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Solar Hot Water Heating Systems
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Course Content

1. Introduction to Solar Energy
2. Theory of Solar Thermal
3. Solar collectors

4. System sizing

5. Solar water storage tanks
6. Solar controller & secondary components
/. System design

8. Preparing to install a Solar system

9. System installation

10. Commissioning



Module 1

Introduction to Solar Energy
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Types of Solar Energy

» Passive Solar — space heating of a building by
sunlight that naturally enters the building through
building fabric (e.g. south facing windows).

« Active Solar Thermal — Water heating with using
solar thermal collectors (focus of this course)

o Solar PV (Photovoltaic) — Generation of electricity
from sunlight using solar panel made from
semiconductor materials.
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Solar Energy In Ireland

There is a widely held opinion that Ireland does no  t have
enough "sun" to make solar systems worthwhile. In f act
parts of Ireland have annual solar radiation levels equal
to 60% of those experienced at the equator

Some 70% of Ireland's annual radiation is received over
the period April to September and 25% is received i  n the
months of June and July

Solar hot water heating technology is about capturi  ng
this energy and converting it into a form that can
substitute for fossil fuel energy



Domestic Hot Water Heating
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 Domestic water heating
demand continues all the
year round even in summer
when there is plenty of
solar energy available

B Hot water energy nequirament

e For water heating, a typlcal B Useful solar comiibusice
household uses 5 kWh per
day (= 86 litres heated to 65

oC).
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Drivers of Solar Energy in Ireland

o SEI grant of €250 m2 for flat panel and €300 per m2
for vacuum tubes

Greener
Homes

« From 1t July 2008 all new planning applicatioris wiii™
require some form of renewable heating. Solar will
be the minimum option

« Building Energy Ratings (BER) reward the use of
renewable energies. BER’s are required from
— 1st Jan 2007 on new build planning applications
— 1st Jan 2009 on all buildings offer for sale or rent
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The Irish Renewables Market

Technology * Unit Sales %
Solar Hot Water Heating 5,600 35%
Biomass Boilers 4,960 31%
Biomass Stoves 1,280 8%
Groundsource Heat Pumps 3,520 22%
Airsource Heat Pumps 640 4%
Total 16,000

* Approved SEI applications from April 2006 to August 2007
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The Theory of Solar Thermal



How solar water heating works?

 An absorber surface on the collector
captures radiation energy from the sun

« This solar energy is transferred to a heat
exchange fluid that flows through the
collector

* An electronic controller monitors the
temperatures in collector and in the
water storage tank.

 When the collectors are hotter than the
tank (> 5°C) the controller activates the
solar circulation pump

* The circulating fluid transfers heat from
the collectors to water stored in the tank
via a heat exchange coll

Solar collecior
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Solar Radiation

e Qutside of the atmosphere
the amount of solar energy
will be 1353 W/m2

e On the surface of the earth
It will be max 1000 W/m2

« Because of pollution in the
atmosphere, solar radiation
at ground level is likely to
be no more than 850 watts
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Solar Radiation in Ireland/UK

e According to Met Eireann sunlight hours in Cork
vary from an average of 6 hrs in July to as low
as 1.5 hours in December

 Annual dally sunlight hours across the year for
Cork is 3.8 hours

e Total solar radiation;
= 3.8 hours x 365 days x 850 W/m2
= 1,180 kWh/m2



Solar Radiation In Ireland/UK

e Solar radiation varies
considerable across Europe
and even across the
Ireland/UK

 Rule of thumb for Ireland is
1,000kWh /m2 annually
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Direct & Diffused Radiation

e Direct Radiation is where the
sunlight reaches the earth’s
surface uninterrupted

« Diffused Radiation is where the
suns rays are partially blocked
by cloud cover or other
athmospheric median and are
diverted towards to the earth’s
surface

« Diffused Radiation provides
most of the "daylight" in our
rooms, i.e north facing windows

e 550 —62% of the solar radiation

reaching ground level in Ireland
Is diffused
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Angle of Inclination - Azimuth

In Ireland/UK solar
collectors should be
position between 30° and
60° to the horizontal

In summer 35° inclination
would be ideal. In winter
50° to 75° inclination
would give best results.

