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Fire Engineering 
6.1	 General
Fire-safe design of coldstore buildings has four principal 
aspects:

design to prevent fires starting•	
design to preserve life and protect adjacent •	
properties
design to suppress and extinguish a fire early •	
before it grows and spreads
design to contain a fire and protect adjacent •	
buildings and property.

Design for each of these considerations inevitably 
overlaps, but all four aspects need to be specifically 
considered if a cost-effective design is to be achieved. 

6.2	 Fire design to meet the Building Code
All buildings shall be designed to meet the performance 
criteria of the NZBC (DBH, 2009). Therefore the design 
requirements for coldstores are no different to any other 
building – to provide safe and effective egress for people, 
to protect other property and to provide access and 
facilities for firefighting. The level of fire safety features 
installed in a building is related to the fire hazard 
contained in the building, its geometry and the number 
of occupants within the building space. 

Table 2.1 of Compliance Document for NZBC Clauses 
C1, C2, C3, C4 Fire Safety (DBH, 2008) uses coldstores 
as an example of a type of building space that has a 
low fire hazard category. The use of an example is for 
guidance; however the classification of the purpose 
group can change dramatically in relation to the storage 
geometry, specifically where storage is over three metres 
high, within the building envelope. This change affects 
the fire engineering design of the building. Even if a 
coldstore is designed to fire hazard category (FHC) 1 and 
consent is granted a change of use occurs if the storage 
within the coldstore exceeds three-metre height. Under 
section 114 of the BA the owner must then apply for a 
building consent for the change of use and upgrade the 
fire safety systems accordingly. To obviate this problem, 
IPENZ recommends that coldstores be designed as fire 
hazard category 4.

IPENZ’s Fire Engineering Advisory Taskforce 
recommended the IFEG (DBH, et al., 2005) as a design 
process and the New Zealand Construction Industry 
Council’s Design Documentation Guidelines – Fire 
Engineering (2004) as a method for documenting the 
design (IPENZ, 2007).

6.3	 Fire design for protection of assets
Design for fire protection of a building and its contents 
beyond life safety and protection of other properties 
is not required by the NZBC (DBH, 2009) the extent 
of protection of assets is the commercial decision of 
the building owner. This is an important distinction 
when designing the building – personnel and adjoining 
property protection is relatively simple to achieve 
in the design of most coldstores, but fire protection 
design beyond this needs to be related to commercial 
considerations. 

Performance-based design is widely used since it can 
provide evidence to justify divergence from prescriptive 
requirements, particularly in cases where there are 
practical limitations or a need for an improved level of 
fire protection. 

There are some specific guidelines for the use of 
performance-based design and risk management 
concepts. The codes and standards referenced in this 
document are listed in the References section.

6.3.1	 Coldstore and contents protection
Stored product in a coldstore is generally of much greater 
value than the coldstore itself, possibly up to eight 
times more than the building asset value. This is very 
important to remember when designing fire-protection 
systems for food coldstores as any fire in a coldstore, 
even if suppressed at an early stage, will still result in 
smoke and, if sprinklered, water contamination of the 
food product. Because of the difficulty of assessing 
the effects of product damage and guaranteeing food 
safety, it is likely any fire inside a coldstore will result in 
substantial, if not entire, loss of the coldstore contents. 
It appears that in many cases losses resulting from a 
non-fire-related accidental sprinkler discharge may not 
be covered by fire insurance.

Considering the possibility of product loss, fire safety 
design of coldstores should focus on reducing fire risk. 
Most coldstore fires occur as a result of an electrical 
failure or during hot work activities during construction 
or maintenance. NZS 4781 Code of practice for safety 
in welding and cutting (SNZ, 1973), although dated, 
gives some guidelines for the correct procedures and 
precautions involving hot work, but insurers regard its 
hot work permit certificate as inadequate.

Provision for repair or replacement of damaged product 
racking components without the need for hot work is 
likely to improve fire safety. 
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Simple measures to prevent these fires include the 
following.

Separate coldstores from adjacent buildings •	
with physical separation, fire walls that provide 
compartmentalisation, non-combustible links and 
similar measures. Physical separation distances 
and “island” sites for coldstores will deter the 
spread of fire and enable firefighters to access 
buildings to fight and control fires.
Enclose high-fire-risk rooms such as switchrooms •	
and substations in fire-rated enclosures to confine 
any fire. Switchrooms rated 60/60/60 FRR3 were 
a standard requirement of the NZS 4216 Code of 
practice for design of meatworks complexes for 
fire safety (SNZ, 1983) and IPENZ continues to 
recommend their use in new construction.
Ensure that all electrical equipment is separated •	
from combustible sandwich panels by a fire-rated 
material, for example, ceramic fibreboard.
Seal all wall penetrations with fire-rated materials.•	
Enforce simple and effective hot work conditions •	
during all construction and maintenance. Hot work 
procedures are formalised and well established in 
most industries involved in coldstore construction 
and include the following.

Effective induction and training of workers in ◦◦
fire-safe hot work practices – that is, those 
involving gas cutting, grinding, welding, etc – 
using welding blankets, containment of falling 
sparks, and other measures.
Fire extinguishers and/or hoses are always at ◦◦
hand when hot work is taking place.
A separate fire watcher is present when all ◦◦
hot work is taking place – that is, two people 
should always be present when hot work is 

3	 Fire resistance rating in a standard test. The first number indicates the 
time in minutes the component will maintain its structural load capacity, 
the second number is the time to be penetrated by flame or hot gases, 
and the third is the time for an average temperature rise of 140°C or a 
local maximum of 180°C on the unexposed face.

taking place, one doing the work and the other 
watching for any fire starting.
A formal notification of all hot work should ◦◦
be made before the works starts, ensuring 
the location, person doing the work, the fire 
watcher, fire-safe procedures, equipment to 
be used, and other details are recorded. This 
should be issued by a responsible manager 
on the site and returned to them at the end of 
the work.
Inspection of the site after the hot work has ◦◦
ceased to detect any incipient fires. This 
inspection is normally carried out two to four 
hours after the hot work has ceased to detect 
any fires resulting from sparks or embers 
which may lie dormant for a period and start 
fires well after the hot work has ended.
At least one coldstore operator insists that the ◦◦
hot work document be consulted every day.

Separate heat generating equipment such as •	
cables, door heaters and lights from combustible 
and heat-affected insulation material with non-
combustible and non-conducting conduits and 
enclosures.
Carry out good “housekeeping” during construction •	
and operation – removal of sources of fire and fuel 
for fires. These measures are generally very simple 
to put in place.

Regularly remove rubbish from construction ◦◦
sites and near coldstores.
Ensure all exposed insulation material is ◦◦
covered with flashings to prevent sparks falling 
onto it.
Store timber pallets away from coldstore ◦◦
buildings.

Studies have shown a consistent pattern in the causes of coldstore fires, as shown in Table 1.

Fire cause

Fires (per cent)

New Zealand Freezing 
Companies Association 

Records 1952–72
(Hunt, 1982)

International Records
(IIR, 1987)

New Zealand Records
(Nelligan, 2006)

Hot work (welding, gas cutting etc.) 56 34 *31

Electrical 15 30 38

Arson 6 *(could include arson)

Solid fuel heating equipment (not included) 19 (for all panel buildings)

Chemical 4

Ammonia 2

Other causes 15 9 4

Unknown 15 16 8

Table 1: Causes of fires in coldstores. 
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Don’t store combustible cleaning fluids and ◦◦
fuels near combustible insulation.
Provide effective separation of forklift charging ◦◦
facilities from coldstores and insulated rooms.
Prevent smoking in or near coldstores during ◦◦
operation and construction.
Provide fireproof separation of drying and ◦◦
“warm-up” facilities.
Ensure regular repair and maintenance of ◦◦
equipment, particularly fans and switches.
Provide effective security containment and ◦◦
lighting around coldstore facilities to deter 
arsonists.

6.3.2	 Firefighting water supplies
The prescriptive standard NZS 4404 Land development 
and subdivision engineering (SNZ, 2004) is widely 
used by building consent authorities. Its clause 6.3.8.1 
requires many industrial and commercial developments 
to include special fire protection services. Whilst the site 
owner is responsible for providing these fire services, 
“the developer shall design the water infrastructure to 
meet the required demands, where these are known in 
advance”. Provide access for firefighting trucks, noting 
that there may be a need to relay significant quantities 
of water to the site during a major fire. Consult NZS 
PAS 4509 New Zealand Fire Service firefighting water 
supplies code of practice (SNZ, 2008). Reservoirs, 
tanks, and ponds can be cost-efficient means of 
providing firefighting and sprinkler water, and can also be 
used for cooling water for condensers or even defrosting.

The Centre for Advanced Engineering’s (CAE) Fire 
Engineering Design Guide (Buchanan, 2001) draws 
attention to section 6(2)(c) of the old Building Act 1991 
requirement that effects on the environment caused by 
fire in buildings containing hazardous substances be 
controlled. The CAE suggests that in practice this means 
that adequate water supplies must be available, either 
from the reticulated supply or from an onsite supply, to 
rapidly control fires. Provision may also need to be made 
to contain contaminated firefighting water runoff.

There is no similar containment requirement in the later 
BA or in the HSNOA, but individual territorial authorities 
may require containment, and some multinational 
companies have policies to do so. Some regional 
councils may require discharge consents. 

Note that the term “hazardous substance” is defined in 
the NZBC to have the meaning ascribed to it in the Fire 
Service Act 1975, and that in turn leads to the HSNOA. 
This lists the properties of hazardous substances in a 
similar manner to those outlined in section 3.4 of this 
document.

6.4	 Detection systems
Detection systems would normally comply with NZS 4512 
Fire detection and alarm systems in buildings (SNZ, 
2003). In some cases, detection systems may comply 

with other recognised fire protection standards such 
as those published by SAI Global or the National Fire 
Protection Association.

6.4.1	 Detection v protection
Fire alarm systems only alert people to the presence of 
a fire. Such detection is usually linked into a monitoring 
station so that the fire service can be summoned to fight 
the fire. Active fire protection systems will not only alert 
people to the fire, they will also extinguish or control it 
until the fire service arrives.

When considering the installation of fire detection 
systems, consider what the systems need to achieve, 
such as life and/or property protection.

If combustible sandwich panel construction is exposed 
to a significant fire, the fire is likely to spread to the panel 
and result in a rapidly growing fire. In this situation, early 
detection with no automatic suppression system may 
provide limited value, as the fire could be too large for 
the fire service to control effectively once they arrive. This 
has been demonstrated over a large number of fires in 
these types of buildings worldwide.

One notable exception may be the use of high sensitivity 
smoke detection in areas where there is relatively low 
fire load – typically outside of storage areas – and the 
prime risk is from a fire of electrical origin, which can be 
effectively detected in sufficient time to prevent a major 
fire developing. 

Detection systems may be installed in conjunction with 
fire suppression or control systems, such as providing 
the alarm signal to operate a pre-action valve set. In 
such cases, the fire detection/release system should 
be independent of the building or site fire alarm system, 
for purposes of reliability. However, the fire detection/
release system can be linked into the main fire alarm 
system, for purposes of indication and integration with 
the evacuation system and other services’ control 
systems.

It is important to ensure that when detection systems 
are being specified for coldstores, their suitability for the 
environmental conditions needs to be reviewed. Most 
technologies are suited for temperatures above zero, but 
some components, cables and the like are not suited to 
freezing temperatures.

6.4.2	 Heat detection systems
Simple spot heat detectors rated for the expected 
minimum temperatures will be suitable in coldstores. 
Generally, the detectors will need to be encapsulated, 
so that moisture does not condense, freeze and cause 
mechanical damage to these units. Consideration needs 
to be given to detector locations to ensure that ice does 
not build up on detectors near doorways and other 
openings where warm air may enter coldstores operating 
below zero degrees.
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6.4.3	 Smoke detection
Various forms of smoke detection are available as set out 
below.

6.4.3.1	 General
Roof spaces should have the same level of smoke 
detection as the coldstore as they may have even higher 
fire risk due to the electrical cabling and refrigeration 
control equipment housed in the dry and dusty ceiling 
void.

6.4.3.2	 Spot detection
Spot smoke detectors can be used in coldstores, but 
normally in conjunction with localised heaters to ensure 
that they are not subjected to temperatures below their 
minimum-rated operating temperature. Because of this, 
they are not commonly used.

AS/NZS 60079.29.2 Electrical apparatus for explosive 
gas atmospheres - Gas detectors - Selection, 
installation, use and maintenance of detectors for 
flammable gases and oxygen (SNZ, 2008) gives 
performance requirements for gas detectors.

6.4.3.3	 Aspirating detection
General•	

	 Aspirating smoke detection (ASD) is perhaps the 
only really effective method of detecting fires in 
coldstores at the incipient stage and in low and 
sub-zero temperature environments. ASDs function 
in sub-zero temperatures without losing their very 
early-warning smoke detection capabilities.

	 ASD systems provide for the detector to be 
installed outside the protected area with only 
the sampling pipe network exposed to sub-zero 
temperatures. Being on the ceiling and inside voids, 
it is unlikely that the ASD sampling pipes will be 
damaged. Alternatively the ASD pipe network can 
be installed in the ceiling space with penetrations 
through the sandwich panel. This method offers 
many advantages provided any penetrations are 
well sealed. The leading manufacturers of ASDs 
provide good design guidelines for the use of these 
detectors in coldstore environments. 

	 Aspirating smoke detection and their applications 
must be clearly understood since each is individual 
or unique. The assistance of the manufacturer or 
his agent must be sought during the specification 
stage where parameters for the specific application 
must be understood, defined and documented. 

