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Executive Summary 

This report as well as the associated project work described have been completed in partial fulfilment 

of the Master of Engineering Management degree at the University of Canterbury. The primary 

objective of the project was to identify and deliver energy saving projects within Cold Storage Nelson 

Ltd (CSN) which total 2 GWh per annum. 

The storage of goods is a relatively low margin business, and so in order to be profitable it is crucial 

that CSN’s operating expenses are kept to a minimum.  After wages, electricity consumption is the 

second largest operating expense for CSN.  Any reduction in energy consumption or increase in 

efficiency can have a large impact on business profitability. 

In the first part of this report, a brief history of refrigeration and cold storage technology is given as 

well as the current status quo.  Relevant thermodynamic principles and common operating 

philosophies have also been explained as further background knowledge.   

The second part of the document introduces the cold stores owned and operated by CSN as well as 

providing a summary of an investigation into the power consumption trends, the relevant variables 

which need to be considered, and the parts of the refrigeration plant which should be focussed on. 

From this investigation, opportunities for energy savings were identified and recommendations made 

to the company for reducing energy consumption.  A number of these recommendations were able 

to be actioned within the project timeframe and so the projects and the associated savings have been 

summarised. For three of the projects, further detail has been provided into the actual delivery. These 

include the installation of VSD’s on pre-cooler fans, the rearrangement of evaporative condensers, 

and the upgrade of evaporator fans to utilise EC motors. Particular focus was placed on the feasibility 

studies and project management as these allowed for the application of a wide range of skills and 

material which was developed throughout the MEM course material. 

A total of 20 implemented projects have been described in brief, as well as 17 further projects or 

initiatives which have been recommended to further improve the efficiency of CSN’s energy 

consumption. The key limitation of all energy projects described (both delivered and recommended) 

is that the exact savings cannot be guaranteed due to the high variability in operating conditions and 

throughput. Best estimates have been made using historical trends and predictions of future use. In 

total approximately 2.25 GWh of annual energy savings were achieved which equates to around 16% 

of the business energy consumption and $270,000. 
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1 Project Introduction 

The primary objective of this project was to identify and deliver energy saving projects to the project 

sponsor which have a combined annual saving of at least 2 GWh. The project sponsor is Cold Storage 

Nelson Ltd (CSN), a third-party cool store operator, and all work was carried out on sites owned by 

CSN in a form of internal consultant role.  

This report begins with a literature review of the cold storage industry in Chapter 2. This includes the 

history of refrigeration as well as theoretical explanations of basic processes and the plant equipment 

which is typically required for a cold storage plant. The review also summarises the need for cold 

storage and investigates the theory behind refrigerant selection and plant operating philosophies.  

CSN consists of four cold stores around New Zealand of which all are transitional facilities, meaning 

they are MPI (Ministry of Primary Industries) approved to be the first and last point of contact for 

product being imported and exported from New Zealand.  The plant which was primarily focused on 

for developing an understanding of energy usage is CSN Richmond, as this is where the most data and 

information was initially available, as well as being the location of the CSN head office.  The Richmond 

plant is located centrally in the fruit growing region of Tasman, and is mostly used to store berries, 

blackcurrants, apples, pears, and kiwifruit.  Product is stored to preserve it both for domestic usage 

and export.  A more detailed description of CSN as a business, and in particular the Richmond site can 

be found in Chapter 3. 

Chapter 4 describes the initial phase of the project which was to provide an overview of CSN’s energy 

usage patterns, and the influences behind these, to develop a baseline against which energy savings 

can be measured. The chapter begins with a description of the investigation, including the installation 

of relevant measurement systems and devices. The results from this exercise are then presented, with 

key variables which affect the energy consumption identified. The final section of this chapter provides 

a summary of some optimisation projects identified and outlines the strategic decision-making 

process which was carried out to prioritise which projects are most beneficial to the business and 

should therefore be delivered first. 

The next 3 chapters delve into more detail for 3 of the key projects chosen. Each chapter describes 

the project as well as its delivery in detail from start to finish. A background of the initial situation for 

each project is provided, as well as the development of a project purpose, business case, and 

explanation as to where savings have been identified. Both savings and cost estimates are made for 

each project to allow for financial analysis and an examination into project feasibility to be carried out. 

The project delivery is then described, detailing scope, schedule, and my involvement as an MEM 
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student. A summary of key project risks as well as an insight into the project team and their roles is 

also provided. Each chapter is then concluded with technical savings data, and a project summary, 

including the energy savings contributed to the overarching project goal. The 3 projects in focus are 

the installation of VSD’s on pre-cooler fans in Chapter 5, the rearrangement of evaporative condensers 

in Chapter 6, and the upgrade of fixed speed asynchronous fan motors to EC fans in Chapter 7. 

