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The sun's energy can provide from a half to three-quarters of a home's hot water needs, and make a 
major contribution for the supply of hot water for commercial and industrial applications. 
 

This publication is intended to provide a general guide to building professionals specifying solar hot 
water systems for residential, commercial and industrial use. 
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Disclaimer 

It should be noted that this publication has not attempted to be fully comprehensive on all technical 
aspects but to raise the key issues and questions that could inform an interested party.  In addition 
the mention of individual brand names is in no way to be seen as an endorsement of those individual 
brands.  Where trade names are mentioned, these are intended to be of assistance to the reader as 
examples of equipment described.  However, they should not be taken as the only types available, 
and readers should investigate fully with those companies operating in their locality.  There may 
however be other brands that could also illustrate the point that have not been included.  In all cases 
the reader is being asked to use this publication as a guide only and to ensure that they make their 
own inquiries with a range of manufacturers, installers, independent advisors and users of solar water 
heating. 
 

DISCLAIMER: Although every care has been taken to ensure that this report and 
interpretations thereof are as accurate as possible, EECA does not accept any 
liability for consequences arising from reliance on any information and/or analysis 
contained in this publication. 

 
If you have any comments or suggestions for future editions of this publication, please forward them 
to The Energy Efficiency and Conservation Authority, PO Box 388, Wellington.  info@eeca.govt.nz 
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PART 1:  INTRODUCTION 

 
With the continuing increases in the price of electricity within New Zealand, solar water heating 
systems have become a sound investment for home owners and for commercial or industrial 
applications.  The Energy Efficiency and Conservation Authority (EECA) has prepared this guide to 
assist building professionals, and those installing SWH, with information so that they can design and 
install quality SWH systems. 
 
Capturing the sunôs energy to heat water is technically a simple process and virtually free of any 
adverse environmental effects.  The demand for solar water heating systems is growing.  It is hoped 
that this first edition of the "Solar Water Heating In NZ Guidebook" will provide useful material to 
inform interested parties and to continue growth in the market. 
 
The guide gives information on the range of products available and their applications, where 
information can be sourced, the technical standards expected to be followed for achievement of a 
quality installation, and what tools are available to assist with design, on a general background on the 
industry. 
 
The guide is however not a design manual and users are expected to involve the appropriately 
qualified building professionals as necessary. 
 
It is planned that the guide will be updated from time to time as new material is prepared or new 
needs identified. Anyone with suggestions for additional material or alterations should send these to 
EECA where they will be considered for subsequent editions. 
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PART 2:  SOLAR WATER HEATING SYSTEMS 

 
WHAT IS SOLAR WATER HEATING 
 
The sunôs energy can provide a substantial contribution towards meeting a householdôs hot water 
needs1.  In New Zealand the sunôs intensity reaches over one kilowatt hour (kWh) per square metre 
on a bright day, and it is therefore necessary to have only a few square metres of collector to provide 
a worthwhile input.2   
 
The main defect of the sun as a source is that it is intermittent on a daily basis, and highly variable on 
a seasonal basis, and cannot therefore be relied on for all of the energy required for a userôs hot 
water.  For this reason, solar water heating is usually installed as only part of a hot water system, 
augmented by a supplementary energy source, or used as a preheater to some other primary energy 
heater.  Systems are generally sized so that during the summer months a solar hot water system can 
provide nearly all the hot water but during the winter months, additional ñbooster or supplementaryò 
energy will be required.   
 
A solar water heating system consists essentially of a ñcollectorò, which absorbs the solar radiation 
and heats a thermal transfer fluid, a means of circulating the heated fluid to the storage container3, a 
supplementary heating method, and the storage container from which hot water is drawn.  There is a 
wide range of system configurations available depending on specific manufacturerôs design.   
 
Solar hot water systems are available as either low pressure or mains pressure.  Some use natural 
thermosiphon action to transfer the thermal fluid (water or other heat-exchange medium) while others 
use a small pump.   
 
The storage container usually includes a thermostat and a conventional electric element or gas 
heater to boost with supplementary energy the water temperature during periods of low solar 
radiation.  An unboosted system may act as a preheater to a primary heat source. The method of 
controlling the timing of supplementary heating can be critical to ensuring optimal solar gain.  This 
usually involves a time switch so that the supplementary heating is not utilized ahead of a period of 
solar energy collection. 
 
Solar collectors are usually mounted on the roof or close by to the building in a location near where 
the hot water is to be most utilised.   
 
SOLAR THERMAL CONVERSION TECHNOLOGIES: 
 
Solar thermal conversion systems are the oldest, most advanced and most economical solar 
conversion systems yet developed.  They invariably consist of a mechanism for capture of solar 
energy, its conversion to heat at a range of temperatures, and its use either directly or in the 
production of electricity or chemicals using the heat.   
 

                                                           
1 As the energy is provided at the point of use (the home), no distribution costs or losses are incurred 

(in contrast to centralised electricity transmission systems). 
2 For example, a family home usually requires only about 3.5-4 m2 of solar collectorw.  Information on 

orientation is provided later in this publication. 
3 Normally only one container is used, but some systems use a second (pre-heat) cylinder.  These 

are described later. 
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The main differences between the various solar thermal technology types relate to the temperatures 

achieved.  Systems are available for production of low temperatures (30  to 60 C), medium 

temperatures (80  to 150 C), and higher temperatures (350  to 2000 C).   
 
Each system type needs a different level of solar concentration to reach target operating 
temperatures. Low and mid temperature systems require only one sun or two times solar 
concentration.  High temperature types require from 20 to 1000 sun concentration, achieved with 
linear focus (such as parabolic trough mirrors) or point focus (parabolic dish) optical systems track the 
sun in one or two axes.  
 
From optical considerations, one sun and low concentration systems ñseeò virtually the whole of the 
sky hemisphere and therefore can collect the global component of sunlight without having to be 
repositioned towards the sun.   
 
On the other hand, high concentration (eg ten sun and higher) optical systems ñseeò only an 
equivalently small part of the sky. They therefore require frequent, continuous repositioning to face 
the highest irradiance coming directly from the circumsolar region.  Because they collect energy only 
from a narrow angle arriving from the sunôs direction, high concentration high temperature systems 
are most useful in clear, high direct irradiance sites where their higher complexity can be justified by 
their higher output and higher quality energy obtained.  
 
In New Zealand, concentrating high temperature systems are not economic in view of the low direct 
irradiance component available because of frequent cloud occurrence (ie the land of the long white 
cloud). 
 
The solar thermal technologies that are most appropriate for New Zealandôs insolation values are low 
and mid temperature systems that collect global irradiance.  
 
The widest applications to date have utilised low temperature glazed collectors providing domestic 
solar hot water. Commercial or industrial scale applications have been gradually increasing as 
government and business recognizes the opportunity to hedge hot water costs and greater 
confidence has been gained in the ability of the SWH suppliers to supply and install quality systems. 
 
Low temperature unglazed systems 
The unglazed collector is generally manufactured from black coloured rubber or plastic strip. This 
type of collector is often used where a temperature increase of only a few degrees above ambient 
water temperature is needed, e.g. for swimming pools, as it supplies adequate quantities of heat in a 
cost effective manner.  
 
The collector strips are generally uninsulated. 
 
The water is directly heated while flowing through the tubes of the strip. 
 
These systems are not suitable for the heating of potable or drinking water. 
 
Low / mid temperature glazed systems: 
These systems typically comprise a flat plate collector surface or an array of evacuated tubes, heat 
conducting fluid and optional storage and delivery systems.  
 
A flat plate glazed collector is in an insulated housing, and includes a glass front made of relatively 
high transparency glass. The collecting surface is generally coated with a solar selective film to 
suppress thermal reradiation at the higher than ambient operating temperatures.  The construction of 
the collecting surface can be large flat plates with fluid tubes attached (tube-on-sheet collector), a 
series of parallel finned metal tubes (channels for the fluid), or two pressed steel plates acting as a 
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single tube, all connected to a header4.  A simple example of a flat plate collector is shown in Figure 
1. 
 
An array of evacuated tubes is similar to the flat plate except that the collecting surface are integral 
glass tubes with fin and metal tube inside them connected to a header or directly into the storage tank 
(an integral system), 
 
In new Zealandôs temperate climate operating temperatures of these systems range from ambient to 

about 120 C and typically follow a close to linear solar to heat conversion efficiency curve (see Figure 
2 below).  
 
The conversion efficiency decreases rapidly as the operating temperature is raised above the 
ambient for a given solar irradiance.  Hence in the example illustrated in figure 2, raising the working 

fluid temperature by 20 C can be achieved with a typical efficiency of 60-70 percent whereas to raise 

its temperature by 50 C can only be done with an efficiency of ~40 percent, and reaching higher 
temperatures implies an efficiency close to zero. Zero efficiency, or equivalently a zero fluid draw off 

occurs at the so-called stagnation temperature (80-120 C).   
 

 
Figure 1: schematic view of the elements in a conventional collector. 
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Figure 2:  Performance of five selective surfaces in a conventional solar thermal collector . 
 
 
Although the technologies used in the flat plate type solar collector systems are relatively old, 
incremental improvements have occurred over most of the last 20 years in two main directions.  One 
has led to lower costs, the other to higher system performance.  In the latter case, the two main 
limitations in the performance of the above systems are related to the optical properties of the 
absorbing surfaces used (selective and non-selective) and to the relatively sizeable heat loss by 
convection occurring in the collectors. 
 