Exhaust air treatment•	

	 Air from the ASD system exhaust pipe should be 
returned to the area from which it is being sampled 
to prevent pressure differences – caused when the 
detector is powered down for any length of time 
– from introducing warm and humid air into the 
refrigerated storage area via the exhaust port.

6.4.4	 Flame detection
Flame detectors are generally impractical in coldstores 
because of potential ice build up on the lens, and effect 
of racking and other obstacles for a line-of-sight device. 

6.4.5	 Gas detection
Gas detectors for flammable refrigerants including 
ammonia are discussed in AS/NZS 1677.2 Refrigerating 
systems - Safety requirements for fixed applications, 
Clauses 4.7.6 and 4.8 (SNZ, 1998). The same clauses 
specify the ways the detectors must be incorporated into 
the alarm and building management systems.

6.4.6	 Acoustic detection
In hazardous areas, consideration should be given to the 
use of acoustic detectors. Such devices have the ability 
to detect small leaks and thus provide a valuable means 
of early “incident detection”. Acoustic detectors can be 
interfaced in a similar manner to gas detectors.

6.5	 Active fire protection
6.5.1	 History
Sprinkler systems have been installed in a significant 
number of coldstores in New Zealand in various 
industries including those processing dairy, meat, and 
fruit products.

Early coldstore owners disapproved of fire sprinklers 
because of the possibility that they would not work. 
Designers initially accepted this, but eventually moved 
to dry pipe sprinklers in the roof space. As these also 
tended to fail (see section 6.5.2.1 of this document), 
designers moved to glycol, which created its own 
problems when glycol dripped onto exposed meat. Glycol 
could also increase the fire growth rate, (see section 
6.5.2.3 of this document) and its use is now restricted.

The New Zealand sprinkler standards have historically 
allowed a number of design options for protecting these 
systems including:

dry pipe systems •	
antifreeze filled systems •	
dry drop sprinklers •	
alternate wet and dry systems •	
preaction systems.•	

Each type of system has its advantages and 
disadvantages.

In large coldstores, the predominant system type that 
has been installed is the antifreeze filled system. This 
was favoured over dry systems, as NZS 4541 Automatic 
fire sprinkler systems (SNZ, 2003) required that the 
design area of discharge for dry systems be increased 
by 30 per cent to cater for the delay between sprinklers 
operating, and water discharging over the fire. This same 
increase in design area was not required for antifreeze 
based systems, hence, given the lower cost of water 
supplies for antifreeze systems, they became the most 
common way to protect coldstores.
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NZS 4541 Automatic fire sprinkler systems (SNZ, 2007) 
now effectively precludes the use of antifreeze filled 
systems in New Zealand due to the potential flammability 
of common antifreeze solutions that can be economically 
used in coldstore protection. This is because they can 
increase the rate of energy release in a fire before 
becoming empty and discharging water on a fire.

An exception exists for high-piled storage arrangements 
with “listed systems”. Part of the listing process involves 
establishing the design requirements for antifreeze 
systems to recognise the initial impact that the discharge 
of the fluid has on the fire, before water can start to 
suppress or control the fire. The 2007 edition of the 
standard also places more emphasis on careful detailed 
design of dry pipe air supply systems, to ensure that 
these systems are reliable.

6.5.2	 Design considerations
We discuss here concepts that apply to high-racked 
storage of products, predominantly in refrigerated 
environments in New Zealand and constructed of 
materials typically used in coldstores. Sprinkler 
standards classify various goods stored in buildings 
under commodity classifications of increasing fire loads. 
There are two common classifications of goods stored in 
coldstores.

Items such as meat carcasses are usually a Class 2 •	
commodity.
Items such as butter and cheese are usually a Class •	
3 commodity.

A Class 2 commodity is equivalent to goods of limited 
combustibility with some combustible packaging, while 
Class 3 goods are equivalent to normal combustible 
goods. The commodity classification has a significant 
impact on the design requirements for a sprinkler 
system, and can place limitations on what protection 
options can be used in this environment. Specialist 
advice, or reference to NZS 4541 Automatic fire sprinkler 
systems (SNZ, 2007) will provide more information on 
this subject.

Specialist knowledge is essential when designing and 
specifying sprinkler systems in coldstores to ensure that 
the system minimises false discharges and is reliable in 
a fire.

Some of the following issues will need to be addressed 
at an early stage of the project.

Water supplies, which may require large diesel •	
driven pumps and water storage tanks.
Specific structural considerations to support large •	
pipes at roof level.
Roof slope and geometry of the building, including •	
purlin depths and spacings (NZS 4541 Automatic 
fire sprinkler systems (SNZ, 2003) forbids 
supporting large sprinkler pipes from insulation) as 
well as co-ordination with wind bracing. 

The nature of the goods being stored, including •	
proposed packaging, pallet materials, and racking 
design.
Idle pallets – stacks of idle pallets pose a significant •	
risk, given the ventilated nature of the fire load, and 
multiple surfaces shielded from the water spray. If 
stored under shelter for hygiene purposes, they can 
result in design criteria more onerous than that of 
the goods being stored in the coldstore. If stored 
outside the building, they could necessitate wall 
wetting external drenchers.
Plastic versus wooden pallets, in terms of fire load •	
and commodity rating.

6.5.2.1	D ry pipe systems
Dry pipe systems are the most common form of sprinkler 
protection used in coldstores throughout the world. The 
sprinkler system is charged with air pressure. When a 
sprinkler operates, air pressure is lost and a valve opens, 
allowing water to enter the system, and discharge over 
the fire. There can be a significant time delay between 
a sprinkler opening, the valve opening and water 
discharging from the sprinkler heads. The time delay of 
a large and poorly designed system can be considerable 
(Golinveaux, 2002). For this reason, fire protection 
standards limit the volume of dry pipe systems, unless 
calculations are carried out. The calculations are 
complex, and at the time of writing, only one sprinkler 
component supplier could provide software for this 
purpose.

There are two common variants of dry pipe systems.

A dry pipe system uses a differential valve where •	
a lower air pressure keeps a valve shut with a 
higher water pressure. These systems are often 
fitted with “accelerators”, which are mechanical 
devices which, on sensing pressure drop, will force 
the valve open and ”accelerate” the process in 
getting water onto a fire. These devices have often 
provided unreliable service in the field. The most 
significant problem with dry systems is that if they 
trip accidently, either through damage to a sprinkler 
head, a pressure surge in the water supply, or 
other mechanical failure, the system will flood, and 
either cause water damage to the coldstore and its 
contents, or fill the system, leading to the need to 
defrost it, either by raising the temperature of the 
freezer, or by dismantling the system.
A pre-action system is a closed dry pipe system •	
installed with a parallel detection system. The 
detection system needs to operate, and a sprinkler 
head needs to fuse, before water will discharge. 
Coldstores require a special double interlock 
pre-action system. In this system, the valve will 
not open until both the detection system and a 
sprinkler head has operated. If only one event 
occurs, only an alarm signal will be generated. 
Hence, if the detection system malfunctions, the 
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system will not fill with water, which will avoid the 
need to defrost the pipe work.

Normally, cool room pre-action systems are controlled 
by electronic detection systems. The detection system 
should be more sensitive that the sprinkler head, and 
needs to stand alone from the building’s main fire alarm 
systems. 

All dry systems in coldstores must have completely dried 
air. A useful guide to designing sprinkler systems to 
achieve this is Refrigerated Storage (FM Global, 2000).

6.5.2.2	 In-rack sprinklers
Often the most effective form of fire protection in high-
piled racking systems uses a combination of roof level 
sprinklers and in-rack sprinklers. However, the use of in-
rack sprinklers is not favoured by warehouse operators, 
as they are susceptible to mechanical damage, which not 
only leads to water damage to product, but in a coldstore 
environment, problems with freezing, which could require 
a partial strip out of the pipe work to allow the sprinkler 
system to be reinstated. In-rack sprinklers may require 
greater clearances between the product and the rack 
frame to reduce the risk of damage to the sprinklers.

For these reasons, it would be normally best practice 
to design a coldstore sprinkler system without in-rack 
sprinkler systems. In some cases, this is not possible, 
especially if the rack system is unusually high. In such 
cases, the following design considerations should be 
noted.

The in-rack heads should be fed off a pneumatically •	
charged preaction system, rather than a dry system. 
If a sprinkler head or pipe is damaged and air is lost 
from the system, a monitored alarm signal should 
be generated, so that remedial action is undertaken 
and the fault rectified, without water entering the 
system. 
The pre-action system should be operated by a •	
linear wire heat detection system. The control panel 
should be independent of any building fire alarm 
system. 
The roof level heads should be fed off a different •	
valve set. This may be a conventional dry pipe valve 
set or a pre-action valve set. 
The system pipe work should be fitted with “drum •	
drips” so that condensation does not block low 
points of the system pipe work. 
The system can be defended against false alarms •	
by use of a double interlock system. This needs 
to be balanced against the possible greater fire 
damage caused by delays in water discharge in a 
real fire situation. 
The system should be designed to allow the pipe •	
work to be easily stripped out should an activation 
occur and the system freezes.

6.5.2.3	 Antifreeze systems
The SP Technical Research Institute of Sweden has 
recently carried out research (2000) indicating that most 
antifreeze solutions used in fire protection systems will 
increase the rate of energy release. These tests indicate 
that solutions of calcium chloride and potassium lactate 
increase the effectiveness of the solution in controlling 
a fire, while solutions of common antifreeze agents such 
as propylene glycol and glycerine had the potential to 
increase the fire growth rate. This research has resulted 
in the 2007 edition of NZS 4541 Automatic fire sprinkler 
systems (SNZ) restricting the use of antifreeze solutions 
in high-piled storage applications to “listed” systems. 

Calcium chloride has been used in fire protection 
systems in the past, but has been found to cause 
considerable problems with corrosion. One manufacturer 
experimented with a system based on solutions of 
potassium lactate, but had to withdraw the system from 
the market, reportedly due to difficulties with leakage.

Another manufacturer has commissioned extensive tests 
that have allowed the listing of their early suppression 
fast response (ESFR) antifreeze system based on the 
use of monopropylene glycol as an antifreeze agent. 
It is stressed that this is a system as a whole, and for 
the listing to be valid, the components, control system, 
sprinkler heads and antifreeze agent must be supplied 
by the manufacturer.

This system will allow a maximum storage of Class 2 
commodities to a height of 10.7 metres in a building with 
a maximum ceiling height of 12.2 metres.

At the time of writing, IPENZ is unaware of any plans 
for alternative products or tests to extend the use of 
antifreeze systems to Class 3 commodities, or to greater 
heights.

Heat transfer through the pipe can result in significant 
lengths of pipe outside the freezer having a sub-zero 
surface temperature. Moisture in the air will condense 
a significant distance from the freezer boundary unless 
precautionary measures are taken.

6.5.2.4	D ry sprinklers
Dry sprinklers feature a fusible element and deflector 
located at one end of a short pipe, and a seal is 
located at the other end of the pipe. When the sprinkler 
operates, a rod releases the seal, allowing water to flow 
through the pipe.

Dry sprinklers can be used in coldstores within other 
structures. If the space above the coldstore is able to 
be maintained above 4°C, they can be used on a wet 
sprinkler system. 

Recently, sprinkler manufacturers have added specialist 
seals to their product ranges, providing adequate vapour 
seals for most modern coldstore construction systems.
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Dry sprinklers are available in various forms, including 
standard spray sprinklers, and even ESFR sprinklers. 
The only model of ESFR dry sprinkler currently available 
will allow rack storage of commodity Class 4 goods to a 
height of 10.7 metres in a building of up to 12.2 metres 
height.

Dry sprinklers have three main disadvantages.

In most areas of New Zealand, they need to be •	
installed inside a roof space where the winter 
ambient temperatures will not allow the pipe work 
to freeze. This precludes their use in buildings 
without a ceiling space, unless the additional 
complexity of a dry pipe sprinkler system is 
employed.
They require multiple penetrations into the •	
refrigerated space, leading to multiple points for 
heat transfer into the freezer.
Due to the harsh environment they are installed in, •	
they require either replacement or sample testing at 
10-year intervals.

6.5.2.5	 Alternate wet and dry systems
Alternate wet and dry systems are used in areas subject 
to seasonal freezing temperatures. They are no longer 
described within the New Zealand sprinkler standard, as 
they have not been installed for a number of years, and 
are generally considered to be of dubious reliability. They 
are still installed in the United Kingdom, and could be 
installed in specialised situations in New Zealand as an 
NZBC Alternative Solution.

6.5.2.6	 Pipe work
Few sprinkler contractors have experience installing 
sprinkler systems in coldstores. A few key items that 
a specifying engineer should include in contract 
documents as a “reminder” include:

the need to provide slope to drain points •	
the need to allow flexibility and good seals at all •	
insulation penetrations
the need to use specialised grooved coupling •	
gaskets and lubricants 
the unsuitability of hemp-based jointing seals, as •	
commonly used in threaded pipe joints in the New 
Zealand sprinkler industry
the need to ensure that any pipe penetrating the •	
fabric of the freezer is adequately sealed and 
possibly insulated
the need for insulation of the sprinkler pipe work •	
immediately outside refrigerated spaces, to prevent 
“cold bridging” and subsequent condensation on 
the sprinkler pipe work
the need to allow for product rack movement for •	
in-rack sprinklers
the need to avoid impairing the the structural and •	
seismic performance of the product racks when 
fitting the sprinkler pipe work.

6.5.2.7	 Reduced oxygen systems
Reduced oxygen “hypoxic” systems have been employed 
in some coldstores as a means of preventing a fire 
occurring, as against controlling a fire after it has 
started. Allianz Risk Consultants publish a loss control 
guideline entitled Fire protection with low oxygen or 
Oxy-Reduct Principal Concepts (2004), which provides 
useful background information on these systems. This 
document indicates some possible areas of detailed 
design requirements to ensure that lessons learnt from 
the first systems are incorporated into future designs.

