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ABSTRACT

When making design decisions, which can impact on
building capital cost and performance, the design team
has to be confident that the simulation tool is generating
reliable output. Confidence can be gained via several
mechanisms. In all cases data quality is of prime im-
portance. Recognising the quality of data, or the lack
of quality, and how this impacts on the predictions of
the simulation tool is crucial to making informed design
decisions.

This paper describes information sources and their use
with respect to simulation. To elaborate the process, in-
puts and outputs are examined from an example Sup-
ported Technology Deployment. The example demon-
strates effective simulation use for assessing the refur-
bishment of an existing building. Many information
sources were available to the design team, including data
collected from site visits and from interviews with the
building’s occupants. The example also demonstrates
how simulation can be a cost effective solution for a
client.

INTRODUCTION

IBPSA Scotland is involved with the transfer of simu-
lation tools into design practices [McElroy et al 2001].
A key element of this process is a Supported Technol-
ogy Deployment (STD) whereby simulation is used by
the design team within live projects with technical assis-
tance given by IBPSA Scotland. From this work several
issues have been identified as barriers to the practical
use of simulation: training of employees, investment in
computer hardware and software, data collection, and
assuring confidence in results.

IBPSA Scotland is addressing these issues via several
mechanisms, including training events, seminars and
publications, and through the use of a configured com-
puter loan pool and accompanying technical assistance.
This last mechanism is the STD. This allows companies
to use simulation technologies without the need to invest
in new hardware and software, with the assistance of a
simulation specialist to guide users through the process.
Typically, an STD is focussed on a live project, thereby
highlighting the benefits directly to practitioners within
a commercial context.

Even though practitioners are supported by a specialist
there are still barriers to the effective use of simulation.
This paper focuses on those barriers that revolve around
the quality of the data as used to construct a building
model.

PRACTICAL SIMULATION

”The results of modelling work must be
balanced with a suitably pragmatic appreci-
ation of the practicalities of the construction
process and the variability of occupant be-
haviour.” [CIBSE 1998]

Simulation tools have evolved and matured into com-
mercially useful tools over the last decade. This has
been due, in part, to extensive validation activities di-
rected towards a range of simulation tools, e.g. Apache,
SERI-RES, CLIM2000 and ESP-r [Lomas et al 1997,
Strachan 2000].

Generally, the predictions made by such tools are con-
sidered to be acceptable, which would indicate that they
may be applied commercially. However, there are yet
two related barriers to be overcome:

• When applied to real buildings, there is significant
uncertainty as to the correct values of data, and

• the ’correct’ data has to be entered into the tool.

The former barrier is related to selecting the building
characteristics which should be applied to the model,
e.g. the value of casual gains, the thickness of a con-
struction material, or the control set point. The second
barrier is related to user confidence that the values cho-
sen during the initial stage are correctly entered into the
software tool, i.e. the intended model has been correctly
defined. There are several mechanisms to support the
checking of data at this stage, one such facility is dis-
played in figure 1. This data table was automatically
generated by a simulation tool and shows the user per-
tinent data for a zone in their model. As can be seen
surface areas, construction details and boundary condi-
tions are reported initially, followed by air flow and ca-
sual gain data. It is clear from this table that there is a
significant air supply throughout the week, although the
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Figure 1: Section of a QA report.

space is only used for six days of the week. As part of
the STD process the simulation specialist will use infor-
mation such as this to ask questions about the model,
e.g. why is there such a large air supply on a Sunday
when the building is unoccupied?

To use simulation tools in practice requires that the user
be able to review the data entered into the system and
to judge it quantitatively. Given that these requirements
are met, the tool should then provide acceptable perfor-
mance predictions.

APPLYING SIMULATION

An innovative Scottish environmental engineering com-
pany has recently started to employ detailed modelling
to address some of the more complex design issues be-
ing faced by the practice.

In one case, the company wished to employ simulation

to assist with identifying cost-effective methods of refur-
bishing the roof of a factory. The factory comprised two
contiguous buildings: the original being 100 years old
and of sandstone construction, with an extension added
in the 1960s constructed of cavity brick. The factory has
significant overheating problems. In one area there are
110 people working in a floor space of 1800m2, with
high heat gains from occupants, factory equipment and
lighting. Despite an existing mechanical ventilation sys-
tem, air movement in the factory was reported to be
poor, and temperatures of up to 34◦C had been recorded
over a summer period.

The model creation process for this project raised sev-
eral issues of the type discussed above. Original plans
were considered to be inaccurate, the building fabric
was not up to current standards (therefore thermal per-
formance was uncertain), and the heat gains from peo-
ple and equipment were variable due to work practices.
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Figure 2: Results of initial calibration simulation.

However, as the building existed, site measurements and
interviewing of key staff could be carried out in order to
reduce uncertainty in the model inputs.

Simulation process

The following procedure was planned:

1. collect pertinent data to create a suitable model, in-
cluding a site visit;

2. create model and run calibration simulations;

3. compare results with measured temperature data;

4. adjust model if required;

5. apply design changes to calibrated model and ex-
tract results.