A typical indication of the application of these systems in New Zealand, a residential solar hot water 
installation may include a 3.5m2 solar collector area, an adequately sized storage container (~300 

                                                           
4 For example ñThermocellò system. 
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litres) with supplementary heating booster (gas or electric), providing hot water at around 60 C from 
solar energy alone for much of the warmer months of the year. Supplementary heating is generally 
only necessary during the winter months.  
 
Such a system in a residential application will provide between 50 and 70 percent of hot water needs 
and displace 2.2 to 2.5 MWh of electricity use per year.  
 
Depending on size, type and configuration, this solar hot water system including container would cost 
between NZ$6,500 and NZ$8,500 fully installed. 
 
High Temperature Systems  
Collector systems using selectively coated tubes at the line focus of parabolic trough reflectors are 
among the oldest high temperature solar technologies developed. In a typical power plant application, 
reflectors with concentrations of 40 suns or more heat a fluid travelling through tubes to temperatures 

of 350  to 390 C. This fluid is then used to raise steam for a conventional steam turbine generator. 
These Solar Thermal Electric (STE) power plants are the only large-scale commercial solar electricity 
generation technology implemented worldwide.  
 
STE power plants are operational in the Mojave Desert in California generating 590MW.   
 
Yet other solar collector systems have full parabolic dish reflectors or a heliostat field which track the 
sun in two axes to produce a point focus image reaching concentrations between 100Sun and 

2000Sun. At the point focus a receiver or reactor can reach temperatures of 700 C to 2000 C, thus 
providing steam, electricity or sufficient heat for chemical reactions. 
 
All these high temperature plantsô outputs depend critically on the long-term availability of direct solar 
radiation.  Thus they are not likely to have a high output in New Zealandôs relatively variable 
irradiance conditions. Consequently they are unlikely to be economically viable even when capital 
costs are reduced.  
 
 
TYPES OF SYSTEMS 
 
There are two main arrangements of solar water heating systems in common use:  
 
 

 Thermosiphon system  
 Based on the principle that hot fluid rises above cold fluid.  
 

 Pumped circulation system 
 Uses a small electric pump to circulate a thermal transfer fluid which may be water 

or a glocol type mixture.  Thus some energy is required to operate the system but 
there is a greater flexibility of layout. 

 
 
Not all solar water heaters circulate potable (useable) water through their collectors.  Some use a 
heat exchange method to transfer heat from the collector fluid to the potable hot water.  In these 
systems, the collector fluid may be water treated with anti-freeze and anti-corrosion agents, or it may 
be a substance other than water which has beneficial heat exchange qualities.5 
 
Thermosiphon System 

                                                           
5 See the discussion on types of collector panels later in this publication. 
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The thermosiphon system relies on convection to circulate thermal fluid through a solar collector and 
back to the storage container as shown in Figure 3.   
 
A thermosiphon system has the advantage that it is simple and requires no additional mechanical or 
electrical devices.   
 

Its main disadvantage is that it needs to be 
set up very carefully to ensure that the 
thermosiphon action is reliable. 
 
Firstly, because the thermosiphon effect 
provides only a very small driving head for 
the circulation, the container must be above 
the collector, and there must be a 
continuous rise in the pipes connecting 
collector and container. 
 
Also, the pipework should have a 
continuous rise between the collector and 
the container to ensure that any air which 
happens to be released in the pipes can 
find its way back to the container.   
 
If there is not a continuous rise, there is a 
danger that the air will collect in the high 
point of the pipe run and the thermosiphon 
action will cease.   
 
Thermsyphon systems use quite large bore 
piping to reduce the resistance to flow. 
 
In some of the compact forms of the heat 
exchanger/thermosiphon systems that are 
available in New Zealand6, the collector is 
close coupled to a storage container placed 
on the roof just above the collector.   
 

                                                           
6 For example, "Solahart" ñBeasleyòor the ñEdwardsò close-coupled system. 
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In a closed loop thermosiphon system the circulating thermal fluid flows between the collector and a 
total jacket around the outside of the hot 
water container proper. The water will be 
inside the container jacket with the wall 
between the water and the thermal transfer 
fluid acting as a heat exchanger. 
 
In an open loop system the thermal fluid 
will be water which flows through the 
collector and into the storage container. 
The water is directly heated by the sun in 
the collector. 

 

 

 

 

 

 

Dual Container (Pre-heat) Thermosiphon System 
In some thermosiphon cases, the system is set up with two containers, one in a thermosiphon 
arrangement above the collectors, and the second is a conventional hot water container elsewhere in 
the house.  With this arrangement, the collector circulates thermal fluid to the upper container which 
then acts as the feed to the electrically boosted container as shown in Figure 4. The water from the 
first container will be pumped to the second container. 
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7 Unless it is a close coupled system which is designed to have the cylinder right at the top of the 

collector. 

CRITICAL DIMENSIONS 
The orientation and tilt required for the collectors 
are the same whether the system is a 
thermosiphon or a pumped system.  Refer ñThe 
Solar Collectorò for further details. 
 
In a thermosiphon system the top of the collector 
should normally be 50cm below the bottom of the 
container7.  Pipes are usually 25mm diameter 
(with 20mm as minimum). 
 
The gradients of the flow and return pipes 
between the collector and the container in a 
thermosiphon system are important, and 
manufacturers recommendations should be fully 
followed.  A thermosiphon system will not work 
unless correct gradients are maintained, 
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Figure 4 shows a dual container system that uses the secondary (solar) container as the pre-heater.  
Such a system often has the option to divert solar heated water past the main container in summer 
for maximum efficiency. 
 
Preheater Instantaneous Gas System 
A thermosiphon system can also be used as a preheater for an instantaneous water heater (gas or 
electric). This is similar to the dual tank arrangement except the supplementary heat is provided by 
the instantaneous heater and there is no second storage container. 
 

Pump or Forced Circulated System 
In a pump or forced circulated system, the thermal fluid flow in the collector is generated by a small 
pump which is turned off and on by a temperature differential controller which senses the 
temperatures of the collector and of the storage container.   

When the collectors are hotter than the container, the pump is turned on and circulation continues 
until the temperature difference between the collectors and the container falls to some lower preset 
value. 
 
The advantage of a pumped system is that no fixed relationship between the positions of the 
container and the collectors is required.  When a pump moves water from the collector to the 
container the height of the container and gradients of the pipes become less significant, although pipe 
diameter and distance between container and collectors is still a factor to be considered. 
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The disadvantage is that a 
forced circulation system 

requires additional 
equipment in the form of a 
pump and a control 
system.  The layout of a 
typical pump circulated 
solar water heating system 
is shown in Figure 5. 
 
The control system can 
also act as a frost protection device8 in open looped systems where water is used as the thermal 
transfer fluid by sensing the collector temperature and circulating water from the container through 
the collectors when the collector temperature becomes below freezing. 9  
 
In a pumped system, the protection flow returns to the container and does not go to waste.  Pump 
circulated systems may also be set up with heat exchangers so that the fluid circulating in the 
collectors can be treated with anti-freeze.  This is usually done by installing a heat exchanger coil in 
the hot water container.10 

                                                           
8 Although this will obviously not work during any power outage. 
9 The Sola60 solar panel incorporates a ñfrost plugò which releases to protect the panel during a 

power cut on a frosty night. 
10 The circulating fluid in the primary loop is usually a mixture of water and propylene glygol which is 

non-toxic.  Nevertheless, the primary fluid is usually brightly coloured so that if any leakage occurs 
between the primary and secondary circuits, it will be readily noticed. 
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SOLAR COLLECTORS 
 
The collector is that part of the system which is exposed to the sun and which converts sunlight into 
heat.  A variety of different designs are available in New Zealand, and these are discussed later in the 
text. 
 

Positioning of Collectors 
Solar collector collectors are obviously at their best when pointing towards the sun.  The ideal 
orientation is to have the collectors pointing due north12, and at an inclination to the horizontal that is 
equal to the latitude.   
 
This gives the best overall energy 
performance when averaged over the 
whole year.  Minor deviations from this 
do not have a major effect on the total 
energy collected.  However, changes in 
the angle of inclination will affect the 
seasonal behaviour of the collectors. 
 
The optimum angle will give a greater 
collected energy in the summer than in 
the winter.  Lowering the angle below 
the optimum will emphasis the summer 
collection even further at the expense 
of the winter collection.  Raising the 
angle will improve the winter collection, 
while reducing the summer collection. 
 
In systems where solar collectors are 
combined with wetbacks, there is a 
reason for setting the solar collectors at 
the flatter angles to emphasis summer 
performance because the winter water 
heating will come largely from the 
wetback. 
 

Flat Plate Collector  
These absorbers are in the form of a 
flat plate with attached water tubes 
(risers) running between a supply and 
return header, as shown in Figure 6. 
 

                                                           
11 Providing that the collector is sufficiently efficient. 
12 Geographical North, not magnetic North 

COLLECTOR POSITIONING 
 
Direction:  

 Optimal: North facing  

 Acceptable: a deviation of up to 45o is 
permissible   (4-18% reduction in performance 
depending on collector type and pitch). If a choice 
between North East and North West must be 
made, it is useful to favour more easterly direction 
if major water use is before 2pm and more 
westerly if major use is after 2pm. Providing extra 
collector area can more than compensate for 
poor collector orientation. 