The HSEA, and the HSNOA need to be taken into account 
when specifying hypoxic systems, and in addition, early 
consultation with the complex’s insurers is essential.

6.5.2.8	 Gas flood and other special hazard systems
Gas flood systems are not normally used in large 
coldstores as the cost would be prohibitive. They may be 
employed in small coldstores, (typically of supermarket 
cooler size) if the contents warrant special protection 
measures.

Similarly, in such special risks, other forms of special 
hazard system could be warranted. This could include dry 
powder flooding systems, or water-mist systems.

6.5.2.9	 Smoke control
Consider active smoke control systems. The common 
arrangement of several coldstores connected to an 
environmental load-out area (ELA) means that individual 
smoke cells are formed. If ambient air is used as a 
defrost mechanism for the evaporators, then it is 
comparatively simple to reconfigure the defrost air flow 
to supply smoke extraction from the coldstores. Similarly, 
the ELA can have fans to allow either extraction when 
smoke is detected in the ELA, or pressurisation to stop 
smoke from entering the ELA.

6.6	 Monitoring
Sprinkler and detection systems should be monitored by 
a NZFS Approved Monitoring Station.

Monitoring systems are designed to have two levels of 
alarms:

defect – generally an indication of a fault, requiring •	
a service technician to intervene
fire – generally an indication of a real fire, or a •	
serious system fault, however, with smoke detection 
systems, this can be a symptom of poor design or 
installation.

The level of monitoring of fire alarm systems needs to 
balance fire service intervention against false alarms. 
For that reason it is uncommon to have smoke detection 
systems signalling a fire, when installed in combination 
with an active system, such as a sprinkler system.
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6.7	 Interfaces
Air handling systems may affect active fire systems. 
This is especially critical with new technology systems, 
which discharge a large volume of water from a relatively 
small number of heads. If the fire plume is distorted by 
air movement, or if heads operate away from the fire, 
heads remote from the fire could deplete the water 
supply and make the sprinkler system ineffective. 
IPENZ recommends that either air handling systems be 
configured to shut down in the event or fire or a specific 
fire engineered design be undertaken.

This is especially critical if ESFR technology is used in 
freezers. Early detection is required to ensure that the 
air movement generated by cooling fans does not distort 
the fire plume and cause sprinklers away from the seat 
of the fire to open, thereby overwhelming the sprinkler 
system.

6.8	 Passive fire protection
This section describes passive protection systems. 
Section 6.5 of this document describes active protection 
systems.

6.8.1	 Background
Fire safety precautions are defined in the DBH’s 
Compliance Document for NZBC Clauses C1, C2, C3, 
C4 Fire Safety as being “the combination of all methods 
used in a building to warn people of an emergency, 
provide for safe evacuation, and restrict the spread of 
fire, and includes both active and passive protection.” 
(2008). Passive fire protection (PFP) features relate to 
elements of construction that are generally part of the 
fabric of the building as opposed to active features such 
as sprinklers, detectors, alarms, etc. 

Passive and active fire protection systems combine to 
provide comprehensive fire safety in buildings.

From a NZBC perspective, the functionality of PFP in a 
building relates to Clause C2 – Means of Escape, Clause 
C3 – Spread of Fire and Clause C4 – Structural Stability 
During Fire (DBH, 2008).

With regard to demonstrating compliance with the NZBC, 
the designer may choose the option of following the 
compliance document, or use fire engineering principles 
to propose an Alternative Solution, or a mix of both, in 
which case it is an Alternative Solution4. 

If the designer chooses the Acceptable Solution, the 
compliance document provides recommendations on a 
12-step design sequence in section 1.3 – Recommended 
Design Sequence. 

4	 Hot Topics, section 3.5 (IPENZ, 2007), identifies two types of mixed 
design: one falls within the Acceptable Solution, and one is an 
Alternative Solution.

6.8.2	 Purpose group and fire hazard category
Generally, a coldstore will be classified as “working, 
business or storage activities” purpose group and will be 
classified WL to WF. Table 2.1 of Compliance Document 
for NZBC Clauses C1, C2, C3, C4 Fire Safety (DBH, 
2008) notes coldstores under the purpose group WL, 
which has the lowest associated FHC (FHC 1), and hence 
the lowest fire load energy density (FLED). While this 
purpose group may apply in some situations, caution 
needs to be exercised in assuming that this applies to all 
situations. In some situations FHC 4 will be applicable, 
for example, high-rack storage. The FHC has a bearing 
on the requirements for PFP. See also section 6.2 of this 
document.

6.8.3	 Means of escape
In some situations PFP will form part of the construction 
of escape routes for the coldstore. Protected paths and 
safe paths which form exit-ways (refer to Compliance 
Document for NZBC Clauses C1, C2, C3, C4 Fire Safety 
for definitions) require smoke and/or fire separation.

AS/NZS 1677.2 Refrigerating systems - Safety 
requirements for fixed applications (SNZ, 1998) 
specifies safety provisions for people in refrigerated 
spaces. The egress requirements are more onerous than 
those in the NZBC, but will be a means of satisfying the 
“all practicable steps” requirement of the HSEA, which 
leads successively to the PECPR Regulations (DoL, 
1999), the ACoP for Pressure Equipment (Excluding 
Boilers) (DoL, 2001), and AS/NZS 1677 Refrigerating 
systems.

Escape routes need to be designed with the arrangement 
of the product racks in mind.

6.8.4	 Firecells
The number of firecells needs to be determined for the 
coldstore. Where multiple firecells are required, then 
the common firecell elements will need to have fire 
separations with specific fire resistance ratings.

Fire separations are the building elements such as walls, 
ceilings, and floors which separate firecells, and firecells 
and safe paths. The FRR of fire separations comprises 
three numbers giving the time in minutes for each of 
the criteria stability, integrity and insulation. Product/
system compliance is demonstrated in accordance 
with AS 1530.4 Methods for fire tests on building 
materials, components and structures - Fire-resistance 
test of elements of construction (AS, 2005), or the 
three NZS/BS 476.20 Fire tests on building materials 
and structures - Method for determination of the 
fire resistance of elements of construction (general 
principles), NZS/BS 476.21 Fire tests on building 
materials and structures - Methods for determination 
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of the fire resistance of loadbearing elements of 
construction, and NZS/BS 476.22 Fire tests on building 
materials and structures - Methods for determination 
of the fire resistance of non-loadbearing elements of 
construction (SNZ, 1987).

6.8.5	 Structural stability
In some situations in coldstores, some structural 
elements may require FRRs. There may be requirements, 
for example, to provide intumescent coatings on 
structural steelwork to achieve a certain FRR where the 
steelwork supports a fire rated boundary wall. Product 
racks which support the insulated panels will require 
particular care.

6.8.6	 Internal fire spread
Various requirements need to be checked for the 
coldstore. Closures in fire and smoke separations (fire 
and smoke control doors, dampers, etc) are required. 
Reaction-to-fire properties of internal surface finishes 
need to be confirmed. Fire stopping is a very important 
aspect – wherever services penetrate a fire separation 
element, the continuity and effectiveness of the fire 
separation needs to be maintained around penetrations 
and gaps between building elements by the use of 
products such as fire collars, fire rated sealants and 
mastics.

Foamed plastic materials (most coldstore insulated 
panels will be in this category) have special provisions in 
Acceptable Solution C/AS1 of Compliance Document for 
NZBC Clauses C1, C2, C3, C4 Fire Safety (DBH, 2008) to 
protect from ignition. The options to achieve compliance 
include flame barriers, fire-resistant surface finishes and 
restricting flame propagation properties. Appendix C of 
the compliance document lists various test methods that 
apply.

6.8.7	 External fire spread
Depending on various project-specific factors such as 
boundary separation, external roofs and walls shall be 
constructed to avoid, amongst other things, horizontal 
fire spread by thermal radiation or structural collapse. 
Not all products used to construct coldstores will achieve 
this requirement.
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7.1	 General
Refrigeration may be defined as the application of 
work to create a temperature difference between two 
spaces. It requires technology to pump heat from a low-
temperature space to a higher-temperature space.

We discuss only mechanical refrigeration vapour 
compression systems as these are the typical application 
within the storage industry in New Zealand. 

Other types of refrigeration systems, such as adsorption, 
thermoelectric and magnetic, and processes, such 
as immersion freezing and cryogenic freezing used 
in specific applications, are outside the scope of this 
practice note and are not covered.

7.1.1	 Energy
Refrigeration technology is a large consumer of electricity 
within New Zealand across all scales of equipment size.

Generally, there is a relationship between capital cost 
and potential efficiency of any plant type. To realize 
the maximum potential efficiency of any plant requires 
excellence in plant design, installation, commissioning, 
operation and maintenance.

7.1.2	 Refrigerant choices
At present the refrigerants most widely used are R134A 
for very small systems, R404A for larger commercial 
systems, and anhydrous ammonia for large industrial 
plants.

It is likely, if carbon trading or greenhouse taxes are 
applied, for the synthetic refrigerants (R134A and 
R404A) to become too expensive for larger direct 
systems and for them to be utilized together with 
secondary refrigerants to minimize system charges and 
likelihood of leaks.

With the development of newer equipment and the 
necessary associated skills, hydrocarbons and carbon 
dioxide will be used on small systems, and anhydrous 
ammonia on larger systems. Carbon dioxide will also 
find application on large low-temperature freezing 
applications. Volume production of the newer types of 
equipment will be required before these systems become 
cost effective.

7.2	 System options
The refrigeration solution chosen will depend on the 
following factors:

type of product to be cooled, for example, fresh, •	
chilled, high-humidity or frozen
temperature required for stored product, typically •	
ranging from -30 to 5ºC
shape and volume of refrigerated space •	

size of heat load – small facilities can have very •	
high heat loads if latent heat of freezing is involved
water vapour loads from product•	
energy costs•	
opportunities for using heat rejected from •	
condensers
number of separately refrigerated spaces•	
number of different temperatures required to be •	
controlled within refrigerated spaces
availability of service support personnel•	
availability of services – electricity, water, sewage •	
and stormwater
proximity of residential properties and schools•	
property zoning and noise requirements.•	

7.2.1	 Direct refrigerant
Refrigerant is evaporated within the air cooling coils 
(evaporator).

7.2.2	 Direct expansion
High-pressure refrigerant liquid is metered into 
evaporator coils by a diaphragm- or bellows-operated 
needle valve known as the thermostatic expansion valve 
(TX). This system has high power consumption due to 
its requirement to maintain constant high discharge 
pressures to ensure reliable liquid supply to the TX valves 
and maintain cooling capacity and performance. This is 
the most widely used small refrigeration system.

7.2.3	 Surge drum
The evaporator coil is gravity flooded from a storage 
vessel above the evaporator. More effective wetting 
of the evaporator coil’s internal piping provides higher 
effective evaporator capacities than TX operation and the 
system is used for large cool rooms or cooling processes. 
It is cost-effective for up to three rooms, although it 
requires makeup controls on each room vessel.

7.2.4	 Pump recirculation
A single storage vessel distributes liquid to multiple 
evaporators through liquid pumps and distribution 
metering valves. Evaporators are partially flooded giving 
simple reliable high performance cooling, although a 
relatively large refrigerant charge is required. This is the 
most commonly applied system for large refrigeration 
loads with multiple rooms (greater than 500 kWr chilled, 
100 kWr freeze).

7.2.5	 Secondary
A fluid is cooled by the primary refrigerant then 
pumped through the air cooling room coils. Secondary 
refrigeration fluids can allow more accurate temperature 
control, avoiding the complications of phase change 
with primary refrigerants. Secondary systems are used 
where the primary refrigerant is toxic or flammable or the 

Refrigeration 7
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refrigerant is liable to cause asphyxiation if it all leaked 
into the cool space. IPENZ expects the widespread 
use of propane as the primary refrigerant in secondary 
refrigeration systems to occur in the future. Secondary 
refrigerants are typically water with a freezing point 
depressant additive (for example, monoethylene glycol) 
but others such as boiling carbon dioxide are increasing 
in application. 

7.3	 Refrigerant fluids (Direct) 
IPENZ recommends that almost all refrigeration systems 
comply with AS/NZS 1677 Refrigerating systems (SNZ, 
1998), as this is adequate for all except low temperature 
cascade systems.

7.3.1	 Nomenclature
Refrigerants are internationally identified in technical 
publications and on equipment nameplates by an 
alphanumeric string starting with R. The strings following 
the R enable the chemical structures of hydrocarbon and 
halocarbon refrigerants to be deduced without ambiguity. 
The strings following the R for other refrigerants, for 
example, carbon dioxide and ammonia, are a 7 followed 
by the substance’s molecular weight.

In non-technical, public, and regulatory communications 
on ozone-depleting compounds, it may be more 
appropriate to use the chemical name.

In New Zealand and Australia AS/NZS 1677.1 
Refrigerating systems - Refrigerant classification 
(SNZ, 1998) describes the system. This also lists 
physical properties such as critical temperature and 
molar mass, and “safety” properties such as toxicity, 
flammability limits, global warming potential (GWP), and 
ozone depletion potential. These safety properties are 
condensed by assigning each refrigerant to one of the 
safety groups A1, A2, A3, B1 and B2, where A1 is the 
most benign. Note that AS/NZS 1677.1 Refrigerating 
systems - Refrigerant classification does not use the 
terms “hazard” or “hazardous”.

Trade names can add confusion. For example, the 
refrigerant now known as Hychill – 50 was at one time 
known as HR22/502, but is mostly propane (R290) and 
contains neither R22 nor R502. 

