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Solar Energy

71 - L3R

7.1 General Terms
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7.1.1 Global radiation
The sum of direct and diffuse radiation
incident on a horizontal plane at a given
time received from the sum and sky
respectively.

7.1.2 Direct radiation
That part of incident solar radiation
originating directly from the solar disc that
has not been subject to change in direction
in its passage from the solar disc other than
due to the effects of refraction at low
elevations.

7.1.3 Diffuse radiation
That part of incident solar radiation
emanating from all directions (except
directly from the direction of the solar disc)
after scattering in the atmosphere (due to
molecules, aerosols, clouds) and possible
reflection at the earth’s surface (due to the
land, the sea, trees, buildings).

7.1.4 Infrared radiation
Radiation of wavelengths between 760 nm
and I mm.
Note 1 A distinction requires to be made
between the infrared range of solar radiation
(760 nm to 5 um approximately) and that of
terrestrial radiation (above 5um).
Note 2 Between 50 pm and 1 mm the
radiation is more generally referred to as

“far infrared” or “submillimeter” radiation.
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7.1.5 Irradiance; radiant-flux density
The quantity of solar energy falling per unit
area of plane surface, per unit time,
expressed in W/m2s or J/Jm2s. Note Time
integrated solar irradiance is termed
irradiation or insolation; however, use of the
term irradiance is preferred, it being referred
to the relevant time interval. If another time
unit than the second is used, this must be
stated. In practice commonly used units are
hourly, daily or monthly irradiations.

7.1.6 Solar constant
The intensity of solar radiation outside the
earth’s atmosphere at the mean distance
between the earth and the sun, on a surface
normal to the radiation, is taken to be equal
to 1367+5W/m=2

7.1.7 Solar altitude
The angle between the line joining the
centre of the solar disc to the point of
observation and the horizontal plane
through the point of observation. Note In
the same system of horizontal celestial
coordinates, the azimuth is the angle formed
by the vertical plane passing through the
sum and north-south vertical plane. The
azimuth enables the path of the sun to be
transferred to the horizontal plane.

7.1.8 Angle of incidence (for direct radiation)
The angle between the line joining the
center of the solar disc to a point to an
irradiated surface and the normal to the
irradiated surface.

7.1.9 Solar declination
Angular distance of the centre of the solar
disc north or south of the celestial equator
when the sun is on the meridian.
Note the declination varies with the time of
the year (+ 23°45’ at the summer solstice to
- 23°45’ at the winter solstice; at the
equinoxes it is zero).
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7.1.10 Albedo
The ratio of the solar radiation reflected or
scattered in all directions from a surface to
the total solar radiation, direct or scattered,
incident on the surface.
Note Albedo as a generalized concept
relates to reflectance from a surface across
the whole spectral range covered by solar
radiation and neglects variations due to
angles of incidence; the albedo of a specific
surface, however, can vary markedly with
angle of incidence.

7.1.11 Clear sky
The state of the sky when it is cloudless.

7.1.12 Turbidity coefficient
A coefficient that attributes a value to the
quantity of aerosols (essentially scatter-
producing microparticles), normal to the
point of measurement. This coefficient
enables the extinction of direct radiation due
to scatter by aerosols to be calculated, not
only in respect of a specific wavelength but
also of each wavelength (and hence of the
whole solar spectrum), if the variation of
scattering with wavelength is known.
Note ANGSTRO M's turbidity coefficient,
B, corresponds to wavelength of 1 pm and is
generally in the range between 0.02 (very
pure atmosphere) and 0.20 (polluted sky).
Other turbidity coefficients are also
employed. (B SCHUEPP, B VALKO).
However, only the effect of aerosols is
taken into consideration by these various
coefficients, whereas the extinction of direct
radiation depends as strongly on molecular
diffusion and on absorption by atmospheric
gases (0zone, water vapour, carbon

dioxide).
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7.1.13 Turbidity factor (Linke turbidity factor)
The number of atmospheres postulated as
being pure and dry that would be required
cumulatively to achieve at the earth’s
surface the same degree of extinction of
direct solar radiation as is encountered in
reality.

