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ABSTRACT 
This paper discusses the scientific method with 
respect to building modelling, the likely sources of 
error inherent in the modelling process and the 
common methods of accounting for them.  The 
limitations of doing so is also discussed. 
The discussion is then extended to common 
simulation methodologies used in practice, in the 
New Zealand context.  Three types of building 
simulation are discussed: prescriptive, or those 
carried out using a set methodology; investigative, 
those carried out in a more fluid methodology as part 
of the design process; and predictive, those carried in 
order to estimate a building’s future energy usage. 
The paper concludes with an identification of some 
of the failings of simulation in practice with regards 
to the scientific approach which should be the focus 
of further effort. 

BACKGROUND 
Building simulation is, in essence, a scientific 
experiment.  A hypothesis is tested through 
modelling, the results analysed and conclusions 
drawn.  As with all branches of science good 
experimental design is required to ensure that the 
hypothesis is indeed being tested properly and that as 
many potential sources of error have been eliminated 
as possible. 
Those involved in the production and science of 
building simulation will likely find the following 
discussion academic.  However the use of building 
simulation in practice, particularly building energy 
modelling, is often not carried out with due scientific 
rigour.  The practice of building energy modelling 
often fails to take account of sources of error inherent 
in the building modelling process. 
The design process involved in the creation of a 
building is in essence a series of experiments, testing 
a variety of design hypotheses.  The familiar 
scientific method of posing a question, designing an 
experiment to test that question, and then using the 
test to find the answer to that question can be applied 
to all aspects of the design process, be it determining 
glazing type through thermal simulation, or a more 
subjective assessment of door handles on aesthetic 
grounds. 

However, the construction industry does not appear 
to view simulation as a scientific process, or the 
testing of a building’s design through simulation as 
an experiment.  The usual commercial constraints of 
time and money, along with a general lack of 
understanding within the greater New Zealand 
construction industry, has seen simulation primarily 
used for compliance or rating purposes.  This in turn 
has seen energy simulation come to be viewed as a 
means to an end, rather than an investigative process.  
While the framework around compliance simulations 
ensure a measure of rigour to the simulation results 
(discussed further below) the results are often 
misinterpreted or even misappropriated by some in 
the industry.  For example a developer taking the 
predicted energy use from a standard compliance test 
as indicative of actual performance. 
This has also been seen in research papers.  Turner & 
Frankel (2008) carried out a study of 121 LEED rated 
buildings which compared the predicted energy use 
(modelled as part of the LEED certification process) 
with the measured energy use once built.  They found 
that while a correlation between modelled and 
measured results did exist the residual was weak and 
many buildings under (and over) performed their 
theoretical level. 
While the paper did not document how the two sets 
of data had been normalised to each other, if at all, it 
was referenced by authors cautioning against trusting 
simulation explicitly (Gabe, 2010), while similar 
arguments have been used to question building 
simulation’s validity as a design tool (Byrd, 1994). 
A lot of this criticism concentrates on the possible 
sources of inaccuracies within building energy 
simulations.  These inaccuracies do exist and are 
many and varied.  As in all scientific investigations, 
the modeller must attempt to eliminate their possible 
effects through good experimental design.  Of course 
before one can mitigate any potential sources of error 
one must objectively admit where these errors could 
arise.  

INHERENT ERRORS 
Any scientist must accept a measure of experimental 
uncertainty.  Similarly it must be accepted that 
building performance modelling carries many 
sources of systematic error and bias.  These must be 
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addressed by the modeller, or in any comparison 
between modelled and measured performance results.  
The primary sources of uncertainty and bias are 
discussed in the following sections, though this list is 
by no means complete: 

Weather Data 
The meteorological data files used in annual building 
simulations are designed to eliminate extremes in the 
weather.  Typical meteorological year (TMY) files 
are generated through concatenating real data for 
each month together to create a fictional annual file.  
The months used in the file (e.g. January) are 
selected on a weighted average basis to be the most 
‘average’ January from the available data set (for a 
TMY file the dataset is ideally 30 years (Marion & 
Urban, 1995)). 
Clearly the historical weather file used for the 
simulations will differ from the actual conditions the 
building will experience.  A comparative study 
between modelled and measured performance should 
include an analysis of the relative weather conditions.  
This is typically done through normalising simulation 
results by degree-days, or creating weather files from 
the actual data as it becomes available which are then 
run through the building model used for design. 

