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Abstract

The solar transmittance of transparent glazings is a
key factor in determining the solar gain and ther-
mal balance of a building. The transmittance cal-
culation must be made separately for the beam and
diffuse components of the incident solar irradiance.
Most simulation software uses an isotropic distribu-
tion for diffuse irradiance, approximation that can
be inaccurate under clear or partially cloudy skies.
An anisotropic distribution of diffuse irradiance is
implemented in this work, its diffuse transmittance
is evaluated for real sky conditions and compare
against experimental data. The results show that
the anisotropic model does not offer significant ad-
vantages over the isotropic one.

Highlights

• The accuracy of the isotropic assumption for es-
timating the diffuse irradiance transmitted by a
glazing is investigated.

• An anisotropic model is implemented providing
a more precise model for all sky conditions.

• Both modelled approaches are compared against
experimental data, both in terms of solar trans-
mittance and solar gain.

• These results aid in estimating the accuracy of
the isotropic assumption for diffuse irradiance
used by most building simulation software.

Introduction

Solar gains through semitransparent glazings play
an important role in the energy simulation of build-
ings. Usually, a two-step procedure is implemented
in which (i) the solar irradiance incident on the dif-
ferent glazings is calculated, taking into account the
location and their orientations and (ii) the solar trans-
mittance of the glazing is estimated. The product of
both quantities produces solar irradiance transmitted
through each glazing in the 0.3 - 3 µm range. This
calculations are done separately for each component
(beam, diffuse) of solar irradiance.

The beam (or directional) transmittance of a glazing
can be adequately modelled using physical or empir-

ical models (Vitale et al., 2019). The diffuse trans-
mittance is usually computed assuming an isotropic
distribution of the diffuse irradiance incident on the
glazing and integrating over the visible part of the
sky (Brandemuehl and Beckman, 1980). This ge-
ometrical calculation is a reasonable approximation
under cloudy conditions, but it may be inadequate
under partially cloudy or clear skies, particularly if
the Sun disc is visible. Circumsolar irradiance (for-
ward scattered diffuse irradiance which reaches the
ground from the angular region around the apparent
solar disc) is a source of anisotropy as are beam re-
flections from clouds or nearby reflective surfaces.

Several empirical functions have been proposed that
attempt to describe the diffuse irradiance anisotropi-
cal distribution under different sky conditions (Perez
et al., 1990; Brunger and Hooper, 1993a; Igawa et al.,
2004). However, the effects of anisotropy on build-
ing performance simulation has not been evaluated
yet and these anisotropic models are not incorporated
into building simulation programs. In this work we
use one of the anisotropic distribution (Brunger and
Hooper, 1993a) to compute the diffuse solar transmit-
tance of a common glazing, and compare the results
with those obtained using the standard isotropic ap-
proximation. In order to assess both models, experi-
mental data from two different set-ups using common
6mm clear (float) glass are used: an horizontal glaz-
ing and a vertical glazing oriented towards the equa-
tor. The resulting solar gains are also compared in
order to provide information on the accuracy impact
of using the isotropic approximation.

This work is organized as follows. The next Section
describes the model used for estimating the beam and
diffuse solar transmittance across glazings. Next, the
experiments, the collected transmittance data and its
quality control procedures are described. The third
Section describes the methodology and the results ob-
tained and the final Section summarizes the conclu-
sions.



