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ABSTRACT 

This paper presents experiences in developing 

calibrated energy simulation models of existing 

buildings.  These models have been requested by 

building owners prior to using simulation to explore 

the effects of energy saving measures.  However, 

there are a number of difficulties with calibrated 

models. 

 

The methodology used in developing the models is 

given and it is illustrated with examples taken from 

three calibrated models of buildings in Melbourne, 

Sydney and Brisbane  

 

We conclude with an analysis of inherent problems 

with calibrated models.  In light of our experience, 

we recommend how calibrated models might be used 

in combination with energy audits. 

 

INTRODUCTION 

The National Australian Built Environment Rating 

System (NABERS) provides a benchmarking system 

for energy consumption of Australian commercial 

office buildings (NABERS Energy and Water Rules 

2010).  The rating separately assesses base building 

services (air conditioning, lifts and so on over which 

the owners or managers have control) and tenancy 

consumption (under tenant control).  The NABERS 

rating of 0 to 5 stars is established from measured 

annual energy consumption for base building, 

tenancy or the whole building.  

  

Owners wishing to improve the NABERS measured 

energy performance of the base building sometimes 

make use of simulation to predict the effects of 

upgrade strategies.  We have been involved with a 

number of projects where the required methodology 

used was to firstly develop a calibrated model that 

accurately modelled the building as is, and then to 

use this validated model to ascertain the energy 

savings for a suite of improvement measures.  We 

will present a description of the processes that we 

have developed using examples taken from 

simulations of office buildings in Melbourne, Sydney 

and Brisbane. 

 

CALIBRATION METHODOLOGY AND 

EXAMPLES 

Calibrating a model is taken to mean comparing the 

outputs of the model with the real world equivalent 

parameters and adjusting the model so that the two 

sets of data agree.  The focus of this study is on the 

energy consumption predicted by the model although 

calibration can look at other parameters – for 

example temperature.  One of the authors (Taylor) 

has performed such work on a study of a rammed 

earth building (Taylor 2005).  In this study the 

modelled surface temperatures of building elements 

were compared to measured surface temperatures.  

Weather data were concurrently recorded for this 

study. 

 

For the purposes of NABERS, calibration is taken to 

mean that a good match has been obtained between 

the annual consumption predicted by the model, and 

the recorded energy taken from utility meters for the 

base building.  (The NABERS rating itself is based 

on annual consumption recorded by utility meters 

minus any exclusions available to the building such 

as energy used for lighting of a public car park.) This 

is a very gross way to calibrate a model.  It is better if 

parts of the model can be calibrated over shorter time 

periods.  We shall refer to this process as sub-

calibration.   

 

In order to perform sub-calibration, reliance has to be 

placed on sub-metering of the building, or on careful 

auditing procedures described below.  Sub-metering 

is becoming more widespread as building managers 

wish to gain a better understanding of building 

performance and pinpoint faults. 

 

The following sections elaborate on the processes 

that we have used.  

Audit 

For a study that leads to a predicted NABERS ratings 

an absolute assessment of predicted energy usage is 

needed – it is not just a comparative study of say the 

effect on heat loads of changing the glazing 

characteristics.  The thermal modelling - by which 

we mean an analysis of the HVAC system using 

software such as Tas - only one part of the picture.  It 
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is complemented through assessment of all the other 

ancillary energy consuming plant not directly 

represented within the simulation.  Such equipment 

includes the common area lighting, miscellaneous 

exhaust fans and pumps and has to be included in 

order to get an absolute energy consumption.  A 

description of the systems that may be included 

follows. 

 

 Tenant condenser water loop.  Tenant 

condenser water loop consumption depends 

on the units connected to it.  Often a list of 

tenant equipment is available but run times 

are hard to find.  Energy estimation also 

requires circulating pump turndown and 

cooling tower efficiency 

 

 Lifts.  Lifts may be a significant energy 

user.  Estimating lift energy is difficult.  We 

have used data from a variety of building 

that had dedicated lift metering.  We have 

found widely varying consumption based on 

drive type and control (Bloomfield C. 

2011). 

 

 Lighting, Pumps and Fans.  Base building 

non-HVAC pumps and fans may be 

numerous and require auditing as does all 

common area lighting.  Carpark energy and 

lift motor room cooling have to be included 

here. 

