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ABSTRACT

The main source of daylight is the Sun. The
Earth’s atmosphere scatters its light due to the air,
water vapour, ice particles (at high altitudes), dust,
various gases, and other contaminants that appear
in the air as a result of human activities. This forms
a daylight diffuse (scattered) component, which is
a data basis for calculation of daylight in buildings.
This basis has its own features for a given region.

This article shows a calculation of sun-lighting
efficiency in Vietnam. We obtained a variation of
horizontal daylight illuminance in Hanoi (21.03°N).
Comparing it with the variation of horizontal day-
light illuminance in Moscow (55.70°N), we can see
a high level and a distribution uniformity of outdoor
illuminance in Vietnam. The maximum levels of
diffuse illuminance and total illuminance in Hanoi
are 45.2 and 58.52 klx; the maximum levels of dif-
fuse illuminance and total illuminance in Moscow
are 28.3 and 53.1 kiIx. Besides, illuminance levels
in winter months are much higher for Hanoi than
for Moscow. This can be explained by different lati-
tudes of these cities and by the Sun motion.

Keywords: local light climate, tropical cli-
mate, diffuse horizontal illuminance, total horizon-
tal illuminance, sun-lighting efficiency, cloud cover
statistics

1. INTRODUCTION

Horizontal illuminance is an important factor of
light climate resources in each region. At the present
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day, Vietnam offers no complete standards of com-
putational methods for design of daylight in build-
ings. This paper contributes to the development of
such standards and energy-efficient daylighting sys-
tems. This work also allows us to extend the avail-
able data on day-time changes in illuminance levels
for all months in those Russian cities that are not in-
cluded in the Daylighting Set of Rules and other ref-
erence materials.

The daylight factor D is used for rate setting of
daylight/combined lighting indoors and for design
of buildings and constructions. D is the ratio of day-
light illuminance that is created by skylight, direct
or reflected, at some point of a given plane indoors
to a simultaneous value of outside horizontal illumi-
nance that is created by light of a fully open firma-
ment. We should mention that the notion D makes
sense only under an overcast sky with a luminance
distribution specified by the International Commis-
sion on [llumination (CIE). In this case, D does not
depend on an orientation of the window with regard
to the Sun, and this is a constant value for a given
point of the room.

The overcast sky is not common for the tropics.
Total sunlight and direct sunlight strongly affect the
choice of a daylighting system indoors. Depending
on the architectural solution of the enclosing struc-
tures using solar protection devices, direct sunlight
gives more or less reflected light indoors. To assess
the energy efficiency of daylighting systems for
buildings in the tropics, the research of the light cli-
mate is required with regard to data on total horizon-
tal illuminance and diffuse horizontal illuminance.



Light & Engineering

Vol. 27, No. 5

We do not have any data from field measure-
ments of daylight illuminance in Vietnam at this
time. The data on the light climate are calculated as
per lighting efficiency of solar radiation with solar
radiation satellite data. Lighting efficiency of solar
radiation strongly depends on the current altitude of
the Sun. Specifically, direct solar illuminance and
lighting efficiency of direct solar radiation depend
on the altitude of the Sun. The total (global) illu-
minance and the diffuse illuminance do not directly
depend on the altitude of the Sun. The lighting effi-
ciency of solar radiation is higher with diffuse light-
ing than with total lighting [1, 2].

Articles [3, 4] present 3 methods for calcula-
tion of lighting efficiency of solar radiation (includ-
ing direct lighting efficiency, total lighting efficiency,
and diffuse lighting efficiency of solar radiation)
based on the corresponding mathematical models.
To define lighting efficiency of solar radiation, we
have chosen a model that was developed in Vietnam
as part of this study [5]. This model was used to cal-
culate daily variations in diffuse illuminance and to-
tal illuminance.

2. RESEARCH AND CALCULATION
METHODS

ASHRAE IWEC2! weather data were selected
to calculate the lighting efficiency of diffusive so-
lar radiation (Kj) and the lighting efficiency of to-
tal solar radiation (Kp) (Im/W). The software fills
or reduces the data to hourly time steps and calcu-
lates the lighting efficiency level when converting
the raw Integrated Surface Hourly Database to the
local time. The data on the light climate of Hanoi
accumulated for 12 years, from 2005 to the end of
2017, are typical. Meanwhile, the choice of typical
months is based not only on average distributions
but also on statistical distributions of different cli-
matic parameters over months as per the records of
long-term observations. The typical months selec-
tion method that is widely used to create first files of
a typical meteorological year (7MY) was developed
by the NREL? in the early 1980s (NCDC?3, 1981).
The Finkelstein-Schafer (FS) statistics technique

is used to select a TMY. Its main indicator is the
FS value (statistics), which is determined by a to-
tal difference between a distribution of the candi-
date month and a long-term distribution in the same
calendar months for the recording period. The FS
statistics is evaluated with different climate param-
eters, which are later assigned with weighting coef-
ficients and then summed. The month with the low-
est FS value is considered the most representative
typical month [6].