Glazing transmittance model

The solar transmittance of a semi-transparent glaz-
ing, τg, is defined as the fraction of the incident (Gi)
and transmited (Gt) global hemispherical solar irra-
diances,

τg =
Gt
Gi
, (1)

which extend over the incident solar spectrum (0.3
to 3 µm). The transmittance of a planar glazing is
calculated differently for the beam and diffuse compo-
nents of global solar irradiance. For the general case
of a non-horizontal glazing, the irradiance reflected
from surrounding surfaces (Gr) must also be taken
into account, so that Gi = Gbi +Gdi +Gri, where
Gbi = Gb cos θ is the beam irradiance across the sur-
face and θ is incidence angle of the solar beam. For
this paper, the usual assumption that the ground
is the only relevant reflective surface and that it is
a perfect diffuser of reflectivity ρg matches our ex-
perimental conditions and it is thus adopted. The
total transmittance, Eq. (1), can be expressed as a
weighted average of the transmittances of the beam
(τb), diffuse (τd) and reflected (τr) components of the
incident irradiance,

τg = τb
Gbi
Gi

+ τd
Gdi
Gi

+ τr
Gri
Gi

. (2)

Usually, the incident diffuse irradiances is assumed to
be isotropically distributed and only the first term in
this expression has a directional dependence. In or-
der to calculate the solar radiation transmitted by the
glazing, Building Performance Simulation Programs
(BPSP) can be used. These programs calculate each
component of solar radiation on the glazing’s plane
and their respective solar transmittances. Generally,
the meteorological files used in BPSP’s provide so-
lar irradiation (global and diffuse components) on a
horizontal plane. A transposition model is internally
used to convert these magnitudes to the correspond-
ing ones on the glazing’s plane. These models, when
non-trivial, account for the anisotropical distribution
of diffuse irradiance in the sky. EnergyPlus, one of
the most widely used BPSP around the world, uses
the transposition model of Perez et al. (1990), one
of the best performing (for most locations) transpo-
sition models available (Yang, 2016). In the next
sub-sections we briefly describe the models used for
calculating the beam and diffuse transmittances of a
glazing.

Beam transmittance

Beam transmittance is directional and it can be mod-
eled successfully by physical or phenomenological
models Vitale et al. (2019). In this work we con-
sider the physical model adequate for uniform semi-
transparent glazings, such as float glass. This is based
on Snell’s law and the Fresnel relations as described
in Duffie and Beckman (2006).

The beam transmittance is approximated as the prod-
uct τb = τa×τ ′r, where τa takes into account the losses
due to internal absorption in the glazing and τ ′r ac-
counts for reflections in the glazing.

The absorption transmittance results from the
Lambert-Beer-Bouguer law,

τa = exp

(
−kL
cos θ′

)
with θ′ = arcsin

(
sin θ

n

)
, (3)

where L is the thickness of the glazing (m), k is the
optical extinction coefficient (m−1), θ is the beam
incident angle on the glazing’s surface, θ′ is the angle
of the refracted beam in the glazing and n es the index
of refraction of the glazing.

The reflection transmittance, τ ′r, for unpolarized sun-
light is expressed as

τ ′r =
1

2

(
1− r∥

1 + r∥
+

1− r⊥
1 + r⊥

)
, (4)

with the reflectances for the parallel and perpen-
dicular polarization components obtained from the
Fresnel relations, r∥ = [tan(θ′ − θ)/ tan(θ′ + θ)]

2
and

r⊥ = [sin(θ′ − θ)/ sin(θ′ + θ)]
2
.

Finally, accounting for multiple reflections within the
glazing, the directional transmittance from the model
can be expressed as

τb =
τa
2

[
(1− r∥)

2

1− (r∥τa)2
+

(1− r⊥)
2

1− (r⊥τa)2

]
. (5)

In sum, τb is determined by the properties of the glaz-
ing (kL and n) and the beam incidence angle θ.

Diffuse transmittance

As mentioned, most BPSP’s calculate τd and τr as-
suming an isotropic behavior for the diffuse irradi-
ances (incident from the visible sky and reflected from
the ground). In this case, both transmittances, τd and
τr, are independent of the incidence angle (for a given
glazing and orientation). In this work a more general
model is proposed for the calculation of τd, which uses
a more realistic distribution for diffuse solar radiation
from the sky, Lp.

