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Predictions of building performance based only on a 
calculational method are seldom accurate, but per­
formance assessment ·based on long-term monitoring 
is not only costly and time-consuming, but is sub­
jected to the variability of weather and building 
operation. Furthermore, cause and effect relation­
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task is to develop (1) the building element vector 
analysis (BEVA) method in which short-term measure­
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(2) a methodology for performing laboratory or test 
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buildings. 
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The methodology for performing laboratory or test 
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calculations. Efforts to predict long=term perfor= 
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parameters have been determined with an acceptable 
level of uncertainty, they can be used to determine 
performance of the building under normal operation. 
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WHAT DO HOURLY PERFORMANCE DATA 
ON A BUILDING TELL US 

Kris Subbarao 
Solar Energy Research Institute 

1617 Cole Boulevard 
Golden, CO 80401 

ABSTRACT 

Hourly performance data on a building con­
tain valuable information on the dynamics 
of the building and of the HVAC systems. 
Quantities such as the building loss coef­
ficient, solar gains, and the net effect of 
thermal masses and their couplings are al 1 
contained in the data. In order to extract 
this . information, a suitable analysis 
method is essential. A qualitative 
approach is to look at plots of variables 
such as inside temperature, auxiliary 
energy, etc. over selected periods such as 
a � sequence of cl ear days or a sequence of 
c oudy days. Since several other quanti­
t i �s such as outdoor temperature, i nterna 1 
gains, and thermostat set points govern the 
building performance, the qualitative 
approach does not unambiguously establish 
cause and effect relationships; therefore 
it is of limited use. A quantitative 
approach that only uses the total auxiliary 
energy, average temperatures, average solar 
radiation, etc., over a month or over the 
season dilutes the dynamical information 
through the time'-averaging process. If, on 
the other hand, a detailed simulation such 
as DOE2.l is to be used, the nonavail­
ability of the detailed inputs makes it 
difficult to extract the dynamical informa­
tion. It is thus clear that time-averaging 
as we 11 as the requirement of component/ 
subcomponent level inputs should be 
a�oided. In other words, an hourly simula­
tion that accepts whole building (or zone) 
level inputs is needed. In this article 
an hourly simulation called BEVA (Buildin
Element Vector Analysis) is outlined that 

g
accepts whole building (or zone) level 
inputs. The number of these inputs is 
small, and they can be obtained from suit­
able short-term hourly performance data. 
An illustrative application of the method 
f?r a passive residential building is 
given. In order that BEVA be a design tool 
(and thereby a 1 so pro vi de a natura 1 frame­
work to account for differences in design 
and actual performance), it is pointed out 
that these parameters can be calculated 
from a building description, i.e., from 

component/subcomponent level inputs. Po­
tential additional applications for BEVA 
inc 1 ude determining 1 ong-term p·erformance 
from short-term performance data, as wel 1 
as HVAC system diagnosis. 

1. INTRODUCTION 

Hourly data on temperatures, solar radia­
tion, energy usage, and humidity pertaining 
to a building contain much valuable infor­
mation about the dynamics of the building 
and its space-conditioning equipment. A 
systematic method to obtain this i nforina­
t ion is of critical importance. Some of 
this information can be obtained qualita­
tively by plotting quantities such as 
indoor temperature and solar radiation as 
functions of time; typical values of indoor 
temperature swings, time of peak load, etc. · can be visualized. A quantitative analysis
is generally restricted to the study of 
tot a 1 aux i1 i ary ener·gi es, that is, to a 
comparison between measured va 1 ues and 
those predicted by a design method. Much 
of the dynamical information is lost in 
this time-averaging process. One possible 
approach to a quantitative analysis of the 
hourly data is to compare the measured 
hourly quantities with those based on a 
first principles numerical simulation such 
as DOE 2.1. Since such a simulation 
requires a large number of inputs, not all 
of which are readily measured, as well as 
somewhat subjective assumptions such as 
distribution of solar radiation on various 
surfaces, it has been difficult to find a 
systematic way to reconcile the differences 

.between measured and calculated performance 
of the building. Thus, a first principles 
numerical simulation, while useful for 
design and for parametric studies, is of 
limited utility for performance data 
analysis. 

An a 1 ternat i ve approach to the analysis of 
hourly performance data is to first con­
struct a model of the building with a small 
number of parameters. The model can be 



thought of as a resi star-capacitor network 
with a small number of independent parame­
ters. It is then subjected to the measured 
driving functions (ambient temperature, 
solar radiation, hlJ!lidity, internal gains, 
etc.). The model parameters can be 
regressed by suitably minimizing the dif­
ference between calculated and measured 
hourly values. This method is reasonable 
for studying the building response to a 
different sequence of driving functions (in 
particular, to normalize the performance 
data for a chosen standard sequence of 
driving functions such as the typical 
meteorological year). However, without a 
method to directly calculate the building 
parameters from a building description, it 
is not useful for design and therefore for 
comparing and reconciling design and actual 
performance, or for studying consequences 
of design changes. 

