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1. Introduction:

The sun supplies energy in the form of radiation, which is the basic source of energy
for all life on earth. The solar radiation is composed of two radiation fractions, these
are called direct radiation and diffuse radiation. Direct radiation comes from the
direction of the sun, thereby producing sharp shadows of any object. By contrast,
diffuse radiation does not have a specific direction. The sum of direct and diffuse
radiation is known as global radiation.

Atmospheric
Scattering

Figure 1: Direct & Diffuse radiation

Solar Water Heater is a simple device which utilizes global solar radiation and
provides hot water at a temperature of 60-80°C. Its typical applications are in
residences, hotels, hospitals, nursing homes, guest houses, hostels and industries.

Figure 2: A Domestic SWH system in Dehradun (Source: GKS)
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Solar water heating is one of the most mature and is one of the fastest growing
renewable energy technologies. Between the years 2000 to 2009, the world-wide
solar water heating market has shown a six-fold increase. In India, the annual growth
in the sale of solar water heating has been around 20%.

2. Solar Water Heating- Worldwide:

2" Jargest Renewable Energy Technology after Wind Energy
The market for Solar Water Heaters has increased 6 times during last decade
T 6,000 MWth/year in 2000
T 35,000 MWth/year in 2009.
Chinese installed capacity is almost 50 times that of India.
China
T Majority of the sales are in the urban residential sector (both multi-
storey as well as independent houses). Almost 10% of the households
are using SWH ; China is targeting that 30% of the households become
SWH users by 2020
Europe
T 90% installed capacity in residential sector
Predominantly independent houses

Overall Installation : 3.5 million m? till 2009

Residential Sector: 75-80% of total installation

Karnataka & Maharashtra are leading states.

Karnataka + Maharashtra > 65% of the total installed capacity

Australia Japan s United States
0.5% 5% 033 0.5% Others
Brazil 2.5%

15%
India
1.0%

Turkey
3.5%

Figure 3: Worldwide SWH Sales -2007 (Source: REN, 21)
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3. Working Principle:

The Sunés rays fall on the <collector
system). A black absorbing surface (absorber) inside the collector absorbs solar
radiation and transfers the heat energy to water flowing through it. Heated water is
collected in a tank which is insulated to prevent heat loss. Circulation of water from
the tank through the collectors and back to the tank continues either automatically
due to thermo siphon effect or through a circulation pump.

Vent Cold Water Tank

Hot Water

Hot Water Tank Supply

Solar ;
Collector

o

I Kitchen

Figure 4: Working of SWH System (Source: User Handbook on SWH)
Generally three types of solar water heater are available in the market:

1. Flat Plate Collector System (Figure 5) - Solar radiation is absorbed by a thin
metal plate (usually black coloured copper plate). The absorbed heat is
transferred to water flowing through metal tubes attached to the metal plate.
The absorber is enclosed in a metallic box, covered on the top with a glass
sheet, and insulated on the back and sides.

. Evacuated Tube Collector System (Figure 6) i The collector consists of
evacuated tubes. Each evacuated tube is similar to a thermos in principle. An
internal glass or metal tube containing the water is surrounded by a larger
glass tube. The space between the two tubes is evacuated for providing
insulation.
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Figure 5: Flat Plate Collector System Figure 6: Evacuated Tube Collector System

Heat Pipe (Figure 7): In this type of evacuated tube, there is a pipe (usually
made of copper) filled with a fluid of low boiling point. When the pipe is heated
by the sun the fluid boils and rises up in the pipe due to the thermo siphon
effect. At the top, there is a connection of this heat pipe to a header pipe
where this heat is transferred to the water flowing through the header pipe.
The fluid in the heat pipe condenses on cooling and flows back to the bottom

of the heat pipe.

» ‘ ‘ 4«  Sunlight absorbed as heat
\ by the dark inner surface
of the Evacuated-Tube

\

-
-\

Figure 7: Heat Pipe (Source: Inter Solar Systems Pvt Ltd)
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4. Components of SWH System:
1. Collector:

The collector captures the solar energy in the form of heat. As explained earlier it
could be of three types.

.

Figure 8: Flat Plate Collector Figure 9: Evacuated Tube Collector

2. Storage:

Because the sun is not shining all the time, a storage in the form of a well insulated
metal/polymer tank is necessary to store the water heated by solar energy. Usually
the storage is designed for overnight storage i.e. the hot water generated is available
for use till next day morning.

Hot Water Storag@ank ‘ &

Figure 10: Hot Water Storage Tank
(Source: Training Course on Solar Technologies Volume 1: Solar Thermal Systems for Engineers)
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3. Piping:

For connecting different components of the solar system and for distributing hot
water, piping is necessary. Right choice of material, dimensions, junctions, valves in
the piping and insulation of hot water pipes to decrease heat losses, is important for

a well-functioning solar water heating system.