Anisotropic effects in diffuse irradiance are intro-
duced by considering the sky angular radiance,
Lp(φ, σ), describes the flux of radiant energy per unit
solid angle incoming from each sky direction (φ, σ),
including circumsolar radiation but excluding the di-
rect beam (Rodŕıguez-Muñoz et al., 2021). So, the
diffuse irradiance reaching the glazing’s surface is

Gdi =

∫
Λ

Lp(φ, σ) cos θ dΩ, (6)

with dΩ = sinφdφdσ and Λ describing the portion
of the sky viewed from the glazing’s surface. A sim-
ilar expression for the transmitted diffuse irradiance



by the glazing can be obtained by weighting each di-
rection by the direct transmittance τb,

Gdt =

∫
Λ

τb(θ)Lp(φ, σ) cos θ dΩ. (7)

The sky diffuse transmittance, τd = Gdt/Gdi, can be
expressed, for an arbitrary glazing’s surface orienta-
tion (γ, β), as follows (Brandemuehl and Beckman,
1980)

τd =

∫ γ+π
2

γ−π
2

∫ π
2

0
Lp(φ, σ)τb(θ) cos θdΩ∫ γ+π

2

γ−π
2
Lp(φ, σ) cos θdΩ

+

∫ γ+ 3π
2

γ+π
2

∫ ζ
0
Lp(φ, σ)τb(θ) cos θdΩ∫ γ+ 3π

2

γ+π
2

∫ ζ
0
Lp(φ, σ) cos θdΩ

,

(8)

with ζ = arctan
[
(− tanβ cos γ)−1

]
. Except for a

few special cases, this expression must be numerically
evaluated for each surface orientation.

For an isotropic distribution of diffuse irradiance, the
usual assumption in BPSP’s, the sky angular radi-
ance is independent of direction and takes the value
Lp = Gdh/(2π), in terms of Gdh, the diffuse solar ir-
radiance incident on a horizontal plane. In this case,
the surface integral in Eq. (8) is independent of sur-
face orientation. In the anisotropic case, the integral
is complex because the sky angular radiance is a func-
tion of the sky condition (cloudiness) and the sun’s
position. Brunger and Hooper (1993a) simplified this
problem by finding an expression1 for the sky radi-
ance that explicitly depends on the Sun’s position,

Lp(φ, σ) = Gdh

[
a0 + a1 cos θ + a2 e

−a3ψ

π (a0 + 2a1/3) + 2a2 I(φz)

]
, (9)

with

I(φz) =

[
1 + e−a3π/3

1 + a23

]
×

[
π −

(
1− 2

πa3
· 1− e−a3π

1 + e−a3π/2

)

× (2φz sinφz − 0.02π sin (2φz))

]
.

(10)

The Sun’s position dependence appears through ψ,
the angle subtended between a given sky element
(φ, σ) and the Sun’s position (φz, σz). The depen-
dence on the sky conditions is introduced by the co-
efficients ai which are discrete functions of the clear-
ness index, defined as kt = Gh/G0h, with Gh the
global irradiance on a horizontal plane and G0h is
the corresponding irradiance at the top of the at-
mosphere, and the diffuse fraction fd = Gdh/Gh.

1Note that the first factor in Eq. (10) originally appeared
with an erratum, corrected in Brunger and Hooper (1993b).

The coefficients ai in Eq. (9), where originally deter-
mined in Brunger and Hooper (1993a) by adjusting
the model (using non-linear regression) to one year of
data from sky scans made in Toronto, Canada (lati-
tude ϕ = 43.67◦). These are given for a matrix of 9×9
bins in (kt, fd) space, describing all sky conditions.
When this distribution is plotted for different sky con-
ditions, the anisotropic effects are greater for clear
and partly cloudy skies. For completely cloudy sky
conditions the distribution approaches the isotropic,
as expected. Although other sky distributions have
been proposed (Moon and Spencer, 1942; Perez et al.,
1990; Igawa et al., 2004), the radiance distribution of
Brunger and Hooper (1993a) is used in this work due
to its balance between simplicity and performance
(Igawa et al., 2004; Rodŕıguez-Muñoz et al., 2021).