Differences in Software and Modeller 
Every software package uses different algorithms and 
assumptions within the calculation engine to derive 
its results.  Furthermore the way the building is 
described within the software, or to the software by 
the modeller, also varies.  Crawley et al (2005) 
carried out a well known study of the BESTEST 
results of twelve different software packages 
(including three versions of DOE, and two of 
BLAST) which compared the results of the standard 
models.  While the relative differences in the results 
of each building option are similar the results from 
each of the various software packages for each model 
can be seen to vary. 
Not only do different software packages vary in the 
assumptions which need to be made, but individual 
modellers will vary in the assumptions they make 
when creating a building model.  These assumptions 
will vary depending on training, background and 
professional judgement and are not deliberate on the 
part of the modeller.  For example a mechanical 
engineer is likely to concentrate on describing the 
HVAC systems, while a passive design expert will 
concentrate on the building fabric.   
Two different people modelling the same building in 
the same software will therefore arrive at different 
results. 

Modeller Bias 
The opinions and expectations of the researcher 
themselves can generate a bias.  This is typically a 
case of the researcher ‘seeing what they want to see’ 
and ignoring, normally subconsciously, evidence to 

the contrary.  Most scientific studies avoid this by 
using a double-blind experimental design however in 
building modelling the modeller is intrinsically 
linked to the model and design process, making 
modeller bias a real possibility.   
The most common example is in the post-
rationalisation of simulation results.  Often the 
modeller, or design team in full, will examine results 
which appear counter-intuitive and create genuine 
sounding explanations for the effect.  In reality the 
effects may often be caused by a poor experiment 
(i.e. mistakes in the simulation) or a flawed 
hypothesis (i.e. the design isn’t actually working as 
intended). 
It is also very easy for the modeller, particularly 
when inexperienced or learning a new software 
package, to believe they have modelled a particular 
building feature correctly when in fact they have not.  
Unfortunately this is becoming more relevant as 
building simulation software develops and becomes 
easier to use.  As software improves, by developing 
GUIs and containing more features, the software 
itself begins to make assumptions in describing the 
building.  The modeller has less and less involvement 
in creating the experiment.  They can feel that they 
have modelled a feature correctly simply because 
they have entered sensible-looking figures into the 
available fields, with little knowledge of the 
implications of those figures or how they are used by 
the software’s increasingly hidden calculation 
engine.  Of course this effect must be balanced with 
the vast improvement in modelling times, which is 
central to the success of building simulation in a 
commercial environment. 
Simulation packages do enable the user to print 
reports on the inputs used and therefore check for 
errors and discrepancies, though the level and extent 
of reporting varies between software, and of course 
individual, who again may be more knowledgeable in 
one particular area. 
Bias of this nature can only be countered through due 
diligence on the part of the modeller.  This author’s 
previous quote is becoming increasingly valid: 
assume its wrong until you can find no reason for it 
not to be right (Arnold, Jackson and Joubert, 2005). 

Accuracy vs. Precision 
This is will be a familiar point to the reader so will 
only be discussed in brief; computer simulation can 
provide incredibly precise outputs.  A building’s total 
annual energy use, a very high-level figure 
vulnerable to all the sources of error mentioned 
above, can be reported to the nearest joule.  This also 
plays a part in convincing modellers and clients that 
the computer simulation is inherently accurate 
(Bannister, 2005). 
In some ways this is an example of the software itself 
doing building simulation a disservice.  During the 
design process this level of precision is excessive as 
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most modelling work requires results only to be of 
the correct order of magnitude.  Certainly, once the 
building is completed and running it is significantly 
more accurate than typical tariff metering. 