7.3.2	 Common refrigerants
7.3.2.1	 R134A (hydrofluorocarbon HFC)
Typically used on small direct expansion systems 
or where a high degree of reliability is required, this 
refrigerant requires larger compressors and pipe sizes 
than alternative refrigerants, has GWP problems. It is 
classified under the HSNO legislation as a non-hazardous 
gas 1,1,1,2-tetrafluoroethane, Cas No 811-97-2, UN No 
3159.

7.3.2.2	 R404A (HFC)
Presently, this is the most commonly used direct 
expansion refrigerant for coldstore applications, but has 
GWP problems. It is classified under the HSNO legislation 
as a non-hazardous gas UN No 3337.

7.3.2.3	 R410A (HFC)
Widely used in split system domestic heat pumps and 
air conditioners, but it has GWP issues. It has no HSNO 
classification, but could be assigned to an appropriate 
group standard.

7.3.2.4	 R717 (anhydrous ammonia)
This is the most widely used refrigerant for large 
industrial applications. It has a flammable vapour, a 
strong smell, is toxic, is strongly ecotoxic to fish, and is 
incompatible with copper components. Other than in very 
small systems, it requires regulatory compliance with 
PECPR Regulations (DoL, 1999), and elements of the 
HSNO legislation. 

The HSNO legislation has varied the controls for 
anhydrous ammonia but only when it is contained in 
equipment that forms part of any other equipment in 
which anhydrous ammonia is used as a refrigerant. If 
it is not in a refrigeration system, it is subject to all the 
controls. If in a refrigeration system there are aspects of 
the Hazardous Substances (Identification) Regulations 
(ERMA, 2001) and Hazardous Substances (Emergency 
Management) Regulations (ERMA, 2001) which apply 
– emergency management levels 1 and 2 apply for any 
quantity of anhydrous ammonia, and level 3 applies to 
five kg or more. Industrial refrigeration systems are likely 
to have hundreds of kilograms.

The DoL’s ChemSafe software will list all the relevant 
regulatory controls when the names and quantities of a 
hazardous substance are entered into the system.

7.3.2.5	 R744 (carbon dioxide)
Carbon dioxide is increasingly being used for low 
temperature applications (down to –50°C) as the lower 
of two cascade refrigerants, where it is used as the low 
boiling temperature secondary refrigerant, and is being 
used transcritical for heat pump and air conditioning 
applications. It provides high performance in high 
heat-load applications such as product freezing in 
plate carton freezers. Other than in very small systems, 
carbon dioxide requires compliance with a wider range of 
statutory regulations, notably the HSEA and the PECPR 
Regulations (DoL, 1999).

Carbon dioxide is a non-hazardous gas in both the 
HSNO legislation and AS 4343 Pressure equipment 
– Hazard levels (AS, 2005). However, when it is in the 
form of a refrigerated liquid, or as a solid (dry ice), AS 
4343 Pressure equipment – Hazard levels classifies it 
as a hazardous gas and it is subject to the Hazardous 
Substances (Compressed Gases) Regulations (ERMA, 
2004).
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7.3.2.6	 	 R290 (propane)
This option is limited due to flammability. Other than in 
very small systems, R290 requires compliance with a 
wider range of statutory regulations, notably with the 
PECPR Regulations (DoL, 1999), the HSNOA, and the 
Electricity Regulations (MED, 1997). If a location holds 
more than 100 kg it will also be subject to the HSNO test 
certification requirements (ERMA, 2004).

Detailed adherence to AS/NZS 1677 Refrigerating 
systems (SNZ, 1998) allows practical utilisation in 
storage applications, as adherence ensures that in the 
event of a leak, explosive concentrations are unlikely to 
form, and if they do form are unable to ignite.

AS/NZS 1677 Refrigerating systems Appendix D, gives 
a flowchart that shows how electrical apparatus for 
hazardous (potentially explosive) areas may be selected, 
and leads designers to the standards AS/NZS 2430 
Classification of hazardous areas (SNZ, 2004) and 
AS/NZS 2381 Electrical equipment for explosive gas 
atmospheres (SNZ, 2005).

There are plans to supersede these during 2009 with 
AS/NZS 60079.10 Electrical apparatus for explosive 
gas atmospheres - Classification of hazardous areas 
(SNZ, 2004) and IEC 60079-14 Explosive Atmospheres 
– Part 14: Electrical Installations Design, Selection and 
Erection (IEC, 2007) respectively.

7.3.3	 Odorising
AS/NZS 1677.1 Refrigerating systems - Refrigerant 
classification (SNZ, 1998) requires group A3 refrigerants 
to be odorised in a manner functionally equivalent to 
that required for liquefied petroleum gas. A3 refrigerants 
include ethane, propane, butane and propylene.

Filters and driers commonly used in the refrigeration 
industry will remove the ethyl mercaptan odorant used 
for liquefied petroleum gas. The NZFS has suggested that 
odorants be checked and refreshed if necessary (NZFS, 
2008, p14). AS/NZS 1677 Refrigerating systems (SNZ, 
1998) recognises “alternative safety provisions” so we 
note that R1270 propylene, with refrigerant properties 
very similar to propane, has a natural strong odour of its 
own. Signage may also be an “acceptable alternative” 
safety provision.

7.3.4	 Changes of refrigerant (drop-ins)
A change of refrigerant may change the hazard level of 
the installation given by AS 4343 Pressure equipment 
– Hazard levels (SA, 2005). IPENZ recommends that 
designers follow the procedure given in section 7.5a–c of 
this document for existing and the new refrigerants, and 
if the hazard level increases a full plant design review is 
needed as described in section 7.5 of this document.

7.4	 System equipment
7.4.1	 Compressors
7.4.1.1	 Hermetic (cans)
These are used on small systems, and feature a 
reciprocating or scroll compressor and motor housed 
within a sealed metal can. They are compatible with 
most refrigerants except ammonia, are available for 
all applications and are reliable if correctly applied, 
although they have a high power consumption.

7.4.1.2	 Semi-hermetic
Semi-hermetic compressors have the motor driving to 
a reciprocating or screw compressor, with the motor 
cooled by refrigerant gases. They are available for all 
applications, are used on medium-sized systems, and 
are compatible with most refrigerants except ammonia. 
They are reliable if correctly applied, although they 
are limited by pressure range, have a high power 
consumption and high electrical draw requirements.

7.4.1.3	O pen drive reciprocating compressors
These are used on medium to large systems and are 
compatible with all refrigerants, but are limited by 
pressure range. They are efficient, but require high levels 
of maintenance.

7.4.1.4	 Screw compressors 
These are used on medium to large systems, are 
compatible with all refrigerants, are able to operate over 
most typical pressure ranges, but have poor efficiency 
under partial load unless operated on variable speed 
drive (VSD). They are reliable and have low maintenance 
requirements.

7.4.1.5	 Compressor oil
The compressor oil must be compatible with the 
refrigerant and the refrigeration system design. Different 
oils have variable solubilities in different refrigerants at 
different temperatures. Some oils are highly hygroscopic 
and care is required when handling them.

7.4.2	 Evaporators
The success of a particular facility operation is critically 
dependent on correct design and installation of the 
evaporator and fan combination within the refrigerated 
space. Most other components within the refrigeration 
system can be expanded or upgraded as required, but 
this is generally not the case with equipment within the 
coolspace.

Coldstores generally are of forced draft cooler (FDC) or 
ducted types.

7.4.2.1	 Forced draft coolers
FDCs provide even airflow within the cooled space but 
incur significantly higher operating and maintenance 
costs with multiple fans, valves, and refrigerant leak 
points within the cool space. FDCs come in two forms 
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– forced draft (fan blowing through the evaporator) 
and induced draft (fan pulling through the evaporator). 
Induced draft FDC is the standard type, and while forced 
draft provides significantly higher air humidity in chilled 
produce storage environments, they are “specials” of 
higher cost and longer delivery.

7.4.2.2	D ucted systems
Ducted systems require care with air distribution design 
and will generally have areas of poor air distribution. 
Ducted systems will handle high localised heat loads 
within the cool space that FDC systems will not due to 
the “averaging” of the load throughout the coldstore. 
Ducted systems allow minimum numbers of fans and 
refrigerant control valves thus minimising maintenance 
requirements. Ducted systems allow all refrigerant 
controls to be mounted outside the coolspace reducing 
risk of product damage due to refrigerant leaks and 
further assisting maintenance. Ducted systems allow the 
use of “air defrost” systems, maximising potential energy 
efficiency. Duct air velocities should be in the range of 
six to eight m/s to optimise the required fan power. Fan 
noise transmission to neighbouring properties can be an 
issue.

7.4.2.3	 Evaporator design
Evaporators must be of sufficient size to handle the 
storage heat load.

Chilled heat loads are generally, in order of significance: 
product temperature reduction requirement, door 
air infiltration, fan heat, building fabric transmission, 
product respiration, lighting, miscellaneous forktrucks 
and people.

Freezer heat loads are generally, in order of significance: 
product temperature reduction requirement, fan heat, 
building fabric transmission and lighting.

Frozen heat loads are generally, in order of significance: 
building fabric transmission, fans, lighting, door air 
infiltration, forktrucks and people. Note that due to joint 
losses, building fabric transmission is 1.5–3 times the 
published theoretical values depending on the quality of 
the vapour barrier installation and the age of the facility. 
The above assumes that doors are optimally managed 
with environmental areas, rapid or automatic doors and 
air locks. Without these measures, door heat loads will 
dominate.

Air circulation through the storage space must be 
maintained at a level consistent with the product 
storage specification temperature fluctuation range. 
For frozen storage, typical airflow volumes range from 
10 to 20 room changes per hour. For chilled produce, 
storage typical airflow volumes range from 40 to 80 
room changes per hour, depending on the heat removal 
requirement of the produce.

Evaporators must have sufficiently wide fin spacing and 
sufficient fin area to allow room cooling to be maintained 
without constant interruption for evaporator defrosting. 
If not catered for, loss of room temperature control will 
result. Typically, wide fin spacing for frozen storage is 
required, although the most difficult is holding of product 
accurately at 0°C. Conservative fin spacing will range 
from six to 12 mm.

Defrost system options in preference by energy efficiency 
are air, hot gas, water, and electric. Water defrosters 
in freezer environments are difficult to automate 
successfully. Hot gas defrosters require heated drain 
trays and defrost drains.

7.4.3	 Condensers
The condensing plant enables the heat drawn from the 
refrigerated space to be exhausted to the environment 
and is second in significance to the evaporator 
equipment. The condensing plant must be sized for 
the expected maximum heat removal rate from the 
cool space, plus the heat applied by the compressing 
equipment in transferring heat from the cool space, 
which is generally the maximum compressor drawn 
power. The design conditions to which the heat is to be 
wasted is based on the ambient conditions. Note that 
designing to one per cent ambient weather will mean 
that, on average, 3.65 days per year the plant will not 
perform to design, or in an exceptionally hot year, it 
may not perform for several weeks on end. Specifically, 
beware of fresh produce heat loads, as there is a 
multiplier effect as the heat load increases and the 
capacity of the plant decreases.

Refrigeration system efficiency is proportional to 
the temperature difference up which heat must be 
pumped. Small condensers operating at high pressures 
increase power consumption and wear and tear on the 
compressor.

7.4.3.1		 Air-cooled condensers
Air-cooled condensers are simple, reliable and cheap, 
and facilitate maintenance of the high discharge 
pressures required for the TX valve’s direct expansion 
operation. Condensing temperature is determined by air 
dry bulb temperature. No water supply is required. These 
are the standard condensers used in small facilities.

7.4.3.2		 Evaporative condensers
Evaporative condensers allow maximum efficiency 
operation. The condensing temperature is determined by 
air wet bulb temperature (lower than dry bulb), but they 
require water treatment for corrosion and Legionella. 
These condeners are the standard for medium- and 
large-size facilities.
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7.4.3.3		 Shell and tube condensers
The characteristics of shell and tube condensers are 
similar to evaporative condensers, but they feature a 
compact transport package, require cooling towers, 
and allow heat discharge to atmosphere to be remote 
from the compressors with minimal refrigerant piping 
(pumped water to cooling towers). They are common on 
medium-sized facilities but PHE condensers are cheaper 
on large facilities.

7.4.3.4		 Plate heat exchanger condenser
Plate heat exchanger (PHE) condenser characteristics 
similar to shell and tube condensers, but they allow 
operation with the minimum refrigerant charge.

Noise generated by fans on condensers and cooling 
towers must be considered. It may be necessary to fit 
variable speed drives to fans to allow operation at lower 
speeds to achieve acceptable noise levels and make 
energy savings during low load periods. This will reduce 
the capacity of the condensing system.

7.4.4	 Groundwater
Some coldstores rely on heat exchangers that reject 
heat to water supplied from groundwater bores through 
the municipal supply system. If that water is then run to 
waste, either through stormwater and a water course, or 
through the sewer system, an unnecessary load is placed 
on those systems. If that water is re-injected into the 
source aquifer, that aquifer is maintained, and no load 
is placed on either of the municipal disposal systems. 
The water must be re-injected at a point where it will not 
recirculate to the intake point.

Where the cooling water is drawn from a river and 
returned downstream the designer must ensure that 
temperature increases are not detrimental to fish life and 
controls are in place to minimise contamination through 
leaks in the condensing system.

Extracting or re-injecting groundwater or river water may 
require RMA consent.

7.4.5	 Refrigerant piping
Piping must be suitably sized. Insufficiently sized 
piping will create pressure drops that will reduce the 
effective capacity of the plant and increase the power 
consumption per unit of heat removed. Oversized piping 
and/or lack of or incorrectly designed traps will cause 
oil logging in direct expansion systems with the risk of 
compressor hydraulic failure and liquid logging with the 
risk of compressor protection vessel high levels on flood 
back with liquid recirculation systems. Separator vessels 
and liquid pumps close to the heat load can improve 
efficiency by reducing suction line pressure drops.