 Guide: A table showing the variation in solar 
output for different directions is in ASA/NZS 
3500.4 Appendix I 

 
Pitch 

 Optimal: The angle of elevation should be equal 
to the angle of latitude, but not less than 10o.  
Note that if the solar collector faces significantly 
east or west of north then a lower than latitude 
pitch will give better performance 

 Acceptable: a deviation of up to 20o from angle 
of latitude is acceptable11. The minimum elevation 
of 10o is still essential, and a maximum of 40o is 
often recommended, although collectors have 
been positioned as steeply as 60o for improved 
winter performance and still appear to perform 
well.  
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heated water
header

risers absorber sheet

supply water

 
 
 
 
 
The absorber unit is then usually placed in a weatherproof case with insulation and a reflective 
material behind the absorber and glass cover in front, (preferably ñlow ironò) or some other 
transparent material, as shown in Figure 7. 
 
 

glazing

absorber

insulation

 
 
 
 
Evacuated Tube Collector 
An array of evacuated tubes (Figure 8) can be used in much the same way as a flat plate collector. This type of 
collector generally consists of an evacuated tubular glass jacket surrounding a tubular absorber which may be 
directly connected to the water flow or which may be in the form of a tubular heat pipe transferring heat to a 
water filled cylinder or header manifold. 
 
 
 
 
 
 
 
 

Figure 7: 

Flat Plate Collector 

Figure 6: 

Tube on Sheet Absorber 
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Figure 8  Typical evacuated tube design 
 
Integral Collector 
An integral collector is one where the collector is directly connected to the storage container. This can 
be in the form of tubes directly connected into the container or a flat plate moulded as part of the 
container and an extension of it13. 
 
 
HOT WATER CONTAINERS 
 
The hot water container plays an important part in the effective operation of a solar hot water system.  
It is important that the container is well insulated.  This allows hot water to be stored for longer 
periods, and maximises the usefulness of the hot water collected. 
 
Insulation Compliance 
The insulation of containers is covered by the Minimum Energy Performance Standard (MEPS) in 
AS/NZS 4692. The standard as written states that containers that are used for solar water heating 
systems are exempt from compliance from the standard.  The New Zealand solar industry does not 
agree with this exemption and promotes that it should only apply to thermosiphon systems with 
horizontal containers.  
 
Stratification 
Stratification is caused by the lower density of hot water.  In a hot water container, warm water sits in 
layers above colder water.  Hot water is always drawn from the top of the container where the water 
is warmest, and a baffle prevents incoming cold water from stirring the water.   
 
This effect means that warm water is available even when incoming cold water is not being heated.  
Usually, the whole capacity of the container can be used before water temperature rapidly reduces.  If 
the water were stirred up, then water temperature would reduce slowly as water was used. 
  
As the water stands, the hotter water at the top of the container may transfer some heat to the lower 
cold water via conduction14.  Thus the distinctive line between hot and cold water will diminish over 
time and become a gradient.   
 

                                                           
13 Example is ñSolar Geniusòsystem. 
14 Stratification is usually more effective in vertical than in horizontal cylinders. 
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Conventional Hot Water Container 
A conventional hot water container 
has its thermostat and heating 
element placed close to the bottom of 
the container.  This means that most 
of the water in the tank can be heated 
by the element.   
 
If this kind of container is used in a 
solar system, the user can turn the 
supplementary heating element off.  
When it is left on, it will continue to 
use significant amounts of power 
even on hot sunny days.  This is 
because whenever hot water is drawn 
off, the cold water arrives in the 
bottom of the container triggering the 
thermostat.  Water is electrically 
heated up to the set point of the 
thermostat.  The solar water heater 
may then raise the temperature 
above the thermostat set point, 
providing extra heat.  As the 
efficiency of the collector falls off 
considerably with a rise in 
temperature, this set-up does not 
provide large benefit to the user.   
 
However this type of container will 
perform adequately if the user 
switches (manually or using a time 
clock) the element on and off15.     For 
example the element may be turned 
on in the early evening, after most of 
the solar heat available has been 
collected, in order to electrically top 
up the heat collected during the day 
in time for evening hot water use. 
 
 
 
 
 
 
 
 
 
Specialist Solar Hot Water Containers 
Specialist solar hot water storage containers have the thermostat and the element higher up within 
the container, as shown in Figure 9, where a standard hot water container is compared to a specialist 
solar modified container.  This means that water in the bottom of the container is heated only by the 
solar heater.  A lot more water must be drawn off before the electric element is thermostatically 

                                                           
15 At the same time ensuring that the storage temperature reaches 60oC daily to comply with the New 

Zealand Building Code. 
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turned on.  If it is a hot sunny day, it may not turn on, as the water below the element will be heated 
before it rises to the level of the thermostat.   
 
The volume of water underneath the element can be regarded as a virtual solar preheat tank with the 
added advantage that, should the solar heated water become hotter than the water already heated by 
the element above it (as is likely in summer), it will displace this water and the solar heater will 
continue to raise the temperature of all the water in the container.  The exact proportions of the water 
stored above and below the element and thermostat will depend on the size of the container and the 
hot water demand. 
 
Specialist solar hot water containers boost from 50% to 75%16 of the hot water, leaving the remaining 
to be heated by solar energy alone.  In all cases, turning the electric element off17 during periods 
when solar energy is expected to be sufficient will save significant amounts of electricity.  It is also 
possible to use a dual element container to similar effect.  In these cases, the top element heating a 
small volume of water will provide a quick heat up if solar heating is inadequate, leaving the majority 
of the tank free for solar heat collection.  The lower element might only be used on occasions of 
anticipated high demand.  
 
 
Preheat System 
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( h e a d e r ) 

h o t   w a t e r   o u t   a t   t o p 

F i g u r e   10 : 
D u a l   C y l i n d e r   S y s t e m 

(if not valve-vented) 

  

                                                           
16 The proportions will differ according to the brand of container chosen, and suppliers should be 

consulted for the figures applicable to their particular model.  Example of specialist solar hot water 
containers are Sunstore (by Thermocell), Solahart containers (by Synergex Systems), and Sola60 
containers. 

17 At the same time ensuring that the storage temperature reaches 60oC daily to comply with  the 
New Zealand Building Code. 
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A separate solar heated system can feed a conventional electric heated container that supplies the 
householdôs needs, as shown in Figure 10. It is also possible to have a pre-heat arrangement using a 
two tank pumped system.  The conventional pre-heat tank arrangement is less efficient than the 
system described previously, as it is not uncommon for the electric element to be heating luke-warm 
water in the hot water container while the preheat tank stagnates (full of very hot solar heated water).  
 
However, this system is still a valid option in situations where the solar collector cannot be located in 
close proximity to frequent water uses, and where the existing container is retained.  It is also 
commonly used in commercial installations, where frequent draw off of hot water reduces the 
probability wasting stored heat. 
 
 
MAINTENANCE 
 
Essentially a solar water system should require little or no maintenance.  Some manufacturers offer 
full warranties of up to 12 years18, demonstrating their faith in the longevity of their systems.  
However, because of the silent 
nature of solar water heaters, the 
need for required maintenance such 
as cleaning of debris from collectors 
often goes unnoticed, resulting in 
reduced savings.  
 
An active interest in the system and 
in any unexplained changes in 
electricity consumption should result 
in any defect being rectified 
promptly by the supplier 
 
 
FROST PROTECTION 
 
In frost prone areas frost protection 
must be provided.  Table 1 indicates 
the number of days each month 
when the ambient temperature 
reaches freezing temperature days 
for different regions of New 
Zealand. 

Systems using a glocol type heat 
transfer fluid will be automatically 
resistant to freezing of the fluid 
depending on the fluid used. 
Systems using water as the heat 
transfer fluid will generally require specific freeze protection devices. 

 

 
Table 1 Freezing areas within New Zealand 

(Number of days each month when the ambient temperature reaches freezing temperature.) 

                                                           
18 Solahart blackchrome series  
 

Maintenance Points 

 Containers need to be maintained in a similar manner 
to normal electrical containers, hot and cold relief 
valves should be flushed every six months, and the 
anode in a high pressure water container changed 
every five years (more frequently in hard water areas) 

 Broken glass or damaged glazing should be replaced 
immediately as water ingress will cause rapid 
deterioration of the absorberôs surface and insulation. 

 Collectors which are out of sight, should occasionally 
be visually inspected for leaks, which may occur in the 
case, glass or pipes.  Condensation on the glass or wet 
insulation is indicators that the system may be leaking.  
The glass should be washed if dirty (usually only a 
problem if it is protected from the rain.) At the same 
time shading should be checked; trees may grow 
unnoticed. Debris may collect on or around the 
collector reducing solar absorption or creating an 
opportunity for roof cladding corrosion. 