ACCOUNTING FOR ERRORS 
The above known uncertainties require careful 
mitigation through the design of the modelling 
experiment.  In best modelling practice this is done 
through the use of a comparative study, a building is 
modelled as designed and the results compared with 
that of an otherwise identical second model which 
has had some sort of intervention e.g. increase in 
insulation levels. 
This is related to the concept of test-retest validity.  
One researcher will carry out some work and publish 
their results, and a second researcher should be able 
to replicate that work and arrive at a similar result.  A 
modeller repeating a one-off absolute simulation is 
likely to experience poor test-retest validity, however 
a modeller repeating a comparative study between 
‘Model A’ and ‘Model B’ is likely to replicate the 
results of any previous work with reasonable 
agreement. 
This is analogous to the familiar two group test with 
a control group used as a comparative baseline for a 
test group undergoing an intervention.  With both 
groups being otherwise equal the effect of any 
uncertainties will also be the same for each group, 
and any observed difference will (hopefully) be 
attributable to the intervention in question. 
While this type of modelling experiment is by far the 
most common there are other situations in the New 
Zealand industry where an absolute modelling 
methodology is used.  In this instance the results of a 
single model (which often, though not always, uses 
standardised testing procedures) are compared 
against a benchmark.  This relies entirely on the 
knowledge and integrity of the modeller to eliminate 
any potential errors (some of which may of course be 
unknown).  The benchmark must also be robust in 
order to provide a reasonable comparison for the 
modelled results, as this is the only test of the 
simulations validity when using this approach. 

MODELLING EXPERIMENTS 
The current modelling methodologies used in the 
New Zealand industry have been divided into three 
non-country specific categories: 

• Prescriptive; those carried out under a 
prescribed framework to demonstrate 
compliance with a statutory requirement or 
benchmark e.g. building regulations or 
green ratings; 

• Investigative; which are used to inform the 
design process or piece of research and; 

• Predictive; those simulations used to predict 
energy use and / or costs. 

The full scope of the simulation work carried out for 
a project may fall into more than one, or all, of the 
categories depending on the required output, the 
common modelling outputs (or motives) are 
discussed below in their own sub-sections: 

New Zealand Building Code (NZBC Clause H1) 
Clause H1 of the NZBC sets the minimum 
requirement for the energy efficiency of buildings.  A 
design team is able to use energy modelling to 
demonstrate compliance with the code at any time, 
though typically only does so if the window-to-wall 
ratio is above the point at which modelling becomes 
mandatory (greater than 40% glazed area for houses, 
and greater than 50% for commercial buildings).  The 
methodology used for the modelling is described in 
two New Zealand Standards (NZS4218 and 
NZS4243) and uses a comparative approach where 
the annual energy use of the ‘proposed’ design is 
compared against an identical (in terms of geometry) 
‘reference’ model using standardised values and 
assumptions.  Compliance is demonstrated when the 
annual energy use of the proposed model is less than 
that of the reference. 
From a methodological viewpoint the modelling 
guidelines described in the standards are robust with 
clear guidance of what building features and 
assumptions may or may not be altered between the 
two models (Isaacs, 1999).  Clearly the use of a 
comparative approach should eliminate all common 
sources of uncertainty, however this author has peer 
reviewed a Clause H1 simulation which used 
different a software package for the proposed and 
reference models, and another where the weather 
files differed.  Rest assured this is in direct conflict 
with the guidelines. 
In general the reference model is intended to 
represent standard practice, it uses code-compliant 
insulation levels and contains no specific ‘energy 
saving’ features.  The one exception to this is that the 
window-to-wall ratio of the reference model is 
limited to the cut-off level for that building type.  
This is a deliberate attempt by policy makers to limit 
the possible adverse energy effects of having 
excessive amounts of glazing.   
This effect is exacerbated in the newest revision of 
NZS4218 which implies that cooling loads be 
considered, regardless of whether cooling is installed 
in the building (NZ Standards, 2009).  It is unclear as 
to whether this a further attempt to ensure a 
reasonable level of thermal comfort or the side effect 
of one of the stakeholders writing policy to suit the 
reasonably new AccurateNZ (Hearne Scientific 
Software, 2011) software package, which considers 
cooling by default.  There has been some discussion 
in Australia as to whether this assumption is valid, 
more in relation to the energy rating of houses 
(Soebarto, 2000). 
It should be noted that the compliance result is based 
on the building’s modelled passive performance only 
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i.e. net heating, cooling and ventilation loads.  A 
building’s HVAC plant must be identically 
represented in both reference and proposed models.  
The intent is to ensure a minimum performance 
standard of the building fabric, rather than 
encouraging efficient HVAC systems.    

