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PREFACE

This Standard was prepared by the Joint Standards Australia/New Zealand Committee
CS-028, Solar Water Heaters to supersede AS 4234—1994. The performance evaluation
procedure defined in this Standard has been designed to provide a means of evaluating the
annual task performance of heated water systems.

This Standard incorporates Amendment No. 1 (March 2011), Amendment No. 2 (November
2011) and Amendment No. 3 (November 2014). The changes required by the Amendments
are indicated in the text by a marginal bar and amendment number against the clause, note,
table, figure or part thereof affected.

Testing of solar and heat pump water heating systems under outdoor conditions has been
defined in AS 2984, Solar water heaters—Methods of test for thermal performance—
Outdoor test method. Outdoor testing requires a long test period (8—10 weeks) due to the
need to obtain stable inputs for a range of operating conditions. The major drawback of
outdoor testing is that the tests must be repeated for every variation of system configuration
offered by the supplier. The procedure defined in this Standard overcomes the time and cost
limitations of using the outdoor test standard AS 2984.

The performance evaluations are based on modelling annual performance in a range of
climatic conditions using the TRNSYS simulation program. TRNSYS is specified as the
modelling package because of its flexibility and capacity to model the wide range of
renewable energy water heaters used in Australia and New Zealand.

It is the committee's intention that determination of the standardized annual energy use for
other products, such as integral solar water heaters (combined solar collector and storage
tank), will be added to this Standard by amendment. Interim test procedures for these
products may be accepted by rating authorities.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the
application of the appendix to which they apply. A ‘normative’ appendix is an integral part
of a Standard, whereas an ‘informative’ appendix is only for information and guidance.
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SECTION 1 SCOPE AND GENERAL

1.1 SCOPE

This Standard sets out a method of evaluating the annual energy performance of water
heaters using a combination of test results for component performance and a mathematical
model to determine the standardized annual purchased energy use. The procedure is
applicable to electric, gas and solar water heaters with integral boosting or preheating into a
conventional storage or instantaneous water heater and to heat pump water heaters. For
solar and heat pump water heaters, displaced purchased energy relative to reference water
heaters is also calculated. Solar and solar boosted heat pump water heater types not covered
in the application of this Standard can be tested under AS 2984 to obtain an annual
performance assessment.

There are no product design or operation requirements in this Standard. System operating
parameters specified in this Standard are only for the purpose of performance modelling.

1.2 APPLICATION

The procedure in this Standard uses a mathematical model to assess annual energy, hence
the application of the procedure is restricted by the availability of suitable mathematical
models. The analysis required by this Standard shall be based on the TRNSYS simulation
model (version 15 or later) with modifications to suit typical packaged solar and heat pump
water heaters. The TRNSYS software package is available from The University of
Wisconsin (see Appendix E). Weather data and typical modelling data files (TRNSYS deck
files) are supplied with this Standard. The operating conditions and product configurations
to be used for evaluating the energy performance of a water heater are also defined in this
Standard.

This Standard may be applied to the following water heaters:
(a)  Electric and gas storage water heaters.
(b)  Electric and gas instantaneous heaters.
(c) Solar water heaters with—
(i)  flat plate, concentrating or evacuated tubular solar collectors;
(i) thermosiphon or pumped fluid circulation through the solar collectors;
(iii) collector loop heat exchangers in a thermosiphon loop;
(iv) horizontal or vertical water storage tanks;
(v) storage tanks with single or dual electric element(s);
(vi) storage tanks with internal gas boosting; and
(vii) storage tanks with delivery side heat exchangers.

(d) Solar preheaters in series with electric or gas storage or instantaneous boosters.