However it's not practical
to adjust inclination
during the year
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Orientation

Roof inclination (degrees)
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* In the northern hemisphere collectors should be
pointed directly south to receive maximum solar

radiation

e Orientations between 30° east and 40° west of south
will not result in more than 10% loss in efficiency
compared with the ideal situation
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Module 3

Solar Collectors
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Solar Collectors

b

* The function of the collector is to collect the ene rgy
falling upon it and transfer it in the form of heat to
the fluid in the collector with the minimum of heat
loss.

« There are many variants of solar collectors. Two
general categories:

— Flat plate collectors
— Evacuated tube collectors



Freand: Flat Plate Collector

How does a flat plate work?

« Specially-coated absorber plate gathers solar
radiation energy

* Toughened glass protects panel from the ——
environment

« Heat transfer fluid flows
through an array of copper
tubes which are welded to the
back of absorber plate
-

e Thermal insulation below
the plate/tubes prevents heat loss




Attributes - Flat Plate Collector

GLASS COVER MUST HAVE...
 Good weathering resistance
 Ability to withstand wide temperature variations.

Over 100C when no fluid is flowing = Stagnation

High transmission of visible and near infra-red
radiation (wavelength up to 2.4 um / microns) so th
the maximum solar radiation falling on the glazing
passes through to the absorber.

Minimum transmission of infra-red radiation
(wavelengths greater than 3um) to minimise heat
radiation (loss) from absorber to the atmosphere.

at



Absorber

e The objective is to capture as much incident
radiation as possible

 Dark colours and matt surfaces absorb more
radiation than light colours and polished surfaces

 Metal absorber plates are coated to increase their
capacity to absorb solar radiation, and black plast ICS
are used

— Black chrome selective surface or
— Nickel chrome oxide



Insulation & Panel Casing

INSULATION

 The absorber plate must be insulated to limit heat loss to the
surrounding atmosphere.

* Insulation must be capable of withstanding temperat ures in
excess of 150C

 Most collector manufacturers use insulation materia Is which
are CFC free. Mineral wool is also used.

COLLECTOR CASING

 made from materials with proven outdoor weathering ability
such as GRP, aluminium or stainless steel. Sealedt o0 prevent
iIngress of rain

« ventilation holes at top and bottom of panel help t 0 remove
condensation. Also prevents build up of air pressur e.



Heat Losses - Flat plate Collector



Firebird CPK-7210 Flat Plate

* Frame constructed from Aluminium, AIMg3

* High selective TINOX absorber coating

o Copper piping ultrasonically welded to absorber
 4mm toughened glass

 40mm mineral wool insulation; U = 0.045 W/mK
e System data;

— Absorption = 95%
— Emission = 5%
— Gross area =2.17/70 m?
— Aperture area =1.798 m?

— Stagnation temperature = 180T + ambient temp



Vacuum Tubes

e Evacuated tubes have lower radiative and
conductive losses and therefore tend to be
more efficient than flat plate collectors

 Evacuated tubes can be of the ‘heat pipe’
or ‘primary fluid’ type
* Heat pipes tubes tend to have lower

stagnation temperatures (90 t0130°C) than
primary fluid (up to 300 °C)



Sydney-type Vacuum Tube

Header Pipe

Vacuum Tube



Vacuum Tube Collector

* Firebird CSVKC collectors are of the SYDNEY type

— 10 x co-axial glass tubes
— Glass thickness of 1.5mm

e System data;

— Absorption = 96%

— Emission = 6%

— Gross area =1.84 m?
— Aperature area =1.59 m?

— Stagnation temperature = 286T @ 30T ambient
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System Sizing



System Sizing

When designing a solar system the total collector surface area should be based
on the household water demand. In turn the water storage tank must be sized
according to the total collector surface area

COLLECTOR SIZING
» Typically a person uses 40 to 50 litres of hot wate  r daily

« 1m? of panel would deliver ~ 50 litres of hot water  in peak
summer conditions.

e Size collectors to capture the maximum available en  ergy
* Rule of thumb is 1m2 of collector surface per person
e So0... 2collectors for a typical 2 to 4 person ho  usehold

3 collectors for a typical 5/6 person household

WATER STORAGE TANK

* Rule of thumb is to have 50 litres of tank storage per 1 m2 of
collector size. So...