It remains to consider the reflected component of in-
cident irradiance. Since the only reflecting surface
is assumed to be the ground and it is modelled as
a perfect diffuse reflector, this irradiance is isotrop-
ically distributed in the solid angle spanned by the
ground. Thus, the reflected transmittance τr can be
found from,

τr =

∫ π
2

−π
2

∫ β
0
τb(θ) cos θdΩ∫ π

2

−π
2

∫ β
0
cos θdΩ

. (11)

For a fixed glazing and orientation, this expression
evaluates to a constant contribution.

Data and quality control

Experimental set-up

In order to assess the performance of the previous
models, two experimental set-ups were implemented
at the Solar Energy Laboratory (Salto, Uruguay, lat-
itude = 31.28◦ S, longitude = 57.92◦ W , altitude
= 56m above sea level). The transmittance of two
samples of common float glass was measured, one
mounted on a horizontal plane and the other on a
vertical plane facing the equator.

The experimental setup for measurements in the hor-
izontal plane is shown in Figure 1. Two Kipp &
Zonen CMP10 pyranometers were used, one behind
the glazing and the other in front: measuring Gt
and Gi, respectively. This glazing had a thickness of
L = 6.15mm ± 0.05mm. For the vertical plane, two
LI-COR LI-200R photovoltaic solar radiometers were
used, one behind the glazing and the other in front,
as shown in the Figure 2. These instruments have a
fast time response and are less sensitive to changes
in their measuring plane, as compared with dome-
equipped pyranometers. This glazing had a thickness
of L = 5.90mm ± 0.05mm. The air temperatures
close to these sensors was recorded to make the corre-
sponding post-processing corrections (Wilbert et al.,
2015). In both cases the global transmittance τg were
calculated using Eq. (1). Additionally, a precision so-
lar tracking system (Kipp & Zonen, SOLYS2) with



two Kipp & Zonen CMP11 pyranometers, one of them
shaded by a ball assembly, measure the global and dif-
fuse horizontal irradiances, Gh and Gdh . All these in-
struments are calibrated every two years following the
ISO 9847:1992 standard, against a secondary stan-
dard (Kipp & Zonen CMP22) with traceability to the
World Radiometric Reference (WRR).

Figure 1: Experimental set up for the horizontal mea-
surements.

Figure 2: Experimental set up for the vertical mea-
surements (facing the equator).

Instantaneous measurements were recorded at one-
minute intervals by three different (Fischer-Scientific
DT85) data acquisition systems: the first for the hori-
zontal measurements, the second for the vertical mea-
surements and the third for the Solys2 mounted mea-
surements. A one-minute dataset for the solar irradi-
ance variables Gh, Gdh, Gi and Gt was assembled for
each orientation and then this data was averaged at
10-minute intervals. The measurement period for ver-
tical measurements was extended from 27/05/2016 to
10/12/2018, while horizontal measurements was ex-
tended from 29/12/2018 to 04/02/2019.

Quality control

A quality control procedure based on the Baseline
Solar Radiation Network (BSRN) recommended fil-

ters (McArthur, 2005) was applied to the datasets of
both orientations, with some additional filters based
of physical boundaries, visual inspection of the data
and statistical analysis where applied to the trans-
mittance data.