Wherein:

* The solar position is calculated by the
formulas:

_ |sind -sin@ + cosd - cos @ X
h, = arcsin ,deg,

x cos[15”-(12-T)]

0=2345. sin[@(d —81)] or
365

0=2345. sin[%(284 +d)],deg,

where: d is sequential number of day of year, count-
ing from January 1; A, is Sun altitude, deg; 0 is so-
lar declination on any day of year, deg; 7T is time, h
(e.g. 16h 15m = 16.25h); ¢ is latitude (south latitude
with minus sign), deg;

* Kpand K are calculated as follows:

K, =0.1-h, +67, klx/(cal-cm?-min!),

K, =0.1-h, + 62, kIx/(cal-cm-min"");

* Diffuse illuminance and total illuminance
are obtained by multiplying diffuse solar radia-
tion data (cal-cm?-min’!) by K, and by multiply-
ing total solar radiation data (cal-cm2-min’!') by K;

* Kpand K are 70 and 65 klx/(cal-cm2-min!)
or 101 and 93 Im/W in Hanoi according to this
model.

3. RESULT ARGUMENTATION

It is obvious from the variation calculation re-
sults of diffuse daily illuminance and total daily il-
luminance in Hanoi and Moscow (compared by the
light climate [7]) (Figs. 1, 2) that:

1 ASHRAE IWEC?2 temporary files were developed for the American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE) by White Box Technologies, Inc. These files are based on the integrated surface hourly database for 3,012 lo-
cations outside the US and Canada with > 12-year (and < 25-year) records. URL: http://weather.whiteboxtechnologies.com/IWEC2.

2 National Renewable Energy Laboratory

3 National Climatic Data Centre
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Fig. 1. Diagrams of variation in diffuse daylight illuminance (DDI) in Hanoi 21.3°N (a) and Moscow 55.7°N (b)

* Outer diffuse illuminance in Hanoi slightly
varies between summer and winter months. The
maximum diffuse illuminance level is 29 klx
in winter periods (December) and 45 kIx in sum-
mer periods (June). The high level of daylight hor-
izontal illuminance in Hanoi is equally distributed
within almost every month. Sunrise time is 05:15
(for June) and 06:35 (January). Sunset time is 18:39
(June) and 17:08 (December).

* The diagrams of diffuse daily illuminance
variation in Moscow show a large difference in illu-
minance levels for winter and summer and a small
duration of daylight for winter (from 08:23 to 15:27
for December) with the maximum level of diffuse
illuminance of 3.7 kIx. The longest duration of day-
light for summer is 17h 30m (from 3:15 to 2:04 for
June) with the maximum level of diffuse light of
28.3 klx.

The definition of daylight resources is very im-
portant for a design strategy of buildings in order
to improve the energy efficiency of daylighting sys-
tems. The high level of daylight in Hanoi, with
its equal distribution over months, allows daylight
to use in this city all year round. The tropical cli-
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mate, with large solar radiation, puts a large ther-
mal load on building enclosures [8]. Therefore, day-
lighting systems featuring solar protection shall
be widely used to reduce room heating during the
summer period. Besides, solar protection devices
weaken daylight illuminance in rooms by reducing
direct lighting from the sky.

However, solar protection devices play a role of
reflective panels at some point, which increase the
level of reflected light indoors (with direct sunlight
on these reflective panels). The research [9] car-
ried out by the Moscow State University of Civil
Engineering obtained D field results in a particu-
lar room of a building after installation of visor so-
lar protection devices that show that the average D
in a room with side light openings is 3.87 % un-
der a clear sky with a total cloud cover of up to 2
points, which is higher than the average D under
a cloudy sky that is 2.89 %. This means that so-
lar-protected daylighting systems are more efficient
in direct sunlight for tropical latitudes. To assess
the energy efficiency of such systems, it is neces-
sary to conduct a research of direct facade solar il-
luminance at different orientations and an impact
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Fig. 2. Diagrams of variation in total daylight illuminance (TDI) in Hanoi 21.3°N (a) and Moscow 55.7°N (b)

analysis of various solar protection devices in day-
lighting systems of buildings.

Figs. 1, 2 show that consideration of total day-
light for rooms featuring solar protection devices
and other devices that exclude direct solar radia-
tion could significantly improve the energy effi-
ciency of daylighting systems in buildings without
affecting the internal environment comfort of build-
ings not only in Hanoi, but also in Moscow.

CONCLUSION

The research of recent-years weather data and
the analysis allow us to assess the light climate of
the area and to obtain the materials for further stud-
ies of daylight in construction. The light climate re-
source data were obtained during the analysis of
the survey results of daylight illuminance in Hanoi
and Moscow. They show the illuminance distribu-
tion uniformity in Hanoi by months and the distri-
bution nonuniformity in Moscow. At the same time,
consideration of the total daylight illuminance with
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solar protection devices allows to reasonably assess
the energy efficiency of daylighting systems even
in the light climate of Moscow, which is actually
much higher than the calculated efficiency with the
assumption of a cloudy sky, according to the CIE.
This allows us to consider the daylight in buildings
to be a promising direction for improving the en-
ergy efficiency of buildings, especially in the trop-
ical conditions of Vietnam, where various solar
protection devices should be widely used. This al-
lows not only to reduce the energy consumption as-
sociated with lighting, but to significantly reduce
the thermal load indoors and the energy consump-
tion associated with air conditioning.

The introduced technique allows us to calculate
variation diagrams of diffuse illuminance and to-
tal illuminance in all cities of Vietnam and Russia,
to clarify lighting and climatic factors, and to accept
the regional daylighting standards at the modern
level. Special field measurements of daylight hori-
zontal illuminance will be carried out to determine
the uncertainty of the calculation results.
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