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ABSTRACT

The validation of a building simulation program or
model is a daunting task, and one that should receive
as much attention as algorithm and code devel opment.
Previous research in this field has led to a well-
accepted approach composed of analytical verifica-
tion, empirical validation, and inter-program compar-
ative testing to diagnose model deficiencies, mathe-
matical solution errors, and coding errors. Through a
case study, this paper demonstrates the utility of inter-
program comparative testing. It shows that by com-
paring program-to-program results, solution prob-
lems, coding errors, and deficiencies in mathematical
model descriptions can be efficiently identified, diag-
nosed, and subsequently repaired.

INTRODUCTION

Building simulation model validation

The validation of building simulation programs is a
complex and challenging field that has existed almost
as long as building simulation itself. Extensive efforts
have been conducted under the auspices of the Interna-
tional Energy Agency (IEA), the American Society for
Heating Refrigeration and Air-Conditioning Engineers
(ASHRAE), the European Committee for Standardiza-
tion (CEN) and others to create methodologies, tests,
and standards to verify the accuracy and reliability of
building simulation programs. Notable examples
include Jensen (1993), Lomas et a (1994), Judkoff
and Neymark (1995), ANSI/ASHRAE (2004), and
CEN (2004).

In addition to providing consistent methods for com-
paring predicted results by simulation programs, these
initiatives have proven effective at diagnosing internal
sources of errors. Judkoff et al (1983) have provided a
useful classification for these errors:

« Differences between the actual thermal transfer
mechanisms taking place in the reality and the
simplified model of those physical processes.

¢ Errors or inaccuracies in the mathematical solu-
tion of the models.

e Coding errors.

Judkoff and Neymark (1995) proposed a pragmatic
approach composed of three primary validation con-
structs to check for theseinternal errors. These are:

* Analytical verification
» Empirical validation
» Comparative testing

With analytical verification, the program output is
compared to a well known analytical solution for a
problem that isolates a single heat transfer mechanism.
Typically this necessitates very simple boundary con-
ditions. Although analytical verification is limited to
simple cases for which analytic solutions are known, it
provides an exact standard for comparison.

Program outputs are compared to monitored data with
empirical validation. The measurements can be made
in real buildings, controlled test cells, or in a labora-
tory. The design and operation of experiments leading
to high-quality data sets is complex and expensive,
thus restricting this approach to a limited number of
cases. The characterization of some of the more com-
plex physical processes (such as heat transfer with the
ground, infiltration, indoor air motion, and convection)
is often excluded due to measurement difficulties and
uncertainty.

A program is compared to itself or other programs
with comparative testing. This includes both sensitiv-
ity testing and inter-model comparisons. This
approach enables inexpensive comparisons at many
levels of complexity. However, in practice the diffi-
culties in equivalencing program inputs can lead to
significant uncertainty in performing inter-model com-
parisons.

A general principle applies to all three validation con-
structs. The simpler and more controlled the test case,
the easier it is to identify and diagnose sources of
error. Realistic cases are suitable for testing the inter-
actions between algorithms, but are less useful for
identifying and diagnosing errors. Although the com-
parison of the actual long-term energy usage of a
building with simulation results is perhaps the most
convincing evidence of validity from the building
designer’s perspective, this is actualy the least


