Motivation

The factory roof required replacing due to leaks and in
the process it was planned to upgrade the roof’s ther-
mal performance to comply with current UK Building
Regulation Standards. To remedy this the client pro-
posed to over-clad the roof with a new highly insulated
system, including up to 200mm of additional insula-
tion. However, initial simulations suggested that this
would exacerbate the problem of high internal temper-
atures throughout the year. During initial meetings it
was evident that the factory owners were unaware that
this would be the likely outcome. The clients preferred
solution to solve the overheating problem during these
initial stages was to install air conditioning in the worst

affected areas (at a capital cost of £100 000) in order to
make working conditions more tolerable for the employ-
ees. This was seen as an inelegant approach because am-
bient temperatures at the site are typically below 20◦C,
indicating that there is a significant free cooling resource
available.

Simulation aim

The client wanted to achieve the most cost effective
solution to the overheating problem. However, it was
recognised that the re-roofing and cooling plant installa-
tion would be large and potentially expensive projects.
A fundamental reassessment was recommended and a
detailed study with no pre-conceived ideas about solu-
tions was initiated.

Model

A model of the factory was constructed using the ESP-
r system [ESRU 2003] to allow examination of the ef-
fects of heat gains and losses, and air movement within
the factory. The data used was from supplied plans,
schedules and interviews with the factory plant opera-
tors. Initial simulations indicated that despite careful
attribution and checking of the building model, the in-
ternal temperatures and humidity measured in the fac-
tory were not reproduced in the simulation results. Dur-
ing a site visit, temperatures measured in the building
were typically about 25◦C for an ambient temperature
of about 10◦C. Figure 2 shows the predicted temper-
atures in various spaces and the ambient temperature.
The predicted temperatures are significantly lower than
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Figure 3: Results of calibrated simulation.

those measured. This indicated that there was an error
in the model or the simulation tool. Key features of the
zones reported in figure 2 were high casual gains, up to
100W/m2, and high fresh air supply rates, up to 16 air
changes per hour. These data were re-checked and were
found to be entered correctly into the model. After ex-
tensive checking it was suspected that there was an error
in the data specification, i.e. the heat gain or ventilation
data supplied was in error.

QA checking

A key component of a Supported Technology Deploy-
ment is the support available from suitably experienced
users of simulation tools. Using this expert resource the
model was checked for consistency, user errors and data
input errors. After these checks were made (highlighting
some small errors) the model was still predicting tem-
peratures as displayed in figure 2. Clearly the model
was still in error and several ad hoc simulations were
made of perturbed models in an attempt to identify the
source.

It was discovered that the predictions made by the model
could be brought into line with the measurements (fig-
ure 3) if the ventilation rate was reduced by 95%. This
was a significant change to the data used in the model
and a further site visit was arranged to check the flow
rates through the existing ventilation system.

Second site visit

Upon the return visit to the factory it was found that
only 5 of a total of 125 fans were actually operating,

hence validating the calibration process outlined above.
It was later discovered that very little maintenance had
ever been carried out (over a thirty-year period) on the
ventilation system.

Therefore, the initial information supplied was in error.
These errors were compounded during the initial site
visit where the maintenance manager indicated that the
ventilation system was well maintained. The second site
visit with its focused purpose (the measurement of ven-
tilation system performance) based on the results of the
initial simulations, identified the errors in the supplied
data.

Having thus calibrated and gained confidence in the
model, it was then possible to re-assess the actual fresh
air ventilation requirement to achieve comfortable room
temperatures with the existing and proposed new roof
constructions.

Simulation outcome

Based on these results, the client no longer needed to
consider air conditioning. It was proposed to refurbish
the existing ventilation system to provide sufficient fresh
air ventilation for the factory. Using the simulation re-
sults, it was also possible to establish that 100mm of in-
sulation, together with the improved ventilation, would
be more effective than the higher level of 200mm as
originally proposed. This was still UK building regula-
tion compliant as the overall CO2 emissions due to fuel
use in the building are reduced as the air conditioning
system is unnecessary (compliance checking via simu-
lation based performance assessment is described else-
where [McDougall and Hand 2003]).
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Prior to implementation of the simulation exercise, the
overheating problem in this factory appeared complex
and potentially costly to solve. However, the results
from the simulation showed that if the existing ventila-
tion system could be restored and a reduced level of roof
insulation was installed, the problems would be solved.
Ultimately, modelling provided the client with a solu-
tion which is likely to present capital cost savings of the
order of £50 000 in roof insulation and £100 000 in air
conditioning plant. The cost of refurbishing the exist-
ing ventilation system was £30 000. Furthermore, the
associated energy savings would be about 715 000kWh
per annum. The cost of the simulation work was £4 000,
justifying the assertion that dynamic building simulation
was the most cost effective mechanism of identifying an
apposite solution.