COPYRIGHT



	AS/NZS 4234:2008 HEATED WATER SYSTEMS-CALCULATION OF ENERGY CONSUMPTION 
	PREFACE
	CONTENTS
	SECTION 1 SCOPE AND GENERAL 
	1.1 SCOPE 
	1.2 APPLICATION 
	1.3 REFERENCED DOCUMENTS 
	1.4 DEFINITIONS 
	1.4.1 Absorber 
	1.4.2 Auxiliary equipment 
	1.4.3 Collector 
	1.4.4 Collector aperture 
	1.4.5 Collector inclination 
	1.4.6 Container 
	1.4.7 Dual elements 
	1.4.8 Electricity supply options 
	1.4.9 Evacuated tubular collector 
	1.4.10 Heat pump water heater 
	1.4.11 Incidence angle 
	1.4.12 Irradiance 
	1.4.13 Irradiation 
	1.4.14 Load 
	1.4.15 One-shot boosting 
	1.4.16 Packaged system 
	1.4.17 Reference water heater 
	1.4.18 Standardized annual energy use 
	1.4.19 Sidearm heat exchanger 
	1.4.20 Supplementary energy 
	1.4.21 Tank nodes 
	1.4.22 Tank modelling options 
	1.4.23 TRNSYS deck 

	1.5 NOTATION 

	SECTION 2 INPUT PARAMETERS 
	2.1 INTRODUCTION 
	2.2 COMPONENT TESTING 
	2.2.1 Electric boosted, un-boosted and heat pump storage tanks 
	2.2.2 Gas boosted storage vessels 
	2.2.3 Instantaneous gas water heaters 
	2.2.4 Solar boosted heat pump storage water heaters 
	2.2.5 Flow rate in pumped collector-loops 
	2.2.6 Solar collector efficiency 
	2.2.7 Incidence angle modifier 

	2.3 COLLECTOR EFFICIENCY CORRECTION FOR SHADOWING DUE TO IMPACT GUARD 
	2.4 WATER HEATER CONFIGURATION 

	SECTION 3 PERFORMANCE EVALUATION 
	3.1 STANDARDIZED ANNUAL TASK PERFORMANCE 
	3.2 WEATHER DATA 
	3.3 THERMAL ENERGY LOADS 
	3.4 MINIMUM SOLAR PERFORMANCE 
	3.5 WATER TEMPERATURE 
	3.5.1 Control of temperature 
	3.5.2 Minimum delivery temperature 

	3.6 COLD WATER INLET TEMPERATURE 
	3.7 PUMPED CIRCULATION CONTROL IN SOLAR WATER HEATERS 
	3.7.1 General 
	3.7.2 Low-flow criteria 
	3.7.3 Controlled-flow pumped-circulation 
	3.7.4 Uncontrolled-flow pumped circulation 
	3.7.5 External collector loop heat exchanger systems 
	3.7.6 Pump controllers 

	3.8 TRNSYS DECK SETUP FOR MODELLING THERMAL STRATIFICATION IN SOLAR HEATED STORAGE TANKS 
	3.8.1 General 
	3.8.2 Controlled flow-rate pumped circulation 
	3.8.3 Thermosiphon circulation 
	3.8.4 Uncontrolled flow-rate pumped circulation 
	3.8.5 Heat exchanger tanks 

	3.9 PIPING CONFIGURATION FOR SOLAR WATER HEATERS 
	3.9.1 Collector loop piping 
	3.9.2 Collector loop piping insulation 
	3.9.3 Piping between primary storage tank and a series booster 

	3.10 ENERGY CONSUMED FOR FREEZE PROTECTION OF SOLAR WATER HEATERS 
	3.10.1 Active pumped freeze protection 
	3.10.2 Electric heater freeze protection 

	3.11 OVER-TEMPERATURE CONTROL 
	3.11.1 General 
	3.11.2 Hot water discharge due to over temperature 
	3.11.3 Vented system energy dumping 

	3.12 MODELLING GAS STORAGE WATER HEATERS 
	3.13 MODELLING INSTANTANEOUS GAS WATER HEATERS 
	3.14 PRESENTATION OF RESULTS 
	3.14.1 Purchased energy savings relative to reference water heaters 
	3.14.2 Calculation to determine specific carbon dioxide equivalent emission from heated water systems 