The first three filters (F1 to F3 in the upper pane of
Table 1) are lower and upper bounds for the measured
horizontal irradiances, G,

b ≤ G ≤ Gsc p (cos θz)
a
+ c, (12)

where p, a and c are parameters by inspection of each
tested variable (Gh, Gd, Gt). Filter F4 discards low-
altitude (αs) measurements which may be affected
by larger cosine errors. F5 is an upper bound for
the diffuse fraction, with a 3 % tolerance for experi-
mental errors. F6 removes points of low kt and low
fd (mostly associated with very low-irradiance mea-
surements under heavy overcast conditions). Filter
F7 (kt < 1) excludes a few over-irradiance events,
which are rare in 10-min records. Filter F8 is a con-
sistency check for the transmittance measurements,
0 ≤ τg ≤ 1. Finally, the F9 filter rejects statistical
outliers in transmittance. For different bins in so-
lar the zenith angle, it removes the data points that
do not comply with ∥τg − τ̄g∥ ≤ 3σ, where τ̄g and
σ are the mean and standard deviation of the trans-
mittance measurements in each bin. This filter was
applied independently in 5◦ bins (the calculation of
τ̄g and σ is done with the data points that pass F1 to
F8).

Table 1 shows each filtering condition, the variables
affected and the % of the daytime records that are
discarded. The last row of this table summarizes the
process by giving the % of records that pass all fil-
ters. After this procedure, a 2282 10-minute record
data set is obtained for the horizontal glazing. Fig-
ure 3a shows the filtering result in terms of horizontal
transmittance measurements. A similar filtering pro-
cedure was used for the vertical measurements (lower
pane in Table 1). Filter F6’ limits the incidence an-
gle θ on the vertical plane. Finally, 13455 10-minute
data records that pass all the filters are obtained. Fig-
ure Fig. 3b summarizes the filtering process for this
orientation.

Methodology

Two transmittance models were implemented for each
orientation, isotropic and anisotropic. Both of them
use Eq. (5) for the beam transmittance and differ in
the calculation of the diffuse transmittance, Eq. (8).
The isotropic model uses Lp = Gdh/2π and the
anisotropic one uses Eqs. (8) and (9) calculating the
integral numerically with a resolution of one degree
in the integration domain. For the vertical case, the
reflected transmittance was calculated from Eq. (11)
with ρ = 0.30, as the reflectivity of the surround-
ing ground that best matches the experimental data.
In this case, the incident diffuse irradiance Gdi was



Table 1: Filters applied to the diurnal measurements.
For the horizontal data set from 3084 diurnal records,
2282 pass all filters. For the vertical data set, from
48399 diurnal records, 13455 pass all filters. % are
expressed in terms of the initial diurnal records.
Filter condition variable % discarded

Horizontal plane
F1 Eq. (12) Gh 5.4
F2 Eq. (12) Gt 6.4
F3 Eq. (12) Gdh 5.5
F4 αs > 10◦ all 12.6
F5 fd < 1.03 Gh, Gdd 4.3
F6 kt < 0.20 & fd < 0.80 Gh, Gdh 9.0
F7 kt < 1 Gh 0.3
F8 0 ≤ τg ≤ 1 Gt, Gi 0.6
F9 ∥τg − τ̄g∥ ≤ 3σ Gt, Gi 16.7
all – all 26.0

Vertical plane
F1’ Eq. Eq. (12) Gh 6.2
F2’ Eq. Eq. (12) Gdh 7.6
F3’ Eq. Eq. (12) Gi 24.0
F4’ Eq. Eq. (12) Gt 13.5
F5’ αs > 10◦ all 14.2
F6’ θ < 80◦ Gi, Gt 34.9
F7’ fd < 1.03 Gh, Gdh 4.9
F8’ kt < 0.20 & fd < 0.80 Gh, Gdh 5.6
F9’ kt < 1 Gh 0.6
F10’ 0 ≤ τg ≤ 1 Gi, Gt 7.5
F11’ ∥τg − τ̄g∥ ≤ 3σ Gt, Gt 42.2
all – all 61.3

estimated from the horizontal irradiance, using the
transposition model of Perez et al. (1990).

