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“What you need to know about Solar Water Heating”

Chris Rowe BSc(Hons), CEng, MCIBSE

CIBSE Wellington Chapter Chairman

Engineering Director Stephenson&Turner

Part 1 – Intro & overview of Solar Water Heating
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Part 1 – Introduction & general overview

Part 2 – What Engineers need to know
• Design Criteria
• System Designs
• Common Failures / problems
• Data Logging / Collection
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CIBSE Energy Policy Statement:

“It is the Institution’s policy to encourage the installation of those building 
services systems which minimise pollution or the consumption of energy”
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Overview

• Why use Solar Water systems?

• Solar Fundamentals

• SWH Systems Overview

• Aesthetics and Space Allowances

• Applications of SWH

• Costs and Legislation
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Overview

Note that Solar Water Heating (SWH) is separate to Photovoltaic (PV) panels. 
PV panels convert the sun’s energy directly to electricity. 

PV panels are relatively expensive and require batteries to store energy or can 
be grid connected using an inverter.

Solar water heating refers to solar thermal conversion – using the sun’s energy 
to increase the temperature of water. 
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Why Solar Heating?

Water heating can represent a significant portion of a typical household’s annual 
energy demand. Standard solar water heating systems can produce up to 75%
of domestic hot water requirements in summer and between 25 - 45% in winter.

Domestic End Use of Energy
(BRANZ HEEP Data)

Typical Efficiencies: 

Summer ~ 90-95%

Winter ~ 25-50%

Autumn/Spring ~ 50-75%
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Why Solar Heating?

Solar radiation is free, non-polluting and renewable. 

NZ has abundant solar resources.  

Annual Global 
Irradiance Data
(ASHRAE)
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Why Solar Heating?

Cost savings

Save over 50% on annual water heating costs

Energy savings

Reduce dependence on fossil fuels 

Reduce need for more power generation with renewable energy

Local vs Central power generation

Reduction of greenhouse gas emissions

Estimated 1.4 tonnes of CO2 saved for average solar water system installed

-Three SWH systems are equivalent to one car off the road. (Source: EECA)
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Solar Fundamentals

The sun’s position in the sky is determined by geographic location and time of 
day/year. 

The sun’s position is measured by solar azimuth angle and altitude angle .  
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System Overview

Three main components of SWH systems:

1. Collector panel – to absorb the sun’s 

energy via radiation

2. Storage tank – to store heated water
and act as a heat exchanger

3. Transfer fluid – to move heated water 

from collector to tank 

Note: The sun is an intermittent source of energy, so during less sunny times the 
system is typically boosted by gas or electricity.
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System Overview

Open Loop vs. Closed Loop

Closed loop is more common as glycol can be added to the transfer fluid for frost 
protection. 

Open Loop SWH System Closed Loop SWH System
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System Overview

Thermosiphon vs. Pumped systems 

• Thermosiphon systems use natural convection to circulate transfer fluid. They 
require the storage tank to be located above the collector panel (close coupled 
or in separate cylinder).

• Pumped systems force the transfer fluid around the circuit, allowing flexibility of 
equipment layout, but there is a small pumping cost. Can utilise PV cell to run 
pump in remote locations. 

Thermosiphon Solar 
Water Heating System
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Types of Collector

Flat Plate Collector

The Flat Plate collector consists of a flat sheet 
absorber of specially blackened metal which 
absorbs sunlight and transfers heat into the 
fluid. The collector enclosure is insulated and 
glazed.

Flat plate collectors are generally cheaper 
than evacuated tube collectors.

Selective coating on the absorber maximises efficiency and reduces heat loss.

Generally more efficient until temperature difference between water and ambient 
air is greater than 45°C
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Types of Collector

Evacuated Tube Collector 

Consists of a series of twin walled glass tubes, usually with an absorbent 
coating. 

Typically the tubes lie above a parabolic reflector, to maximise energy absorption 
at a large range of incidence angles. 

Evacuated tubes have the ability to reach stagnation temperatures well above 
200°C (at high ambient temperature and maximum summer radiation)
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Types of Evacuated Tube

Two types:

1. Heat pipe with flow header
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Types of Evacuated Tube

2. Water flow through
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Which Collector?

Evacuated tube collectors are more common in 
colder climates. The vacuum tube design 
minimises heat losses to the surroundings. 

In the top half of the North Island (excl. central 
plateau), both flat plate and evacuated tube 
collectors will provide similar levels of 
performance in an ideal case.

For the rest of NZ or for non-ideal collector 
orientations, evacuated tubes will usually 
perform slightly better for given size of 
collector. 

Noon

Morning/Evening
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•More efficient when � t > 45°C

•More efficient at lower ambient temperature

•May have less collector area

•Historically more reliable

•Faster heat up

•May have larger collector area

•Easier to clean

Evacuated TubeFlat Plate

Select collector upon total system performance, benefits, reliability and life cycle cost.
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Ideal Collector Orientation

Ideal collector orientation:

• Due north (~20° east of magnetic north)

• Inclination within 20° to the angle of latitude (e.g. for Wellington 41° ± 20°)

Collector performance is more sensitive to deviation from north than inclination 
angle. 

To maximise summer time performance, low inclinations are used. Winter 
performance is optimised with higher inclinations

Lower inclination can lead to overheating – especially a problem with intermittent 
water use
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Actual Collector Orientation

In reality, the collectors must be carefully located to maximise potential energy 
savings. 