	APPENDIX A - STANDARD OPERATING CONDITIONS FOR AUSTRALIA 
	A1 SCOPE 
	A2 TIME-LIMITED ELECTRIC SUPPLY 
	A3 SOLAR COLLECTOR INCLINATION AND ORIENTATION 
	A4 CLIMATE DATA 
	A5 HOT WATER THERMAL ENERGY LOADS 
	A5.1 Daily thermal load 
	A5.2 Hourly loads 
	A5.3 Seasonal load profile 

	A6 COLD WATER INLET TEMPERATURE 
	A7 CHARACTERISTICS OF REFERENCE WATER HEATERS IN ZONES 1 TO 4 
	A8 PURCHASED ENERGY OF REFERENCE WATER HEATERS IN ZONES 1 TO 4 
	A9 DISPLACED ENERGY 
	A9.1 Electric boosted products 
	A9.2 Gas boosted products 


	APPENDIX B - STANDARD OPERATING CONDITIONS FOR NEW ZEALAND 
	B1 SCOPE 
	B2 TIME-LIMITED ELECTRIC SUPPLY 
	B3 SOLAR COLLECTOR INCLINATION AND ORIENTATION 
	B4 CLIMATE DATA 
	B5 HOT WATER THERMAL ENERGY LOADS 
	B5.1 Daily thermal load 
	B5.2 Daily load profile 
	B5.3 Seasonal load profile 
	B5.4 Hourly load 

	B6 COLD WATER INLET TEMPERATURE 
	B7 CHARACTERISTICS OF REFERENCE WATER HEATERS IN ZONES 5 AND 6 
	B8 PURCHASED ENERGY FOR REFERENCE WATER HEATERS IN ZONES 5 TO 6 
	B9 DISPLACED ENERGY 
	B9.1 Electric boosted products 
	B9.2 Gas boosted products 


	APPENDIX C - WATER HEATER PARAMETERS 
	C1 GENERAL 
	C2 THERMOSIPHON SOLAR WATER HEATERS 
	C3 PUMPED CIRCULATION SOLAR WATER HEATER 
	C4 SUPPLEMENTARY BOOSTING 
	C5 CONTROLLED FLOW RATE SYSTEMS 
	C6 COLLECTOR LOOP HEAT EXCHANGER (if used) 
	C7 PLUMBING BETWEEN SOLAR TANK AND SOLAR COLLECTOR 
	C8 LOAD FLOW HEAT EXCHANGER (if used) 
	C9 SOLAR BOOSTED HEAT PUMP WATER HEATER 
	C10 SUPPLEMENTARY BOOSTING 
	C11 SOLAR BOOSTED EVAPORATOR 
	C12 CONDENSER-WRAP˚AROUND 
	C13 HEAT PUMP COMPRESSOR 

	APPENDIX D - CORRECTIONS FOR EFFECT OF HAIL GUARDS ON SOLAR COLLECTOR EFFICIENCY 
	D1 GENERAL 
	D2 NORMAL INCIDENCE SHADOWING 
	D2.1 Cylindrical mesh guard 
	D2.2 Flat cover guard 

	D3 INCIDENCE ANGLE MODIFIER CORRECTION 
	D3.1 General 
	D3.2 Cylindrical mesh guard-incidence angle modifier 
	D3.3 Flat sheet cover guard incidence angle modifier 


	APPENDIX E - WATER HEATER TASK PERFORMANCE EVALUATION 
	E1 GENERAL 
	E2 TRNSYS DECK EXAMPLES 
	E3 SOURCE CODE 
	E4 NON-LINEAR SOLAR COLLECTOR EFFICIENCY CHARACTERIZATION 
	E5 INCIDENCE ANGLE MODIFIER 
	E5.1 General 
	E5.2 Symmetric collectors 
	E5.3 Data table of incidence angle modifier values 
	E5.4 Collectors with northŒsouth and eastŒwest symmetry 
	E5.5 Incidence angle modifier map 
	E5.6 Collectors with eastŒwest symmetry only 