Both glass samples have the same physical properties.
A refractive index of 1.53 and an extinction coeffi-
cient of 28.9m−1 were used. The first parameter was
measured using a red laser with λ = 633 nm and a
precision goniometer and the second one results from
a fit to the experimental data minimizing the root
mean square error (see next Section).

Performance indicators

The models are evaluated experimental data by us-
ing three common metrics, namely, the Mean Bias
Deviation (MBD), the Root Mean Square Devia-
tion (RMSD) and the Kolmogorov-Smirnov Integral
(KSI). These quantities are defined as follow,

MBD =
1

n

n∑
i=1

(ŷi − yi),

RMSD =

[
1

n

n∑
i=1

(ŷi − yi)
2

] 1
2

,

KSI =

∫ ym

0

|F (y)− F̂ (y)| dy,

(13)

where yi stands for the reference (measured) value, ŷi
for the modeled (estimated) value, ym for the max-
imum of both sets and F and F̂ are the cumulative
distribution functions of yi and ŷi, respectively. This
set of indicators has been used successfully in previous
works (Vitale et al., 2019; Rodŕıguez-Muñoz et al.,
2021). These metrics are expressed in relative terms

(a) Horizontal measurements.

(b) Vertical measurements facing to the equator.

Figure 3: Transmittance measurements as a function
of the incidence angle. Raw daytime measurements
are in gray, those measurements that pass all filters
are in blue.

(rMBD, rRMSD and rKSI) as a percentage of the
average measured value.

Since each of them quantifies a different aspect of the
comparison between the measured and corrected data
sets, it is convenient to define a collective performance
indicator as,

CPI =
1

3
(|rMBD|+ rRMSD+ rKSI) . (14)

This global index, also expressed as a percentage of
the average reference value, is used as an indicator
for overall model performance. In Gueymard (2014)
uses for these and other indicators in the context of
solar resource assessment are discussed.

In this work, these indicators were calculated for the
entire data set and also for three specific sky con-
ditions by clearness index: clear sky (kt > 0.6),
partly cloudy sky (0.2 < kt < 0.6) and overcast sky
(kt < 0.2).



Results

Transmittance models’ performance

In Table 2, the performance indicators for the trans-
mittance of each glazing (horizontal and vertical ori-
entations) are shown, discriminated by sky condition.
The indicators in this table are expressed as a per-
centage to the average experimental transmittance,
τ̄g = 0.689 (horizontal) and τ̄g = 0.702 (vertical).
The horizontal plane shows positive biases (overes-
timation) and the vertical plane has negative biases
(underestimation), small in both cases. When consid-
ering all sky conditions (all data in Table 2), the dif-
ferences between the isotropic and anisotropic mod-
els are very small. The indicators for the anisotropic
model are slightly better than those of the isotropic
model, except for the mean bias. Since this increase
in rMBD is mostly offset by the decline of the other
indicators when anisotropy is considered, the CPI re-
mains the same as for the isotropical case.

When the performance is analyzed by sky condition,
the improvement from the anisitropic model is asso-
ciated to clear and partly cloudy conditions. Under
cloudy conditions the isotropic model performs best.
This is interesting because under cloudy conditions
the diffuse distribution is approximately isotropic and
the models should have similar performance indica-
tors. This may be due to the fact that the parameters
ai of the function Lp of Brunger and Hooper (1993a)
were fitted with very few experimental data in the
region kt < 0.2. In some cases, values for ai had to
be extrapolated to be able to include sky conditions
within the region kt < 0.2 originally not considered
in Brunger and Hooper (1993a). A simple fix for this
situation is obtained by considering anisotropy only
for kt ≥ 0.20 and using the isotropic approximation
otherwise. The results of this approach are shown
in Table 2 as the “Combined” model which performs
slightly better than the isotropic or anisotropic mod-
els, with improvements of 3-5% on the combined
(CPI) indicator respect to the isotropic results.

