured

CV (RMSE) 4.16%

NMBE -2.68%
R 0.9336

.
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Table 1 Calibration criteria for energy defined in
ASHRAE Guideline 14-2014

Index Error range
NMBE (monthly) +5%
C,(RMSE) (monthly) 15%
NMBE (hourly) +10%
C,(RMSE) (hourly) 30%

Jan Feb Mar Apr May Jun Jul

NMBE: normalised mean bias error
C,(RMSE): coefficient of variation of the root mean

Square error

Calibration
check for
monthly

electricity use
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Step 4: Model Calibration

Gas (kWh/m2)

Electricity (kWh/m?2)

Temperature °C

6 ® Simulation Actual
5
4
3
2
é I I I I I I I - — — [ I
Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
8
6
4
2
0
Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Measured Air Sim Air —— Sim Radiant Sim Operative —— External
25
T N NN LA AT AT\ NN
15
5
11/08/16 13/08/16 15/08/16 17/08/16 19/08/16 21/08/16 23/08/16 25/08/16

Table 1 Calibration criteria for energy defined in
ASHRAE Guideline 14-2014

Index Error range
NMBE (monthly) +5%
C,(RMSE) (monthly) 15%
NMBE (hourly) +10%
C,(RMSE) (hourly) 30%

NMBE: normalised mean bias error

C,(RMSE): coefficient of variation of the root mean
square error

Cross-Validation
for Dependent
Variables
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Step 5: Operational baseline and the associated performance gap

. 100
/[\

Actual DS —— a
Perceived Ga . ! &
_______ i p R — Gap due to 80 %
i technical 2
Gap due to issues <
changes in 60 5
operational L%a

requirements 40

20

0
Compliance Modelling  Performance Modelling Actual Energy Use

Part L TM54
= Heating & DHW Lighting ®mPumps & Aux. = Small Power ®mServer mCooling
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UCL Institute for Environmental Design and Engineering

TM63: Operational performance

Modelling and calibration for evaluation
of energy in-use

Thank You

Nishesh Jain (n.jain@ucl.ac.uk)
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