 Blockage of pipes may be a problem with dirty water 
supplies or in hard water areas, and they may require 
occasional flushing the manufacturerôs 
recommendations should be followed.  Some models 
overcome this problem by using a separate liquid and 
heat transfer system. 
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Location JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR

KAITAIA 0 0 0 0 0 0 0 0 0 0 0 0 1

WHANGAREI 0 0 0 0 1 3 4 2 1 0 0 0 11

AUCKLAND 0 0 0 0 1 3 4 2 1 0 0 0 10

TAURANGA 0 0 0 1 5 9 12 9 4 2 1 0 42

ROTORUA 0 0 0 2 8 12 14 11 7 3 1 0 57

TAUPO 1 1 1 3 8 12 16 14 9 7 3 1 69

HAMILTON 0 0 1 3 8 11 14 11 7 3 1 0 63

NEW PLYMOUTH 0 0 0 0 1 4 4 3 1 0 0 0 15

MASTERTON 0 0 1 2 8 11 13 12 8 5 2 1 60

GISBORNE 0 0 0 0 3 8 9 8 3 1 0 0 33

NAPIER 0 0 0 0 3 7 7 7 3 1 0 0 29

PALMERSTON NORTH 0 0 0 1 4 8 10 8 4 2 1 0 38

WELLINGTON 0 0 0 0 1 2 3 3 1 0 0 0 10

WANGANUI 0 0 0 0 0 1 3 2 0 0 0 0 7

WESTPORT 0 0 0 0 2 6 8 6 2 0 0 0 26

HOKITIKA 0 0 0 2 5 12 15 12 5 2 1 0 54

MILFORD SOUND 0 0 0 1 7 14 16 13 5 2 1 0 56

NELSON 0 0 1 4 12 18 21 17 10 4 1 0 88

BLENHEIM 0 0 0 1 6 15 16 13 6 2 0 0 60

KAIKOURA 0 0 0 0 2 6 8 6 4 1 0 0 27

MT COOK 1 1 3 9 19 22 24 23 14 8 3 1 140

CHRISTCHURCH 0 0 0 2 9 16 16 15 9 3 1 0 70

LAKE TEKAPO 1 1 5 11 21 25 27 25 16 9 5 3 149

TIMARU 0 0 2 5 12 21 23 19 12 5 3 0 100

DUNEDIN 0 0 0 2 6 13 16 12 7 3 1 0 58

QUEENSTOWN 0 0 1 5 13 21 24 21 14 7 3 0 107

ALEXANDRA 1 2 3 10 19 26 27 26 19 12 6 2 148

INVERCARGILL 1 2 3 6 9 16 18 16 11 6 4 2 94

CHATHAM ISLAND 0 0 0 0 0 1 1 1 1 0 0 0 4

 

 

In an open loop pumped system the frost protection is usually done by circulation of a small amount 
of hot water through the collector.  Additional protection can also be provided by incorporating a ñfrost 
valveò that opens at temperatures near freezing and allows a small flow of warmer water from the 
container to flow through the collectors to a waste outlet.  This ensures that the collector does not 
freeze, by keeping the collectors warm.  The price of this type of protection is the loss of some warm 
water from the container.   There is also the possibility that the frost valve can be held open by grit in 
the water supply, and therefore continue to discharge water after the frost danger has passed.    
 
An alternative (but infrequently used) approach is to have a low wattage electric heater built into the 
back of the collector and operated by a thermostat so that when freezing conditions are approached, 
the heater comes on and prevents the collector from getting too cold. 
 
A recent development is the ñfrost tubeò19 system which uses a device within the solar collector.  The 
device absorbs any pressure build-up created by the water expanding or freezing - so protecting the 
collector. 
 
Some thermosiphon systems use a heat exchanger between the fluid circulating in the collector and 
the water in the container.  This enables the collector to use an anti-freeze, chosen so that its 
freezing point is below the lowest temperature likely to be encountered in the region. 
 
An earlier approach to frost protection that can still be used is to simply drain the collectors during the 
winter and so to forgo the small amount of solar gain available during that time. 
 
 
SUPPLEMENTARY ENERGY 
 

                                                           
19 Supplied by Sola60 
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Supplementary energy may be provided by electricity or gas. Regardless of the source of 
supplementary energy it should be controlled so that heating only occurs after the opportunity for 
solar gain has been allowed. This is generally achieved by use of a time clock to regulate when 
supplementary energy is available. 
 
In many parts of New Zealand the local electricity network company uses ripple control systems to 
turn off hot water heating at times of peak electricity supply. To allow for this it is essential that only 
the supplementary heating is connected to a ripple controlled building electricity circuit. For a forced 
circulation system it is important that the pump is not connected to a ripple control circuit. This is 
particularly the case for an open loop system where the pump is used for frost protection. 
 
Suppliers have different designs of controller with some very sophisticated while others are barely 
adequate. This is an aspect of system choice that should be paid special attention. 
ASTHETICS 
 
A solar system can be build into the asthetics of a new building so that it is not intrusive to the 
building design lines. It is not necessary to have a container on a roof if a pumped system is used.  
 
A collector can be made to look no different from a skylight by the choice of colour of the collector 
casing or by inserting the collector into the roof. Collectors should be located on roofs with optimal 
slope which should be taken into account during the building design. 
 
These aspects are more difficult to address for placement of a solar system onto an existing roof. 
 
 
ENVIRONMENTAL 
 
A solar system has no adverse environmental effects. 
 
To avoid any danger from broken glass the technical standard requires that collectors should be 
manufactured or installed so that any broken glass is contained. 
 
 
INSULATION 
 
While insulation of piping and solar equipment is not peculiar to SWH systems it is an area of 
plumbing that can reduce the benefits obtained from investment in a SWH system. All hot pipes, 
including bends, should be insulated as should equipment such as valves.  
 
 
PIPE MATERIALS 
 
The choice of pipe material is very important as a solar water heating system is an uncontrolled heat 
source which can reach very high temperatures if there is failure of the pressure / temperature relief 
valves.  While some non metal pipe materials can be used if they are specifically manufactured to 
withstand high temperatures and pressures it is generally standard practice to use only copper piping, 
except in regions where the water is corrosive to copper. 
 
 
TEMPERING VALVES 
 
The NZ Building Code requires hot water systems to ñavoid the risk of scaldingò, which usually leads 
to the use of tempering valves on new hot water systems (as one acceptable solution to this 
requirement). Territorial authorities require the fitting of a tempering valve when new wet backs or 
solar systems are fitted.    
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Existing wet backs do not legally require a tempering valve.  However a wet back or solar system can 
create very high water temperatures, up to 100oC.  Without a tempering valve, house occupants are 
in danger of being burnt.  The risk is increased by the fact that high temperatures can be intermittent 
and unexpected.  
 
Without a tempering valve, the high temperatures also pose a risk to appliances that use hot water.  
Many dishwashers and washing machines are designed with a 65 to 80oC (maximum) hot water 
temperature.  Components may fail at higher temperatures and they will carry no manufacturers 
warrantee at such high temperatures.  The plastic plumbing used in many homes may fail if exposed 
to near boiling water for more than short periods of time, as it is considered to be suitable for 
temperatures less than 900C. 
 
 
COMMON PROBLEMS - SYMPTOMS AND REMEDIES 
 
Some solar water heaters will fail to operate correctly for reasons such as inadequate thermosiphon 
flow, air locks, back syphoning at night, wet insulation, and faulty pumps or sensors.   Generally these 
problems are due to incorrect installation which is why most suppliers of systems insist on using only 
their own trained installers.   Standards of installation have improved since the 1970s, when poor 
performing systems were notorious.  However the difficulty in monitoring means many faults may 
never be detected.   Nevertheless, there are still many systems operating satisfactorily today which 
were installed in the 1970s and early 1980s. 
 
If users maintain a continuing interest in their system, they should be able to detect many of these 
problems. 
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PART 3:  SWH APPLICATIONS 

 
RESIDENTIAL 
 
For a family home there should be around 3.5 - 4 square metres of collectors connected to a 
container of about three hundred litre capacity.  Such a system should typically save around half to 
three-quarters of electricity used for water heating annually.  Where normal annual energy use for hot 
water is 4000 kWh, that is a saving of 2000 to 3000 kWh per year. 
 
Care must be taken with solar water heaters as the uncontrolled energy supply from the sun can 
produce very hot water temperatures during the summer.  The installation of a tempering valve20 prior 
to the location of hot water use allows mixing of cold water with the hot to produce the recommended 
safe temperature of 40 oC. 
 
Solar water heating could make an important contribution to a households energy use as typically 
around a third of a monthly domestic electricity account goes towards heating costs. A correctly 
installed solar water heater saves between 50% and 80% of your water heating bill and can be an 
effective addition to an existing water heating system. A solar water heater should be only part of an 
efficient energy system otherwise much of its output and savings are wasted, consequently many 
householders also consider installing more energy efficient appliances and measures as part of 
installing a solar water system.   A carefully designed and installed system ensures a household 
receives a quality service from the system.  In addition modern systems are reliable and need no 
more maintenance than a conventional household water heating system. 
 
The purchase and installation costs of a commercial solar hot water system in a domestic residence 
are in the range of $6,500 to $9,000 depending on a number of factors.  Each system needs to be 
designed and installed to meet the needs of the individual household and their property.  Likewise the 
cost of a system needs to be assessed by each household who may take a number of issues into 
account including environmental benefit, financial payback, consistency and volume of supply, or 
their medium term plans for the property. 
 
The value of a residential installation is very much determined by how and when the hot water is 
used. In addition the time of activation of the supplementary heating and the size of storage container 
will influence the amount of electricity able to be avoided by use of solar energy. 
 
Installation of a solar water heating system onto a new home is much more cost effective than adding 
it at some later date. With a new home the house roof can be designed so that collectors are 
positioned to be optimal as to orientation and inclination. This is achieved by designing the roof slope 
so that the collector can be located flush with the cladding, avoiding the need for a frame. Such 
installation looks ascetically pleasing and collectors look no different than a skylight. The roof design 
can also include for the loading of a container on the roof. 
 