— 200 L tank for 2 collector system
— 300 L tank for 3 collector system
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Hot Water Storage Tanks



Tank design considerations

Solar energy may be FREE but sadly it 's not available ‘on
demand . Therefore it is important that when it ’'s available
that as much as possible is harnessed and stored fo r
Imminent or later use.

In peak summer conditions 4m 2 of collectors could heat
200 litres to 60 °C (=12.0 kWh of energy). Therefore larger
tank sizes will be needed to store solar energy

In today 's ‘9 to 5’ world hot water is often required when
solar energy is not available so it ’'s important that the
storage tank is well insulated to prevent heat loss



Tank design considerations (cont.)

 Because of the variability of solar radiation in Ir eland
solar hot water systems cannot be "stand alone®. i.e . the
water storage tank must have a back-up heating syst em.
Hence a twin coil tank is required.

 The heat exchange colil for the back-up heating syst em
must heat a sufficient volume of water to meet the hot
water expectations of the household when no solar
energy is available

 The effective area of heat exchange should be atle ast
0.25m2 for each m2 of collector area



Hot Water Storage Tanks

« The recommended water storage solution for solar th ermal
systems is an un -vented (mains pressure) twin coil tank.

— The solar system is connected to the lower coil and the
back -up heating systems is connected to the upper coil.

— During periods of high solar radiation the solar sy stem
heats the tank from the bottom up

— When low solar radiation is available
the back -up heating system heats
the water at the top of the tank

 Generally speaking for retro -fit
Installations the existing hot water
storage tank will have to be replaced



Hot Water Storage Tanks

. If a householder doesn 't want to

replace the existing tank they
could add a pre -heat tank before

the existing storage tank

. Water from the pre -heat tank
enters the existing storage tank
where cold mains water normally

enters

IMPORTANT:

Firebird do not supply solar pre-heat tanks.

Preventative actions need to be taken to avoid the risk of
legionella’s disease in the solar pre-heater tank



Firebird Solar Storage Tank

unit STEB 200 STEB 300 STEB 600

Tank Capacity | 200 300 600
Height mm 1400 1890 2005
Width mm 585 645 815
Depth mm 710 765 935
Boiler heat exchanger area m2 0.4 0.5 0.8
Solar heat exchanger area m2 1.01 1.18 1.78
Electric imersion output W 2000 3000 2 x 2000
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Solar Controllers & Secondary
Components



The Solar Controller

 The solar controller manages the efficient
transfer of solar heat energy from the collectors
to the storage tank

* |n addition the solar controller can regulate when
the back -up heating system is required.

e Solar controllers allows the installer to set
various system parameters and also display key
system data such as;
— Collector and return line temperature
— Tank temperatures in upper and lower sections
— Activity of circulating pump & back -up heating system
— Captured solar energy



Solar Temperature Difference

« Atemperature difference of 2T (between the solar
collector and the storage tank) is usually sufficie nt
to ensure that the rate of solar energy collection IS
greater than the rate of energy consumption at the

pump.

 For atypical system, a temperature differential of 4
- 8C Is commonly used.

«  The pump will switch off when the measured
temperature differential falls below the set figure
by about 2<C.



Secondary Components

A number of other components are require to
complete a solar hot water heating system...

a) Circulation pump station incorporating
Non-return valve

Flow regulator

Pressure relief valve

Connection for an expansion vessel
Filling points for solar heat exchange fluid

b) EXxpansion Vessel

c) Airvent

d) Mixing valve

e) Glycol heat exchange fluid



a) Pump Station Components
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Pressure relief valve
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Glycol filling points
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Flow Meter

 Flow rate is adjusted by turning the screw

« Typically flow rate issetto 0,2 -0,5I|/min
per m2 of collector

e The maximum recommended flow velocity
In a solar primary circuit is 1.5 m/sec

Pressure Relief Valve

* A non-return valve is fitted in the circuit to
ensure that no reverse flow occurs in the
system when the water in the storage cylinder
IS hotter than that in the panels (e.g. at night)



Non-return.