Green Star NZ Office Tools 
Green Star (NZ) is the prevalent green building 
rating system currently used in New Zealand.  There 
are currently tools for rating office buildings, schools 
and industrial buildings, with a ‘custom’ rating tool 
under development for rating all other building types.  
The office rating tool currently uses a different 
modelling methodology to the schools and industrial 
tools, however a forthcoming review will change this 
so all tools use the same methodology.  However the 
current methodology is discussed in this section. 
The office rating tool was the first Green Star tool 
available in New Zealand and was essentially 
adapted from the equivalent Australian system.  This 
included the adaptation of the then Australian Green 
Building Rating (ABGR, now NABERS Energy, 
2011) modelling protocol to include some elements 
of the guidelines in NZS4243 with which the New 
Zealand industry was familiar.  These modelling 
guidelines were combined to create a standard test 
which is used to assess all Green Star rated office 
buildings. 
The result is an absolute test where the modelled 
energy use of the proposed building is converted into 
CO2 emissions (based on standard emissions factors 
for each fuel type) and compared against a ladder 
benchmark, the lower the emissions, the more points 
are scored. 
As in Australia the validity of the model is tested 
through the use of an “off-axis” scenario.  In theory 
the off-axis scenario recognises that buildings do not 
always perform as intended and requires the 
modellers to rerun the proposed simulation with 
several common HVAC failures included.  Suggested 
failures vary depending on the HVAC type but 
include scenarios such as disabling the economy 
cycle, including reheat to some areas or adjusting 
temperature setpoints and controls. 
This is to ensure that the buildings energy 
performance is not easily compromised by a simple 
failure or change in operation (Bannister, 2005).  In 
New Zealand the off-axis scenario is rarely 
commented on by Green Star assessors (in the 
authors experience only once in over ten submissions 
despite an attempt in one instance to make the off-
axis scenario appear as unflattering as possible).  
This in turn has resulted in the off-axis scenario 
being treated as a mere formality by modellers and 
given only cursory treatment in modelling reports for 
submission.  As a result the measure of validity 
testing using this approach is weak. 

It should be noted that the same simulation model 
used to determine the number of points for the CO2 
emissions (Green Star credits ENE-1 and 2) is 
normally also used to determine the points for 
thermal comfort (Green Star credit IEQ-6).  A 
simulation can be used to find the Predicted Mean 
Vote (PMV) of the office areas and points awarded 
for improving levels of comfort.  However, in this 
instance the off-axis scenario is not required and 
there is effectively no check on the model’s validity.  
Furthermore the Green Star rules allow a different 
software package to be used for IEQ-6 as that for 
ENE-1 and 2.  In theory favourable software could be 
selected to score well in each credit, though this may 
not have ever occurred in practice.  Separating these 
two simulations breaks the inherent link between 
comfort and energy use, which should be considered 
in the rating of any building, ‘green’ or otherwise. 
A further weakness is that when used for a Green 
Building rating tool the certified points scored, and 
therefore the simulations by proxy, are inevitably 
used to compare one rated building with another.  
The intent of a green building rating scheme is to 
provide a ‘level playing field’ on which all buildings 
are rated and can be compared.  The absolute 
approach used does not provide this level playing 
field.  Two buildings will be compared despite the 
fact that they may have been modelled by different 
people using different software.   This is not a fair 
comparison due to the differences in software and 
modeller’s assumptions discussed above.   
The software bias is a real one in this instance.  There 
is a particular software package preferred by the 
industry for Green Star simulation work, as it is 
known to give favourable results for both thermal 
comfort and energy credits, and therefore a 
potentially higher rating, essentially playing the 
system. 
From a philosophical viewpoint Green Star’s focus 
on CO2 emissions rather than net energy use has 
inadvertently led to designers concentrating on using 
efficient HVAC plant rather than first optimising the 
building fabric.  This is the reverse of good building 
design, and creates the risk of efficient plant being 
used to mask a design failing in the building 
envelope.  This has also meant that simulation is used 
more to analyse HVAC options rather than to 
investigate passive features of the design. 
There is good recognition within the modelling 
community that the modelled energy use from a 
Green Star simulation is not indicative of actual 
building energy consumption once built.  There is a 
feeling however that, because the standard 
assumptions for Green Star differ from those used for 
design and the additional documentation 
requirements, that there is additional work required.  
The simulation is essentially ‘double handled’.  
Furthermore some, but not all, clients are 
disappointed that the predicted ‘Green Star energy’ 
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does not match the actual energy use once built.  This 
is primarily an education issue, though the NZGBC is 
moving to change its standard assumptions in the 
hope of alleviating these two criticisms. 
As mentioned the single model methodology is being 
dispensed with in favour of the comparative approach 
used in the other Green Star NZ tools described 
below.  As the review is currently ongoing it is 
unknown at the time of writing whether any of the 
other points above will be addressed by this tool 
revision. 