Piping must be designed and supported to allow 
sufficient flexibility to cater for thermal expansion and 
mechanical vibration, yet be sufficiently restrained to 
cope with gravity, wind and design earthquake loads. 

Piping design must comply with the requirements 
of the PECPR Regulations (DoL, 1999), and IPENZ 
recommends the ACoP for Pressure Equipment 
(Excluding Boilers) (DoL, 2001) and AS/NZS 1677 
Refrigerating Systems (SNZ, 1998). There is no 
requirement to consult the DoL during design, but in 
practice many designers seek advice from the DoL or 
from the relevant standards body.

Refrigeration pipe work near the compressors will be 
subject to vibration, and has to be sufficiently flexible 
to avoid cracking and consequently leaking refrigerant. 
Similarly, ice that forms on fan blades will cause 
imbalance and vibration.

Most pressure piping uses standard ASME flanges with 
hard-faced gaskets. To avoid leaks, most ammonia 
refrigeration pipe joints and valve connections are 
welded. Use connections with bolted flanges sparingly. 
Very small steel pipes usually feature screwed joints. 
Many proprietary types exist and they must be chosen to 
suit the application. To avoid leaks, the sealing surfaces 
must be clean and without damage, and the screws 
must be properly tightened. Small copper pipes may 
use screwed or brazed joints. Copper is not suitable for 
ammonia refrigerants.

Steel pipes can corrode under the insulation, as 
discussed by Dettmers and Reindl (2007).

7.4.6	 Refrigeration service valves
Valves must be installed to allow all service work to 
be performed within the constraints of the operating 
environment. Valve location and orientation should allow 
acceptable service access, and ideally, valves should be 
located outside the cold space. Care is required to avoid 
the very high pressures generated by trapped cold liquid 
between closed valves.

7.4.7	 Non-condensables
Air must be absent from the refrigeration piping 
system at startup and removed after all maintenance 
procedures. Plant that operates in vacuum must have a 
means of removing air and moisture that enters through 
piping leaks.

7.4.8	 Oil management
If oil must be regularly added to the refrigeration 
compressors then system practices will be required to 
remove an equal quantity of oil at specific drain points or 
through an oil rectification system.

This will generally be the case for ammonia (R717) plant 
using mineral oil.
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7.4.9	 Refrigeration plant planning
A cost-benefit analysis is required on the level of plant 
availability, reliability, cost of down time, degree of 
plant duplication/standby, operation in high ambient 
temperatures, and the operation of critical plant 
components at loadings higher than their design 
loading rates. 

The selection of refrigerant will depend on plant scale, 
complexity and availability of adequate service support 
personnel. 

7.4.10	Refrigeration machinery room
The refrigeration machinery room should be in a fire-
rated enclosure as close as possible to the cold room 
evaporators and fans, as close as possible to the 
electrical supply, and as far as possible from residential 
neighbours. Ideally, the electrical equipment should be 
in a separate fire-rated room adjacent to the refrigeration 
plant room. AS/NZS 1677.2 Refrigerating systems - 
Safety requirements for fixed applications, clause 4.7.2 
(SNZ, 1998) specifies ventilation rates.

If a hydrocarbon refrigerant is used, the refrigeration 
machinery room needs to be completely open or in the 
form of a cage.

7.5	 System code compliance
The following is the general design procedure to ensure 
pressure piping compliance.

a.	 From AS/NZS 1677.1 Refrigerating systems - 
Refrigerant classification (SNZ, 1998), determine 
refrigerant classification. A is non‑toxic, B is toxic; 
1 is non‑flammable, 3 is highly flammable. For 
example, HFCs and carbon dioxide (R744) are 
classified A1, hydrocarbons are classified A3, and 
ammonia (R717) is classified B2.

b.	 From AS/NZS 1677.2 Refrigerating systems - 
Safety requirements for fixed applications, clause 
2.2 (SNZ, 1998), determine the storage facility’s 
category of occupancy and from clause 2.3 select 
the permitted refrigerant and cooling system.

	 High-occupancy public areas or places where 
people have limited movement limit the type of 
refrigerant and cooling system that may be used.

c.	 From AS 4343 Pressure equipment – Hazard levels 
(AS, 2005) determine the hazard levels for pressure 
vessels and piping. These are determined by the 
type of refrigerant, and by the product of size (the 
volume of pressure vessels and diameter of the 
piping) and pressure of the equipment.

	 Gas or liquid contents are classified as lethal, very 
harmful, harmful, non-harmful. Table 1 combines 
the nature of the contents with the product of 
size and pressure to provide a measure of hazard 
ranging from A high, B average, C low, D extra low, E 
negligible.

d.	 From the DoL’s ACoP for Pressure Equipment 
(Excluding Boilers) (2001), Appendix A and the 

hazard level, determine the required level of 
system-independent design verification and plant 
installation inspections for the pressure vessels and 
piping.

	 Equipment with hazard level D and above requires 
piping system design verification by a recognised 
inspection body. Hazard level C and above requires 
certificate(s) of inspection from a recognised 
inspection body5. 
Only relatively small ammonia and hydrocarbon 
refrigeration systems do not require independent 
verification, but even for these systems, the fullly 
documented design and peer review processes 
should be followed during the manufacturing and 
fabrication stages of the project.

e.	 AS/NZS 3788 Pressure equipment – In-service 
inspection (SNZ, 2006) requires in‑service 
inspections by an independent inspection body for 
all equipment with hazard level C and greater. The 
owner is responsible for inspections of equipment 
with hazard levels D and E.

7.6	 Control systems 
7.6.1	 System control overview
A properly designed and implemented control system 
is critical to the safe and efficient operation of 
refrigeration plant, and design and implementation 
should be performed only by experienced and competent 
personnel.

Small- to medium-size refrigeration plants may 
have proprietary control systems provided by the 
manufacturer. Medium- to large-size systems will use 
programmable logic controller (PLC) industrial computer 
control systems.

It is now standard practice to have supervisory control 
and data acquisition (SCADA) systems to perform as 
the “operator interface” to allow the plant operator to 
monitor equipment functions and parameters, and to 
control the plant, through a desktop computer.

All critical room temperatures, plant temperatures 
and pressures, will be observable through the SCADA 
system. It will record and file all relevant data allowing 
subsequent viewing and reporting of all previous 
temperatures and plant operational parameters. 
Historical data should be backed up to provide a 
permanent record of product storage history.

The SCADA computer and operating system software 
should be upgraded at least every five years to ensure 
the system remains currency with IT industry personnel 
skills.

5	 Recognised inspection bodies, which are organisations recognised 
by the Secretary of Labour, employ or engage design verifiers and/
or equipment inspectors. Design verifiers are engineers registered by 
IPENZ under a scheme functionally equivalent to that for chartered 
professional engineers.
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7.6.2	 Temperature sensors 
A sufficient number of temperature sensors should be 
located throughout the refrigerated space to measure 
product temperatures.

Air on and air off evaporator temperature sensors should 
be provided for each separately controlled refrigerated 
zone.

7.6.3	 Temperature sensor installation 
Temperature and other critical sensor cabling must be 
run with a physical separation from power cabling to 
reduce signal interference and noise. Electrical earth 
loops can cause problems.

7.6.4	 Plant controls 
Sufficient control hardware and software should be in 
place to allow the plant to operate in a safe, effective 
and efficient manner.

Hardware and software must be planned and installed to 
allow as simple and practical operation and maintenance 
as possible.

7.6.5	 Documentation
Documentation of the control system logic is important, 
both in PLC/SCADA terminology and in lay language. If a 
clear explanation of the logic is not available, it is difficult 
to assess the design principles and failsafe applications 
at a later date when the designer is no longer available.
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8.1	 General
Section 3(d) of the BA requires buildings to be designed, 
constructed, and able to be used in ways that promote 
sustainable development. This suggests energy efficient 
design, which may be promoted by electrical load 
shedding, timed shutdown with the doors closed, power 
factor correction, and variable speed fans.

Historically, electrical faults are reported to account for 
30 per cent of fires in coldstores and are the biggest 
single cause of all fires (Nelligan, 2006).

The Electricity Regulations (MED, 1997) provide the legal 
environment for electrical designers. These regulations 
refer to AS/NZS 3000 Electrical installations (known as 
the Australian/New Zealand Wiring Rules) (SNZ, 2000). 
All installations must comply with this standard, which 
has useful sections for both hazardous areas (clause 7.7) 
and refrigeration rooms (clause 6.6).

The additional costs for a reliable installation can be 
particularly justified in a coldstore since the full electrical 
load can run 24 hours per day often with no staff 
present, relying on automatic systems to shut down in 
the event of a problem.

Electrical devices and circuits should be kept to a 
minimum within cold storage areas and also in areas 
classified as hazardous, where all equipment must be 
certified in accordance with AS/NZS 2381.1 Electrical 
equipment for explosive atmospheres - Selection, 
installation and maintenance - General requirements, 
Appendix G for the correct zone classification (SNZ, 
2005).

The following provides a checklist for minimal equipment 
needs. 

1.	 Normal working lights
luminaires must be enclosed to retain the hot •	
elements of lamps when they fail
the maximum rating of lamps must be •	
indicated on each luminaire
discharge lamps should be “instant start” •	
types.

2.	 Egress lights
see AS/NZS 1677.2 •	 Refrigerating systems - 
Safety requirements for fixed applications, 
clause 4.2 (SNZ, 1998)
some designers arrange that the egress lights •	
are always on, as stored product can be a 
significant barrier to reaching a door in the 
dark. See section 8.11.3 of this document.

3.	 Power outlets
only essential power outlets should be within •	
coldstores – all maintenance outlets should be 
placed outside the doors
battery-powered robotic material handling •	
devices will need special provision for safe 

battery charging – see section 8.10 of this 
document
power outlets should not be installed in •	
hazardous areas. Even if they are rated for 
the hazardous area, they may only be used for 
equipment that is also rated for the hazardous 
area. Experience suggests that rated outlets 
are sometimes connected to a lead fitted with 
a normal cord socket, which is then connected 
to normal electrical equipment, defeating the 
whole principle.

4.	 Push-button alarm systems for use other than in a 
fire (for example, egress).

5.	 Temperature and humidity sensors
All sensor circuits in classified areas •	
(zones 1 and 2) must comply with either 
the intrinsic safety requirements in AS/
NZS 60079.11 Electrical apparatus for 
explosive gas atmospheres - Equipment 
protection by intrinsic safety ‘i’ (SNZ, 2006) 
or another suitable method of explosion 
protection meeting the requirements of AS/
NZS 2381 Electrical equipment for explosive 
atmospheres (SNZ, 2005).

6.	 Defrost and trace heaters (for example, doors)
All heating devices in areas classified •	
hazardous (zones 1 and 2) (see section 8.2 of 
this document) must comply with flameproof or 
increased safety requirements.

7.	 Primary plant (for example, fans and air-handling 
units, compressors)

All primary plant in areas classified hazardous •	
(zones 1 and 2) (see section 8.2 of this 
document) must be suitable for the hazardous 
area.

8.	 Fire detection and alarm devices
All detection and alarm devices in areas •	
classified hazardous (zones 1 and 2) (see 
section 8.2 of this document) must be suitable 
for the hazardous area.

8.2	Hazardous  areas
8.2.1	 Flammable gases, mists, vapour or dust
The first step in determining the risks from fire or 
explosion of flammable materials is to carry out an 
assessment of the process materials, chemicals, 
equipment and coldstore operations. The output from 
this assessment provides documented evidence of the 
types of process plant and flammable materials used 
in a particular area and a provides a set of schedules 
and drawings that define the “hazardous areas”. Once 
this assessment has been reviewed and agreed with the 
site management, a suitable protection system can be 
designed and installed to minimise the risk of ignition. 

Hazardous areas are those in which risks of ignition 
of flammable gases, mists, vapours or dust may exist. 

Electrical Services8
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Electrical equipment and instrumentation for those areas 
must have appropriate explosion-protection. This type 
of electrical equipment is generally significantly more 
expensive than otherwise similar equipment.

Note that the standards listed in this section relate only 
to ignition protection from electric power sources. Other 
techniques of explosion protection are also relevant to 
prevent ignition from other sources, such as from self 
heating, spontaneous combustion, mechanical friction, 
impact or static electricity.

AS/NZS 3000 Electrical installations (known as the 
Australian/New Zealand Wiring Rules) (SNZ, 2000), 
AS/NZS 2430.3.1 Classification of hazardous areas 
- Examples of area classification - General (SNZ, 
2004), and AS/NZS 60079.10 Electrical apparatus 
for explosive gas atmospheres - Classification of 
hazardous areas (SNZ, 2004) all use very similar 
wording to define hazardous areas as those in which an 
explosive atmosphere is present, or may be expected 
to be present, in quantities such as to require special 
precautions for the construction, installation and use of 
potential ignition sources.

AS/NZS 3000 Electrical installations (known as the 
Australian/New Zealand Wiring Rules), clause 7.7.2.1, 
places the responsibility for classification of a hazardous 
area onto the persons or parties in control of the 
installation. AS/NZS 60079.10 Electrical apparatus for 
explosive gas atmospheres - Classification of hazardous 
areas, clause 4.1, requires the area classification to 
be carried out by those who have knowledge of the 
properties of flammable materials, the process and the 
equipment, in consultation, as appropriate, with safety, 
electrical, mechanical and other engineers.

IPENZ recommends that this responsibility be discharged 
within the framework required by the IFEG (DBH, et al., 
2005) collaboration described in section 6.2 of this 
document. 

The NZFS’s Design Review Unit has stated that it is more 
than happy to discuss particular projects with designers 
in the IFEG process, before a building consent is lodged.