 

Typically the ancillary load may account for 40 to 

50% of the total base building consumption.  To 

complete an audit a list of plant, equipment and 

lighting together with times of operation is required.  

Standby loads are also needed.   

 

The auditing procedure is aided by sub-metering.  

Our standard procedure is to develop an energy End 

Use Breakdown (EUB) to establish the ancillary 

energy usage where we try to match metered and 

estimated energy use.  Estimated energy consumption 

is determined by, for example, a count of the lights in 

the carpark combined with information regarding 

their run time. 

 

The ancillary energy analysis is crucial as part of any 

NABERS upgrade as improvement in this area can 

reap large savings.  A lift upgrade may result in 

better savings than a chiller replacement for example. 

 

The building we studied in Sydney had a large retail 

energy component that was excludable under 

NABERS.  In order to estimate the effect of this 

exclusion the ancillary lighting load was confirmed 

using a full energy End Use Breakdown (EUB) based 

on four half-hour sub-meters.  A lighting count was 

executed and operational times established.   

 

Matching of metered and EUB data (Figure 1) 

allowed the pie chart (Figure 2) showing the 

breakdown of the lighting components to be drawn.  

This chart was then used to predict the NABERS 

effect of removing the energy consumption of 

services provided to retail premises from the office 

base building model.  The EUB also included the lift 

lobby lighting which formed the largest portion of 

the EUB (the retail lighting is second largest).  The 

lift lobbies are not excludable under NABERS so an 

upgrade to the lift lobby lighting layout was strongly 

recommended as a very effective measure in 

reducing overall base building energy consumption. 
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Figure 1:  Averaged daily profile for metered and 

EUB data 

 

 
Figure 2: Pie chart of EUB for common area lighting 

 

Simulation data gathering 

Information for the model may be obtained from site 

documentation, but a site inspection is crucial in 

order to have an adequate insight into the building 

and its operation.  This could take a number of days.  

Whilst a site inspection can look at the installed 

chillers and pumps, for example, a more crucial 

aspect is uncovering of the less visible information.  

This includes the control of the building and the 

programming and mode of operation too.  

 

In theory, control algorithms and schedules are 

available from the BMS but we have found difficulty 

obtaining them.  Hence, before a site visit availability 

of the BMS programmer is required.  Analysis of 

building operation can be obtained again from the 
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BMS.  Whilst the BMS contains information 

regarding, say the percentage air-flow in VAV boxes, 

it is not readily available in a useful form, and 

therefore we typical take screen shots (literally – 

photographs for quickness), and laboriously 

transcribe the information into spreadsheets.  This 

does allow us to at least assess faulty operation and 

examine the control ‘in action’. 

 

BMS analysis can also shed light on the degree of 

turndown on VAVs controlling the pumps and fans.  

It also establishes operating schedules for plant as 

well as afterhours use. 

 

If sub-calibration is to proceed then the sub-meter 

data, together with accurate and up-to-date single line 

diagrams, have to be obtained.  We have experienced 

extreme frustration and difficulty with reliance on 

sub-metered data.  To use submeters confidently they 

require third party validation of performance.  

However, the biggest hurdle was ascertaining exactly 

what the meters were connected to.  If the modeller 

does not have total confidence in the supplied single 

line diagrams showing electrical reticulation then we 

recommend that the submeters should be avoided as 

in our experience they can lead to more difficulties 

than solutions. 

 

The ‘hidden’ information described above has to be 

supported by the more prosaic requirements of the 

thermal model which are likely to be available from 

on-site documentation.  Examples would be 

geometry and construction, glazing and shading.  

HVAC plant can be confirmed through inspection 

and performance data is often available in the O&M 

manuals although the current performance is unlikely 

to be the same that of the plant when new.   

 

Refurbishments to the building may be poorly 

documented or not documented at all.  If 

commissioning data is available that also is a 

valuable source of information but again the modeller 

must establish its validity to current operation.   

 

We also carry out floor surveys to establish thermal 

load from occupants, equipment and lights. 

 

Simulation and calibration techniques 

During the process of site investigation, and the 

subsequent modelling, it is important to identify 

those input parameters with the largest error as these 

are the ones that can be justifiably changed to get a 

match between the real building and the simulation. 

