WATER HEATING

Heating of water for domestic, commercial and industrial use is a major application of

electric heating. These water heaters may be grouped into 2 categories:

• Instantaneous heaters; and

• Storage heaters, which may be further classified according to their use and tariff

rating into load groups of:

- _________________ water heaters and

- _______________ ________ (off peak or restricted hours) water heaters

Continuous/ Controlled load
Electric Storage Water Heaters

An Electric Storage Water Heater (ESWH) consists of an insulated storage tank, usually cylindrical, where hot water is kept ready to be used.

The water is stored at a pre-set temperature typically 60-80°C. The water is heated in the storage tank by one or more electric resistance elements.

ESWHs heat water the same way electric kettle heats water, but, unlike the kettle, an ESWHs keeps the water hot.

Over time, the water temperature decreases through heat losses from the storage tank and from hot water draw-offs (usage). This results in the tank being refilled with cold water which in turn lowers the overall temperature of water in the tank.

Instantaneous Electric Water Heaters

Instantaneous heaters, where water is heated on demand and not stored are also available, but are less common.

Instantaneous or continuous flow water heaters are designed to deliver a steady stream of heated water for a bath, sink or shower. Each time a tap is turned on, water is heated instantly by electricity and then flows to the outlet.

An Instantaneous electric water heater typically requires high power inputs, particularly if more than one unit is running at once. In some cases three phase power is required, in others single phase power is adequate.

Check with your supplier, retailer or tradesman about power requirements for your house and to help properly size your appliance.

Storage tanks are not component parts for these units, as such they are not subjected to tank heat loss requirements.

Solar and Heat Pump Water heaters

Electric resistive elements can also be key components of Solar Water Heaters and Heat Pump Water Heaters where they provide “boosting” when the water temperature is low, with solar radiation (solar) or ambient air temperature (heat pump) providing the primary energy source.

Electricity Tariffs

For water heaters operating on a continuous electric tariff the electric elements are turned on when the water temperature drops below the thermostat set point. The thermostat will turn on the electric elements periodically throughout the day and night, to maintain the water in the storage tank at the required temperature. The number of times and the length of time the elements operate will vary with the size, location and number of elements as well as hot water draw-off behaviour and the heat loss characteristics of the storage tank.

Some ESWHs are not operated on a continuous electric tariff but instead operate on some form of restricted tariff, such as off peak tariffs or ripple control tariffs. Often larger tanks are used to ensure that users on restricted tariffs do not run out of water before the system can reheat the water.

Restricted tariffs are used when an electricity supplier wishes to control the electricity demand of electric hot water systems on their network. Such tariffs are a type of load management system that allows the electricity supplier to switch off a set of appliances, in this case water heaters, during periods of peak electricity demand. This is often referred to as “ripple control” in New Zealand, where the majority of ESWHs are controlled. In Australia, approximately 25% of homes use a form of continuous tariff for electric water heating.

The choice for the household or business of which electricity tariff structure to use depends primarily on the level of hot water service required, the price difference of the types of tariff(s) being offered and the number of hours the tariff(s) cover. For some more specific information about tariffs, look at  the factsheet – Water heaters – electricity costs and tariffs.

Is your product regulated?

Find out which GEMS determination or regulatory standard applies to your product
All products covered by energy efficiency regulations must meet certain requirements before they can be supplied or sold in Australia or New Zealand.

Depending on the product, this may include Minimum Energy Performance Standards (MEPS), energy rating label requirements or both. There are specific requirements relevant to Australia and New Zealand.

3. INSTANTANEOUS WATER HEATERS

Instantaneous water heaters do not store any hot water but must heat the water from

cold as it passes through the heater. The elements in these heaters are only

__________ _____ when hot water is required. Because the heater must be able to

be turned on at any time of the day they are supplied at normal tariff rates.

The instantaneous water heater has the heating elements enclosed in a small copper

container of about 0.8 litre capacity. Most modern instantaneous water heaters use a

diaphragm flow switch to automatically connect the supply to the elements when

water flow is started, and turn off the supply when the water is turned off.