Other parties include:

the designer or contractor responsible for selecting •	
the hazardous materials, for example, the 
refrigeration designer or contractor
the refrigerant fluid supplier•	
the electrical services designer or specifier•	
the owner of the coldstore (for hazardous areas •	
classification, not for engineering).

Overall requirements are set by the identification of 
hazardous areas, as described in the AS/NZS 2430.3 
Classification of hazardous areas - Examples of area 
classification series of standards (SNZ, 2004). AS/
NZS 60079.10 Electrical apparatus for explosive gas 
atmospheres - Classification of hazardous areas, clause 
4, now specifies the procedure for classifying the areas, 

which became known as either zone 0, 1 or 2. A section 
of the plant where the hazard is highest is known as 
zone 0 or zone 1, and where it is lower is known as zone 
2. Non-hazardous areas are zoned NH.

The standard defines the hazardous areas zones by the 
likelihood of the presence of flammable mists, vapour or 
gas.

8.2.1.1	 Zone 0 
Zone 0 is a place in which an explosive atmosphere 
consisting of a mixture in air of flammable substances in 
the form of a gas, vapour or mist is present continuously, 
for long periods or frequently.

8.2.1.2	 Zone 1 
Zone 1 is a place in which an explosive atmosphere 
consisting of a mixture in air of flammable substances 
in the form of a gas, vapour or mist is likely to occur 
occasionally in normal operation.

8.2.1.3	 Zone 2 
Zone 2 is place in which an explosive atmosphere 
consisting of a mixture in air of flammable substances 
in the form of a gas, vapour or mist is not likely to occur 
in normal operation but, if it does occur, will persist 
for a short period only. “Persist” is defined in AS/
NZS 60079.10 Electrical apparatus for explosive gas 
atmospheres - Classification of hazardous areas.

If flammable refrigerant fluids are to be used then 
any enclosed refrigeration machinery rooms must 
be classified as zone 1. They must also be suitably 
ventilated and should be separated from the coldstore 
structures by a fire-rated barrier.

AS/NZS 2381.1 Electrical equipment for explosive 
atmospheres - Selection, installation and maintenance 
- General requirements (SNZ, 2005) prohibits the 
following equipment from being installed in a hazardous 
area:

battery chargers with their control equipment and •	
batteries being charged, unless such equipment is 
suitable for the hazardous area
low-pressure sodium-vapour discharge lamps.•	

The standard requires electrical equipment selected 
for use in hazardous areas to be protected by one 
or a combination of specified explosion-protection 
techniques.

8.2.2	 Refrigerant fluid characteristics
The definition of hazardous areas depends on the 
particular refrigerant used in the plant. A plant designed 
for one refrigerant cannot be assumed to be suitable for 
a different type of refrigerant.

The following section describes some of the differences 
between anhydrous ammonia, a traditional refrigerant, 
and propane, a typical hydrocarbon refrigerant. 

Anhydrous ammonia has very different physiological 
effects, flammability limits and other characteristics to 
propane refrigerant as shown in Table 2 below.
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Vapour 
density

at 15°C (Air 
= 1)

Toxicity 
(ppm)

Auto-ignition 
temperature

(°C)

Lower 
explosive 

limit
(v/v %)

Upper 
explosive 

limit
(v/v %)

Upper 
minimum 
ignition 
energy

(mJ)

Anhydrous ammonia 0.89 25 630 15.0 28.0 680

Propane ~ 1.8 1,000 450 2.1 9.6 0.26

Table 2: Characteristics of refrigerants. 

Ammonia is lighter than air and so dissipates and 
disperses readily. Propane is heavier than air and 
consequently will accumulate at floor level and will not 
be dispersed by natural ventilation in the same way 
ammonia will do.

Ammonia leaks are evident to humans at extremely low 
concentrations, which can provide an early warning of an 
ammonia leak. Ammonia toxicity to humans occurs at 25 
ppm while propane becomes toxic at 1,000 ppm. 

AS/NZS 1677 Refrigerating systems (SNZ, 1998) 
states in clause 2.7, that “group A3 refrigerants shall 
be odorised in a manner functionally equivalent to 
that required for LPG. Alternative safety provisions may 
be approved”. Group A3 refrigerants include ethane, 
propane, butane and the higher order hydrocarbons.

Ammonia is difficult to ignite, as it has a high auto-
ignition temperature and high minimum ignition energy 
of 680 millijoules (mJ). Propane has a lower auto-ignition 
temperature and much lower minimum ignition energy in 
air of only 0.26 mJ. (Kuchta, 1985).

The lower explosive limit (concentration of refrigerant 
vapour in air) of ammonia is very high at 15 per cent, 
whereas propane is low at 2.1 per cent mixture. This 
means that a relatively dilute mixture of propane and air 
will be capable of being ignited.

8.2.3	 Combustible dusts
Some food processing operations generate finely-divided 
particles that can form combustible dusts. The AS/NZS 
61241 Electrical apparatus for use in the presence 
of combustible dust (SNZ, 2005) series of standards 
provides guidance.

8.2.4	 Ventilation systems 
An alternative to installing explosion-protected 
electrical equipment in hazardous areas is to install 
a ventilation system that dilutes any gas or vapour 
leaks and thus prevents an explosive or flammable 
mixture from forming. The ventilation systems must be 
engineered specifically for the plant and the controls 
for the ventilation system must comply with recognised 
standards such as AS 1482 Electrical equipment for 
explosive atmospheres - Protection by ventilation – Type 
of protection v (AS, 1985). This standard stipulates 
the features and operational requirements for these 
ventilation systems. The design, installation, operation 

and maintenance of such a system is complex and 
expensive, however this type of system will prevent gas 
or vapour fires and explosions.

8.3	 Power transformers
Transformers should be installed with fire-rated blast 
walls separated from the adjacent buildings and from 
adjacent transformers. Assuming that the transformers 
are external to the building, then at least the top and 
one side should be open to atmosphere for cooling and 
pressure relief.

For oil-filled transformers, each transformer should 
be bunded to contain oil leakage. Bund drains should 
incorporate oil-stop valves or an interceptor to prevent oil 
entering the stormwater system.

8.4	 Switchrooms
Main switchboards and motor control centres should 
be located in purpose-built one-hour-fire-rated electrical 
switchrooms. The rooms must not be in any low-
temperature area or in any classified hazardous area, 
and should be located well clear of any water risks, 
such as drainpipes, refrigeration pipes or overhead 
gutters (especially internal roof gutters) that have a high 
probability of leaking at some time in their design life.

The only water pipes that should be located in electrical 
rooms are fire sprinkler pipes. The probability of a 
sprinkler accidentally activating is extremely low. If a 
fire occurs within a switchroom, the sprinkler will limit 
the damage, and allow earlier re-commissioning when 
compared with a room not protected by sprinklers. If 
a risk assessment dictates the need to minimise the 
possibility of accidental water damage in a switchroom, 
some design approaches could include the specification 
of welded pipe work, as against screwed or mechanically 
jointed pipe work, protected sprinkler heads, and 
possibly the installation of a pre-action system.

Because gnawing damage from rats or mice can occur 
to plastic components and cable sheaths, rodents must 
be deterred from entering switchrooms and rodent bait 
stations should be maintained.

8.5	 Switchboards
The total electrical load for large coldstores can be in 
the 200–1,500 kVA range. A short circuit fault in an 
electrical switchboard can release a very high level of 
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energy. If an electrical fault occurs, some or all of that 
energy can be released within the switchboard or at the 
short circuit location. The short circuit current available 
from transformers can be of the order of 20 times the 
full load current. If the transformers are connected in 
parallel then these figures can almost double.

For this reason switchboards must be type-tested and 
segregated to form 3 or form 4 in AS/NZS 3439.1 
Low-voltage switchgear and control gear assemblies - 
Type-tested and partially type-tested assemblies (SNZ, 
2002). This provides greater safety and protection and 
will assist in protecting operators against some internal 
arcing faults.

Apart from the dramatic explosive effects of a short 
circuit, there are also other long-term electrical problems 
that can occur.

Low current leakage – especially related to •	
moisture and contamination of insulation – can 
develop over a period of time. Whilst this may 
dissipate only a few joules of energy, it can cause 
tracking over insulation and eventually an arcing 
fault and possible fire.
Poor electrical connections, as cable or conductor •	
terminations can also degrade over time and cause 
fires due to heat conducted from the source.
Ground or earth faults. •	

Mitigation measures to monitor and protect against many 
of these risks include:

ground fault protection elements on all incoming •	
circuit breakers and on major feeder circuit 
breakers, set to no more than 10 per cent of the 
rated current
300-mA residual current detectors (RCD) and shunt •	
trip units on all moulded case circuit breakers
all circuit breakers that are fitted with ground fault •	
or RCD protection should be fitted with auxiliary 
contacts connected to an automated alarm 
monitoring system.

Power and control circuits should be segregated 
wherever possible in separate compartments of the 
switchboards.

The switchboard enclosure should be adequately 
rated for the environment where it will be installed. 
In switchrooms, IP42 should be the minimum rating, 
however IP54 would be more suitable for sites where 
dust is present.

Switchboards require routine inspection, testing and 
preventive maintenance to protect against deterioration. 
This can include annual physical checking of all 
equipment, contact terminations, and regular infra-red 

(thermographic) monitoring using hand-held infrared 
detectors or cameras to identify and quantify hot spots in 
switchboards. 

8.6	 Electric motors
Large coldstores can have refrigeration compressors 
driven by electric motors with powers in excess of 300 
kW. All refrigeration compressor motors require adequate 
fast-acting protection to sense all the potential faults 
from overload, stator winding faults, loss of one or more 
phases, over temperature, and in the case of large 
motors, bearing temperatures. 

Motors in hazardous areas must meet explosion 
protection requirements specified generally in AS/NZS 
2381.1 Electrical equipment for explosive atmospheres 
- Selection, installation and maintenance - General 
requirements (SNZ, 2005).

Motors connected to VSDs often require special features, 
such as non-drive-end bearing insulation and increased 
stator winding dV/dt rating. Consult motor manufactures 
for recommendations and follow their installation 
guidelines. Particular care is required during installation 
of motor cables to provide adequate high-frequency 
earthing. Alternatively, output filters can be specified for 
the VSDs to minimise the requirement for high-frequency 
mitigation.

8.7	 Cables
PVC and some other plastic insulated cables become 
brittle at low temperatures, and should not be installed 
in low-temperature situations. Cables with insulation 
suitable for use below 0ºC (and down to -40°C, or lower) 
are: 

silicone rubber (EPR)•	
cross-linked polyethylene (XLPE)•	
mineral-insulated metal sheathed (MIMS)•	

The use of PVC cables in conjunction with expanded 
polystyrene insulation has been identified as causing 
problems due to the migration properties of the 
plasticisers used in PVC sheath. Cables passing through 
sandwich insulation panels must therefore be enclosed 
in suitable mechanical protection or conduits (Nelligan, 
2006).

Applications involving electric trace heating cables 
(doors and defrost trays, for example) must not be fitted 
in contact with timber, plastic or other combustible 
insulation materials, and must be temperature self-
limiting type. It is also advisable to provide RCD 
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protection with a sensitivity not exceeding 30 mA to each 
trace heater circuit.

Power cables used with most electronic VSDs must be 
screened, multi-core cables to reduce interference with 
adjacent circuits.

8.8	 Electrical equipment and cable 
installation 

All equipment in hazardous areas must comply with 
AS/NZS 2381 Electrical equipment for explosive gas 
atmospheres (SNZ, 2005). This standard is expected to 
be superseded by IEC 60079-14 Explosive Atmospheres 
- Part 14: Electrical Installations Design, Selection and 
Erection (IEC, 2007). Where possible, electrical and 
instrumentation equipment should be installed away 
from the hazardous areas. In such cases, explosion-
protected construction will not be required, reducing the 
installation’s cost and simplifying maintenance.

All electrical service equipment, including transformers, 
switchboards, cabinets, machinery, recessed light 
fittings, and racks must be seismically restrained in 
accordance with NZS 4219 Seismic performance of 
engineering systems in buildings (SNZ, 2009). With 
respect to structures and cabinets, AS/NZS 2381.1 
Electrical equipment for explosive atmospheres - 
Selection, installation and maintenance - General 
requirements (SNZ, 2005), clause 3.4, requires 
equipotential electrical bonding of metal parts in 
hazardous zones 0 and 1 and for exposed conductive 
parts of electrical enclosures in zone 2.

Power cables are usually run underground from the 
transformer into a cable trench or in PVC ducts to the 
switchroom and then, with a sufficient bending radius, to 
a gland plate in the underside of the switchboard. Where 
the trench passes under the wall, the fire rating must be 
maintained and water must be kept out, so a fireproof 
and waterproof plug must be provided.

Some switchrooms house oil-filled transformers or oil-
filled switchgear. Cable trenches in these rooms may be 
filled with sand after commissioning, as the sand inhibits 
oil combustion.

Cable trenches may extend into the refrigeration 
machinery room, with power cables clipped to one side 
and control cables to the other. Fireproof plugs must 
be provided where the trenches pass under fire-rated 
partitions or walls. 

AS/NZS 1677 Refrigerating systems (SNZ, 1998) 
imposes restrictions on flammable and potentially 
explosive A3 refrigerants and, except for extremely small 
systems, requires installation at ground level or above, 
hence refrigeration pipe work must not be located in the 
cable trenches. The practice of making vertical holes for 

cables in coldstore sandwich panels by using hot tools6 
is to be discouraged. Apart from the fire risk, the melting 
is uncontrollable and could create large voids in the 
foamed plastic insulation. Plasticisers in the foam also 
react with plasticisers in the cable sheath to degrade the 
foam.