	E6 COLLECTOR CONFIGURATION 
	E6.1 General 
	E6.2 Collector heat removal via heat pipe 
	E6.3 Thermosiphon systems with collector loop heat exchanger 
	E6.4 Serpentine riser solar collector 
	E6.5 Thermal cut-off valve in the thermosiphon loop 

	E7 STORAGE TANK CONFIGURATION 
	E7.1 Over-temperature relief valve 
	E7.2 One-shot boosting 

	E8 BIBLIOGRAPHY 

	APPENDIX F - PERFORMANCE RESULT 
	APPENDIX G - RENEWABLE ENERGY CERTIFICATES FOR GAS BOOSTED PRODUCTS 
	APPENDIX H - AIR-SOURCE HEAT PUMP WATER HEATER TASK PERFORMANCE EVALUATION 
	H1 GENERAL REQUIREMENTS AND DEFINITIONS 
	H1.1 General requirements 
	H1.2 Definitions 

	H2 INPUT PARAMETERS 
	H2.1 Heat pump COP and electric power use 
	H2.2 Water flow rate for stand-alone heat pumps 
	H2.3 Heat pump operation penalty at low temperatures 

	H3 PUMPED CIRCULATION CONTROL IN HEAT PUMP WATER HEATERS 
	H3.1 General 
	H3.2 Low-flow criteria for heat pumps 
	H3.3 Controlled-flow pumped-circulation 
	H3.4 Uncontrolled-flow pumped circulation 
	H3.5 External heat exchanger systems 

	H4 TRNSYS DECK SETUP FOR MODELLING THERMAL STRATIFICATION IN STORAGE TANKS 
	H4.1 General 
	H4.2 Controlled flow-rate pumped circulation 
	H4.3 Thermosiphon sidearm circulation 
	H4.4 Uncontrolled flow-rate pumped circulation 

	H5 PIPING CONFIGURATION 
	H5.1 Stand-alone heat pump water heaters-loop piping 
	H5.2 Stand-alone heat pump water heaters-piping insulation 
	H5.3 Piping between primary storage tank and a series booster 

	H6 STANDBY ELECTRICAL POWER 
	H7 LOW AMBIENT TEMPERATURE OPERATION 
	H7.1 Systems not suitable for low temperature operation 
	H7.2 Systems suitable for operation at low ambient temperatures 

	H8 MODELLING HEAT OUTPUT 
	H8.1 Output for air temperature above lowest temperature test condition 
	H8.2 Output for air temperature below lowest temperature test condition 

	H9 STANDARD OPERATING CONDITIONS FOR AIR-SOURCE HEAT PUMP WATER HEATERS IN AUSTRALIA 
	H9.1 General 
	H9.2 Climate data 
	H9.3 Hot water thermal energy loads 
	H9.4 Characteristics of reference water heaters for zones HP1-Au to HP5-Au 
	H9.5 Purchased energy for reference water heaters in zones HP1-Au to HP5-Au 
	H9.6 Displaced energy 

	H10 STANDARD OPERATING CONDITIONS FOR AIR-SOURCE HEAT PUMP WATER HEATERS IN NEW ZEALAND 
	H10.1 General 
	H10.2 Climate data 
	H10.3 Hot water thermal energy loads 
	H10.4 Characteristics of reference water heaters in zones HP1-NZ and HP2-NZ 
	H10.5 Purchased energy for reference water heaters in zones HP1-NZ and HP2-NZ 
	H10.6 Displaced energy 

	H11 AIR-SOURCE HEAT PUMP WATER HEATER PARAMETERS 

	APPENDIX I - AIR-SOURCE HEAT PUMP WATER HEATER PARAMETERS 


