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ABSTRACT

The Italian law sets performance requirements for the
summer energy need due to the building envelope.
Since the calculation is based on a quasi steady state
method, it involves the use of a dynamic parameter,
i.e. the loss utilization factor for cooling (n¢). This
parameter, that is a function of the ratio heat losses
over heat gains (1/GLR) and of the building thermal
response (Van Dijk 1987), should represent the ratio
of the utilized vs. total heat losses in a building.

In this paper, the influence of weather data on the
value of the loss utilization factor and the reliability
of a quasi steady state approach for the prediction of
cooling loads are analyzed.

INTRODUCTION

One of the aims of the European Directives
2002/91/CE and 2010/31/EU is the increasing in
building energy performance both for new buildings
and major renovations. Hence, in Italy, the interest in
reducing summer energy demand has grown in the
last few years, especially because of the widespread
diffusion of low efficiency cooling systems (most
often split type units). In 2009 an Italian law set
performance requirements for cooling demand due to
the building envelope. These minimum energy
performance are evaluated by means of a quasi
steady state procedure (ISO 13790) that uses a
dynamic parameter, the so called loss utilization
factor for cooling (nc). This parameter is a function
of the heat balance ratio for cooling and of the
building thermal response. It represents the ratio of
the utilized vs. the total heat losses in a building.

Since the evaluation of summer behavior of building
is strictly connected with dynamic external forcing
conditions, a collection of weather data
representative of the climate features of the site is
needed. Moreover, a reliable set of weather data is
essential to correctly design efficient and comfortable
buildings and to analyze the effectiveness of the
energy saving measures.

Because in Italy there is not yet a set of hourly
weather data representative of urban context covering
all the national territory, monthly average data or

hourly trend of a typical day are commonly used in
energy calculation.

In order to promote the use of dynamic simulations
of energy consumption, a technical committee is
developing a standard with typical reference year
(TRY) for every ltalian province. Unfortunately, due
to the orography, especially in northern Italy, and to
the particular shape of the cities (diffuse city), a
considerable part of buildings belongs to areas with
different climate conditions with respect to the chief
city in the province. For instance, by analyzing the
data collected in Trento and Rovereto, two close
cities at the same elevation but with different position
in the Adige Valley, the authors found a variation of
+ 1.9% in the daily mean temperature and of +
11.9% in daily solar energy.

Even if some correction coefficients are given to
adjust trends (i.e. taking into account the site altitude
and latitude) weather data will always be affected by
uncertainty.

Moreover, weather data have an intrinsic uncertainty
caused by the sensitivity and accuracy of instruments
(e.g. the cut-in speed in wind meter) and the
particular measurements conditions (e.g. the
reflectivity of soil) (Myers 1989 and Corrado 2009).

The purpose of this paper is the investigation of the
influence of weather data on the value of the loss
utilization factor and on the energy need for cooling.

METHOD

This paper deals with the sensitivity of dynamic
parameter and cooling demand to weather data. In the
analysis both real trends and periodic variations of
the main external weather variables, such as dry bulb
temperature and solar radiation, are used. With the
purpose of analyzing to what extent each parameter
influences the results, several dynamic simulations
with different levels of mean value and amplitude of
each external forcing weather variable and various
combination of these are performed. The research is
carried out taking into account lightweight and
massive buildings (e.g. IEA Bestest case 600, 620
and 900, 920). Moreover, two different cities are
considered in order to evaluate the continental and
marine climate (table 1).
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Table 1 - Climate classification of Italian cities

Table 3 — Variation in annual solar energy on
horizontal surface

ASHRAE Zone Koppen classification
MTD -10% |MTD -5% MTD +5% [MTD +109
Milan 4A Mixed - Humid Cfa "humid subtropical Palermo -4.88% -2.44% 2.44% 4.88%
climate" Milan -4.61% -2.30% 2.33% 4.67%

Palermo 3A Warm - Humid Cfa "humid subtropical

climate"

Weather data analysis

In order to perform hourly simulations, two typical
meteorological year are developed using the standard
ISO 15927-4:2005. For this calculation, more than 10
years of measurements collected in meteorological
stations are used (table 2). The data for this
procedure (i.e. dry bulb temperature, global solar
radiation, relative humidity and wind velocity) are
checked with the goal of discarding anomalous data.
Missing values are estimated by spline interpolation
for solar radiation and by linear interpolation for
other variables.
Table 2 - Site characteristics

LAT. LONG. ALT. HDDs CDDyg

Milan N45°5 | E9°.21 122 m 2079 651

Palermo | N38°.1 E13°3 50m 888 1055

Starting from TRY, for each month an hourly trend
of a monthly typical day (MTD) is evaluated.