 
RETROFITTING RESIDENTIAL 
 
A solar water heating system can be added to an existing conventional residential hot water system. 
If the existing hot water container is in good condition a pumped system can be installed by addition 
of collector, pump and controllers.  To achieve stratification of the incoming solar heated water it is 
usual to use a five way connector with the inlet pipe to get the incoming water entering the container 
at the appropriate location. Suppliers have different methods of ensuring the separation of solar 
heated water from incoming cold water.   

                                                           
20 Tempering valves are further described in the Appendix of this publication. 
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It is important when retrofitting to an existing container that an appropriate collector to container 
volume be achieved. New solar water heating systems usually have containers that are larger than 
conventional electric hot water containers so that the solar gain is optimised. 
 
The cost of installation of a solar water heating system to an existing house hot water system can be 
more expensive than installing when the house is built as piping may have to be installed in hard to 
get at parts of the house.  Connection to existing hot water systems can also lead to unexplained hot 
water supply difficulties arising from the peculiarities of the original house piping layout.  An 
experienced solar water heating installer should be used so as to minimise problems. 
 
 
SOLAR PREHEATERS WITH INSTANTANEOUS GAS/ELECTRIC HEATERS  
 
A SWH system can be used as a preheater to an instantaneous electric or gas heater.  In such 
applications the instantaneous heater provides the supplementary heating at the time of use.  
 
 
COMMERCIAL BUILDINGS (GAS/ELECTRIC) 
 
Potentially there are an enormous range of applications for larger scale SWH in New Zealand, with 
uses for low temperature hot water or as a pre-heater for higher temperature hot water use being 
possible candidates (Table 2).   

Table 2.  Potential Opportunities for Large-Scale SWH in New Zealand. 

 
 
 
 
 
 
 
 
 

Industry Sector Potential Opportunities for Large-Scale Solar Water Heating 

Food Industry 
Milk 

Factories 
Confectionaries 

/ bakery 
Tinned Goods Meatworks 

Desalination 
of Sea 
Water 

Forestry/Agriculture 
Timber/food 

Drying 
Greenhouses Nurseries 

Dairy 
Farms 

Fish Farms 

Textiles Tanneries 
Leather 

Treatment 
Cloth Refineries 

Dyeing / 
finishing 

Textile 
Processing 

Chemical Industry Cosmetics Detergents Pharmaceuticals Wax Distilleries 

Beverages Wineries 
Liquor 

Distilleries 
Breweries Soft Drinks Fruit Juices 

Service Industry Hotel / Motel 
Takeaway 
Restaurant 

Gymnasium / 
Swimming Pool 

Events 
Centre 

Sports 
Stadium 

Institutions Hospitals 
Prisons /  
Military 

Barracks 

Boarding 
establishments 

Retirement 
Homes 

Schools 
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Commercial SWH system costs 
A core difficulty with defining costs at present is the relative lack of experience with larger scale SWH 
systems in New Zealand to date - hence there is a paucity of reliable, long-run information.  A study 
undertaken for EECA in 2005 attempted to establish a system capital cost band related to system 
size21 (Figure 11).   
 

 
Source: EECA 2005 Market for Large Scale SWH Applications 

 
A number of points to note related to this cost curve are: 

 There are many cost variables including design, consents, collector type, the need for collector 
framing and structural supports, heat exchangers, piping, hot store tanks and installation that will 
affect the overall system cost. 

 There appear to be clear economies of scale up to about 150m2 as a result of spreading 
tendering, design and installation costs over greater sized systems and the discount that applies 
to large purchases.  

Smaller commercial systems may most economically be simply multiples of a standard domestic 
system including multiples of domestic storage tanks.  This utilises the economies of scale of bulk 
manufacture and simplified design and installation.  These may be open loop but most likely closed 
loop systems. The multiple ñresidentialò systems may be installed in parallel or in series. 
 
Where the volume of required hot water is larger than can be economically supplied by ñresidentialò 
systems an array of ñstandardò collectors may be connected to a large volume commercial storage 
container. Some suppliers have specially designed large volume containers which may include 
specific supplementary heating mechanisms.The array of collectors may be connected in series or 
parallel. Such arrays of collectors should be specially designed by a competent engineer to ensure 
that friction flow loses are minimised and that efficient flow within collectors is achieved. The Brisbane 
TAFE Resource Book provides guidance on design. 
 
 
SOLAR COLLECTORS AS PREHEATERS FOR INDUSTRIAL BOILERS 
 

                                                           
21 Developing the Market for Larger Scale Solar Water Heating Applications in NZ, McChesney, East 

Harbour and Enercon, EECA 2005 

 
Figure 11.   Commercial SWH (Preheater) - 
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Solar collectors can be used as a preheater of make up water for industrial boilers. Because SWH 
systems work more efficiently at lower temperatures a SWH system will be most efficient when 
adding solar energy to low temperature make up water. Once the system water is at a higher 
temperature medium temperature as shown in Case Study 1 solar systems as are generally used in 
New Zealand can contribute little. 
 
The water is generally passed a single time through the collectors although a collector/container 
system could be used with make up water drawn off from the container as required.  

. 
Case Study 1.  Hospital 
The hospital has dual hot water and steam ring systems.  The total energy load is provided from 
1.2MW (steam) and 2.3MW (hot water) boilers, fuelled by natural gas.  A schematic of the hot water 
and steam distribution systems around the hospital are shown in Figure 12. 

 
Figure 12.  Steam and hot water single line diagram (hospital application). 
 

Make-up water usage:  53,000 litres/day 

Water temperature:  60-80ęC 

Required collector area: 44m2 for once through heating during daylight hours 

   132 m2 for full heating of stored make up water  

Capital cost (44m2 ): $34,800 
 
A SWH system would be configured to preheat make-up water prior to entry to the boiler.  Two 
configurations are possible; 

 Direct heating make-up water as passed through the solar collectors into the make-up 
water holding tanks (this would allow only heating to occur during daylight hours) 

 Heating water in the make-up water tank by a closed loop solar heating system.  This 
would allow for storage of hot water for use during night hours. 
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The feed-in water temperature is assumed to be 13ęC prior to entering the solar pre-heater collectors.  
The amount of solar heating that will occur will depend on the rate of make-up water required and 
when it is used.  The solar pre-heater will contribute at any temperature up to a maximum of 
approximately 90ęC.  For the purposes of this evaluation it is assumed that the average temperature 
supplied to the boilers will be 60ęC which is a suitable average temperature to assume taking into 
account daily temperature variations, collector efficiency and time of usage.  A hospital is assumed to 
have its maximum space heat demand at night but sterilisers and laundry steam use would be 
maximum during the day when solar energy is available.  The actual heat use profile is not known. 
 
The cost of energy from the once through solar system is estimated to be around 10c/kwh which is 
more than the current cost of production of heat using natural gas at 5-6c/kwh.  Over the life of the 
SWH system, the relative economics will be improved should the price of gas increase, or there is 
volatility in gas prices. 
 
A solar energy system used as a pre-heater for an industrial boiler needs to be sized so that it is 
producing heat above the minimum turn down level of the boiler as it is inefficient and can cause 
damage to the boiler if the boiler is stop-started.  Solar energy can then be used to meet remaining 
energy requirement for water heating.  Solar collectors operate most efficiently at low temperature 
and as a result should ideally be used to heat boiler make-up water from its delivery temperature to 
boiler temperature level.  Optimisation of an appropriate solar system size will require proper 
thermodynamic modelling. 
 
In practice the solar contribution will be significantly less than the total boiler output capacity with the 
result that 100% of solar energy will be used in the boiler. 
 

 
RESIDENTIAL WITH WETBACK 
 
A solar water heating system may also be combined with other heat sources such as a wet back.  
Wet backs are a means of extracting heat from a fire and using it to heat water.  This is done via 
pipes that circulate water between the container and the fire, so that some heat which would have 
been released into the room or up the flue is used to heat water. Because the use of fires is generally 
highest in periods of low solar radiation, wet backs complement solar water heating systems. 
 
Wet backs are a means of extracting heat from a fire and using it to heat water.  This is usually done 
via pipes that circulate water between the container and the fire, so that some heat which would have 
been released into the room or up the flue is used to heat water. 
 
Installation of SWH systems with wetbacks should only be undertaken by competent SWH installers. 
Information on the complexities of wetbacks are given in Appendix 3A. 
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Appendix 3A: Installation Of Wetback Water Heating Systems  

 

General 
For many years electrical heating of water has been augmented by solid fuel combustion in ñwet 
backò attachments22 to coal cooking ranges, open fires, and chip heaters.  Such arrangements are 
available for many modern closed combustion log burners.   
 
In the earlier versions, the fire was 
partly surrounded by a water jacket 
(hence the term ñwet backò) which 
acted as a heat exchanger, and the 
heated water circulated through the 
container by convection. 
 
Essentially the fireplace is connected to 
the hot water container via insulated 
pipes, and hot water circulates through 
the fireplace gaining heat. Heat, which 
would have been released into the 
room or up the flue heats water in the 
pipes.   
 
In a conventional system the storage 
water heater contains an electric 
element and thermostat.  The 
installation needs to be carefully carried 
out to avoid heat loss due to back 
circulation.   
 
In New Zealand these systems are 
installed with low pressure open vented 
storage water heaters, unless more 
complex designs are used.   
 