Green Star NZ Education and Industrial Tools 
The last prescriptive approach described here is that 
used for the Green Star NZ tools for other building 
types; education and industrial and the ‘custom tool’ 
under development.  These tools were developed 
later and for the moment use a different methodology 
to the Office rating tools.  The fact that a rating tool 
for industrial buildings must deal with a variety of 
buildings (from a warehouse to a factory for 
example) lent itself to a comparative modelling 
approach, referred to in the guidelines as a ‘two 
model’ method.  The development of these tools also 
had the advantage that there was no perceived 
requirement to parallel the approach used in Australia 
– which had heavily influenced the Office rating tool. 
The comparative approach is detailed in the 
modelling guidelines (NZGBC, 2009a) and based on 
those used for Clause H1 (in an attempt to reduce the 
amount of rework between both simulation 
requirements) with some influence from ASHRAE 
90.1.  The performance of a standard reference 
building is compared to the actual design and points 
awarded based on the relative difference in energy 
use and CO2 emissions.  Needless to say this 
comparative approach eliminates most of the 
potential sources of error which could still influence 
the results of simulations for the Office rating tool. 
Basing point scores on gross building energy use and 
CO2 emissions necessitates the modelling of the 
HVAC systems.  The actual model uses the designed 
HVAC system type and parameters, while the 
reference model uses a standardised design.  The 
intent of these parameters is that the reference model 
represents standard practice.  For example heating 
and hot water are supplied by a heat source of 80% 
efficiency with an energy source carbon factor of 
0.25 kg CO2/kWh (compared with 0.18 kg CO2/kWh 
currently used for grid electricity in New Zealand 
(NZGBC, 2009b)) while chilled water is provided by 
a chiller of nominal efficiency.  The air delivery 
system in the reference model is set to a Constant Air 
Volume (CAV) system regardless of the conditioning 
strategy used in the actual model. 
These guidelines give naturally ventilated buildings a 
large points advantage.  When compared with a CAV 
building a naturally ventilated building will always 
have a much lower energy use.  Again, 
philosophically speaking, this may not be a bad thing 