Note This factor is dependent on the
quantity of ozone, water vapour and
aerosols; it also depends to a slight degree
on the height of the sun and hence varies
according to the time of day (assuming
unchanged atmospheric conditions). It is an
empirical factor of practical value for
energy applications. Values for the factor
generally range between 2 (pure air) and 6
(polluted air).

7.1.14 Emissivity
The ratio of the radiation emitted by a
surface to the radiation emitted by that
surface if it were a perfect black body
radiator at the same temperature.

Note Emissivity varies with wavelength and
should be defined for a given wavelength.

7.1.15 Emissive power; emittance
The total power emitted from a surface at a
specified temperature and in defined
surroundings per unit area.

7.1.16 Absorptance; absorption factor
The ratio of the radiant flux absorbed by a
surface to the radiant flux incident on that
surface.

7.1.17 Transmittance; transmission factor
The ratio of the radiation transmitted
through a given material to the radiation
incident on the irradiated surface of that
material.
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7.1.18 Reflectance; reflection factor
The ratio of the radiation reflected from a
surface to the radiation incident on that
surface.
Note More specific terms are: reflectivity
(the fraction of incident solar radiation
reflected at a specific wavelength) and
reflection coefficient (the average
reflectivity over a specified wavelength
region weighted by the distribution of
radiation in the solar spectrum).

7.1.19 AM 1 conditions (air mass 1)
Standard conditions, being those prevailing
at sea level, when the ratio of the optical
path length (air mass) actually traversed
through the earth’s atmosphere, to the path
length vertically through the earth’s
atmosphere is unity. The transparency of the
atmosphere is in practice further reduced by
atmospheric turbidity.

7.1.20 Greenhouse effect
An effect whereby infrared radiation (i.e.
heat), emitted by a body that has absorbed
energy from the sun, is trapped in a space
enclosed by glass or other material that is
largely opaque to infrared radiation (hence
preventing radiant heat losses) but
transparent to other incoming solar
radiation.
Note For the greenhouse effect caused by
atmospheric carbon dioxide and possible
increase in the temperature of the surface of
the earth, see Section 8.

7.1.21 Irradiance period

The period of exposure of an area to solar

irradiance.
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7.1.22 Irradiance ratio
The ratio of the effective irradiance to the
theoretically maximum possible irradiance.
Note the duration of the theoretically
maximum possible irradiance could be
readily calculated or may be obtained from
the local meteorological office for a
completely open site but it may require to
be corrected for the masking effects of
orographical and other obstacles.
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7.2 Technology-Solar Collectors
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7.2.1 solar collector
A device designed to absorb incident solar
radiation, convert it generally to heat energy
and transfer it to a heat-transfer medium.
Note In some cases the term ‘collector’
relates exclusively to the component that
receives the solar radiation, the whole
assembly being referred to as a ‘helio-
thermal converter’.

7.2.2 Air- cooled solar collector
A solar collector in which air is the heat-
transfer medium.

7.2.3 Liquid-cooled solar collector
A solar collector in which a liquid is the
heat-transfer medium.

7.2.4 Flat plate collector
A solar collector that does not make use of
concentrating devices.
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7.2.5 Concentrating solar collector
A solar collector that comprises reflectors,
lenses or other optical devices designed to
concentrate the solar energy falling within
the collector aperture on to an absorber
whose surface area is less than that of the
collector aperture.

Note The main types of concentrating
collector in use may be divided into those
that operate by refraction (lens collectors)
and those that operate by reflection; the
reflecting surfaces of the latter are in the
form of hemispheres, parabolas, parabolic
cylinders or cones.

7.2.6 Cover; cover plate
The material or materials that cover the
aperture of the solar collector, are directly
exposed to solar radiation and trap infrared
radiation by the greenhouse effect (see
7.1.20).

7.2.7 Absorber The component of a collector that
absorbs solar radiation, converts it to heat
energy and transfers the heat to a heat-
transfer medium.

Note In the case of a flat plate collector, the
absorber has a dark and generally matt
surface.