 

Some of the parameters that may be considered are 

1. AHU Fan turndown 

2. AHU Fan pressure 

3. Chiller COPs 

4. Chiller pump turndown 

5. Infiltration rate 

Since the weather data used in the simulation is not 

the same as the actual ambient conditions ( unless it 

is possible to construct a weather file from weather 

reading taken on site during the time that energy 

measurements are made) it is only possible to 

compare average values of parameters.  One way to 

do this is to examine seasonal performance via the 

use of pivot charts (a way of averaging data in Excel) 

that allowing averaging over different seasons or 

other times of year as appropriate.   

 

Some examples of the use of these procedures are 

described below based on three case studies.  It will 

be seen that the options available for sub-calibration 

were different for each building. 

 

Case study 1 

The modelling for this large building (80,000 m
2
) in 

Melbourne in Tas 8.5 (EDSL 1982) was predicated 

by a Level 3 audit (AS/NZS 3598:2000) that gave a 

full analysis of base building energy consumption.  

When the modelling was undertaken it was found 

that the chiller consumption was too low.  The 

original COPs, which were between 4 and 5 

according to the information obtained from the 

manufacturer, had been used.  The site inspection 

showed that there was poor air circulation available 

to the cooling towers and therefore the required 

condenser water temperature was probably not being 

attained.  We were also advised that the smaller 

chillers, when operating out of hours on low loads, 

went into hot gas by-pass mode.  Based on this 

information a COP of 2.5 was assumed ( as an 

educated guess) for those chillers having poor water 

condenser temperature.  The smaller chillers were 

assumed to have a minimum consumption of 30 kW 

(excluding associated pumps) when operating at less 

than 20% load. 

 

We note that all our chiller modelling is done outside 

of the simulation software using Excel.  This 

procedure allows us to customise chiller 

performance, staging, pump turndowns and so on to 

accurately match the site equipment and control. 

 

Case study 2 

A 41 storey office tower with NLA approximately 

50,000 m
2
 in the Brisbane CBD was the focus of this 

study .  Modelling was carried out in DOE2.1E 

(LBNL 1991)  The electrical sub-metering consisted 

of some 22 meters that provided half-hourly data as 

well as many meters read manually every month.  

Through cross references of these meters we were 

able to carry out some sub-calibration but a key 

difficulty was the lack of up-to-date single line 

diagrams which show the electricity reticulation 

throughout the building. 

 

The chillers were investigated through the use of a 

half hour submeter.  Whilst this submeter has been 
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installed to read both the chillers and the electric duct 

heaters (!) we were able to establish that the duct 

heaters has been switched off through comparison 

with the monthly meters that had been wisely 

installed to read only the chiller consumption. 

 

The value for our initial chiller energy estimation 

was too low at 1,154 MWh annually compared to a 

measured 1,730 MWh.  HVAC operation hours were 

set from 6 am to 6 pm but as a result of investigation 

of the half hourly data we extended the run hours for 

a group of floors for both weekdays and weekends.   

This change was based on the data shown in Figure 8 

and in Figure 9 where chiller operation can be seen 

at the weekend and for extended periods into the 

night.  This change increased the energy to 1,325 

MWh.   

 

In order to improve the match we reduced the chiller 

COP.  Initially we had allowed for a 10% decrease 

due to age on the original specifications, but a 24% 

decrease allowed a good match of measured and 

simulated data as simulation then became 1,776 

MWh.  No variation in Chiller COP was considered 

for changed operating conditions as is normally 

carried out. 

 

Note that the procedure we used was to firstly work 

with the data that was available and then adjust the 

estimated parameter – the COP – as a final 

adjustment. (albeit a rather large one). 

 

The AC fans in the model had the second largest 

consumption of systems within the building after the 

chillers.  The measured energy was 1,424 MWh.  Our 

first model gave a consumption of 913 MWh.  The 

fan curve we used was the DOE2.1E Variable Speed 

Motor curve shown in Figure 3 

 
Figure 3:  Fan curves from the DOE 2 reference 

manual part 1 v2.1 

 

Total supply fan pressure was set to 600 Pa for 

supply air fans and 130 Pa for return air fans.  These 

pressures were obtained from fan pressure reports 

made in 2002.   