as the aim of the credit is to encourage energy 
efficient construction.  However it could be argued 
that CAV does not represent standard practice in the 
conditioning of a school or industrial warehouse. 
In the case of industrial buildings, which may take a 
variety of forms from an open warehouse to factory, 
Green Star attempts to concentrate on the building 
only and deliberately avoids dealing with the process 
within the industrial building. This is to allow all 
industrial building types to be rated on the familiar 
‘level playing field’.  This is partially reflected in the 
modelling guidelines for these buildings; the internal 
loads from the process must be included in order to 
estimate the energy consumption of any conditioning 
plant, but any energy use directly attributable to the 
process itself (e.g. motors, machinery, etc.) is 
excluded.  A grey area exists around how to deal with 
the situation of the process and building energy being 
integrated in some way, or to offset one another, an 
example being waste heat from the industrial process 
being recovered and used in the building heating 
system.  One could suggest in this instance that this is 
an energy saving measure, and that the energy 
contribution from the industrial process be treated as 
‘free’ as far as the building energy is concerned.  
There is however little in the way of official 
guidance.  
The low number of industrial buildings undergoing a 
Green Star rating (currently only one certified pilot 
project and several others registered) has meant that 
the modelling guidelines have not often been testing 
for this building type.  Therefore the above situations 
are likely to remain formally unresolved for the 
foreseeable future and will probably be dealt with on 
a case by case basis through professional judgement 
on the part of the modeller or during assessment. 
While the energy simulation process is relatively 
robust the same issues are still present in the process 
for the thermal simulation, which is still treated as a 
standalone analysis by the modelling rules, for which 
design teams can carry out a separate analysis using a 
different piece of software.  Again, this may be 
addressed during the current tool review. 

Design Simulations 
Nearly all design simulations fall into the 
investigative category as they are being carried out to 
test a design hypothesis.  They involve multiple 
iterations of the same model with an aim to 
investigate various perceived improvements to the 
design.  This, in essence, is building simulation as it 
is intended.  Provided the modeller takes due care 
and uses sound professional judgement these sorts of 
studies represent best practice in terms of scientific 
robustness.  While they are still vulnerable to the 
sorts of errors previously described the emphasis is 
on the relative difference between to otherwise 
identical model.  Focussing on this difference 
reduces the susceptibility to error. 
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The upshot to this is that on the occasions where a 
Green Star simulation is completed as simply another 
iteration of a full investigative study many of the 
previous concerns around the scientific robustness of 
the Green Star methodology are allayed.  Often 
however a Green Star simulation is completed at the 
end of the design process as a standalone piece of 
work purely for the Green Star submission. 
As stated earlier a good two-sample experiment only 
tests one intervention at a time in order to ensure the 
observed result is attributable to the measure being 
tested.  The same is true in building simulation.  
Unfortunately this approach does not take long to 
create an unwieldy amount of work.  Even a 
reasonably basic study of three different levels of 
glass, mass and insulation requires the simulation and 
analysis of 27 building models (3x3x3).  A seemingly 
simple client request to ‘have a look at a couple more 
options’ can result in (5x5x5) 125 simulations and 
many more hours analysing results. 
As a consequence there is often a desire on the part 
of the modeller to either take shortcuts or simplify 
the experiment in some way.  With experience a 
modeller may also know which simulations are worth 
undertaking, it may be that a focussed study to 
investigate a particular scenario will be just as useful 
as a parametric series of simulations.  This is usually 
further compounded by the far too real constraints of 
time and costs.  In many ways the art of modelling is 
to work within these constraints to ensure a sound 
investigation, and ultimately an improved building 
design. 

Predictive Studies 
Some simulation work is carried out for the express 
purpose of estimating a building’s operating energy 
use and costs.  The client, typically a developer, is 
usually seeking  to quantify operating expenditure in 
order to set the rental rates for their new building.  As 
discussed here and elsewhere at length, this is an area 
in which modelling does not perform well.  The 
many uncertainties (and outright unknowns) render 
the results from such a study all but meaningless.  
This situation makes modellers particularly nervous 
and the results are sent out with careful caveats. 
There is also a temptation on the part of developers 
to take the results from a Green Star or Clause H1 
simulation as an estimation of operating costs.  While 
the methodologies used are more robust than a one-
off simulation, they both use a standardised test for 
benchmarking purposes only – these studies are not 
intended to reflect reality.  Using the results from 
these studies for predictive purposes is akin to 
misappropriating the results of an experiment to a 
hypothesis it was not designed to test. 
In a study comparing modelled energy use with 
measured energy use it is essential to normalise for 
the differences which occur between predicted and 
actual building operation.  In the admittedly small 
number of continuous commissioning projects this 

author has firsthand knowledge of the normalisation 
has only taken account of building operational hours, 
levels of occupancy and internal gains and weather 
conditions.  However, these simple measures have 
seen the modelled energy results agree with 
measured data to within ten percent. 
This process is not available for buildings which do 
not yet exist.  In these cases normalising energy 
results is impractical, if not impossible. 

