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o Introduction

Building Energy Simulations (BES) are used:

Design stage

* Inform design decisions (Manz et al., 2018)

* Evaluate occupants' comfort (ASHRAE Standard 55-2013)

* Ensure compliance with energy efficiency codes (Energy Step Code, PRM ASHRAE 90.1)
* Gain credits in building rating systems (LEED and BREAM)
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Introduction

“The process of reducing the uncertainty of a model by comparing the
predicted output of the model under a specific set of conditions to the actual
measured data for the same set of conditions” (ASHRAE, 2002).

However, model calibration is widely recognised as a time consuming activity.
|dentified challenges are:
* Lack of standardization
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This methodology is aimed for buildings
with available time-series data consisting "
of three high-level stages: -

Initial model Is calibration criteria met? Calibrated Model
1. Check input priority matrix and SA

Methodology

results
2. Create data-driven profiles for high
pr|0r|ty InpUtS Create data-driven
3. Determine and fine-tune high- profiles for h 9h priorty
priority parameters. Deine and fne-

tune high-priority
parameters
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Totalled units (energy-related outputs) Untotalled units (temperature, C02)

Methodology — Calibration metrics
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RMSE(unit) =
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Thresholds (ASHRAE (2014) and CIBSE (2020)).

[ Monthly | Hourly |




Methodology - Check input priority matrix
@ and SA results

Based on the end-use of the model, look up the most critical parameters in a model.
Long term applications rely more on envelope properties, short term require day to day information.

Model Application

E n d = u S e S a re : Comissioning

Model Inputs Long Term Urban Energy Pre-Occupancy | Post-construction Ongoing Retro- M&V Short Term
Assessment slmulatlons Commlssloning Commlssloning Commissionlng commissionlng Predlctlon

* Long-term assessment

Building Geometry
Q A (elevations, sections & floor High High
* Urban energy simulations J
. del-based g m
Model-based commissionin e
. . . HVAC Equipment Schedules & di di

* Pre-occupancy commissioning Spcicaons s | o

Lighting Layout Low |
H H H H Plug loads Low Low
* Post-construction commissioning

Internal gains (Equipment,

A A a Medium Medium Medium Medium Medium Medium
S e - . .

HVAC Control strategies Low Low Medium Medium Medium Medium

Lighting Operation Profiles ““m

* Measurement and verification o _weor | v | N TR S SN

-:n_-m-
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site Weather Data m-m--m-
Measured Data

Monthly Electricity ils | Hiigh | """figh =~ Medum |  Medwm |  low | low |  low | low

Monthly Heating Bills | High | High |  Medium |  Medium | Low Low Low Low

<Hourly Electrcty Data | Medium | edium I igh JNII igh W e High High High

< Hourly Heating Doto | Medium | Medium | High | figh | Mgh | Hgh | _ Hgh |
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IE' Methodology - Check input priority matrix
and SA results

Optionally, a sensitivity analysis can provide a more accurate priority list:

 Morris method + LHS (Campolongo et al., 2007).

A growing list of model transforms (lighting gain, equipment gain, infiltration, COP, ventilation rates, ...)
e Space level parameters can be grouped (e.g. by activity, location, floor,...)

A feasible range for each transform and group is required

Transform 1 Space group 1 Elementary effects (EE) for total electricity
e.g. Lighting max
galn Space grOUp 2 i Lighting Equip Lighting  Cooling CoolingSP Equip  Maxocc  Lighting
' Sales Produce Produce SPSales produce Office Sales Office
Transform 2 Space group 1 Elementary effects (EE) for total gas

e.g. Air exchanges
per hour Space group 2 Htg SP Equip Lighting Max occ Inf Equip Lighting T::

Produce Sales Sales Sales Sales Produce Produce

Produce



Methodology — Create data driven profiles

The aim is to take advantage of existing time-series data and incorporate it into
the model in the form of Free-From-Profiles (FFPs) or Parametric Profiles (PPs).

Free-From-Profiles (FFPs) Parametric Profiles (PPs)
FFPs are used to import data coming directly PPs used to characterise dynamic inputs
from a third-party source, e.g. a machine largely explained by a set operation rules.

learning (ML) model. (use syntax expressions)

® FFP_HTGSP_GF - General (°C)

® FFP_Occupancy_MR ® Air temperature - Room L0O: Dev Open Plan Office (°C)

‘ 2000 03 AM 06 AM 09 AM 12PM 03PM 06 PM 09 PM Jan0



IE' Methodology - Determine and fine-tune

high-priority parameters

Initial value from a hierarchy of information sources. Raftery et al. (2011)
1. Data logged measurements

Short-term measurements

Observation from site survey

Interview to operator

Operation manuals

Commissioning documents

Benchmarks

Standards, specifications and guidelines

Design stage information

Lo BY b UT oom B b

Space group 1
Transform 1
Space group 2

Space group 1
Transform 2
Space group 2

Elementary effects (EE) for CVRMSE for total electricity

Coolin
Lighting Equip Lighting Cooling J Equip Max occ

Sales Produce Produce SP Sales Office Sales
produce

Elementary effects (EE) for NMBE for total electricity

. Cooli .
Lighting Equip Lighting Cooling ng‘ng Equip Max occ

Sales Produce Produce SP Sales Office Sales
produce

Lighting
Office

Lighting
Office




IE' Methodology - Determine and fine-tune
high-priority parameters

To fine-tune the parameter values, an optimisation-based method using the Ant Colony
Optimisation (ACO) algorithm is used (Dorigo et al., 2006)

Optimise for all outputs simultaneously . Calculates the

range normalized root mean squared error for all Zi‘r_l(yt_@t)z
simulated and metered outputs (Chakraborty et T N—1

range(y)

The optimisation problem is then defined as finding Imnin f(CU)
the minimum sum of RNRMSE for all outputs °

where x = >  RNRMSFE,,tput
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Case study: Office building

The helix building is an office type building with a floor area of 2,900 m2

The building has natural ventilation and heating is provided by a biomass (main)
Accommodates around 180 people.