Then, with the aim of setting a variability of weather
data, the MTD signal is firstly decomposed in
different harmonics (figure 1 and 2) by means of a
Fast Fourier Transform (FFT) (Press 2008).
Secondly, taking into account the possible
uncertainty in weather data, mean value and
amplitude are scaled (e.g. £5% and +10%).
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Figure 1 Trend of July MTD temperature in Milan

The adjustments of the amplitude of solar radiation
produce a variation of annual global radiation on an
horizontal surface as reported in table 3.
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Figure 2 Trend of July MTD solar radiation in Milan

The Erbs relation (Erbs et al 1982) is used to evaluate
the percentage of beam and diffuse solar radiation.
The solar radiation incident on a tilted surface instead
is calculated by means of Perez model (Perez 1988).
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Figure 3 Fraction of diffuse solar radiation in June
in Milan

- 2364 -



Proceedings of Building Simulation 2011:

12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November.

Since in the Erbs model the fraction of diffuse solar
radiation depends on the ratio between global and
extraterrestrial solar radiation, a variation of
amplitude leads to a different percentage of diffuse
radiation (figure 3).

Hence, an error in the estimation of global solar
radiation does not lead only an uncertainty in the
magnitude of the flux but it causes also a different
composition of the heat flux. Since the beam and
diffuse solar radiations have different incident angles,
which influence the solar transmittance of glasses, an
uncertainty in the composition of solar radiation
could be relevant in the building heat balance.

Black-box approach

The procedure of annex | of standard 1SO
13790:2008 is adopted in order to determine the loss
utilization factor starting from results of dynamic
hourly simulation. The method consists in three
simulations with different boundary conditions.

simulation 0: dynamic simulation of the building
with a dual setpoint (i.e. 20°C for heating and
26°C for cooling) and deadband.

simulation 1: dynamic simulation without heat gains
and with an unique setpoint of 26°C both for
heating and cooling. Accordingly to the technical
standard, the temperature-dependent heat fluxes
are distinguished from the independent ones.
Thus, the heat gains are decreased by the extra
flow radiation towards the sky dome.

simulation 2: dynamic simulation with heat gains and
with an unique setpoint of 26°C both for heating
and cooling.

A time step of 1 hour is used for the simulations
performed with the transfer function method (i.e.
TRNSYS). In particular type 16 and type 56 are used
with the goal of modeling respectively the solar
radiation on tilted surface and the building thermal
Zone.

The monthly heating demand and cooling demand
are computed by integration of the hourly results of
the dynamic simulation over the whole month.
Thanks to equations (3) and (4), it is possible to
evaluate the monthly heat losses by transmission and
the monthly heat gains respectively.

_ (siml sim,1
th— h,nd ~— “¥c,nd 3

an = th _( ;I:dz _QCSI:LZ) 4)

Starting from these parameters the monthly loss
utilization factor for cooling is calculated by means
of equation (5)

sim,0

. = (an _th )/Qc,nd (5)

These entities are used for the comparison and for the
sensitivity analysis.

RESULTS AND DISCUSSION

Real trends vs. Monthly Typical Days

Figure 4 and figure 5 show the comparison between
the loss utilization factors for cooling obtained both
with real trends of weather data and using monthly
typical days. Since dawn and dusk hours depends on
Julian date, in the early and late parts of the month
some values in the MTD profile are outside the
interval  between sunrise and sunset and,
consequently, are set to zero. This adjustment in solar
radiation produces a little deviation in the ratio of
losses over gains (Figure 4 and 5).

For massive buildings, with a time constant of 63
hours, only little deviations are found between real
and periodic trends (Figure 4), in particular for high
values of GLR.
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Figure 4 Loss utilization factors for massive envelope
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Figure 5 Loss utilization factors for lightweight
envelope
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Instead for light envelope (i.e. with a time constant of
15 hours) the graph clearly highlights an high spread
of data when the ratio between heat losses over heat
gains is lower than two. This scatter in loss
utilization factor suggests the unreliability for
cooling prediction of the loss utilization factor when
the solar radiation is large with respect to the heat
losses.

Sensitivity analysis

In the figures 6, 7, 8 and 9 the deviations from the
reference loss utilization factors, which were
assumed to be the one with MTD weather data, are
reported for the city of Milan (Palermo is quite
similar). The graphs represent the deviations plotted
against the ratio between the monthly thermal losses
over the monthly thermal gains but the various points
are distinguished in different groups.