Figure 13 shows a conventional 
wetback system. Care must be 
exercised with the use of this type of 
system as temperatures can reach boiling point.  In more modern equipment, the water circulates 
through a tubular heat exchanger exposed to the fire or to the hot combustion gases in the flue.  The 
efficacy of these devices varies with their design and with their position in the combustion system.  
Figures ranging from 500W to 4kW are quoted by manufacturers.  Many of the wet back heat 
exchangers appear to have had no precise measurements made on them.   
 
Because these items are thermosiphons, it is important to get the geometry of the pipework correct 
(gradients of 1 in 7 overall, and nothing less than 1 in 12).  Care needs to be taken to ensure that 
there are no loops to trap air, which comes out of the water when it is heated.  Despite these 
problems, some unusual wet back arrangements have been built which appear to work quite well. 
 
Safety 
The decision to use a wet back may limit the type of hot water system you can use because the wet 
back unit is essentially an uncontrolled source of heat and is capable of boiling the container.  The 

                                                           
22 For a period following the Second World War, such attachments were mandatory in Christchurch. 
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high temperatures may also rule out the use of 
some vitreous enamel  (mains pressure) 
containers as the glass coating can be 
damaged by temperatures over 70oC to 
75oC23. 
 

Wet backs can heat water to very high 
temperatures.  It is not unusual for them to 
actually boil water.  The need to release the 
steam pressure resulting from boiling means 
that the system must be open vented. 
 
Wet backs may only be fitted to open 
vented systems. 
An open vented container is currently required 
by New Zealand legislation.  Open vented 
containers eliminate the risk of explosion 
should pipes circulating water to wet backs get 
blocked.  They also allow for the release of air 
bubbles in pipes that often occur in wet backs.  
 
Where higher pressure water is required, more 
complicated and expensive systems can be 
used.   
 
Usually, a separate water circuit for the wet 
back transfers its heat to the water container 
via a coil of copper pipe, mounted in the 
container, which acts as a heat exchanger.  
The wet back circuit is open vented, and kept 
topped up by a small header tank.  In this 
case, the quick recovery feature is lost and 
several hundred dollars added to the 
installation cost.  However the container can 
then be valve vented, which will improve the 
pressure and flow available.  
 
Another approach is to use a heat exchange 
coil container24 as shown in Figure 14.  This looks like an ordinary copper container, but heats the 
delivered hot water by passing it through a long copper coil mounted in the container and draws its 
heat from the surrounding hot water. 
 
This means that the advantages of a mains pressure system25 are available along with the longevity 
of a copper container.  The container can have circulating pipes as with the standard wet back circuit.  
The container is open vented, and kept topped up by a small header tank26. 

                                                           
23 However, new coatings that can withstand higher temperatures are becoming available. An 
example is the ñtwin-coat primaglazeò by Solahart,, which is designed for temperatures up to 100oC. 

24 Examples are the "Elephant" and "Superheat" brands.  
25 Another method of providing higher pressure hot water with a wet back is the ñComboò mains 

pressure cylinder (available from SolarMax), which uses a closed circuit stainless steel coil with a 
vent off the highest point of the circuit to allow for expansion.  
A different method of providing higher pressure hot water is the plate-type external heat-exchanger 
system used with medium pressure (providing 100kPA) Solahart cylinders. 

When are they suitable? 
Wet backs are worth considering in situations 
where more than one of the circumstances 
below applies: 

 Multiple use of burner 
 A solid fuel burner is going to be installed, 

and its cost is justified for some other 
purpose, e.g. space heating or cooking.  

 Cheap solid fuel 
 Many people have ñfreeò sources of fire 

wood, but they should remember to 
consider the time spent collecting and 
chopping wood, as well as incidental costs 
like the cost of petrol, a chainsaw or a 
trailer. 

 Problems with other energy sources 
 Other energy sources for water heating 

may be expensive, limited, or intermittent.  
This is usually the case where mains 
electricity or gas are not available.  Used in 
conjunction with a solar water heater, the 
wet back can provide cost effective year 
round self-sufficiency.  

 Long heating season 
 In locations where the climate is cold and 

the space heat is required for many months 
of the year or where the solid fuel burner is 
also used for cooking 

 Proximity to container 
 Most installers recommend that distances 

must be less than 4 metres.  Remember 
that moving the container away from 
frequently used taps will decrease the 
efficiency of the total system all year round.  
This could increase rather than decrease 
annual hot water costs. 
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Wet Back Circulation 
As well as the type of hot water system that can be 
used, a wet back may limit the relative positions of 
the stove and hot water container.  This is because 
the conventional wet back relies on natural 
convection or thermosiphon to circulate the water 
from the wet back to the container27. 
 

Thermosiphon  
Thermosiphoning wet backs rely on natural 
convection; that is, hotter water being less dense 
than cooler water.  This provides the circulation of 
water between the wet back and the hot water 
container28.   The bottom of the container must be 
above the top of the wet back pipe and all pipes 
should have an overall rise of one in seven, with 
nothing less than one in twelve.  The practical effect 
of this is that the hot water container must usually be 
near and slightly above the stove.29 
 
An open vented hot water container is modified by installing two wet back connections.  As shown 
earlier in Figure 13, these connections may be in the bottom of the container, or in the side - one near 
the bottom and one higher up.   
 

                                                                                                                                                                                                      
26 Because of limitations imposed by the heat transfer process, it is usual to use a cylinder that is one 
size larger than would normally suffice for the householdôs needs. 

27 The use of pumped wet backs in order to increase flexibility is discussed later. 
28 This is the same principle that allows a thermosiphoning solar water heater to operate.  The wet 

back can provide larger temperature differences than  a solar collector so heights and levels are 
less critical. 

29 Although this depends on the design of the house eg. if the cylinder is far higher than the burner in 
the case of a two storeyed house. 
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Most containers for wet backs have an 
internal riser, so that they almost always 
have ñquick recoveryò characteristics when 
the fire is lit, because the hot water is 
delivered to the top of the container and 
floats on the cold underneath.  The return 
pipe takes the cold water back to the wet 
back from the bottom of the container. 
 
Another layout which can be used if the use 
of the conventional layout is impractical is 
the ñover and underò wetback, where the 
cold pipe goes under the floor to the 
wetback, and the hot flow pipe goes over 
the ceiling, as shown in Figure 330. 
 
Incorrect Thermosiphon  
Some wet backs have been installed that 
do not cycle properly.  This is usually due to 
distances being exceeded or incorrect pipe 
gradients being used.   
 
In some cases the hot flow pipe was 
connected to the vent pipe or hot water pipe 
at the top of the container and the return 
cold pipe to the cold water supply pipe at 
the bottom of the container.   
 
This eliminated the need for modification of 
the container, but risks boiling the water in the vent pipe without real circulation of all the water in the 
container.  An example is shown in Figure 431. 

                                                           
30 Refer NZS 4603:1985 (Amended 1990) for correct and unacceptable wetback arrangements with 

natural circulation. 
31 Refer NZS 4603:1985 (Amended 1990) for correct and unacceptable wetback arrangements with 

natural circulation. 
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A more common risk of an incorrectly 
installed wet back is that it may back 
siphon when not in use32.   
 
This allows hot water to flow through 
the pipes at times when the fire is not 
lit.   
 
Thus the wet back and pipes 
connecting it stay warm, losing heat to 
the air and requiring more electric 
heating. 
 

Pumped Wet backs 
If an existing wet back is not circulating 
properly, or a new one cannot be 
correctly positioned, it is possible to 
use a water pump to drive the 
circulation.  Small electric pumps and 
controllers designed for solar water 
heaters can be used.  These pumps 
use only about 40W or less of 
electricity.  The pump may be installed 
without the controller, and can be 
turned on and off manually, but if it is 
forgotten (either in the on or off 
position) heat can be lost. 
 
The controller senses water temperature in the container and at the wet back, and circulates water 
whenever the wet back is hotter.  The cost of these components and their installation may make them 
uneconomic in many cases. 
 
Self Pumping Wet backs  
A wet back that overcomes the requirements for natural convection, by pumping the water to the 
container and back is available33. The pumping energy in this case is derived from the fire heat itself 
so no external energy source is required.  The wet back circulating pipes are not restricted as to the 
lengths and gradients mentioned above and so can be more easily retrofitted to existing containers.  
 

Choosing A Wet Back 
Different manufacturers provide products with very different performance levels.   A solid fuel burner 
manufacturer will usually provide34 a wet back attachment for their wood or coal burner.  These are 
not usually interchangeable between models or brands, so the performance of the wet back should 
be an important factor in the choice of a particular solid fuel heater.  
 

                                                           
32 This is usually due to the lack of height between the wet back and the cylinder. 
33 One example of this is the Wilson ñPulse-flowò. 
34 Or recommend one from a third party manufacturer 
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In some modern wood burners that meet 
emission requirements, the heat recovered by 
the wet back is essentially free because it is 
effectively recovered from the flue gases.  
However in many cases this is not true. 
 
Some wet backs claim to provide full water 
heating, while others claim to be boosters 
only.  The latter are unlikely to provide all the 
hot water required by a household, but will 
supplement another energy source.  Booster 
wet backs are usually rated about 2 to 3 kW.   
 
However it appears that the outputs of wet 
backs quoted by manufacturers are measured 
at a High Burn Rate or even the Maximum 
Burn Rate (refer box).    
 