A non-return valve is fitted in the circuit to ensu re that

no reverse flow occurs in the system when the water In the
storage cylinder is hotter than that in the panels (e.g. at night)

Expansion vessel.

Heat transfer fluid will expand or contract as its

temperature rises or falls. In a pressurised system this results in
changes in the system pressure.

An expansion vessel contains a flexible diaphragm w hich

expands or contracts to accommodate expansion withi n the
system.
One section connects directly to the water system; the other

separated by a diaphragm is charged with air or nit ~ rogen usually
at a pre-charged pressure of 0.5 to 1.5 bar



Operation of Expansion Vessel



Alr Vent

An automatic air vent is fitted at the highest poin ~ tin the
system. In most systems this is on the roof at the point
where the flow pipe leaves the panels.

In systems with more than one bank of collectors an air
vent should be fitted to each bank.

An isolating valve should be fitted before the air vent
Isolated once the system has been commissioned

e Mixing Valve

An anti-scald (mixing) valve must be fitted
close to the hot water outlet of the solar tank
so that delivery to the taps does not exceed
65T



e) Heat transfer fluid

« The heat transfer fluid used in a solar circuit is normally a
mixture of water and a polypropylene glycol anti-freeze

* The glycol anti-freeze also contains an additive to  protect
against corrosion

 In addition polypropylene glycol evaporates at high er
temperatures than water so that it enables highers  ystem
temperatures

Firebird recommend;

o Tyfoclor L for flat plate collectors (a 40% glycol t 0 60%
water mix gives frost protection to about -25°C

» Tyfoclor LS pre-mix for vacuum tube collectors
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Solar System Design



Recommended Solar Systems

For solar hot water heating in Ireland Firebird
recommends a pressurised (un-vented) system
using an un-vented twin coil storage tank

Solar systems can be used in conjunction with
open vented cylinders and combi boilers although
certain conditions must be adhered to



Pressurised (un-vented) System

* For solar hot water heating
In Ireland Firebird
recommends a pressurised
(un-vented) system using
an un-vented twin coill
storage tank



Open Vented System

e Solar systems can be
used in conjunction with
open vented cylinders
and combi bolilers
although certain
conditions must be
adhered to



Solar Preheat to a Combi Boller

* The installer must always
check with the
manufacturer that the
combi boiler can accepted
preheated water.

e Many combi boilers can
accept a max of 60°C so a
thermostatic 3-way valve
(diverter valve) will need to
be fitted to prevent water at
excessive temperatures
entering the boiler



Legionnaire's Disease

« Legionnaires' disease is a type of pneumonia. It
was named after an outbreak of severe pneumonia
which affected a meeting of the American Legion
In 1976. It is an uncommon but serious disease.

« Max growth rate occurs
at approximately 42<C.

. At 60<C sterilization occurs
within seconds.



Legionnaire's Disease

Safeguards against Legionnaire's in DHW system

 Ensure that water is stored above 60 °C
« Ensure frequent circulation of water

o Sterilise the system if the premises are unoccupied
for any length of time before using any hot water.
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Preparing to Install a Solar
System



Site Survey

A detalled site survey should be undertaken to
Investigate following areas...

Safety
 Ensure a safe working environment.

o Carry out a risk assessment in advance.
 What safety and lifting equipment will be required?

Planning Reqgulations
* Planning; is the building in a conservation area?

 Exemptions do apply to renewable energies but
always seek guidance from the local planning office




Site Survey (cont.)

Building requlations

 Installation of solar system may have to comply wit h
local building regulations, i.e. roof loading, weat her
tightness, fire resistance, insulation, etc.

Water Supply

« Make sure the installation complies with all local and
national regulations




Pre-installation Checks

e Site access
— For lifting equipment, scaffolding

e Positioning of collectors
— Orientation to south
— Inclination between 30° and 50 © degrees
— Avoid shading
— |Is there sufficient space on the roof for collectors

— Check that roof structure can support weight of collectors;
* Firebird Flat Panel Collectors 39 Kg each
* Firebird Vacuum Tube Collectors 31 Kg each



Collector Mounting Options

e Pitched roof

e |nstallation on flat surface

« Wall mounted
(frames not supplied by Firebird)



Pre-installation Checks (cont.)

e Solar hot water storage tank

— |Is there sufficient room for a 200I, 300l, etc, twin coill
tank?

e Pipe runs & sizes
— Try to minimise distance between collectors and tank
» Location of secondary circuit components
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Installation of a Solar System



Collector installation

Adhere to installation guidelines

Mount collectors fixings to rafters using the
stainless steel coach bolt supplied.