LEARNING OUTCOMES

The input data requirements of simulation tools can be
extensive and a detailed review of data sources, issues,
common mistakes and checklists has been published
elsewhere [CIBSE 1998].

One aspect of modelling that the practitioner should be
made aware of is that there are three versions of a build-
ing, one real and two virtual (figure 4):

• the as-built design,

• the planned design, and

• the design as represented in the simulation tool.

All three of these ’buildings’ should be equivalent.
However, this is rarely the case and the differences be-
tween the simulated and real building may be substan-
tial. The sources of non-equivalence are now sum-
marised and methods to reduce the likelihood of error
described with particular emphasis on existing build-
ings.

Performance specification and drawings

These are the most frequently used source of informa-
tion when creating models for simulation. Typical infor-
mation contained therein includes

• building geometry, orientation and location;

• construction details;

• occupancy patterns; and

• heat loads and ventilation rates.

There are several issues relating to these data:

• The plans may be out of date due to design changes
or refurbishments, e.g. openable windows may not
have been installed due to achieve cost reductions.

Figure 4: Three data models of a building.

• The building may not have been constructed as de-
scribed, e.g. insulation may not have been installed
uniformly due to poor construction control.

• Spaces within the building may not be used as in-
tended, e.g. rooms may have a higher heat load due
to an increased use of IT equipment.

• Build quality will effect the air tightness of the
building and therefore design infiltration rates may
be far removed from actual values.

• Plant systems may not be commissioned correctly
leading to errors between planned and actual oper-
ation, e.g. flow rates could be greater.

• Maintenance may be inadequate leading to plant
and building fabric components not performing as
anticipated, e.g. fans may be broken or windows
may be dirty, thus reducing solar transmission.

Overall, the plans and drawings of a building represent
the most cost-effective data source for use in simulation.
To reduce the above uncertainties in the case of existing
buildings site visits are essential and appropriate mea-
surements should be taken.

Measurements

Site visits are generally a useful tool in the case of exist-
ing buildings and many of the above uncertainties can be
reduced. There are several useful measurements which
can be taken to aid the modelling procedure. These in-
clude energy consumption data, temperatures, light lev-
els etcat varying frequencies, e.g. spot measurements or
data automatically logged at fixed time intervals, for ex-
ample half hourly. The purpose of these measurements
is to increase the confidence in the model created.

The modelling process should include a calibration
phase. The nature of any calibration may be crude due to
the inability of the practitioner to make extensive mea-
surements in a commercial time scale. However, if the
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model is generating significantly different predictions to
the measurements then there is likely to be a problem
with the data as used in the simulation. One mechanism
to trace the errant data is to interview the building oper-
ators and occupants.

Occupant’s descriptions

Information gathered from building occupants is prone
to error but may inform the practitioner about strange
usage patterns and/ or work practices, e.g. the first per-
son into the building switches on all of the lights rather
than a subset causing a larger than anticipated heat load.

HANDLING UNCERTAINTIES

Typically, only changes in a few data items will ef-
fect simulation predictions. The problem for the prac-
titioner is that it is not possible to know these data
items a priori. However, many techniques exist to
analyse the sensitivity of predictions to variations in
the input data [Saltelli et al 2000] and some of these
have been embedded within building simulation soft-
ware [Macdonald 2002].

Traditionally, practitioners have carried out ad hoc un-
certainty analyses. This process is often part of a good
practice approach to simulation whereby suspect data
and key assumptions are altered and the effect noted
on the simulation output. Where significant effects are
noted, the practitioner may then initiate further checks
to confirm the correct value. Typically, several impor-
tant data items are discovered out of the many hundreds
used within a simulation model. The practitioner can
then focus further data collection on these data in the
case of existing buildings.

It should be noted that if a modelling process is under-
taken for a new building, then on-site quality assurance
checks should be made to confirm that the critical as-
pects of the design are correctly addressed.

CONCLUSIONS

When applying simulation in practice it can usually be
assumed that given a well tested simulation tool and
suitably trained users, errors in the predictions will be
due to errors in the data used. There are two possible
mechanisms whereby errors in the data will be intro-
duced to the tool: a simple data input mistake and in-
correct data supplied by the client.

IBPSA Scotland, through its Supported Technology De-
ployments, is ensuring that practitioners are given the
necessary skills and confidence in checking that the sup-
plied data has been entered correctly into the simula-
tion tool. This is a necessary process for any simulation
project. However, it also assists the training of the user
and their confidence in the tool when they see that they
have made few modelling mistakes.

In the example given, the data supplied was in error.
With the use of a detailed simulation tool the perfor-
mance of the building was examined and the data error
identified. This error was confirmed via a site visit.

Overall, the use of simulation was perceived to simplify
the analysis process as traditional manual calculations
were avoided. If these methods had been used then the
critical nature of the fan’s performance to the building’s
internal environment would not have been so evident.
By using simulation as described, less time was required
on site as these visits were focused on specific issues.
Finally, the example shows that simulation can result in
significant cost savings for a modest investment.
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