Controlled by two thermostats.

The typical temperature setpoint is 23 C, with a night setback of 15 C.

The thermostat has two typical days: working and weekend day.

A server room is equipped with a cooling unit (mini-split).

Currently, the building has 14 indoor environmental sensors at desk level

Smart metering




Case study: Input priority matrix for ongoing

¢ commissioning

The calibration period 01-October-2019 to 01-
November-2019.

Electricity use and space air temperatures hourly
calibration.

The application of the model is ongoing
commissioning. Fixed parameters with high
importance include HVAC layout and schematics and
HVAC equipment and specifications.

Relevant dynamic parameters are: room setpoints, site
weather data and schedules (e.g. lighting, equipment,
system and occupancy).

eSIM 2021

Fixed Parameters

Dynamic Parameters

Measured

Model Inputs Ongoing |

Commissioning

Site Plan Drawings _ Medum |

Building Geometry
(elevations, sections & floor High
plans)

Constructiondetails | Medum |
Air tightness/Infiltration I
HVAC Layout & Schematics I

HVAC Equipment Schedules & .

e High
Specifications
Lighting Layout _ High |
Plug loads _ High |
Room setpoints | Medium |
Internal gains (Equipment, i

Medium

computers, etc)
HVAC Control strategies I
Lighting Operation Profiles I

Equipment Operation Profiles |

System Operation Profiles I

Occupancy Profiles High

Site Weather Data I

Measured Data

Monthly Electricity Bills | Llow ||
Monthly Heating Bills I
< Hourly Eectricity Dota [N
High |




IEI Case study: Data-driven profiles for main
occupied rooms

* Motion detection used as a proxy value to determine occupancy, lighting and equipment
profiles. The occupancy trends are exported to the models via FFPs.

* Heating setpoints are derived from air temperature readings for weekday and weekends. A
PP of the setpoint for each relevant room of the building was created




IEI Case study: Determine and fine-tune high-

priority parameters Abs /Scale
Open plan offices - Equip*™ 0.7-1.3
Model pa rameters ( ): Open plan offices - nghtlng* 0.7-1.3
. * B
« Weather data from station located in the Open plan offices - Inf 0.71.3
: Meeting rooms - Equip* 0.7-1.3
rooftop complemented with METAR data — = —— -
Meeting rooms - Lighting 0.7-1.3
* Ground temperature based on OAT 30-day Meeting rooms - Inf* 07-1.3
moving average Server room - cooling SP* 21-24
« U-Values for Roof 0.155 W/m2K Walls 0.26 Server room - Equip*
W/m2K

Elementary effects (EE) for CVRMSE for total electricity

0 | ; :
pe‘n plan Open plan off Meeting Meeting
offices — . rooms — rooms —
- Lighting

Server room
— Equip

Server room - Open plan Meeting

cooling SP offices — Inf rooms — inf

Equip Lighting Equip

e . . . Elementary effects (EE) for NMBE for total electricity
Sensitivity analysis (350 sims).

The total calculation time was 3352 seconds.

Open plan Meeti Meeti
P . P Open plan off eeting eeting
offices — rooms — rooms —

Equip ~ Lighting Lighting Equip

Server room
— Equip

Server room - Open plan Meeting
cooling SP offices — Inf rooms — inf



IEI Case study: Determine and fine-tune high-

priority parameters

* 500 simulations were required
* The total calculation time was 4394 seconds.

_ CVRMSE before | CVRMSE after
70.35% °C 15.89%

_ NMBE before NMBE after
~10.48% °C 7.09%

Nevis (Meeting room)
Cuillings (Meeting Room)
Grampian (Meeting Room) 1.22 °C 1.36 °C
Consultancy (Open area) 0.97 °C 0.90 °C

.05 °C
Server room 0.47 °C
Torridon (Meeting Room) 0.91 °C
Training (Meeting Room) 1.29 °C
Knoydart (Meeting Room) 1.24 °C
Developers (Open Area) 1.08 °C
106 °C



IE' Conclusion

* The calibration methodology is model-agnostic and relies on a 3-step process

 The process relies on the use of specialised tools for Sensitivity Analysis, Optimisation-based fine-
tuning and calibration metrics computation.

* A SA determined the most relevant variables for the optimisation-based parameter fine tuning

 The ACO algorithm was used to fine-tune the internal gains, infiltration rates and the server room
setpoint.

* Electricity calibration achieves a NMBE -7.09% and CVRMSE of 15.89%.

e Air temperatures were improved in average 6% were kept within the 1.5 C recommended threshold.

* We provide evidence that metered data can benefit the model prediction outputs both at the energy
and space level and that SA and optimisation tools can speed up the calibration process.

fuel/electricity/energyi/total

CVRMSE vs NMBE
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