2. . 
BEVA - A NEW HOURLY SIMULATION 

To address the issues discussed in the 
introduction, we will use the concepts of 
"forward" and "inverse" processes. The cal­
culation of building performance from a 
building description will be referred to as 
the forward process. The determination of 
a set of bui 1 ding parameters from perfor­
mance data will be referred to as the 
inverse process. A first principles numer­
ical simulation is suitable for the forward 
process but is i 1 1 -sui ted for the inverse 
process. The model for .the inverse process 

must be chosen judiciously. Si nee regres­
sion can generally hide quite easily 
serious deficiencies in a model, one can 
construct a number of �odels, all of which 
are seemingly acceptable in terms of fit­
ting short-term data. It is necessary to 
ensure that the mode 1 contains the essen­
tial physics to begin with. This is espe­
cially important for passive solar build­
ings because of the necessity to adequately 
treat storage and re 1 ease of so 1 ar gains. 
We have performed such an analysis and 
arrived at a moqel called building element 
vector analysis (BEVA). This article high-
1 ights some aspects of the method. Addi-
tional details are given in Refer-
ence ( 1). BEVA is a reasonab 1 e mode 1 for 
each zone of a multizone building as long 
as there are no intrinsically nonlinear 
components (i.e., components with materi a 1 
properties and heat transfer characteris­
tics that are strongly dependent on temper­
a tu re) such as wa 1 1  s with phase-change 
materi a 1 s. When such non 1 i near components 
are present, the rest of the building can 
still be adequately represented by the BEVA 
method. 

BEVA is an hourly simulation. A key aspect 
of the BEVA simulation is its suitability 
for both the forward and the inverse pro­
cesses, in contrast to a first principles 
numerical simulation which is generally 
suitable only for the forward process. 
Figure 1 is a flowchart of a first princi­
ples numerical simulation, and Figure 2 is 
a BEVA simulation. In the BEVA method, 
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Fig. 1. Schematic Flowchart of Calculations of Room Temperatures and 
Loads Using a Mainframe Numerical Silll.llation 
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Fig. 2. Schematic Flowchart of Calculations of Room Temperatures and Loads 
Using the BEYA Simulation 

wall layer properties are combined into 
wall characteristics. One can directly 
measure these wall characteristics in a 
dynamic hot box and use them as inputs to a 
BEVA simulation. The wall characteristics 
are then aggregated into zone characteri s­
t ics. These zone parameters can be direct­
ly obtained from short-term performance 
data. Thus, the inputs to a BE VA simul a­
t ion can be at the subcomponent level, the 

-·component 1 eve l, or the zone 1 eve l. Lower 
level inputs are aggregated into higher 
level inputs. Inputs at any level are 
accessible to measurement. 

One of the parameters in the BEVA method is 
the loss coefficient, which is calculated 
in the usual manner. It can be determined 
experimentally by electrically heating the 
building to maintain a constant inside 
temperature when the outside temperature is 
relatively constant and solar gains have 
been minimized. It can also be regressed 
from dynamic data in the presence of vary­
; ng so 1 ar gains and varying temperatures. 
A comparison between measured and calcu-
1 ated loss coefficients diagnoses possible 
problems in the design assumptions. 
Another parameter in the BEVA method is 
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effective thermal mass coupled with inside 
air. Again, a comparison between calculated 
and regressed values is possible. There 
are additional parameters--a total of eight 
for a simple one-zone buil di ng--to account 
for the building response to all the driv­
ing functions of indoor and outdoor temper­
atures and so 1 ar radiation. These who 1 e 
building parameters can be expressed in the 

fon;i of two-dimensional vectors and can be 
obtained in the forward process by an 
element-by-element addition of individual 
vectors. 

Short-term monitoring of a bu i 1 d-i ng can be 
thought of as determination of build ng 
level inputs to a BEVA simulation. Us ng 
these inputs with the BEVA s i mul at on 
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Fig. 3. �arison of Temperatures of the Solari1J11 of a Building ltmitored 
Under the Class B Program. Data from the period February 3-9, 1982 
are used to estimate system parameters by the inverse process; the 
measured vs. file temperatures for this period are shown. The esti­
mated system parameters are used in the forward process to predict 
solarium temperatures: the measured vs. predicted temperatures for 
the period February 10-14, 1982 are shown. 



(combined with calculated variations over a 
season of solar gains, infiltration, and 
heat exchange with ground--all of which are 
not accessible to short-term monitoring) 
gives long-term performance. 

The BEVA method has been applied to a 
multizone residential passive solar build­
ing monitored under the SERI Class B pro­
gram. Using short-term data (approximQtely 
one week), the building parameters were 
regressed. With these as inputs, the sub­
sequent performance of the building was 
well. predicted. Using performance data for 
the period February 3-9, 1982, the building 
vectors were obtained by regression. The 
resulting best fit for the zone temperature 
is given in Figure 3. These parameters 
were used to predict the temperature for 
the period February 10-14. The resulting 
values are also plotted in Figure 3 along 
with the outdoor temperature, solar radi a­
t ion on a south vertical surface, and 
auxiliary energy for these periods. A 
thorough comparison of calculated and mea­
sured - values of the parameters, as well as 

a determination of seasonal performance, 
are underway. 

The uncertainties in the parameters esti­
mated from the inverse process a�e some­
times quite large. Preliminary indications 
are that tests can be devised (such as 
subjecting the building to a heat input of 
a certain profile) that reduce the uncer­
tainties to acceptable levels. Efforts are 
under way to determine the necessary tests 
so that short-term monitoring is fully 
developed into a· tool for long-term perfor­
mance estimation as well as for 
diagnostics. 
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