Few households would be likely to fire their 
woodburner at High Burn Rate for five hours a 
day, much less the Maximum Burn Rate.   
 
Consequently, the manufacturer's ratings are 
of limited use in predicting wet back 
performance.  Inspection of tests of typical 
woodburners with wet backs fitted show that 
an output of 0.5 kW to 1.0 kW at Low to 
Medium Burn Rates is more typical of the 
output of booster heaters. 
 
 

Log burner tests: Burn Rates 

 Log burner tests are defined in NZS 7402: 
1992 (AS 4012-1992) "Domestic solid 
fueled appliances - method for 
determination of power output and 
efficiency"  
 
The standard defines tests at three burn 
rates, described as ñHighò, ñMediumò and 
ñLowò.  In each case a full fire box load of 
fuel is loaded in to the firebox on a bed of 
embers.  The air slide is adjusted to full, 
medium or low and the heat output of the 
stove monitored while the load of fuel is 
burned.  Heat output increases as the fuel 
ignites, then falls again as it is consumed.  
Heat output is monitored and figures for 
both average and peak output recorded.  
Emissions of particles from the flue are 
also measured during the tests. 

 

 It would appear that the outputs of wet 
backs quoted by manufacturers are 
measured at the ñhigh burn rateò of NZS 
7402 or even the ñmaximum burn 
rateò defined in NZS 7421 which is used to 
check the maximum temperature rises for 
safety reasons. 
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PART 4:  MANUFACTURE AND INSTALLATION QUALITY STANDARDS 

 
REGULATION 
 
There is no regulation prohibiting sale of product in New Zealand but the Building Code regulates 
installation and establishes standards. Under the Building Code demonstration of compliance with 
standards is voluntary unless required as a condition of a Building Consent. 
 
Installation involving potable water and installation of storage tanks on roofs require a Building 
Consent and the installation must be under the supervision of a Craftsman plumber. Territorial 
councils have various criteria for issue of a Building Consent. The Department of Building and 
Housing is currently addressing the variability of criteria by the preparation of an Acceptable Solution 
to Clause G12 of the Building Code. This will provide guidelines of Council to consider applications 
for Building Consents and to set consent fees appropriate to the level of risk arising from system 
installation. 
 
 
STANDARDS 
 
There are two joint New Zealand / Australian standards relating to solar water heating which cover 
both manufacture and installation of systems and are necessary in order to provide assurance to 
purchasers that the system is built to a high standard and that the materials used are of the best 
quality available. 
 
The standard AS/NZS 2712 sets out requirements for the manufacture of solar water heating system 
components and combination of components to make either a packaged or customized system. The 
standard focuses on physical performance, durability and safety aspects of product design and 
manufacture.   
 
A packaged system is one where the product has been specifically designed to work as a whole and 
is sold as a complete system.  The packaging may have been done in a factory or by the supplier 
sourcing individual components. A packaged system will be named and generally rated as to its 
energy performance. A customised system will be put together often on-site from unrelated 
components. Such an application would be the connection of a collector and ancillary equipment to 
an existing hot water storage container, or the inserting of a collector into a roof.  Customised 
systems are generally each different and unrated as to their energy performance.  
 
The components of either a packaged or customized system must each comply with the relevant 
tests of AS/NZS 2712. Containers are covered by the standard AS/NZS 4692. 
 
SIA Accreditation and the issuing of a Building Consent requires demonstration that product comply 
with the standard AS/NZS 2712.  Demonstration of compliance of manufacture is by way of 
certification from an approved certifying body ï currently Standards Australia. SIA however accepts 
self certification for accreditation provided specified criteria are met. The certifying body confirms 
testing of product to the standard is representative of product being received from the manufacturer. 
Currently testing is available from two Australian based laboratories however SIA and EECA are 
working with a Nelson based laboratory (Applied Research Services) to set up the necessary 
equipment to undertake the testing within NZ.  
 
The standard AS/NZS 2712 is currently under review to make it more performance based, to deal 
better with customised systems, and to include auxiliary equipment such as pumps and controllers. 
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The Building Code requires that installation of a system must be in terms of the standard AS/NZS 
3500.4. A review of the SWH section of this standard is currently underway. A specific aspect of this 
review is to modify the standard so that it is better able to handle customized installations. 
 
SIA and EECA are both actively involved with the joint Australian/New Zealand SWH Standards 
Committee in the development and modification for NZ conditions of the relevant SWH standards. 
Where there are aspects of the standard that require improvement these should be brought to their 
attention. 
 
The industry has a written Code of Practice to which the product manufacture and installation is 
expected to meet. The Code of Practice integrates the formal technical standards with best practice 
and also covers aspects of relationship with purchasers. 
 
A standard for calculation of system energy efficiency is in preparation. This will allow comparison 
between systems under standard reference conditions.  The Standard is based on modification of an 
existing Australian standards (AS 4234) and is covered in Part 5 
 
The standards are available from Standards New Zealand www.standards.co.nz  
 
 
BUILDING CODE 
 
The New Zealand Building Code is the responsibility of the Department of Building and Housing and 
is available from their website www.dbh.govt.nz  
 
The Building Code has a number of clauses of which Clause G12 (Water Supplies) is relevant to 
solar water heating. Clause G12 sets out the requirements for system installation. An Acceptable 
Solution specifically for solar water heating system installation is in preparation. This Acceptable 
Solution will set out methods for installation which if followed will ensure compliance with the 
requirements of G12.  The Acceptable Solution also covers the structural aspects of installation on a 
roof.  It is the structural loading risks that Building Inspectors are most concerned with when issuing 
Building Consents. 
 
The Building Act establishes the licensing of Building Practitioners which will include plumbers.  
 
 
CODE OF PRACTICE FOR MANUFACTURE AND INSTALLATION 
 
The SIA has prepared a ñCode of Practice for the Manufacture and Installation of SWH Systems in 
NZò. This Code of Practice is available from the SIA website www.solarindustries.org.nz and is 
revised from time to time as appropriate.  The Code of Practice sets out industry ñbest practiceò and is 
the measure of installation performance that is expected of product suppliers and installers. 
 
 
ACCREDITATION 
 
To provide a measure of confidence to potential purchasers that their system meets the appropriate 
standards, the industry has established a supplier accreditation system.  To be accredited a supplier 
will have to meet the relevant performance criteria including those set out in the Code of Practice.  In 
promotion activities purchasers of solar water heating systems are encouraged to purchase from an 
accredited solar water heating system supplier as this provides a measure of guarantee that their 
purchase meets the relevant manufacturing and installation standards. 
 
The accreditation system is administered by the SIA on behalf of the industry. Accreditation criteria is 
available from the SIA website. 

http://www.standards.co.nz/
http://www.dbh.govt.nz/
http://www.solarindustries.org.nz/
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BUILDING CONSENTS 
 
Installation of a solar water heating system requires a Building Consent either because of alterations 
to the potable water supply or because of the addition of additional loading to roof structures. 
Applications for Building Consent are made to territorial authorities. 
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PART 5:  SYSTEM ENERGY PERFORMANCE 

 
 
EFFICIENCY OF COLLECTORS 
 
 

The efficiency of a collector depends on the: 

 intensity of the solar radiation 

 operating temperature of the collector; and 

 general construction of the collector, including such things as the transmission of 
the cover, the absorptivity of the sheet, the quality of the insulation, the heat 
transfer from absorber to risers, the coating of the absorber surfaces, and (if water-
based) the quality of the local water supply.. 

 
 
There are various compromises made in these factors but in general the overall performances of 
commercially available collectors are fairly similar and can be described by the Hottel-Whillier-Bliss 

(HWB) relation as shown in Figure 635.  The maximum efficiency (at T/I = 0) does not change much 

with design, but the efficiency at high values of T/I can be improved by measures such as multiple 
glazing, transfer fluids, and/or selective surface coatings. 
 
The maximum efficiency of conversion of 
solar energy to hot water is about 72%.  As 
the water temperature rises, the efficiency 
falls so that, at a water temperature of 
around 60oC in bright sunshine, the 
efficiency is around 45% 
 
The overall daily effectiveness is usually 
about 30% to 40% of the total solar energy 
input.  However one must be aware that this 
varies enormously according to the way the 
system is set up, and from day to day. 
 
As can be seen from the HWB plot, when the 
system is operating only a few degrees 
above ambient, as in the case of swimming 
pool heating, then poor insulation and lack of 
glazing are not serious disadvantages.   
Many companies provide relatively 
inexpensive unglazed collector systems for heating swimming pools.   
 
When the solar heating is required only to raise temperatures slightly in order to prolong the 
swimming season, the collectorsô construction is not critical to their performance, and many options 
prove satisfactory.  As they usually function at low pressures and at cold temperatures many 
materials unsuitable for domestic water heating can be used. Because of the presence of pool 
treatment chemicals, flexible plastic tube solar collectors are commonly used. 
 
Collector Design 
 
                                                           
35 Source: ñNew and Emerging Renewable Energy Opportunities in New Zealandò (1996) by the 

Energy Efficiency and Conservation Authority and the Centre for Advanced Engineering at the 
University of Canterbury. See fig2.9.   
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The performance of a flat plate, tube on sheet collector depends on the:  

 surface of the absorber 

 material of which the absorber sheet is made 

 connection between the absorber sheet and the risers 

 spacing of the risers.  