Instantaneous water heaters are generally available as a three phase unit fitted with

elements rated at 18 A per phase (Victoria, 23A).

heating the water
STORAGE WATER HEATERS

Storage type heaters consist of an inner water container ___Heat exchanger____________ from an

outer metal casing to reduce heat dissipation losses. ______________ type

elements are placed into the side of the inner tank towards the bottom of the tank.

Control of the elements is by thermostat, either directly in domestic and lower

demand non domestic applications, or indirectly with the thermostat controlling a

contactor to switch the elements in multi phase high demand non domestic units.

Larger storage capacity water heaters are used to supply ____________ points with

hot water while smaller type storage units may be installed as bath heaters or over

the sink heaters to supply only one point. Larger storage capacity water heaters

supplying multiple points should be located as close as possible to the outlet most

frequently used. The location of a large tank is influenced by the type of building

structure, which also influences the type of heater used. All storage type water

heaters are thermostatically controlled to keep water temperature approximately

_____________ within the delivery rating of the heater.
copper (99,9%), stainless steel, Incoloy, Titanium and special alloys of chrome and nickel steel. The structure of the selected components ensures high technical, electromechanical and anticorrosive qualities, outlet 
These recommendations state hot water must be stored at 60°C inside the water heater by ensuring, at least once a day, the temperature reaches at least 60°C in the entire tank.
Hot water storage tank
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Two red parallelled hot water storage tanks connected to a wood-fueled furnace.




A hot water storage tank where one of the heat sources is solar heating A, that is sent into the hot water storage tank via a smaller pump B (circle with triangle) and the heat exchanger spiral in the hot water storage tank. The other spiral C can be used for a e.g. oil-fired boiler or a wood burner. At D the hot water gets out and domestic cold water is sent back at the bottom at E.

A hot water storage tank where one of the heat sources is solar heating. Almost the same example as above, but in a domestic habitat.

A hot water storage tank (also called a hot water tank, thermal storage tank, hot water thermal storage unit, heat storage tank and hot water cylinder) is a water tank used for storing hot water for space heating or domestic use. 

Water is a convenient heat storage medium because it has a high specific heat capacity. This means, compared to other substances, it can store more heat per unit of weight. Water is non-toxic and low cost. 

An efficiently insulated tank can retain stored heat for days, reducing fuel costs.[1] Hot water tanks may have a built-in gas or oil burner system, electric immersion heaters. Some types use an external heat exchanger such as a central heating system, or heated water from another energy source. The most typical, in the domestic context, is a fossil-fuel burner, electric immersion elements, or a district heating scheme.[2] 

Water heaters for washing, bathing, or laundry have thermostat controls to regulate the temperature, in the range of 40 to 60 °C (104 to 140 °F), and are connected to the domestic cold water supply. 

Where the local water supply has a high content of dissolved minerals such as limestone, heating the water causes the minerals to precipitate in the tank (scaling). A tank may develop leaks due to corrosion after only a few years, a problem exacerbated by dissolved oxygen in the water which accelerates corrosion of both tank and fittings. 

Continuous Water Heaters

Continuous water heaters store a limited quantity of hot water, inadequate to qualify

for cheaper off peak electrical energy. They are connected to the normal tariff, with

supply continuously available to the heater. The element is controlled by a

________________, normally set to approximately 60oC to 70oC for domestic

supplies with possible higher temperatures for commercial or industrial applications.

For domestic applications the element rating is generally 3.6kW to 4.8kW but water

heaters in non domestic applications may have much higher ratings, depending on

the demand for hot water in their particular application. Continuous water heaters

generally represent a much ____________ __________ on the supply system than

three phase instantaneous water heaters.

Thermostat/ loading 

Controlled load / Off Peak Water Heaters

Controlled load (off peak or restricted hours) water heaters generally differ from

continuous water heaters only by having a _______________ storage capacity.