7.2.8 Collector aperture
The frontal cross-sectional area of a
collector through which normal, direct solar
radiation can penetrate to the absorber
directly or by reflection. The area available
for the transmission of solar radiation
through the first air/cover interface of the
collector.

7.2.9 Concentrator
That part of a concentrating solar collector
that serves to direct the solar radiation on to
the absorber.
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7.2.10 Selective surface
A surface that has a high absorptance for
solar radiation and a low emittance for
infrared radiation.

7.2.11 Collector efficiency
The ratio of the quantity of energy actually
recovered by a solar collector during a given
period to the quantity of solar energy
incident on the surface of the collector
during that period. Note In practice every
collector system possesses thermal inertia.
Efficiency calculations are, therefore, made
on the basis of recordings made over a
period of time with constant irradiation
conditions and collector temperature.

7.2.12 Overall coefficient of collector losses
A parameter that quantifies the energy
losses of a solar collector to the
surroundings (optical and thermal losses).
Note Optical losses are attributable to the
design characteristics of the collector; heat
losses to its operating conditions.

7.2.13 Inclination (of collector)
The angle formed by the plane of the
collector and the horizontal plane.

7.2.14 Primary heat-transfer fluid
The medium such as air, water or other fluid
that passes through the solar collector or
maintains contact with it and extracts from
it the heat energy collected.

7.2.15 Secondary heat-transfer fluid
The intermediary fluid that serves to convey
heat to or from the heat-storage system.

7.2.16 Storage system
A system of one or more insulated
containers holding heat-storage media and
expressly designed for heat storage.
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7.2.17 Heat-storage medium
The substance utilised in the storage system
in which the major part of the heat energy is
stored, either as latent heat or as sensible
heat.

7.2.18 Pyranometer
An instrument for measuring solar
irradiance upon a surface; if mounted
horizontally it will measure global
irradiance. Note The instrument is usually
used to measure global irradiance but by
suitably shading the sensor from the direct
solar beam it may be used to measure
diffuse radiation.

7.2.19 Pyrheliometer
An instrument for measuring direct solar
irradiance on a surface normal to the sun’s

rays.
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7.3 Thermal Applications of Solar energy
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7.3.1 Solar architecture
Architectural design adapted to the
collection, storage and distribution of solar
energy falling on a building, by the
combined use of opaque and transparent
walls, of the thermal mass of the building
and of natural air circulation, based on local
climatic conditions (passive systems)

7.3.2 Solar heating
A system that utilises solar collectors to
transfer a part of the solar energy falling on
a building to a heat exchange medium, the
heat energy thus collected being thermally
stored and subsequently distributed by a
conventional heating system (active
system).

7.3.3 Solar water heating
A system for collecting and utilising solar
energy for heating or pre-heating water,
mainly for domestic purposes (domestic hot
water).
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7.3.4 Solar drying
The utilisation of heat derived from the sun
for drying agricultural and industrial
products.

7.3.5 Solar cooker
A solar collector with or without
concentration equipment, designed to utilise
the solar energy collected for cooking food.

7.3.6 Solar furnace
A furnace in which high temperatures are
achieved by concentrating the sun’s rays on
the material under heat treatment or being
melted.

7.3.7 Heliostat
A system that orientated an absorber or a
mirror so that direct solar radiation is
absorbed at or reflected on a fixed position
regardless of the position of the earth during
daylight hours.
Note The mirror version is the more general
and the term “heliostat” is sometimes used
to describe the orientable mirror alone.

7.3.8 Focus
The point at which the solar rays meet after
reflexion or refraction in a solar furnace or
concentrating collector.

7.3.9 Solar thermal pump
A pump powered by heat engine whose heat
source is supplied by solar energy.

7.3.10 Solar thermal power station
An installation designed to transfer solar
energy to a heat-transfer medium and to
convert the heat energy thus collected into
electrical energy.
Note A solar tower power station is a type
of solar power station that incorporates a
tower to collect and convert to electricity
direct solar radiation reflected on to it by
mirrors orientated by heliostats.