Chapter 8 provides brief summaries of other projects which were delivered, however, to avoid 

repetition and restrict the length of this report, the descriptions here are shorter and do not detail 

any of the project management or delivery carried out. Similarly, Chapter 9 provides some short 

overviews of other project opportunities, within CSN, which have been identified and recommended 

as a result of this investigation. These are projects which have not yet been carried out, either due to 

not fitting within the project timeframe or exceeding financial constraints imposed by business cash 

flow in this time. They should, however, provide further opportunities for CSN to reduce its power 

consumption in the future. 

Chapter 10 summarises the total energy savings achieved by CSN across the cumulative portfolio of 

projects. Additionally, some methods have been described which aim to ensure that the savings which 

have been made are maintained as the business continues its operation in the future. Ongoing 

monitoring systems, and policies which commit to future investment in energy savings, were 

developed and recommended to CSN, to help the company continue to improve the sustainability of 

its operations. 
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2 Cold Storage Literature Review 

2.1 Introduction 

This section will give a basic overview of refrigeration and cold storage technology.  It will begin by 

looking at why human society has developed a need for refrigeration and how this has developed 

throughout history.  It will then look at cold stores themselves, their features, key pieces of equipment, 

and operating principles.  Some basic concepts of refrigeration will also be outlined to highlight the 

technical background to the project aims.   

Refrigeration plays a massive part in sustaining modern lifestyles.  The amount of both domestic and 

industrial refrigeration is rising every year due to an increased demand from various industries and 

global warming.  Refrigeration accounts for over 17% of the total global electricity consumption 

(International Institute of Refrigeration, 2015).  Refrigeration itself is a very energy intensive process 

and so any minor improvements to the efficiency or advancements in technology have the potential 

to have huge energy reductions. 

This project, and hence this literature review, will focus on large scale cold storage facilities, their 

energy usage, and opportunities for improvement.  Globally there are 616 million m³ of refrigerated 

warehouses which equates to 200 litres per urban resident (GCCA, 2018). 

The basic concept of refrigeration has been around for thousands of years since ancient civilisations 

such as the Chinese, Greeks, and Romans harvested snow and ice to cool food and drink.  For hundreds 

of years ice became an important commodity (Krasner-Khait, 2020).  Evaporative cooling was used by 

Egyptians to cool jars of water as early as 3000 BC.  However, artificial refrigeration using cooling cycles 

was only properly developed in the early 19th century and prior to this, all ice was excavated and 

transported from natural formations (Burstall, 1965).  The first closed refrigerant cycle was developed 

by William Cullen in 1748 and used water as a refrigerant (Devotta, 2014). Cullen used an air pump to 

achieve extremely low pressure and boil water at low temperatures.  As some of the water 

evaporated, it drew energy from the water which remained, this resulted in some of the water turning 

to ice.  In 1834 the first vapour compression machine was patented by Jacob Perkins as an "Apparatus 

and means for producing ice, and in cooling fluids".  For the remainder of the 19th century, steady 

improvements were made to refrigeration technology, and various scientists contributed to the 

development and experimentation for new refrigerants and refrigerant cycles.  The work of Carl Linde 

was significant in the development of ammonia compression cycles (Dincer & Kanoglu, 2010; Perkins, 

2018). 
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The art of refrigeration has become a crucial technology to supporting the consumption habits of our 

ever-increasing population.   Meeting year-round consumer demand and providing products across 

the globe means refrigeration is now more important than ever.  New Zealand is particularly 

dependent on refrigerated shipping due its large meat export industry.  The first successful shipment 

of meat from New Zealand occurred in 1882 when 5000 frozen sheep carcasses were delivered to 

Britain (Ministry for Culture and Heritage, 1882).  

Modern cold storage facilities have been built to store product for export but also store local product 

for supermarkets, considerably extending the time frame for which different perishable foods can be 

sold.  They are now a key part of the food supply chain. 

1.1 Product Spoilage 

Most product which is refrigerated in cold storage is food, whether this be fruit, vegetables, meat, 

dairy, or something else.  Most food begins to deteriorate immediately as soon as it is harvested, 

slaughtered, or produced.  This deterioration or spoilage is mainly down to two processes.  The first is 

the growth of microorganisms such as bacteria in the food which reproduce and grow taking the 

nutrients from the food, and often changing the appearance, taste, and texture.  The second which 

only happens in fruit and vegetables is natural ripening (Garcha, 2018).  The ripening process is a 

natural chemical reaction where the flesh surrounding the seeds rots to provide nutrients for the seed 

to grow wherever it may land in nature.   These two processes are difficult to prevent; however, they 

can be slowed down using refrigeration.  By reducing the temperature, the rate of the chemical 

ripening reaction is slowed, similarly the activity of the microorganism’s present is slowed (Schmid & 

Purello, 1995). The extended storage life of some common products when chilled can be seen in Figure 

1 below. 
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Figure 1: Extended storage life of common fruit and vegetables under cold storage conditions (CRS Cold Storage, 2018) 

1.2 Types of Storage 

 Blast Freezers 

A blast freezer is a freezer which is used to cool product down very quickly.  This is done by having an 

extremely high air circulation rate of cold air (Atkins & Escudier, 2013).  Regulations for how product 

needs to be stored vary considerably depending on the product type and where it will be sold.  Often 

there is a requirement for the product to be pulled down to set point, within a certain period of being 

harvested.  For this reason, blast freezers are particularly important, and the fans in a blast freezer are 

usually the largest and most powerful of all the rooms in a cold storage facility.  Consequently, they 

also draw the most power which means they should only be used at full power during rapid pull-down.  