This is necessary due to the limited time in which supply is available. Dual element

type off peak water heaters require additional control devices and an additional

element to boost water heating at reduced tariff out of low demand off-peak periods.
Water
The roof mounted displacement type - Illustrated in Figure 2. Cold water,

controlled by a ballcock in the small side feed tank, is fed into the bottom of

the low pressure heating tank to displace the hot water drawn off the top. On

off peak tariff the cold water is not heated until the off peak period begins.

However this does not present a problem since the hot and cold water do not

tend to mix in the tank. The hot layer remains on the top of the tank, the cold

layer remains on the bottom of the tank, and a thin mixed layer separates the

two. The main _______________ of these systems is their inability to provide

high demand areas. (Hot water cannot leave the tank faster than the cold

water can replace it). The falling level type described below or a mains

pressure type can overcome this problem.
Disadvantage
The mains pressure type which has no feed tank, is _______________ and

is connected direct to the ________ ____________ main for:

- operation at full mains pressure; or

- operation at medium pressure with a pressure reducing or pressure

proportioning valve.

Figure 4 illustrates a typical mains pressure storage water heater, with a dotted

outline showing the position of a ________________ element (if installed) near

the top of the cylinder. If used the two heater elements must be wired for ______

________________ operation.
Continuous flow water heaters /Water Supply /Booster heating unit/ ‘Robertshaw’ control 
The top thermostat of a dual

element tank should be set 10oC

____________ than the bottom

thermostat.

Lower

Twin Element Model

This type of water heater has two heating units, each with its own

thermostat. One heating unit is at the base of the water heater and the

other near the top. The lower thermostat is adjustable between 60 ~ 75°C

(factory setting 70°C) whilst the top thermostat is fixed at 60°C.

INTRINSIC SAFETY DEVICES

An ‘Intrinsic’ part by definition is an ‘essential or inherent property or part’ of a

system or thing. To be an intrinsic safety device, that device must be an essential

part for that system to operate safely. All unvented storage water heaters must be

fitted with intrinsic (built in) safety devices. These devices are _________________

and over ____________ operated relief valves and non self-resetting over

temperature cut-outs. The relief valve eliminates the risk of an explosion. The relief

valve should regularly be hand operated to ensure that it releases water through its

outlet pipe. Note that it is normal for some hot water to be released during the latter

part of the water heating cycle as the hot water level reaches the relief valve, but if

leakage continues the valve seat may be damaged or contaminated by a foreign

body, or the inlet water pressure may be too high. When replacing any safety

device on a water heater only ______________ devices should be used.

If the water pressure in the mains is too high, a pressure reducing valve or a

pressure proportioning valve should be fitted by a Plumber into the inlet line. In

some states, a cold water expansion valve is fitted to the cold water inlet and set to

drip continually during the heating cycle.

Thermostat / Pressure/ approved 
SOLAR WATER HEATING

Solar energy may contribute to the heating of water in storage hot water systems

in the warmer climates. The success of the solar contribution to water heating will

be influenced by shade from trees or buildings, dust, frost, wind and other factors.

Conventional systems

Roof mounted. This is a close coupled solar hot water system, which has the

tank and solar ___________ in one unit the thermosiphon principle is used to

transfer thermal energy from the solar collector to the storage tank. Water heated

in the collector flows to the upper part of the storage tank and is replaced by

cooler water from the bottom of the tank. Extra structural timbers are normally

required in the roof to support the weight of this system.

A variation on the close coupled thermosiphon solar water heater circulates a

non-corrosive fluid between the solar collector and a heat exchanger in the tank,

where the heat energy is transferred to the water The unit, marketed as the 'Black

chrome miracle', is illustrated in Figure 12.

Panel
Split system. The split system has the storage tank mounted at ground level and

the solar collector on the roof. The additional distance between the two units

prevents the thermosiphon principle from working so a ________________

coupled pump (motor outside the pipe and pump inside) circulates cold water

from the bottom of the tank to the solar collector panels on the roof, where it is

heated and circulated back to the top of the tank. A thermostatic controller on the

_______ motor prevents water from being circulated until the water in the

collector is hotter than the water in the tank.
Motor/ pump

A ____________ element is fitted to all of the above solar hot water systems to heat

the water when insufficient solar energy is available. To preserve normal solar

action the booster element must be manually _____________ to boost temperature.