 

To get the fan consumption to match we somewhat 

aggressively used a linear turndown and pressures 

were increased to 800 Pa and 150 Pa.  The energy 

consumption increased to 1,322 MWh. 

 

We note that we have found fan pressures and 

turndown one of the most difficult pieces of 

information to obtain in our modelling – and it is 

quite crucial as the above example shows.   

 

Case study 3 

Our final example is taken from a Sydney office 

tower of 34,000 m
2
.  The software used was Tas 8.5.   

The original cooling system comprised an ice storage 

system originally installed to reap the benefits of off-

peak electricity.  We were able to establish the 

energy this system used from submeters but were 

completely unable to model it as by the time we were 

engaged the system had been removed so that it was 

impossible to ascertain the functional control of the 

chillers.  The unusual way the chillers were operating 

is shown in the pivot table generated figure below 

(Figure 4). 

 

0

100

200

300

400

500

600

700

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

kW

shoulder

summer

winter

 
Figure 4:  Ice making chillers and pumps.  Averaged 

daily consumption for workdays for winter, shoulder 

and summer seasons. 

 

This example demonstrates that calibration could 

only have been achieved by being able to correctly 

represent a malfunctioning system.  The intent of the 

ice storage system was to run the chiller at night and 

only use it late in the day when the ice has been 

‘burned’.  However, the graph shows that the chiller 

is indeed stopped at the start of the day only to come 

on again immediately and is running at maximum 

capacity by 10 am.  In this example, the calibration 

was resolved by ascribing a very poor overall 

effective COP of 1.19 to the whole system but this 

was not a satisfactory solution.  It was only 

appropriate as the system had been removed and to 

calibrate through other means would have been 

extremely time consuming. 
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Half-hourly sub-metered data was available for the 

AC fans.  Through the use of pivot charts an 

averaged daily consumption for summer, shoulder 

and mid seasons was plotted (Figure 5). 
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Figure 5  Fan consumption from metered data for 

AHUs 

 

As the simulation allowed us to extract the modelled 

energy consumption this was done and a comparable 

graph produced (Figure 6).  The fan energy was 

extracted directly from the simulation on an hourly 

basis. 
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Figure 6:  Simulated supply fans. 

 

This is an example where there is a good match 

between the simulated and the measured data and it 

gives a nice example of sub-calibration working very 

well.  It should be noted that this often not the case, 

in part because the installed sub-metering includes 

items of equipment outside of the thermal model.  In 

this building, for example, one of the AC Fan meters 

also included the retail kitchen exhaust – a mix of 

thermal modelling loads and ancillary loads. 

 

Examination of the BMS as described above was 

employed as a way to establish the building control.  

For this building the functional description indicated 

a heating control with a 0.5
o
C hysteresis.  Using the 

technique of BMS screen shots the following figure 

(Figure 7) was produced which is a plot of zone 

temperatures and the operation of the heating. 
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Figure 7:  VAV box heater operation 

 

The analysis supported the BMS control although it 

appears that the hysteresis loop may be wider than 

0.5
o
C.  Whilst this was valuable to establish the 

software used could not model this control and a 

proportional control had to be used.   

 

DISCUSSION 

In this section we examine problems inherent with 

the calibrated model as well as how we might 

consider that a calibrated model is successful. 

Problems 

There are a number of theoretical and practical 

problems with the development of a calibrated 

model.  A simulation typically uses a TRY file for 

weather data that is a representation of the location’s 

weather.  The actual weather for the time period 

under consideration will not be the same as that in 

the weather file.  It would be possible to construct a 

weather file if data were available but this is unlikely 

to be the case.  Hence the correct forcing functions 

for the simulation are unavailable and therefore sub-

calibration is not available on an hourly basis and 

annual consumption of energy would simply be 

expected to differ from recorded energy due to 

different climatic conditions.  However, this is not a 

major limitation to establishing matching of annual 

energy use.  A major issue is considered next. 

 

A simulation models a building operating correctly.  