Fit temperature sensor in pocket at side of collect
(cables should be lengthened using cover terminal b lock)

Use appropriate flashing to route solar pipes
through roof

or



Installation: Tank & Pump Station

« Tank
— Solar piped to the lower coll
— Flow in top pipe / return at bottom

— Connect mains power to terminal block
at the top of tank (inside door) — ———_.—__

e Circulating pump station
— should be located in the return line of the solar
circuit
— connected to the solar controller



Installation: Controller

e Connect solar circulating pump
cable to top of PCB board (P1)

\

e Connect temperature sensors s

from collector (O4) and return /
line (O2) at base of PCB



Connecting Boiler to Controller

(P2)

(01)



Installation: Secondary Components

e EXxpansion vessel
— Vessel should be installed in vertical position

— Should be position in return line — stepped off pump
station

— Spur line of at least 0.5m and pipe should NOT be
iInsulated

e PRV

— Blow off lines must be laid with a continuous slope
downwards towards the outlet to prevent
accumulation, possible freezing and blockage

— Line must be piped to waste (container if possible)
and discharge should be in a noticable position



Piping

e Since high temperatures are involved only following
types of piping should be used
— Copper

— Black Steel
— Stainless steel

« Do NOT use following pipe types
— Plastic PEX pipes or ALU-PEX pipes
— Galvanized pipes



Connections

The different materials can be jointed as follows;

Pipe material Treaded Compression/ Solder
Press fittings

Steel pipe X

Copper pipe X X

Stainless steel X *

* only press fittings can be used




Piping
* Pipe runs under 5m is ideal. Minor heat losses will

occur at distances above this

* Pipe sizes are selected to establish a flow rate
through the solar panels that will result in the mo st
efficient collection of energy



Recommended Pipe Diameters

Copyper Stainless Steel
Distance from cylinder to Collector Distance from cylinder to Callector
Collector Size? >5m >10m >20m >bm > 10m > 20m
>5 m2 12mm 15nm 18mm 16mm 20mm 20mm
>8 m2 15mm 18mm 22mm 16mm 20mm
>12m2 18mm 22mm 25mm 20mm
>25m2 22mm 25mm 25mm 20mm




Insulation

* Insulation must be capable of enduring high
temperatures of up to 170°C near collector and at

least 120°C away from the collector

* The total solar loop must be insulated either with
mineral wool pipe insulation or with rubber
Insulation as ARMAFLEX

« Avoid leaving pipes or connections uninsulated
(expect spur line to expansion vessel)
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Commissioning



Filling the Solar Loop

« Ensure all components - isolating valves, pump
valves - are open.

 Ensure that all drain valves are closed.
e Connect the filling device

e Fill system until system until all air has been
expanded and system pressure is about 3 bar

e Inspect entire system for leaks

e Close automatic air vent



Setting Pump Speed

 The maximum recommended flow velocity in a
pumped solar primary circuit is 1.5 m/sec

 Flowrateis setto 0,2 -0,5|/min per m2 of collector
— For 4m2 of panels set the flow rate to about 2I/min
— For 6m2 of panels set the flow rate to about 3l/min



Checking Frost Protection

e Use a refractometer

* Ensure level of protection to -25°C

% Antifreeze Protection to

25% -12 °C
30% -16 °C
35% -20 °C

40% -25 °C




Check Controller Settings

 There should be no need to change system settings
on the Firebird solar controller except for the flo w
rate which is used to calculate the kWh of solar
energy generated

« Key system settings are;

— Max tank temperature permitted (upper) 70 C
— Temperature differential (collector/tank) 5<C
— Min boiler temp. to activate circulation 60 T

— Flow rate (used to calculate energy gain) 2.3 I/min