In figure 6 the deviations are divided in accordance
with the BESTEST cases, in particular the
lightweight envelope cases (600 and 620) in light
blue and the massive cases (900 and 920) in dark
blue. In both contexts, most of the deviations belongs
to the range +0.2/-0.2; a group of values has larger
deviations but in correspondence of a ratio 1/GLR
close to zero, and so they can be considered
negligible. The data points are aligned along
parametric lines but for the massive cases the data are
less tilted than the lightweight cases.

For the massive series, in Milano the differences in
the loss utilization factors are observed for ratios
1/GLR lower than 2 while for the lightweight
differences are observed for values of 1/GLR up to 4.
A larger sensitivity is registered for the lightweight
group, both in the variations of the ratio 1/GLR and
the loss utilization factor.
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Figure 6 — Deviations from the reference loss
utilization factors for Milan: in dark blue the massive
cases and in light blue the lightweight ones

For Palermo, the lightweight envelopes and the
massive ones are more similar: the deviations in the
loss utilization factors for the heavyweight structures
are present also for 1/GLR ratios greater than 2, as
the lightweight cases.

The same data have been divided into 5 groups in
accordance with the change of the mean monthly
outdoor temperature (fig. 7), the amplitude of the
mean daily profiles of outdoor temperature (fig. 8)
and with the amplitude of the mean daily profiles of
horizontal global radiation (fig. 9). The red points
represent a +10% increment, the orange ones a +5%,
the grey ones a 0%, the light blue a -5% and the dark
blue a -10%.
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Figure 7 — Deviations from the reference loss
utilization factors for Milan divided by the changes
of the mean outdoor temperatures

The most significant changes are those related to the
mean value of the external air temperature, in fact, a
decrement of the mean temperature causes an
appreciable reduction of utilization factor due to an
increasing in 1/GLR.

The relationship between the change in the ratio
1/GLR and the utilization factor is not linear and
depends on the thermal inertia of the envelope. In
figure 8 the different amplitudes of the external
temperature profiles are considered. Because the
integral sums of the thermal losses are independent
from the changes applied, the ratio between the
losses and the gains is the same of the reference
cases. The deviations in the utilization factors are
more evident for values of 1/GLR lower than 1; for
greater ratios the differences become smaller.

For the changes in the amplitudes of the solar
radiation a light decrement of the 1/GLR ratio is
registered, with an increase of the deviation in the
losses utilization factor. The differences caused by
the radiation amplitude are more evident when the
ratios 1/GLR are greater.
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For both cities the sensitivity indexes are calculated.
The sensitivity index is defined as:

_Ay

S =
AX;

(6)

where Yy is the dependent variable and X, is the

considered independent variable for the sensitivity
calculation, when the other parameters influencing
the dependent variable are kept constant. In this
context, the dependent variable is the loss utilization
factor and the independent variables are,
respectively, the mean outdoor temperature, the
outdoor temperature amplitude and the horizontal
global radiation amplitude.
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Figure 8 — Deviations from the reference loss
utilization factors for Milan divided by the changes
of the amplitudes of the outdoor temperatures
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Figure 9 — Deviations from the reference loss
utilization factors for Milan divided by the changes
of the amplitudes of horizontal solar radiation

Table 4 —Monthly sensitivity indexes in Milan for the
mean outdoor temperature (T,,), the amplitude of the
external temperature (T,) and the max global solar
radiation on the horizontal (q.)

Month | T, [1/°C] | T.[1/°C] | Qa[1/W]
1 0.00% 0.00% 0.25%
2 1.04% -0.71% 0.08%
3 2.16% -0.39% 0.11%
4 1.93% -1.17% 0.03%
5 2.50% -1.71% 0.01%
6 1.00% -3.32% -0.02%
7 -2.63% -3.47% -0.01%
8 0.70% -3.01% 0.00%
9 1.46% -2.00% 0.01%
10 3.38% -0.88% 0.16%
11 1.40% -0.33% 0.18%
12 0.63% -0.45% 0.12%
Average 1.13% -1.45% 0.08%

Table 5 —Monthly sensitivity indexes in Palermo for
the mean outdoor temperature (T,,), the amplitude of
the external temperature (T,) and the max global
solar radiation on the horizontal (g,)

Month | T, [1/°C] | TL[1/°C] | Q.[1/W]
1 2.18% -0.67% 0.21%
2 2.59% -0.75% 0.13%
3 3.09% -0.99% 0.09%
4 2.03% -2.35% 0.01%
5 1.19% -3.53% 0.00%
6 -0.09% -5.25% 0.00%
7 3.78% 12.35% 0.03%
8 7.37% 11.12% 0.03%
9 -1.53% -5.25% 0.00%
10 1.96% -2.76% 0.02%
11 2.79% -1.77% 0.09%
12 3.14% -0.42% 0.26%
Average *1.73% | *-2.37% 0.07%

(*) in the annual mean the grey background data
have been neglected

In tables 4 and 5 the indexes are reported for Milan
and Palermo.