The analysis is complemented by Fig. 4, which com-
pare the experimental transmittance data (in blue)
and the theoretical data (in red) in terms of trans-
mittance vs. angle of incidence diagrams. Both ad-
equately describe the general trend of the transmit-
tance with respect to the angle of incidence.

Energetic impact on BPSP

In the last Subsection, the ability of the isotropic and
anisotropic models (and their combination) to pre-
dict the glazing transmittance was evaluated. How-
ever, global transmittance estimates are associated
to different solar gains, according to Gt = τg Gi, so
that equal transmittances value may have different
impacts in solar gain due to changes in incident irra-
diance. The overall impact in the energy balance is
not easy to estimate, since it will depend on the area

and orientations of all glazings among other factors.

A simplified analysis of the impact on energy balance
can be done by considering performance indicators in
terms of the transmitted irradiances. This is equiva-
lent to weight the metrics in Table 2 by the incident
solar irradiance. These performance indicators are
shown in Table 3 for all sky conditions. They are ex-
pressed in relative terms to the average of measured
transmitted solar irradiance: Ḡt = 343W/m2 for the
horizontal case and Ḡt = 265W/m2 for the vertical
case. For the vertical glazing, two cases are consid-
ered: (i) using the measured incident global irradi-
ance and (ii) using the measured horizontal irradiance
(global and diffuse) and the Perez et al. (1990) trans-
position model to estimate the irradiance components
on the glazing. This second alternative is included
because it is frequently used by building simulation
software which mostly uses solar data on a horizon-
tal plane and contributes to the overall uncertainty
in solar gain.

As shown in Table 3, in terms of transmitted ir-
radiance the difference between both (isotropic and
anisotropic) models is larger, with the anisotropic re-
ducing the combined indicator (CPI) between 12 −
22 % respect to the isotropic value. This is to be ex-
pected, because anisotropy matters most under clear
sky, when the incident irradiance is largest. When
these results are analyzed in terms of different sky
conditions, similar results as those obtained in terms
of transmittance are obtained, so they are not in-
cluded. When the transposition model is included
as part of the solar gain calculation, (last three rows
in Table 3) a considerable decrease in performance is
obtained. The improvements due to the anisotropic
model are reduced to 3% in CPI), due to the uncer-
tainty introduced by the transport procedure.

However, it must be noted that in all cases, the per-
formance indicators are similar (or even less) than the
estimated typical uncertainty in the measured data.
For solar irradiance, typical uncertainties are between
3-5% depending on the quality of the instruments, the
incidence angle, temperature and other factors. This
leads to a typical uncertainty in measured transmit-
tance of 4-7%. Thus, even if a small improvement is
observed with the use of the anisotropic model for in-
cident diffuse irradiance, when considering a balance
between complexity and performance, the isotropic
model is still the best option for use in BPSP in most
situations. The anisotropic model might be relevant
for special cases, such as buildings with large glazing
to wall ratios on which the Sun has small incidence
angles during a significant portion of the time (i.e.
equator facing vertical glazings in high latitudes or
horizontal glazings in low latitudes).



Table 2: Performance indicators for isotropic and anisotropic model, expressed as a percentage of the average
reference transmittance, τ̄g = 0.689 for the horizontal case and τ̄g = 0.702 for the vertical case.

Sky condition Model Horizontal plane Vertical plane
rRMSD rMBD rKSI CPI rRMSD rMBD rKSI CPI

all data Isotropic 7.0 0.8 2.7 5.8 2.9 -1.0 1.4 2.7
Anisotropic 6.8 1.7 2.7 5.8 2.9 -1.0 1.2 2.7
Combined 6.6 1.3 2.0 5.5 2.8 -0.9 1.1 2.6

clear sky Isotropic 5.1 -0.4 1.7 4.1 3.0 -1.4 1.8 3.1
kt > 0.6 Anisotropic 4.8 -0.4 1.5 3.8 2.9 -1.1 1.6 2.9

partly cloudy sky Isotropic 9.2 1.7 4.0 8.0 2.7 -1.1 1.3 2.6
0.6 > kt > 0.2 Anisotropic 8.7 3.0 3.0 7.8 2.7 -1.1 1.2 2.6
overcast sky Isotropic 6.0 1.7 3.0 5.6 2.9 0.2 1.3 2.4
kt < 0.2 Anisotropic 7.0 3.6 4.1 7.3 3.2 -0.5 1.2 2.7