 
 
On a flat plate collector a matt black surface has a high absorptivity and emissivity for all wavelengths 
of radiation and therefore it has been the most commonly used surface.  Until recently, the absorber 
sheet was made of copper to provide high thermal conductivity from the sheet to the risers.  In a 
typical all copper flat plate unit36 the spacing of the risers is about 150mm.  With the increased cost of 
copper, various attempts have been made to reduce its use for the absorber sheet.  The most 
common replacement is aluminium, which has a conductivity about half that of copper.  To offset the 
loss in collector performance, risers can be put closer together or thicker sheet material used. 
 
The other problem with copper tube on aluminium sheet collectors (as distinct from all-copper units) is 
that of obtaining a good thermal bond between them37.  This is a design area in which several 
solutions have been adopted by various manufacturers.  One material used for collectors 
ñTecknotermò has thin aluminium and copper sheets roll-bonded together in such a way that the 
copper can be hydraulically expanded to form tube which is integrally bonded to aluminium fins.  This 
material is used in ñSunzò and ñSola 60ò collectors. 
 
A different approach uses the heat pipe effect to obtain a high thermal conductivity using steel, a 
material that has only one tenth the conductivity of copper.  A heat pipe in its simplest form consists 
of a tube from which all air has been removed and into which a small quantity of volatile liquid has 
been introduced.  Such a device conducts by evaporation and condensation of the enclosed liquid 
and has a thermal conductivity virtually independent of the material of which the tube is made.  A 
simple heat tube can have an effective conductivity more than a thousand times that of copper.  The 
ñThermocellò solar collector uses a flat plate version of a heat pipe as shown in Figure 15. 
 

Flat plate collector  as

solar  collector

heat exchanger

water

Simple heat pipe

heat in

heat out

condensate

vapour

 
 

                                                           
36 One example is the ñBeasleyò unit. 
37 Conventional crimp and similar bonding methods are still used in most mass-produced panels. 
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Figure 15: Heat Pipe Principle 
 
Because of the high conductivity of the sheet it is only necessary to solder a simple water carrying 
copper tube heat exchanger near the top edge of the absorber.  Since the working fluid in the 
Thermocell collector is a hydrocarbon, the steel does not come into contact with water and there is 
therefore no internal corrosion problem.   
 
Another heat pipe based collector is that used by ñThermomaxò, ñApicusò, ñSolarPeakò and ñSensible 
Solarò, which use a finned tubular heat pipe enclosed in an evacuated glass tube.  A bank of tubes 
forms the collector. 
 
An alternative approach is the use of black chrome electroplated steel (developed by another 
manufacturer, ñSolahartò), in which the double walled absorber sheet has glycol circulating in it and 
through the jacket of the hot water container, which acts as a heat exchanger to the water inside the 
ceramic-coated water container.  In this arrangement, the only heat transfer is through two 
thicknesses of metal and the primary circulating fluid is loaded with anti-corrosives to prevent 
corrosion of the steel.  The close-coupled thermosiphon usually has the water container mounted on 
the roof as an integral part of the collector.   
 
Another close-coupled structure, using stainless steel rather than mild steel, is manufactured by 
ñEdwardsò.  Yet another system (used in the ñBeasleyò unit) is to use a separate heat exchange unit 
together with a stainless steel38 container.   
 
A number of systems use copper or aluminium with a selective surface coating.  Such a surface has a 
high absorptivity for radiation of solar frequencies but a low emissivity at its own temperature.  This 
means that, in the same conditions, the surface will operate at a higher temperature than a simple 
matt black surface.  The additional energy that is collected is then preserved by the use of glazing 
insulation while that energy is used to heat the water.  The use of selective surface coating has 
resulted in a significant increase in efficiency, relative to collectors in use (say) twenty years ago. 
 
Consequently, there are now on the New Zealand market a range of well designed robust, well-
performing relatively low cost solar collectors. 
 
 

                                                           
38 The use of stainless steel, in comparison to uncoated mild steel, reduces the risk of corrosion 

problems. 
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ACTUAL INSTALLED SYSTEM PERFORMANCE 
 
Systems installed in homes 
sometimes perform considerably 
below the performances achieved 
in laboratories and under test 
conditions42.  
 
This is usually because in the 
laboratory the system is set up for 
optimal performance whereas, in a 
real situation it may need to 
conform to other physical 
constraints.   
 
Most factors only add small 
inefficiencies but these 
inefficiencies can add together to 
become significant, so care should 
be taken during both the design 
and the installation of the system. 
 
 
USE REGIME AND 
PERFORMANCE 
 
Performance can be modified 
significantly - by adjusting hot water 
usage patterns and by turning off 
the electrical boosting for part of 
each day.  The proportion of the 
storage container which is heated 
by the electric booster is a 
significant performance factor.  
Sometimes a dual element 
container provides more flexibility, with a small volume fast reheat element available at the top of the 
container. Often this is all that is required and the bottom element is only used at times of high 
demand. 
 
Manufacturers usually recommend leaving the booster on but controlled by a time clock during winter 
periods and turning it off in the summer.  This regime optimises the convenience of the system.  
Booster switches should be easily accessible and have indicator lights. 
 
Some suppliers provide remote sensing thermostats and electronic temperature read-out units.  For 
example, Solahart provides an electronic optimiser which considers the temperature of the water, 

                                                           
39 This happened particularly with early retrofits of conventional cylinders - and is less likely with 

properly designed cylinders. The storage temperature must however reach 60oC daily to comply 
with  the NZBC. 

40 The drop in performance will depend a little on the type of collector.  Some models claim only a 4% 
reduction in performance with angles up to 45ofrom north and 20o from the angle of latitude.  
Specific information on particular collectors should be sought from the suppliers. 

41 Pipe lengths are also a problem with non-solar systems if the plumbing is poorly laid out. 
42 However, there is also some anedotal evidence from users that some systems perform better than 

expected, particularly when owners use their systems intelligently. 

Installation Factors 
Modern solar water heaters have significantly better 
performance with theoretical savings of up to 75% of 
usual water heating consumption.  However many of the 
possibilities for inefficiencies in installation still remain 
and need to be avoided, such as:  

 Thermostat setting is the largest factor in the 
performance of solar water heaters where, if the 
setting is too high, savings may be reduced.39  

 Tilt and orientation of the collector towards north 
may be less optimal than in a test situation40, as 
collectors are often put on roofs. 

 Collector may be shaded for part of the day in real 
locations. 

 Separate solar storage tank is used before water 
is supplied to another boosted container  - up to 5% 
of energy savings can be lost. 

 Pipe lengths between storage and collector may be 
considerably longer in real situations than in 
laboratories41. 

 The solar container may be further away from 
frequently used taps than a conventional container.  
This increases pipe losses.  This is particularly true 
in retrofitted systems involving external containers  

 Collector area or container size is mismatched 
with consumption and savings will be affected.  

 When hot water is used and when the 
supplementary heating is applied. 
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outdoor temperature, time of day, and usual usage pattern; before deciding whether to use electricity 
to boost temperatures.  Another power saver option is a ñsolar monitorò which provides accurate 
information in order to allow reliable manual control of the power supply. 
 
 
EXPECTED PERFORMANCE IN NZ. 
 
Information on New Zealand irradiation data 
is given in Part 7. 
 
The maximum intensity of sunlight in New 
Zealand is about 1000W/m2 and the 
number of sunshine hours ranges from 
about 1600 in Invercargill to about 2450 in 
Blenheim, with around 2000 hours per year 
in the main centres of population.   
 
Over all there is remarkably little difference 
in the solar performance of systems in 
different geographic locations in New 
Zealand, with Invercargillôs daily average 
sunshine of about 4 kWh/m2/day and 
Aucklandôs about 4.5 kWh/m2/day44.   
 
The energy falling on a horizontal surface 
ranges from about 6.9kWh/m2/day in 
summer to about 1.4kWh/m2/day in winter43.  When we consider that most collectors average 45% 
efficiency and are 3.5 - 4m2 in area this equates to collecting 12.5kWh/day in summer and 
2.5kWh/day in winter.  
 
 
ENERGY PERFORMANCE TEST METHODOLOGY 
 
An energy performance test methodology in the standard AS 2345 is being modified for New Zealand 
climatic conditions. The standard will allow testing for each of two irradiation zones as shown in 
Figure 16. It is expected that the standard will be available by the end of 2006. Copies of the standard 
will be available from Standards New Zealand. www.standards.co.nz  
 

                                                           
43 Source: ñNew and Emerging Renewable Energy Opportunities in New Zealandò (1996) by the 

Energy Efficiency and Conservation Authority  and the  Centre for Advanced Engineering at the 
University of Canterbury.43 

44 Thermocell Limited, Product information.  However, it should be noted that research into this area 
is currently underway, and these figures may be updated in the future. 

New Zealand performance figures 
Figures obtained by Benseman and his 
collaborators in the early 1980ôs for electricity 
savings achieved by domestic solar water 
heaters ranged from 200 to 700kWh per square 
metre per year with the best unit (COLT) giving 
from 400 to 700kWh per square metre per 
year, depending on the temperature setting of 
the container thermostat within the range of 
50oC to 70oC.  
 
Most modern equipment can be expected to 
have a similar performance so a figure of about 
550kWh/m2/yr is frequently assumed for a 
container thermostat setting of 60oC.  This in 
turn leads to a frequently quoted 2200kWh per 
year for a 4m2  installation. 43 

http://www.standards.co.nz/
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