Both for Milan and Palermo the same trends of mean
external temperatures have been registered, except
for the summer months. In Milan July has a negative
value, when for the other months the indexes are

- 2367 -



Proceedings of Building Simulation 2011:

12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November.

positive. In Palermo large positive values are
encountered in July and August, in disagreement
with the trend. The explanation of this fact is that in
Palermo, in July and August, since the average
outdoor temperature is greater than internal setpoint,
there are not heat losses through the envelope but
heat gains.

For the amplitude of the outdoor temperature, in
Milan all negative indexes are calculated, with a
minimum in July. In Palermo, the trend is the same,
except for July and August, where the losses are
negative. About the solar radiation, a parabolic-type
behavior is noticed for Palermo. Similar values are
for Milan, but with a more irregular behavior.

It can be noticed that for the mean outdoor
temperature, Palermo’s values are often lower than
the Milan’s ones, with the exception of the excluded
months and the colder periods. Relating to the
amplitude of the external temperature, Palermo’s
data are lower than those of Milan. About the
maximum  horizontal radiation, the indexes
elaborated are almost the same in both cities.

Estimating the percentage sensitivity indexes, in
order to compare the different values:

- for Milan, on a yearly basis, they are 30.7%
for the mean temperature, -5.4% for the
amplitude of the temperature variation and
30% for the radiation;

- for Palermo, again on a yearly basis
excluding July and August, they are 38.7%,
for the mean temperature, -4.8% for the
amplitude of the temperature variation and
21.9% for the radiation.

Referring to the temperature parameters, Palermo’s
values are higher also for having excluded July and
August.

CONCLUSIONS

With the purpose of investigating to what extent
weather data influence cooling demand and loss
utilization factor, a sensitivity analysis was carried
out. The dynamic simulation (TFM) and the black
box approach were used for the evaluation of loss
utilization factor.

On the basis of the analysis performed a considerable
difference can be observed between the loss
utilization factors evaluated with TRY trend and the
ones evaluated with MTD and ISO 13790 relation.
This spread occurs for massive buildings when heat
losses are lower than heat gains. For lightweight
buildings the data are scattered up to 1/GLR equal to
2.
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Figure 10 — Sensitivity indexes

Varying the mean outdoor temperature, its daily
amplitude and the maximum horizontal solar
radiation in the mean monthly hourly profiles, some
changes in the loss utilization factor estimation are
registered. Applying changes in the range +10%/-
10% on the considered weather data, not only one at
time but in a simultaneous way, most of the
deviations are in the range +15% and -15%. Only a
limited number of values, in particular for Palermo,
do not belong to this range but they are characterized
from a ratio between the thermal losses and the gains
close to zero (i.e. the cases in which the thermal
losses have a negligible contribution in reducing the
cooling energy demand).

Considering the percentage non-dimensional indexes,
the most influencing parameter is the mean outdoor
temperature, followed by the amplitude of the
horizontal radiation.

From this analysis some uncertainty in the evaluation
of the utilization factor for cooling, as suggested by
standard 1SO 13790, is shown. Consequently further
research activity is needed in order to refine the
correct calculation method for this parameter.

NOMENCLATURE

Latin
A Temperature amplitude [K];
B Solar radiation amplitude [W m™];

CDD; g cooling degree days with a base temperature
of 18°C [K d];
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GLR ratio between heat gains and heat losses [-];

HDD, 4 heating degree days with a base temperature
of 18°C [K d];

Q Heat loss/gain [J month™];

q Solar heat flux [W m™];

S sensitivity index;

t time [s];

X refers to the considered independent variable;
Y refers to dependent variable.

Greek
¢ temperature phase lag [rad];

v radiation phase lag [rad];

6  temperature [K];
@ angular frequency [rad s™].

Subscripts

a amplitude of daily variation;

c referred to cooling;

gn referred to internal and solar heat gains and to
the extra-flux by radiation to the sky;

h  referred to heating;

ht referred to transmission;
N harmonic number;

nd need;
M average value;

sim, O referred to the first set of simulation;
sim,1 referred to the second set of simulation;
sim, 2 referred to the third set of simulation;

sol  referred to the solar radiation.
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