When the water temperature is low an indicator prompts the householder to press a

push-button to initiate heating. At the required water temperature the thermostat

turns off supply and resets the system to solar operation.

Another type of hot water system uses the _________ _________ principle, used in

refrigeration and air conditioning, to collect solar heat energy from the atmosphere

and transfer it to the water in the heater. The heat pump principle can collect and

transfer up to three times the energy used by the motor to drive the compressor,

making this system very efficient. It can operate with or without _____________,

and will absorb heat under practically any weather conditions and even at night. The

manufacturers claim that a booster element is not normally required. This system,

marketed as the Quantum domestic hot water heater, is available as a 'split system'

or a 'Compact' system.
Booster Heating/operated /heat pump /Sun/
7. CONTROLLED LOAD – SWITCHBOARD REQUIREMENTS

A controlled load is a load that is restricted to receiving supply by the electricity

distributor to certain hours of the day or night. These loads are typically

________ demand loads and as such are usually restricted to receiving supply

until demand on the supply system is _______.

Off peak/ Low
Two types of domestic load typically restricted to controlled load or ‘off-peak’

metering are:

• _____________________________

• _____________________________
electric hot water systems or slab or underfloor heating
Load control devices

Typical load control devices include:

• ____________________________________________

• ____________________________________________

• ____________________________________________
Plug load control devices / Lighting load control system/
Plug load control devices provide two major services to your building. First, they allow you to monitor your plug load and, second, they allow you to control your plug load.

When you have appliances and electronics plugged in, they absorb power. Even if they are in the off position – they’re still consuming power. This is known as phantom power.

By using plug load control devices, you can control operating power and cut down on the amount of phantom power your building uses. As a result, your building will reduce energy costs.

How plug load control devices can reduce energy use.
Our plug load control devices, BOSS Smart Plugs, are used on all kinds of electronics and appliances. Through baseline periods, we can estimate potential energy savings. The baseline period is a seven-day span during which our Smart Plugs are installed, but aren’t programmed. By not programming the devices, we are able to measure the device’s current energy consumption. We’ll be able to compare this baseline data to data gained once the Smart Plugs are programmed. This helps us expertly estimate how much your building can save on phantom power use!

The potential is there with plug load control devices.
Baseline reports have helped us show many clients the benefit of using plug load control devices. Below, we’ve compiled some of averages of the savings we’ve seen accomplished by controlling different appliances.

Keep in mind that this data is estimated and is not exact, as there are some variables that come to play. Variables include the different unoccupied hours of the building, as well as the different energy rates throughout the country. To calculate these estimated annual energy cost savings, we identified that the use of a kilowatt of energy costs $0.11, but this could vary.

1. Televisions
The size of the television does have an effect on how much energy it requires to operate. For example, a 42″ plasma TV will use up 25 kilowatts of phantom power during a baseline period, whereas a 52″ plasma TV will use up 30 kilowatts. The average operating power for a 42″ is 280 kilowatts, where a 52″ is 400 kilowatts.

To give you some reference on how much a kilowatt is: a 100-watt light bulb will consume a single kilowatt if left on for ten hours.

Keeping this in mind, using plug load control devices on your 42″ TV can reduce your building’s energy use by 626 kilowatts a year and save you an estimated $69 a year. For a 52″ TV, you can save as much as 870 kilowatts a year and an estimated $96 a year.

2. Computers
A computer that includes a monitor, will use about 15 kilowatts in phantom power during baseline periods and 165 kilowatts in operating power. The use of a plug load control device can result in energy savings of 370 kilowatts a year, which should then result in savings of roughly $41. And that’s just for one computer! Imagine the savings you’d see by implementing Smart Plugs on every computer in your building.