As we have shown above it is very unlikely that a 

building requiring an upgrade is operating correctly, 

and therefore the simulation will most likely under 

estimate the energy consumption.  This appears to be 

unavoidable, as the software cannot represent 

common failure modes.  Another limitation of the 

currently available software is the lack of 

representation of common control methods as 

demonstrated above.  This problem is explored 

further in a paper presented at this conference 

(Bannister P. 2011). 

 

Mention was made of the use of commissioning data 

as a method for establishing certain parameters.  

However, the modeller needs to be mindful of the 

fact that operation is likely to have changed markedly 

during the years since commissioning took place and 

that the figures are likely to be out-of-date. 
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Whilst commissioning data may provide airflow 

information, (particularly outside airflow rates), the 

one airflow that has to be estimated is infiltration 

unless specialised testing is carried out.  This can be 

challenging where there are openings in retail areas 

directly to the outside.   

 

Sub-calibration can only take place if reliable data 

are available.  The dependability of the data must be 

established during the site visit and if there is any 

doubt regarding its validity it should not be used.  

The use of faulty data can lead to unwarranted loss of 

time as well as increasing the likelihood of reaching 

faulty conclusions. 

 

It is the responsibility of the modeller to explain 

these limitations to clients requesting a calibrated 

model.  The effect of these inherent problems must 

also be considered prior to modelling commencing to 

ensure that appropriate information is gathered as 

well as when interpreting modelling results. 

 

When is a calibrated simulation suitable? 

In our opinion the modelling software has not 

attained the degree of sophistication required to 

establish a calibrated thermal model for a building 

that has commonly employed controls and is 

operating in a failure mode.  These limitations are a 

more serious drawback than the unavailability of 

appropriate weather data.   

 

We believe that a calibrated model is only suitable 

when there is sufficient sub-metered data available 

(that is accurately verifiable) to enable confident sub-

calibration to occur.  All other plant and operating 

details must also be available.  The simulation of the 

Sydney building graphically illustrates when a 

calibrated simulation was not appropriate as the 

adjustment of the COP was a very weak solution.   

 

Success criteria for calibration 

Given that up to 50% of the base building energy 

consumption is likely to be from other demands 

outside the HVAC system then a starting point for an 

upgrade should be an energy audit – not a thermal 

model.  As part of an audit extra meters can be 

installed to record consumption of plant – such as 

individual chillers – that would coincide with outputs 

from a thermal model. 

 

When an audit has been carried out and sub-

calibration can occur then the outputs from the 

thermal model can then be checked and the model 

calibrated.  This comparison allows a degree of 

estimation of failing of the existing plant as well as 

indicating the potential operation of the building if it 

were working optimally.  A degree of skill on the 

part of the modeller is required to understand why 

mismatches are occurring between actual sub-

metered measurements and model outputs to 

ascertain if the model is faulty, inputs are incorrect or 

there is a legitimate discrepancies due to the 

modelling limitations as described above.  Only 

when this procedure has been carried out can the 

‘calibrated’ model be considered successful.  It can 

then be revised with upgrade changes proposed in 

order to attain a prediction of energy use. 

 

CONCLUSIONS 

A simulation model is a valuable tool in assessing 

proposed upgrade measures to an existing building.  

For NABERS purposes, when an absolute energy 

figure is required for the base building, then the 

thermal simulation has to be supported by an audit of 

ancillary plant and equipment that may use up to 

50% of the building’s total energy. 

 

The extent to which such a model may be calibrated 

through its energy consumption predictions depends 

on the information available to the modeller, the 

degree of sub-calibration possible, the operating 

condition of the building and the accuracy with 

which the software can model the building controls. 

 

It is very likely that the thermal simulation will 

underestimate consumption of major plant items such 

as the chillers and AHU fans.  However, it is a 

valuable exercise to see if a reasonably modified 

COP and change to fan curve, for example, can be 

used to obtain an energy match, thus validating the 

thermal simulation. 

 

The use of a calibrated model has to be treated with 

caution but its adoption by a skilful modeller with 

due regard to the inherent limitations is a valuable 

process in establishing a model that be confidently 

used to model building energy efficiency measures in 

existing buildings.  
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Figure 8:  Brisbane model:  Measured Chiller operation for the first weekend of March 2010  

 

 
Figure 9:  Brisbane model:  Measured Chiller operation during the second week of March.  
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