10
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7.4 Direct Conversion of Solar Radiation into

Electricity
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7.4.1 Solar photovoltaic cell; solar cell

A device that enables solar radiation to be
converted directly into electricity by
application of the photoelectric effect.
Current carriers produced by radiation, as in
the photoelectric effect, are driven through
an external circuit by an internal electric
field. Note In practice an assembly of cells
is mounted on a module and the modules
are arranged in panels or arrays (in series,
parallel, or combined series/parallel).
Applications for photovoltaic cells are
limited at present to those which require a
source of electric current under conditions
that particularly favour the characteristics of
such cell, i.e. where low-power sources are
required in remote locations, e.g. solar
pumps, optical signaling,
telecommunications, battery recharging,
satellite power sources, electrolysis, etc.
The extension of photovoltaic cells to other
applications, e.g. direct conversion power
stations, is directly dependent on lowering
the costs of the modules.

7.4.2 Short-circuit current of solar cell

The current supplied by solar cells on short
circuit, under AM 1 conditions at 300K
(unless otherwise specified).

7.4.3 Open-circuit voltage of a solar cell

Voltage developed at the terminals of a
solar cell on open circuit, under AM 1
conditions at 300K (unless otherwise
specified).

7.4.4 Efficiency of a solar cell

Ratio of the peak power delivered by a solar
cell to the solar irradiance incident on the
cell, under standard AM 1 conditions at
300K (unless otherwise specified).

11




745 * B34 i & 7.4.5 Peak power of solar cell

% 300°K > AM1 % 3w » d ST Maximum electric power obtainable from a
7 “rﬁ%l e < 7 4 oo solar cell under standard AM 1 conditions at
300K (unless otherwise specified).

746 ~HBT# e BT 7.4.6 Series resistance of a solar cell
BREIHBRA P Bfmm RS R LA Resistance in series with an ideal solar cell
EERTHAER Y PFT LT RT3 that results in ohmic voltage drop within the

(32) 2T FE FARABRAPN T actual cell. Note An ideal solar cell is a
hypothetical cell without internal resistance.

TAT7 BT # ol RTIE 7.4.7 Shunt resistance of a solar cell
BEAHBRA IHEDTIE ) AT L Resistance in parallel with an ideal solar cell
EERT AR ER I L o that results in current leakage losses within

() *HBRrd #7 [ENE i LR the actual cell. Note An ideal solar cell is a
hypothetical cell without internal resistance.

748 =B R ¥ kg rF 7.4.8 Optical efficiency of a solar cell
Pebt S 153w 7 AT iRz an bt Ratio of the solar irradiance on the
B B 2R BT E 21t o photosensitive part of the cell to the solar

irradiance on the whole cell.

749 =BT #dEF 7.4.9 Spectral response of a solar cell
Hiz r st £ qaa Bl F # 42 10mm > The short-circuit current supplied by the cell

SR s EERT Y — B 300°K A per unit irradiance in a narrow (generally
+ Exvﬁt%« T o not exceeding 10 mm) wavelength band,

expressed as a function of wavelength at
300K (unless otherwise stated).

7410 Epew Rk 7.4.10 Packing density
ARG e AR e AL Ratio of the total area of all the cells to the
oo area of the solar module on which they are
mounted.
7.4.11 ?;é 3 Tl 7.4.11 Covering factor
THEBERFRETG FETH YR Ratio of the area of a solar cell covered by
i 7}% 2k o metal to the total area of the cell.
7.4.12 L3 Fl¥k 7.4.12 Fill factor
SHRP R EH IR RTREER Ratio of the peak power obtainable from a
TR A2 o solar cell to the product of the open-circuit
voltage and short-circuit current (see 7.4.2).
7.4.13 *L% i3 9: Bt 7.4.13 Geometrical concentration ratio
TR Z e FERE G Ratio of the area of the photosensitive part
7&1 2o o of a solar cell to the area of the cell.

12
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7.4.14 Actual concentration ratio
The product of the geometrical
concentration ratio and the optical
efficiency of a cell.

7.4.15 Hybrid solar cell system
A solar cell incorporating a cooling system
in which the heat energy collected by the
cooling medium is usefully employed.
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