Table 3: Performance indicators for the isotropic and anisotropic model in terms of transmitted solar irradiance,
expressed as a percentage of average transmitted solar irradiance, Ḡt = 343W/m2 for the horizontal case and
Ḡt = 265W/m2 for the vertical case.

Sky condition Model Horizontal plane Vertical plane
rRMSD rMBD rKSI CPI rRMSD rMBD rKSI CPI

all data Isotropic 3.2 -0.7 1.6 2.9 2.7 -1.4 1.5 2.7
Gi measured Anisotropic 2.9 0.1 1.1 2.3 2.4 -1.2 1.1 2.4

Combined 2.9 0.0 1.1 2.3 2.4 -1.2 1.1 2.4
all data Isotropic - - - - 8.8 -1.1 2.2 7.0

Gi estimated Anisotropic - - - - 8.8 -0.9 2.0 6.8
(Perez et al., 1990) Combined - - - - 8.8 -0.8 2.0 6.8

(a) Isotropic model for horizontal case (b) Anisotropic model for horizontal case

(c) Isotropic model for vertical case (d) Anisotropic model for vertical case

Figure 4: Transmittance measured (blue) vs modelled (red) for horizontal (a & b) and vertical (c & d) glazing,
expressed as a percentage to the average experimental transmittance, τ̄g = 0.689 (horizontal) and τ̄g = 0.702
(vertical).



Conclusions

In this work, the global solar transmittance of a float
glass was measured experimentally for different sky
conditions and two different orientations, horizontal
plane and vertical plane oriented towards the equator.
These measurements were contrasted with two theo-
retical models which took as input parameters the
refractive index, the extinction coefficient, and the
thickness of the sample. Both models used the phys-
ical model proposed by Duffie and Beckman (2006)
for direct solar transmittance. The difference between
models lies in the treatment of diffuse solar irradiance,
the first model assumes an isotropic distribution and
the second the anisotropic distribution proposed by
Brunger and Hooper (1993a).

When evaluating the performance of the models, it
was found that the anisotropic presents very small im-
provements with respect to the isotropic one. When
discriminating the indicators by sky condition, the
main improvement of the anisotropic model with re-
spect to the isotropic model occurs for clear and par-
tially cloudy conditions. For cloudy conditions the
isotropic model performs best. A simple combination
of both models is the best performing under all-sky
conditions. However, the difference with the isotropic
model is small (+ 3%) specially considering the typ-
ical uncertainty in the experimental data.

Weighting the performance indicators by the incident
solar irradiance, the difference between the models in-
creases considerably, going from 3−5 % to 12−22 %.
For vertical glazings, the transmittance model is usu-
ally used with a transposition model to obtain the
solar irradiance components on a vertical plane from
those on the horizontal plane. When the Perez et al.
(1990) transposition model is included in the calcu-
lation of the transmitted solar irradiance, the overall
performance is degraded considerably and the advan-
tage from using an anisotropic model is further re-
duced. Since, in all cases the performance indicators
are of the same order of magnitude as the typical
uncertainty of the measurements, a clear advantage
for the anisotropic model can not be shown. Taking
into account the balance between complexity, robust-
ness (against data errors) and accuracy, the isotropic
model continues to be the best option within the con-
text of the BPSPs for most cases. However, for special
applications which have large glazing/wall ratios and
low Sun incidence angles during significant part of
the day, may still benefit from including anisotropic
effects in the diffuse component calculations.
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