Sub-circuit cables are usually run in conduit fixed to the 
surface of the sandwich panels and/or may be covered 
with “top hat” flashings to facilitate hygiene. Cables 
penetrating sandwich panels must be enclosed in UPVC 
conduit with seals at the panel surfaces to prevent 
migration of plasticiser from the PVC cable sheath to the 
polystyrene.

Ensure that all electrical equipment is separated from 
combustible sandwich panels by a fire-rated material, for 
example, ceramic fibreboard.

Avoid using plastic enclosures for housing electrical and 
control equipment as these enclosures contribute to fire 
development. Use only suitably ingress-protected (IP) 
painted steel or stainless steel enclosures. The minimum 
IP rating for enclosures installed outside of switchrooms 
should be IP54. For items installed in areas subject 
to the weather or wash down, IP56 or better ingress 
protection should be adopted. 

Items which generate heat during normal or abnormal 
operation, such as luminaires, should be mounted to 
leave an air gap between the fitting and the structure 
to which they are mounted. Note that limits on the 
maximum surface temperatures for electrical equipment 
are specified in AS/NZS 2381.1 Electrical equipment 
for explosive atmospheres - Selection, installation and 
maintenance - General requirements. These limits 
should also apply to any other heating equipment or 
devices.

8.9	 Coldstore control and alarm 
monitoring

Because coldstores and plant rooms are rarely staffed 
fulltime, a comprehensive control and alarm monitoring 
system for equipment control, status, faults and 
temperature monitoring is necessary. Operator interface 
is usually by way of a desktop computer operating a 
SCADA system. Refer section 7.6 of this document for 
more information.

Usually control and monitoring of coldstores is 
incorporated into a PLC for the plant, often conveniently 
located in the switchroom. Remote input and output 
racks may be installed in control panels at several 
locations in larger plants to reduce the requirement for 
long cable runs to the central PLC monitoring system.

6	 Related manufacturing practices to conceal the cables occur offsite 
where insulated panels are being prepared for other types of buildings. 
The fire-retardant chemicals in the foam are designed to deter ignition 
from small heat sources.
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An uninterruptible power supply (UPS) should be 
provided to ensure that the control and alarm facilities 
continue to operate should the main electricity supply 
be lost. The UPS is intended to maintain operation of 
the control system, including all critical alarms, and it 
must be sized in accordance with the process load and 
the time required to either restore emergency power (for 
example using a standby generator) or the time required 
to fully and safely shut down the plant. 

UPS equipment should also be selected appropriately 
and with due regard to redundancy and failure modes 
for the intended duty. Industrially-rated UPS equipment 
should be specified; “data centre” types should be 
avoided. UPS batteries should be installed either in 
separate fire-rated cabinets or in separate fire-rated 
battery rooms to ensure that UPS availability is not 
compromised by battery failure resulting in a battery fire.

UPS equipment must be installed outside any classified 
hazardous area unless designed and rated for operation 
in the intended zone.

8.10	 Electric forklift trucks
If it is necessary for vehicles to operate in classified 
hazardous areas, vehicles are available with explosion-
protected specifications. 

Battery chargers for these vehicles must be installed 
outside any classified hazardous area and preferably 
outside any cold storage area. A mechanical ventilation 
system shall be provided to charging areas to dissipate 
any flammable gasses generated during battery charging.

8.11	 Ancillary electrical services 
While other services such as fire and gas detection are 
covered in other sections there can be considerable 
overlap with electrical services and there must be close 
co-operation during the design phase.

8.11.1	Door seal heating 
To prevent door seals, especially personnel and safety 
doors, from freezing, door heating circuits are provided 
in the fixed portion of the door sills and jambs. These 
systems must use self-limiting trace heating cables and 
be supplied from a 30-mA RCD circuit breaker to ensure 
safety. Such systems need to be remotely monitored to 
ensure that they operate continuously.

Electrical resistance trace heating equipment in 
explosive gas atmospheres should comply with AS/
NZS 60079.30 Electrical apparatus for explosive gas 
atmospheres - Electrical resistance trace heating (SNZ, 
2007).

8.11.2	Air curtains
Air curtains are “obsolete” technology and have been 
replaced by rapid roll doors, air locks and strip curtains. 
Air curtains have been found to be ineffective and in 
some cases counterproductive.

8.11.3	Emergency power and lighting
Full emergency power, that is, 100 per cent of connected 
load would obviate the need for separate emergency 
power circuits. However this is rarely economic to 
provide.

The usual solution to loss of mains power for a sustained 
period is to close up the cold storage areas for the 
duration of the loss and provide the following emergency 
power.

1.	 Escape route lighting in the cold storage area, 
ELAs and plant room areas in compliance with 
Compliance Document for NZBC Clause F6 Lighting 
for Emergency (DBH, 2000). Escape route lighting 
is required whenever the length of the escape route 
exceeds 20 m or a change of level occurs. The 
compliance document specifies the rate at which 
the lamps must illuminate, the illuminance, and the 
period the lamps must remain on. AS/NZS 1677.2 
Refrigerating systems - Safety requirements for 
fixed applications (SNZ, 1998), clause 4.2, also 
specifies requirements for emergency lighting. LED 
egress lights are available for hazardous areas 
classified zone 2 and draw lower currents than 
conventional units on a centrally reticulated system.

2.	 Working or spot-level emergency powered lighting in 
plant rooms.

3.	 No-break or UPS for all alarms and communications 
systems.

4.	 Portable handheld lanterns placed at strategic 
points on standby charge and activated on loss 
of mains power (not to be installed in hazardous 
areas).

Central batteries are best located in separate, centrally-
located rooms with easy access for servicing. Sealed 
batteries do not require ventilation, whereas standard 
lead-acid types do. Battery maintenance is important 
in any event, and batteries have a limited life (five to 10 
years maximum) before replacement.

Self-contained emergency lights for example, with 
their own integral batteries, are difficult to monitor 
and service, and generally have a relatively short life. 
However monitored systems are available.
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8.11.4	Ventilation systems and electrical shutdown
Plant equipment and refrigeration equipment rooms 
will generally require ventilation. Where flammable 
refrigerants are used, additional precautions must 
be taken to monitor and provide for the possibility 
that flammable vapour concentrations could reach 
hazardous levels. This situation can arise due to failure 
of compressors, valves, instruments or pipe work.

The flammable gas or vapour monitoring system and the 
mechanical ventilation system must be installed and 
maintained to an appropriate explosion-protection class. 

For flammable refrigerants, an automatic electrical 
shutdown system should be provided for refrigeration 
plant rooms and any other areas where natural 
ventilation is restricted. Detection of the flammable 
vapour is used to isolate all electrical supplies to the 
protected area.

The control requirements for electrical isolation systems 
associated with ventilation are described in AS 1482 
Electrical equipment for explosive atmospheres - 
Protection by ventilation – Type of protection v (AS, 
1985). These requirements must be strictly applied, 
tested and maintained throughout the life of the plant.



58	 IPENZ Practice Note 15 – Coldstore Engineering in New Zealand



59

See Practice Note 09 – Commissioning Capital Plant 
on this subject (IPENZ, 2007). Only aspects specific to 
coldstores have been included in this section.

Commissioning plant is a specialized part of a contract, 
carried out by experienced personnel distinct from the 
construction and installation staff.

To prevent damage to concrete floors and other 
building fabric during commissioning of a coldstore, an 
appropriate slow-temperature reduction regime should 
be used.

The following items are invaluable for long-term quality 
assurance but care must be taken to ensure that they 
are not “glossed over” on completion of the work.

1.	 As-built drawings based on and including fully up-
to-date construction drawings. The detail should 
be greater than the original drawings, as much will 
have been developed during construction.

2.	 Full service manuals for all installed equipment 
including product racks and materials handling 
equipment – sales brochures alone are insufficient.

3.	 Schematic diagrams and troubleshooting guides 
for quick servicing – especially with emergencies 
in mind. Forklift trucks can cause severe damage 
to product racks, so guidance on assessing and 
repairing damage is necessary.

4.	 Operating circuit diagrams – also oriented to 
emergency conditions.

5.	 A fully indexed catalogue of all drawings, manuals 
and any other recorded information.

6.	 Maintenance analysis documentation, setting out 
the criticality analysis and philosophy (for example, 
run-to-failure, replacement schedules, monitoring 
methods).

7.	 Task instructions and job procedures for operators 
that cover normal operations, planned maintenance 
and emergency procedures.

8.	 A specifically designed paper or electronic service 
logbook for the whole plant for ongoing use. This 
provides a legal document for historical service and 
modification records at any time in the future.

9.	 Safety data sheets (SDS) for refrigerants and other 
chemicals.

10.	 Hazard signage to ensure compliance with all 
applicable legislation, including:

NZBC Clause F8 Signs•	  (DBH, 1992), which 
has the “objective of safeguarding people from 
injury…resulting from…hazards within or about 
the building”. Clause F8.3.1 requires signs to 
be clearly visible and readily understandable 
under all conditions of foreseeable use. The 
Acceptable Solution shows sizes and colours 
of signs.
ERMA’s code of practice, •	 Signage for 
Premises Storing Hazardous Substances and 
Dangerous Goods (2004), which explains 
and provides a means of compliance with 
the HSNOA for the signage required for sites 

containing hazardous substances (see section 
3.4 of this document). These HSNOA signs 
must be located where they will be noticed by 
persons entering the site.
AS/NZS 1677.2 •	 Refrigerating systems - 
Safety requirements for fixed applications 
(SNZ, 1998), clause 5.4, which requires a 
permanent, durable, legible and clearly visible 
plate to be prominently displayed in machinery 
rooms, and lists the information the plate 
should display.
The DoL’s •	 ACoP Pressure Equipment 
(Excluding Boilers) (2001), clause 2.4.6(2), 
which requires manufacturers to label 
equipment with key data relevant to safe 
operation, and clause 3.6.2, which requires 
nameplates on lagged vessels in a position 
visible to the operator.

11.	 Training for operator staff.
12.	 Official handover procedure with a full 

demonstration of all operations and formal 
handover of documentation. This procedure must 
include a full test of all alarm circuits in full failure 
mode of the circuits being monitored by the alarms.

13.	 Full documentation to emergency services such as 
the NZFS. AS/NZS 2381.1 Electrical equipment for 
explosive atmospheres - Selection, installation and 
maintenance - General requirements (SNZ, 2005) 
requires a verification dossier to be prepared and 
either kept onsite or stored in another location. 
If the latter, a document shall be kept on site 
indicating who the owners are and the location of 
the verification dossier. The electrical inspector 
must see the verification dossier.

9.1	 Routine testing and inspection
Fire protection systems in coldstores must operate in a 
harsh environment. Technicians who test and service 
these systems may be working outside their comfort 
zone, as they may have little exposure to similar systems 
on other sites.

For these reasons, it is imperative that a comprehensive 
maintenance manual be prepared outlining specific 
maintenance requirements for the systems. These 
should detail specific compliance schedule requirements, 
preferably in the form of a checklist or service logbook. 

For electrical equipment in hazardous areas AS/NZS 
2381.1 Electrical equipment for explosive atmospheres 
- Selection, installation and maintenance - General 
requirements (SNZ, 2005) requires regular periodic 
inspections, gives a method for determining the 
inspection interval, and gives a form for recording the 
inspections.

NZS 4541 Automatic fire sprinkler systems (SNZ, 
2007) requires that such information be submitted to 
a sprinkler system certifier, who in turn, must make the 
information available to approved sprinkler contractors if 
instructed by the owner of the building. 

Commissioning79
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10.1	 Staffing and alarms
In the past, large food storage operations may have 
been staffed 24 hours a day seven days a week, but 
in recent years, the advent of PLC and SCADA systems 
(see section 8.9 of this document) with monitoring and 
alarming features have provided a more economical 
alternative. For example, the SCADA system can send 
error messages on the status of the refrigeration system 
to the plant operator’s pager.

Emergency alarm signals (indicating a fire or refrigerant 
leak, for example) can be onsite with audible sounders 
and suitably placed annunciator panels, with additional 
links to operations staff pagers and mobile phones.

When the site is unattended, alarm signals, especially 
fire alarms, must be connected by radio telephone or 
public telephone networks to an externally monitored 
system. If the site has an emergency response team, the 
alarms must also be sent to that team so that at least 
one member responds to the hierarchy of levels of signal.

All staff in the above operations must be kept up to date 
with procedures, modifications to plant, and any other 
issue that has a bearing on their ability to carry out their 
job. Their point of reference, as a minimum requirement, 
would be the service logbook referred to in section 9 of 
this document.

10.2	  Regular compliance inspections
The BA requires regular, periodic inspections be carried 
out by qualified personnel (for example, an Independent 
Qualified Person) for buildings which include the 
“specified systems” listed on the “compliance schedule”. 
Specified systems include automatic systems for fire 
suppression. 

AS/NZS 2381.1 Electrical equipment for explosive 
atmospheres - Selection, installation and maintenance 
- General requirements (SNZ, 2005), clause 4.1, 
requires the person having legal ownership to nominate 
a competent person to carry out or supervise regular 
inspection and testing procedures of explosion-
protected electrical equipment acting as a source of 
ignition. Section 4 of the standard goes on to describe 
suitable methods of inspection and test. The Electricity 
Regulations (MED, 1997) requires re-inspection every 
four years for electrical equipment installed within a 
hazardous area.

10.3	 Traffic and product movement 
The purpose of a coldstore is to preserve the product. 
The purpose of a warehouse is to provide suppliers and 
customers with an effective and efficient operation.

The requirements for traffic and product movement will 
depend on factors such as the products being stored, 
the speed of inventory turnover, whether orders are for 
cartons or pallets, the amount and type of mechanisation 
and automation, and capital constraints.