Actual collector orientation usually is determined by site restrictions:

• Roof pitch

• Nearby landscape/buildings

• Expected hot water load profile 

Note: System design and final collector position should be checked by a suitably 
qualified & experienced Engineer
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Collector Efficiency (Evacuated Tube Collector)
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Collector Efficiency (Flat Plate Collector)

Poor orientation

Moderate orientation

Good orientation

0.460.520.640.730.800.8590East

0.570.650.770.860.880.8560

0.650.740.880.950.940.8530

0.700.800.941.000.970.850North

0.710.800.930.990.980.85330

0.650.730.860.920.920.85300

0.530.600.720.800.850.85270West

90o80o60o40o20o0oDegreesDirection

Inclination angle 
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Space Allowances

System size is variable depending on;

• Number of occupants

• Number of bathrooms

• Site factors 

Storage tanks are usually sized to provide 1.5-2.0 times daily hot water usage.  

Typically:

• Normal family 3-4ppl, 300L tank, ~5m2 collector area

• Large family, high use, several bathrooms can have systems with 500L tanks 
and ~8-10m2 collector areas
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Space Allowances / Weights

Hot water tanks should be located close to main water usage areas and aim to 
avoid long pipe runs.  

Note: Check that the existing roof structure can support SWH system

Critical for thermosiphon systems (tank on roof)

Consider need for seismic restraints
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Aesthetics

Evacuated tube collectors integrate well into corrugated steel roofs
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Aesthetics

Flat plate collectors can look like skylights

Note that Thermosiphon systems may have a tank on the roof above the 
collector, pumped systems do not.
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Commercial Applications

SWH systems benefit from high use due to economies of scale

Significant potential for: 

• Hotels and Service Industry 

• Process Industry

• Public Institutions

• Sport and Recreation Centres

• DOC huts and Remote Dwellings



29

Other Applications of SWH

Systems are available with multiple heat exchanger coils, 
these can be standard off the shelf imported products or 
custom made in NZ. 

• Swimming Pools – system usually sized on pool surface 
area (typically 30-50% of pool area for panels, 100% for 
plastic / rubber pipe system)

• Underfloor heating – requires an additional heat 
exchanger inside tank.  Passive solar design is 
cheaper and more effective.

• Wetbacks – again requires additional heat exchanger 
inside tank, but slightly more effective as fire is usually 
used when sun is not shining (make sure to specify pellet 
burner – not wood burner)

Latento Multi-Coil Tank
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Costs

• Costs vary with system size and complexity. Can expect $5-8k for typical 
domestic system (including installation)

• Life cycle of 20+ years typical for high quality systems. Maintenance 
requirements may include annual glycol replacement.

• Payback period dependent upon system size, system performance and 
domestic hot water load profile. Domestic system: 8-12yrs typical. 

Can be less for large domestic or commercial applications.

Note:

• Gas and electricity prices forecast to increase.

• Solar energy is free and emits no CO2.
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Financial Incentives

EECA Grants/loans schemes:

Marie Brown – Advisor for Solar Water Heating (EECA)

• Domestic: $500 towards the interest on a loan or $500 available as a 
grant. 

• Government: Residential and commercial grants available for public 
buildings based on collector area and predicted system 
performance. 

- As a feasibility grant,

- Installation grant

• Volume Build: $500 grants and $3,000 show home demonstration grant

• Innovation Fund: (under development)
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Building Consents / Legislation

Building Consent:

Building consent required because SHW systems affect potable water supply 
and some systems can affect roof loadings 

New Dwellings: usually included in the overall consent for the building

Existing Dwellings: installers should provide a signed Producer Statement 
confirming they have installed the system to the NZBC

If the tank is on the roof, then the council will require evidence that the existing 
structure can cope with the load. 

Otherwise can be submitted as minor plumbing alteration. 

New acceptable solution for roof fixing requirements are expected to be 
released soon.

NOTE: Resource Consent may be an issue for Thermosiphon systems
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International Case Studies

China - World’s largest SWH manufacturer and user

- 40 million m2  total collector area

New Zealand - abundant sunlight: ~40% higher than Germany

- only 1.6% of homes with SWH systems 

Australia - Flat plate collectors very common

- Several states have incentives and rebates 
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Final Checklist for Architects:

� Solar energy is free and renewable 

� Reduction of CO2 emissions

� Reduction in overall energy usage

� Space allowances – larger tank size

� Collector position – due north and ~40°

� Weights – check existing structure

� Building/Resource Consent

Talk to an Engineer for system selection and detail design
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For More Information

www.solarsmarter.org.nz (Recommended)

www.eeca.govt.nz

www.solarindustries.org.nz

Applicable Standards:

NZBC G12 (currently being updated)

AS/NZS 2712 Design and Construction of SWH Systems

AS/NZS 3500.4  Plumbing and Drainage Part 4: Heated Water Services

AS 4234 Calculation of Energy Performance of SWH Systems
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Part 2 – “What Engineers need to know” will be presented by Ian 
Sumner, Technical Director of Energy Conscious Design / EcoSolar
(only Solar Industries Association accredited SWH designer)

This session will cover:
• Design criteria

• System design
- Residential (more regular draw off)
- Commercial (intermittent draw off, therefore, pre-heat)

• Impact of new building code / acceptable solutions and obtaining building 
consents

• Common failures/problems
- Over selling
- Design 
- Scaling up from residential to commercial system

• Data collection 