3. Copy Machines
A copy machine absorbs 28 kilowatts in phantom power but takes up zero kilowatts in average operating power. The use of a Smart Plug can help you save 114 kilowatts a year and reduce energy costs by $12 a year.

4. Refrigerated Vending Machines
Refrigerated vending machines are always on during unoccupied hours, which means that they do not use up phantom power. Still, buildings can save costs by using plug load control devices to control vending machine operating power. On average, refrigerated vending machines use 420 kilowatts a week to operate. The use of a Smart Plug can cut energy use by an astounding 2,490 kilowatts a year, saving you as much as $274 a year, per vending machine.

5. Window A.C. Units
A window A.C. unit will only use up around eight kilowatts of phantom power in a week, but it absorbs roughly 1,250 kilowatts when in use. You can cut down the amount of energy a single window A.C. unit uses by 1,369 kilowatts a year with the use of a Smart Plug, resulting in annual energy cost savings of about $119.

6. Cappuccino Machine
A cappuccino machine will absorb 32 kilowatts in phantom power and use 80 kilowatts in operation every week. With a plug load control device, you can save 280 kilowatts a year and $31 in annual energy cost savings.

7. Portable Electric Heater
A portable electric heater will only use up a single kilowatt in phantom power, but requires around 1,500 kilowatts to operate on a weekly basis. With a Smart Plug, you can reduce your energy use by 1,082 kilowatts a year, resulting in savings of $119 a year
As stated in the service and installation rules, the type of device to be used for

any particular job will be specified or supplied by the _____________

_______________. This will usually be in line with their current metering

requirements, but in some cases will be determined by the geographical location

of an installation.

Customer.
A ripple control receiver is a ________ which functions at a set value of

_____________. It may be an over-frequency relay, an under-frequency relay, or a

combination of both.

Some typical receiver frequencies used to control loads are 750Hz and 1050Hz, well

above our supply network frequency of _____ Hz, making these receivers ‘over

frequency relays’.

These receivers are wired in series with and installed ‘downstream’ of the kWh meter

used to measure the controlled load. As such, until the unit receives the triggering

value of frequency to toggle the contacts closed no current flows to the load.

It is responsibility of the ______________ to determine the load control device to be

used in any particular installation and provide the switchboard wiring for it. The local

energy authority or an accredited level 2 service provider will install the device.
Ripple/  Frequency/ 50HZ/ contractor
Hours of operation

Typical hours of operation for off-peak 1 controlled loads are between ______ and

______ with extended weekend hours. Some electrical distributors provide an off-peak 2 tariff, which provides additional ‘on’ time to the off-peak 1 tariff. Connecting loads to an off-peak 2 tariff are usually restricted to a _______ demand time of the day. 

The price of energy consumed per kWh for off-peak 2 is higher than that of off-peak 1.

During off-peak hours of operation, the contacts of the load control device remain

________, allowing any load connected to operate normally. Loads such as hot water units or underfloor heating elements will still cycle on and off during this period, as these loads are still controlled by their own ________________.
Tariffs 1

	 10 pm - 7 am 


Tariffs 2

	 Shoulder Energy  demand time


	 restricted periods generally not exceeding 17 hours in any period of 24 hours. 


Off/ Load control devices
Supply authorities have different conditions for supply at a particular rate, and it is

always necessary to check this before installation. Some points to be checked for

water heating are:

• The _____________ storage capacity, for connection on a certain tariff?

• What are the supply authority's regulations regarding element _________

ratings?

• Are there any restrictions regarding the non simultaneous operation of

multiple element units, such as an off peak and booster element?

• What specific _____________ arrangements are required,

• What wiring is required to accommodate the particular type of control (e.g.

time switch, relay)?
Water

Power

Operation

A common domestic storage unit for continuous tariff supply is a 4.8 kW, 80 litre

heater having a 'recovery rate' of over 70 litres per hour for 40ºC temperature

rise. Continuous rate requires no special _____________ but the usual power

ratings are such that a separate final sub-circuit is necessary.
Tariffs