The coldstore needs to be designed to minimise 
unintentional damage caused by machinery, for example, 
having aisles of sufficient width and installing protective 
bollards. The design also needs to minimise conflicts of 
machinery and people.

The throughput of the product relative to the thermal 
mass will affect the refrigeration requirements. The 
designer should bear in mind operational practicality 
and controllability when providing facilities to retain 
the cooled air. With rapid-opening doors, for example, 
consider the operationally practical door opening time.

Trucks that load or unload under an enclosed 
canopy introduce noxious fumes and diesel soot 
that contaminate the product and building. It may be 
necessary to monitor the air quality and provide passive 
or active methods of air exchange.

10.4	 Maintenance issues 
The design of a cold storage complex can have a marked 
effect on future maintenance expenditure. The choice of 
equipment, materials and construction methods has to 
be balanced between the initial cost and ongoing costs. 
Usually, when the developer is also the owner, this trade 
off between capital and operating expenditure can be 
made in a sensible way.

Maintenance of a cold storage complex must cover 
both the plant and buildings, which each have different 
timing requirements. For example, the equipment in 
refrigeration mechanical systems requires regular on-
demand servicing by skilled technicians from a limited 
pool of skilled labour. On the other hand, building 
maintenance is not usually time-critical and requires a 
different and often more universally available level of 
skill.

Nowadays there are good arguments for outsourcing 
most if not all maintenance requirements. However 
sufficient capacity should exist in-house to let and 
supervise maintenance contracts, and to ensure that 
work is not only done as required, but achieves value for 
money. The speed of response and technical capacity 
are major factors in assessing bids from contractors. 

710Operations
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ACoP	 Approved Code of Practice
ASD	 Aspirating Smoke Detection
ASME	 American Society of Mechanical Engineers
AS/NZS	 Australian Standard / New Zealand Standard
BA	 Building Act
BCA	 Building Consent Authority
BMS	 Building Management System
BRANZ	 Building Research Association of New Zealand
C/AS1	 Clause C/Acceptable Solution 1
CEN	 European Committee for Standardization
DBH	 Department of Building and Housing
DoL	 Department of Labour
DX	 Direct expansion
ELA	 Environmental load-out area
EPS	 Expanded polystyrene
ERMA	 Environmental Risk Management Agency
ESFR	 Early Suppression Fast Response
EU	 European Union
FDC	 Forced Draft Cooler
FHC	 Fire Hazard Category (in NZBC)
FLED	 Fire Load Energy Density (in NZBC)
FM	 Factory Mutual Global
FPA	 Fire Protection Association
FR	 Fire Resistant
FRR	 Fire Resistance Rating
GWP	 Global Warming Potential
HERA	 Heavy Engineering Research Association
HSEA	 Health and Safety in Employment Act
HFC	 Hydrofluorocarbon 
HSNO	 Hazardous Substances and New Organisms
HSNOA	 Hazardous Substances and New Organisms Act
IACSC	 International Association of Cold Storage 		
	 Companies
IFEG	 International Fire Engineering Guidelines
IHRACE	 Institute of Heating, Refrigerating, and Air 		
	 Conditioning Engineers
IIR	 International Institute of Refrigeration
IP	 Ingress Protection
IPENZ	 Institution of Professional Engineers New 		
	 Zealand
IQF	 Individual quick frozen
IQP	 Independent Qualified Person
LED	 Light Emitting Diode
LPC	 Loss Prevention Council (of the UK)
LPG	 Liquefied Petroleum Gas
MAF	 Ministry of Agriculture and Forests
MED	 Ministry of Economic Development
NFPA	 National Fire Protection Association (of America)
NZBC	 New Zealand Building Code
NZFS	 New Zealand Fire Service
NZFSA	 New Zealand Food Safety Authority
OMAR	 Overseas Market Access Requirements
PECPR	 Pressure Equipment, Cranes and Passenger 		
	 Ropeways Regulations 
PFC	 Power Factor Correction
PFP	 Passive Fire Protection
PIR	 Polyisocyanurate

PLC	 Programmable Logic Controller
PUR	 Polyurethane
RCD	 Residual current device
RMA	 Resource Management Act
SCADA	 Supervisory, control, and data acquisition
SE	 Schwer zu Entzünden (German for “difficult to 		
	 ignite”)
SFPE	 Society of Fire Protection Engineers
SKM	 Sinclair Knight Merz
SNZ	 Standards New Zealand
TX	 Thermostatic expansion valve
UK	 United Kingdom of Great Britain and Northern 		
	 Ireland
UPS	 Uninterruptible Power Supply
VSD	 Variable Speed Drive

Appendix A: GlossaryA
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Nature of Substance Classification Examples Threshold quantity above which 
an approved handler is required

Flammable gas 2.1.1A
methane ethane, propane, butane, isobutene, 

ethylene, propylene, LPG, di-methyl ether.
100 kg

Flammable liquid 3.1A Methyl formate (R-611) Any amount

Approved handlers
In some circumstances a hazardous substance has to be 
under the personal control of an approved handler. The need 
depends on the hazardous nature of the substance and the 
quantity involved. An approved handler may be required where 
a refrigerant has a flammable property but as a general rule, 
refrigerants do not have toxic, corrosive or ecotoxic properties 
that require an approved handler. Always check that this is 
the case. The approved filler requirement is separate to and 
different from the approved handler and is dealt with separately. 
An approved handler is not an approved filler and vice versa.

Where anhydrous ammonia is used, the HSNO controls have 
been varied and an approved handler is not required when 
the anhydrous ammonia is contained in equipment that is 
an integral part of the refrigeration system. Any anhydrous 
ammonia stored, for example, for future use will be subject to 
the legislative controls. 

An approved handler is a person who is certified as competent 
to deal with the substance in the specified stages of its lifecycle. 
The lifecycle will include import, extraction, manufacture, 
storage, transport, use and disposal. The qualifications for 
an approved handler are found in the HSNO (Personnel 
Qualifications) Regulations (ERMA, 2001). An applicant 
will need to demonstrate they are competent to handle 
the substance, the operating equipment, and know about 
the protective clothing and safety equipment required. The 
qualifications require some basic knowledge of the hazardous 
substances legislation, mainly information relating to what 
the law is trying to achieve, enforcement issues, the hazard 
classifications, and relevant regulations and approved codes of 
practice. 

The application process is straightforward, particularly if the 
applicant has been trained and knows about the substance, the 
equipment used, and the legislation. A test certifier will issue a 
test certificate to the approved handler if satisfied they have the 
necessary knowledge and experience. The certificate is valid for 
five years from the date of issue. After five years, the approved 
handler must re-apply and demonstrate his or her knowledge is 
up to date.

The test certifier will need evidence of the applicant’s 
qualifications, experience and competence in the following way: 

training providers – if the applicant has completed •	
a training course that covers all or part of these 
requirements he or she can provide the qualification from 
the course
work supervisors – if the applicant has been trained at •	
work or “on the job” a supervisor or manager from the 
organisation can provide evidence. 

Whichever way or combination of ways chosen, the evidence 
provided must describe how the applicant’s knowledge and 
skills were assessed and the results of that assessment.

A test certifier may not need to see the approved handler 
applicant. In most cases the application can be handled 
satisfactorily by mail provided all the necessary evidence is 
provided. These requirements can be discussed with the chosen 
test certifier. There is a list of test certifiers on the ERMA New 
Zealand web site at www.ermanz.govt.nz/search/tc.html

The certificate will specify the classes of substances, the 
lifecycle phases, and any limitations on the approval. Keep 
the certificate safe as it may need to be produced for an 
enforcement officer if requested.

The approved handler must make sure the hazardous 
substances are handled safely, and that they do not cause harm 
to people, or damage to the environment. The nature of the 
substance and the manner in which it is used will determine 
whether an approved handler is needed all of the time or just to 
be available. 

Where an approved handler is required, not everyone handling 
the substance needs to be an approved handler. Another person 
may handle the substance if an approved handler has provided 
guidance to the person actually handling the substance but the 
approved handler must be “available” to provide assistance 
at all times while the substance is being handled. Available 
in some instances may mean present at the location, in 
others it may be acceptable for the approved handler to be 
contacted quickly and if not onsite, be available, for example, 
on a telephone. For toxic, corrosive or ecotoxic substances, 
“available” requires the approved handler to be present at the 
place in person.

An approved handler does not need to be present if the 
substance is secured so that a person cannot gain access to 
the substance without a key or similar device. A substance 
contained within a closed system would normally be considered 
secured. However, the legislation also requires an emergency 
management plan subject to the hazardous nature of the 
substance and the quantity involved. The emergency plan needs 
to consider all likely emergencies, which means even though 
the substance is secure, should an emergency such as a leak 
arise, there must be effective plans in place to deal with the 
emergency.

Refrigerant gases fall within several hazardous substance 
classifications, some are flammable gases or flammable liquids, 
others are oxidising or toxic gases and some are non-hazardous. 
The classifications and threshold quantities depend on the 
classification. For example:

Appendix B: Approved Handlers and Approved FillersB
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The transportation of packaged hazardous substances by 
road does not require an approved handler, provided the Land 
Transport Rules (NZTA, 2005) are followed. 

Approved fillers
A person must not charge a compressed gas container with 
a compressed gas unless the person is an approved filler. 
This applies to both hazardous gases, such as LPG, and non-
hazardous gases, including air, irrespective of the quantity and 
classification. The approved filler requirement is separate to and 
different from the approved handler and is dealt with separately. 
An approved handler is not an approved filler and vice versa.

The Hazardous Substances (Compressed Gasses) Regulations 
(ERMA, 2004), deal with the filling of compressed gas cylinders. 
Everyone who fills a compressed gas cylinder is covered, 
including those working with refrigerant gases and transferring 
the gas from the system into a cylinder. 

A person may fill a cylinder with gas only if satisfied that the 
cylinder is marked correctly, is within its inspection date and 
there is no evidence of damage or corrosion to the cylinder, 
valve or over-pressure protection device that suggests the 
cylinder is unsuitable.

Approved fillers must, for the gases they deal with, be able 
to demonstrate the procedure for safe filling, including visual 
inspection and safe charging of compressed gas into a 
container. They must understand and be able to describe the 
different forms of compressed gases, notably, low-pressure 
liquefiable gas, high-pressure liquefiable gas, permanent gas, 
and gas that may be held at cryogenic temperatures. They must 
know about factors that can cause failure of a compressed 
gas container and the consequences of a failure of a container 
associated with the different forms of compressed gas, 
including asphyxiation. 

The application process is straightforward particularly if the 
applicant has been trained and knows about the substance 
and the equipment used. Unlike the approved handler they 
need not know the details of the legislation. A test certifier will 
issue a test certificate to the approved handler if satisfied they 
have the necessary knowledge and experience. The certificate 
is valid for five years from the date of issue. After five years the 
approved handler must re-apply and demonstrate that his or her 
knowledge is up to date.

The test certifier will need evidence of the applicant’s 
qualifications, experience and competence in the following way: 

training providers – if the applicant has completed •	
a training course that covers all or part of these 
requirements he or she can provide the qualification from 
the course
work supervisors – if the applicant has been trained at •	
work or “on the job” a supervisor or manager from the 
organisation can provide the evidence. 

Whichever way or combination of ways chosen, the evidence 
provided must describe how the applicant’s knowledge and 
skills were assessed and the results of that assessment.

A test certifier may not need to see the approved handler 
applicant. In most cases the application can be handled 
satisfactorily by mail provided all the necessary evidence is 
provided. These requirements can be discussed with the chosen 
test certifier. There is a list of test certifiers on the ERMA New 
Zealand web site at www.ermanz.govt.nz/search/tc.html

The certificate will specify the forms and classes of gases and 
types of containers that the approved handler may work with. 
Keep the certificate safe as it may need to be produced for an 
enforcement officer if requested.

If the applicant has already attended a training course or has 
received instruction and has experience filling cylinders, this 
should be sufficient. The applicant will, however, need to confirm 
their level of training and experience, and a supervisor and/or 
trainer should sign the certificate. 

Clearly, there is a need to train people in the filling operation. 
Any trainee must gain both the theoretical and practical 
experience. The trainee must be directly supervised, that is, 
the approved filler must be in attendance during filling, until the 
trainee is judged to have the necessary skills. Unsupervised 
filling of cylinders can only be done by a certified approved filler.
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The following is a generalised version of a hot work permit used by one company and is not a required format. It is applicable to all 
operations involving welding and cutting equipment. Attach the permit to equipment while in use.

Site Name and Location:

Date:

Name of person carrying out work:

Company:

Name of fire watch person:

Type of equipment used:

Exact location of work:

Start Time:

Finish Time (including 30 minute fire watch):

This work permit is issued subject to the following items being identified and risk of fire hazard reduced to a minimum.

Check fire protection system is in service.•	
Cutting and welding equipment is in good repair.•	
If location of works identifies that smoke detectors, heat detectors are within working area, ensure that they are •	
isolated.
No combustible liquids, vapours, gasses or dust are present.•	
All combustible material has either been removed or suitably protected against heat and sparks.•	
All wall and floor openings are covered.•	
Extinguisher / hose reel to be provided.•	

Work on enclosed equipment (for example, tanks, containers, ducts and dust collectors) require the following additional 
checks.

Equipment cleaned of all combustibles.•	
Containers purged of flammable vapours.•	

Fire Safety Equipment:

Fire Blanket: Yes 
Water Hose: Yes
First Aid Kit: Yes 

Other: ________________________________

Number of Extinguishers: 

Type: _________________________________

Work area and all adjacent areas to which sparks and heat might have spread were thoroughly inspected on completion 
of the works and 30 minutes later no smouldering fires were discovered.

Authorised By:

Name and Signature of Site Manager	 :						      Date:

Name and Signature of person carrying out works:					     Date:

Appendix C: Example “Hot Work” PermitC
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