Design Energy Audits 
The New Zealand Energy Efficiency and 
Conservation Authority (EECA) run an energy 
auditing grants scheme designed to encourage 
building and business owners to carry out energy 
audits and therefore save energy.  In recognition of 
the fact that it is of greater benefit to improve the 
energy performance of a building prior to its 
construction they have, on occasion, extended the 
same grants to design energy simulations, 
particularly for government clients.  This is 
essentially an investigative study as described above 
however, due to the grant processes background in 
energy auditing, it seeks to quantify savings and 
payback times.  In order for a building owner to 
receive the grant they must commit to an energy 
action plan which is an output of the audit (or in this 
case simulations) which suggests the most effective 
energy savings strategies to the building owner 
(EECA, 2011).  Typically the most effective 
strategies are deemed to be those with the shortest 
payback period. 
This requirement means that the design energy audit 
process is a precarious blend of investigative and 
predictive simulation work.  As in an investigative 
study the same base model is used throughout and 
savings from each strategy found through iteration.  
Multiple iterations are also required when more than 
one strategy or feature is added to ensure that any 
‘crosstalk’ between the features is also investigated. 
Unlike an investigative study, the building model 
must be normalised in some way.  While an 
investigative study can describe the results of energy 
saving strategies using percentages (compared to an 
initial baseline model) the requirements of the audit 
require results not only to be expressed in kWh/yr, 
but also in monetary terms to be used as the basis for 
financial decisions.  The performance of the baseline 
model then becomes crucial as the previous 
requirement of being ‘of the right order’ is no longer 
good enough. 
This requires the modeller to make sure that the 
energy performance of the initial ‘baseline’ model 
used as the design starting point aligns with standard 
benchmarks for the existing buildings of that type.  
Furthermore, not only does the total EUI for the 
building have to agree with the benchmark, but the 
breakdown in energy consumption by end-use should 
also match published data (e.g. the proportions of 
cooling, heating and lighting).  Because an energy 
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audit is a detailed investigation of a building’s (or 
site’s) energy use broken down and analysed by end-
use the building model needs to be robust enough to 
give sensible results at this level of scrutiny. 
The difficulties in normalising the energy use of a 
building, particularly one that has not yet been built, 
have been previously discussed.  A further difficulty 
in this case is the lack of benchmark data available.  
There are a few reasonable databases of building 
energy use in the New Zealand context, but the range 
of data is limited and is not often broken down into 
end-uses as required.  While another requirement of 
the EECA audits grants process is that the audit 
results be available to EECA for inclusion in their 
own database of measured EUI information, it is not 
publicly available.  It is hoped that the current large 
scale Building Energy End-use Study (BEES) will 
provide a lot of this missing data.  This study is 
examining the energy performance of a large sample 
of New Zealand commercial buildings in varying 
amounts of detail, from determination of a simple 
EUI to a full energy audit.  This study should 
produce some quality data and benchmarks for use 
by energy auditors and modellers. 
It should be noted that pairing an energy simulation 
with an energy audit of an existing building is an 
excellent use of both methods.  The energy audit is 
used to quantify the energy use of the building and 
calculate the energy balance (the proportional make 
up of total energy use by end-use).  The energy 
simulation is then normalised against the measured 
audit results and used to predict the energy savings 
from the various strategies.  A case study of this 
approach was discussed in a previous paper by this 
author (Arnold, Jackson & Joubert, 2005). 

AREAS FOR IMPROVEMENT 
There are some aspects of the scientific method 
which are crucial to the scientific community, but 
carried out in the construction industry only rarely, if 
at all. 