Vent
pipe
above
Cold
water
tank

Hot water Recirculation piping
Delivery

Figure 11: Interconnection and Delivery (Source: Nuetech Solar System Pvt Ltd)

4. Mounting:

How the collectors are mounted and installed depends mainly on the installation site
- is it a flat roof, a tilted roof, a facade or just a free space on the ground?
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Figure 13: Metal frame structure for mounting on slopping roofsSource: Vatsalyam Enterprises, Shimla) N
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5. Applications:

Solar Water Heaters are widely used in hotels. There are more than 200 hotels in
the Himalayan region which are using solar water heaters. Manali, Shimla, Solan,
Leh, Dharmshala and Dehradun are some of the places in the Himalayan region
where several hotels have adopted solar water heaters. Solar Water Heaters are
also used extensively in institutions, which includes school and college hostels,
army/police establishments, government guest houses, hospitals, religious
establishments etc. Apart from these, SWH systems are also widely used in
residences and industries.

—T , | 7
Figure 14: Manali Hotel Figure 15: Shimla Hotel
(Source: Inter Solar Systems Pvt Ltd) (Source: Vatsalyam Enterprises, Shimla)

J!' . S sl

Figure 18: Hospital Figure 19: Indutry
(Source: GKS) (Source: Inter Solar Systems Pvt Ltd)
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. Space Availability:

The basic requirement for SWH is the availability of south facing shadow free
area, usually on the roof of the building. As a thumb rule, the requirement of
shadow free area is around 3 sq. m for each 1x2 m collector.

. Subi Zero Areas:

Wherever temperature goes below sub-zero in winter months, usually heat
exchanger type systems are used. Mixture of ethylene glycol and water, having a
low freezing point, is normally used in primary circuit. In summer seasons, it is
advised to replace ethylene glycol solution with normal soft water.

. Water Quality:

A Hardness of Water: Salts dissolved in water causes the water to become hard.

A Temporary Hardness: Temporary hardness is a type of water hardness caused
by the presence of dissolved carbonate minerals (calcium
carbonate and magnesium carbonate). When heated the salts separates from
water and accumulates. In case of solar hot water systems, it leads to scaling in
the collector tubes, hot water tank and piping.

APer manent Har dness: The salt doesnoét
any scaling in solar water heating systems.

A Use of hard water in SWH leads to scaling and eventual clogging of piping and
collector tubes. If hardness of water > 300 ppm, Use of indirect/ Heat
exchanger SWH system is generally recommended.

A In indirect system, soft water is used in collectors which in turn heat the water
to be used through a heat exchanger.

Storage tank

or tempering valve

/

I Hot water return to building

Cold water inlet
from building / process

f

Circulating pump Immersed copper
heat exchange pipe

Figure 20: Internal Heat Exchanger System (Source: Training Course on Solar Technologies Volume 1: Solar
Thermal Systems for Engineers)
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Storage tank

Hot water return to building
or tempering valve

Cold water inlet
from building / process

Figure 21: External Heat Exchanger System (Source: Training Course on Solar Technologies Volume 1: Solar
Thermal Systems for Engineers)

. Solar Collector Selection:

As mentioned earlier, two different types of collectors 1

Flat Plate Collector

technology (FPC) and Evacuated Tube Collector technology (ETC), are used in
India. ETC systems with heat pipes are also available but these are not being
used commonly. Right technology should be chosen as per specific hot water
requirement, site conditions and customer's concern for the performance,

durability and reliability.

Comparison of Technology

FPC

ETC

Thermal insulation is not as good as
that of ETC so slightly lower efficiency
in cold climatic conditions and for high
hot water temperature requirements.
For normal hot water temperature
requirement (50-60 degree), both have
comparable efficiencies.

Evacuated tube provides better thermal
insulation and hence relatively lower
heat loss from the collector. ETC are
claimed to have higher efficiencies
under cold climates and for high hot
water temperature requirements.

Indigenously Manufactured.

Mostly Imported from China.

In case of hard water, collector is prone
to scaling and chocking

Less prone to scaling

Heavy in weight, Lifting problems but
robust technology

Light in weight but prone to breakage
due to physical and thermal shock

BIS standards available

BIS standards yet not available

Proven life cycle of 15-20 years

Life depends on product quality. No
conclusive data on life of the system
under Indian conditions.

A In areas where hail storms are likely, ETC systems are generally not
preferred.

A Similarly in areas where monkey menace is common (hilly region) either use
FPC system or use ETC system with proper wire mesh (jaali).
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Figure 22: Wire mesh over ETC system to protect it from monkeys (Source: GKS)

5. Orientation & Slope of collectors:

The position of Sun with respect to Earth changes from summers to winters. It is
southward in winters as compared to summers. To optimise the performance of
SWH systems in winters the collectors should be south facing and their slope
should be around 10° more than the latitude of the installation site.

Orientation: T South facing

Slope: i Latitude of site + 10°

The latitude of a particular site can be estimated with the help of following figure:

Figure 23: Map of India showing latitude (Source: GKS)
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