Peer Reviews  
All good science should be available for comment 
from others in the field.  In the field of commercial 
energy modelling peer reviews are not standard 
practice outside a company’s internal quality 
assurance checks.  This is due to commercial 
sensitivity and the more ‘us and them’ mentality of 
competitive consultants as opposed to the more 
collaborative approach taken in academia. 
Peer reviews are undertaken on prescriptive 
simulation work.  The NZGBC will send a 
submission out to peer review if the usual assessors 
do not feel familiar enough with simulations  to 
assess the work themselves, or if the result appears 
overly optimistic.  Similarly a local authority will 
send out consent applications for peer review if they 
do not have the expertise to carry out the review 
themselves. 

Full Disclosure 
Again the need (or perceived need) of commercial 
sensitivity precludes modellers from discussing all 
aspects of their work openly or sharing building 
models.  This is viewed a matter of intellectual 
property.  There is also a fear that sharing knowledge 
too openly simply educates ones competitors. 

Feedback Loop 
The construction industry as a whole is not 
particularly good at following up on their own work.  
Once a building is complete and (hopefully) 
commissioned the design team simply move on to the 
next design project.  This means that there is no 
common mechanism for designers to test their work, 
or design hypotheses to see if they were correct.  The 
finished building in itself is an experiment in design, 
yet few designers bother to collect the results. 
Energy audits and Post Occupancy Evaluations 
(POE) are critical here to collect the data on the 
building performance, though are not standard 
practice.  As with other aspects of commercial work 
the results from these studies are usually kept 
confidential so the industry as a whole does not 
receive the greater benefit from full disclosure. 
A full and open feedback loop would not only benefit 
the design industry in general, but the building 
simulation industry in particular.  Currently several 
standard assumptions are made in modelling a 
building based on professional judgement and/or 
guidance from software suppliers.  It may be that 
some of these assumptions are invalid, though 
without real data to test the assumptions against their 
validity is unknown, and more importantly, they 
cannot be refined.   
As touched on earlier the BEES study currently in 
progress is likely to be the biggest and best 
opportunity for the feeding back of measured 
performance data into the design and simulation 
process.  The establishment of standard modelling 
schedules is one output expected from this research. 

CONCLUSIONS 
This paper has discussed the application of scientific 
experimental design within the context of building 
energy simulation.  Energy simulation has come 
under criticism for a perceived lack of scientific 
robustness.  This perception is based partly on 
comparisons of modelled energy use with the 
measured energy use of the same building once built, 
and partly on the number of sources on error inherent 
in the building modelling process.   
Some, but by no means all, of these potential errors 
have been discussed namely, differences in weather 
conditions, software and modellers, and accuracy vs. 
precision.  All the above errors can be mitigated 
through careful simulation experimental design, 
normally a comparative and iterative approach.   
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Three types of modelling experiments were 
introduced and examples discussed from the New 
Zealand context.   
Prescriptive studies include those for building code 
compliance and ratings using the New Zealand Green 
Star tools.  These simulations are carried out within a 
standardised framework and usually have a high 
degree of scientific robustness.  There are concerns 
around the Office Tools which currently use an 
absolute approach with little practical verification. 
Investigative studies involve the use of simulation to 
analyse and improve the design and performance of a 
building.  This is the type of study that simulation is 
best at, and is in many ways the method in which the 
software is designed to be used.  Careful 
experimental design and sound professional 
judgement are still needed here to ensure the validity 
of results.  These studies are often constrained by 
limits on time and money. 
Predictive studies are those which seek to estimate 
the future energy consumption and/or costs of a 
building.  Building simulation performs poorly in this 
regard due to the uncertainties discussed.  An 
example of a formal predictive study in New Zealand 
are design energy audits.  There are real concerns 
about a modeller’s ability to ensure their results 
validity in these instances.  Unfortunately it is these 
simulations on which building simulation often 
appears to be judged.   
There are other areas in which modelling practice 
could improve or where there is no real parallel to the 
full scientific method.  These are related to the peer 
reviewing and disclosure of each others work, and 
the feeding back of actual performance data into the 
design process.  Designing and constructing a 
building is an experiment in itself, yet few people 
bother to collect the results. 
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