It is particularly important that product is stacked correctly in pre-cooler rooms, to ensure good 

airflow.  

Produce Type 
Optimum 

Temperature °C 

Optimum 

humidity% 
Storage life 

Apples 1-4 90-95 Up to 12 months 

Bananas 13-16 80-95 Up to 3 weeks 

Blackberries and 

raspberries up to 

Berries (incl. 
0 90-95 

3 days, 

Strawberries) strawberries and 

cherries up to 7 

days 

Grapes 0 85 Up to 8 weeks 

Nectarines, plums 
0 

and peaches 
90-95 Up to 5 weeks 

Pears -1-0 90-95 Up to 7 months 

Broccoli and 
0 

cauliflower 
95-100 Up to 4 weeks 

Mature, up to 9 

Carrots, mature months and 
0 98-100 

and immature immature up to 6 

weeks 

Onion, white and 
0 

red 
65-70 Up to 8 months 

Lettuce 0 98-100 Up to 3 weeks 
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 Chillers / Freezers 

Chillers and freezers are large, refrigerated warehouses which contain air and are used to store 

product at specified temperatures.  Chillers are usually kept between 0 and 7 °C.  Freezers are usually 

kept between -25 and -18 °C (IPENZ, 2009). 

 Controlled Atmosphere 

Controlled Atmosphere (CA) storage is an enhanced method of storage where, in addition to 

temperature control, the concentrations of oxygen, carbon dioxide, and ethylene are regulated. This 

is done to reduce the rate at which fruit ripens and further extend the storage period with minimal 

loss in product quality.   

Of the gases which are monitored, ethylene must be the most closely controlled, as quantities as small 

as 0.1 ppm can accelerate ripening in kiwifruit to an unsustainable rate, becoming fully ripe in under 

3 weeks from harvest even at 0°C (BMT, 2017).  Once this ripening has begun it can be extremely 

difficult to stop and fruit can quickly become over ripe and spoiled (Bapat et al., 2010).  Kiwifruit 

produces ethylene as it ripens, meaning it needs to be constantly removed.  If one batch of kiwifruit 

ripens prematurely, the ethylene produced can cause an entire room to ripen. 

From a business perspective, CA is more energy intensive due to the additional monitoring and 

nitrogen generation which is required, however, it is also considerably more profitable as fruit can be 

stored for up to 4 times longer and charged accordingly (Hyodo & Fukasawa, 1985).   

 Dry Stores 

Dry stores are used for the storage of products which do not need to be stored in a climate controlled 

environment (Maryland Gas, 2017).  Although not technically cold storage, it is not uncommon for dry 

stores to be included in a facility as a method of revenue diversification.  Dry stores typically produce 

the least profit and are the cheapest to run.   

1.3 The Refrigeration Cycle 

The second law of thermodynamics means that heat will always flow spontaneously from a hot object 

to a cold one (Ben-Naim, 2010).  The reverse is non-spontaneous and hence requires work to be put 

in to achieve this.  This process is called refrigeration.   

A fluid requires an energy input from its surroundings to evaporate, in contrast, when the fluid 

condenses this same energy is released again.  This energy is known as latent heat.  The temperature 

at which this phase change takes place can be manipulated through pressure.  At high pressures, the 
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boiling / condensing temperature is high and while at lower pressure it is reduced.  For this reason, 

the refrigerant pressure in the condenser must be relatively high and is dictated by the environmental 

temperature.  In contrast, the evaporator pressure must be relatively low and is adjusted in 

accordance with the desired cooling temperature (Perry & Green, 2008).   

There are four key parts to the cooling loop in any refrigeration cycle, which are essential in enabling 

the transfer of energy from a cold environment to a relatively warmer one.  These are the compressor, 

condenser, the expansion valve, and the evaporators, as seen in Figure 2.  The evaporators and 

condensers facilitate the heat exchange to and from the refrigerant as it changes phase, while the 

compressor and expansion valves manipulate the system pressure to make this possible.  

Compressor

Expansion 
Valve

Evaporator Condenser

Fan

LP Vapour  HP Vapour

HP LiquidLP Liquid + 
Vapour

Cold Air Warm air

 

Figure 2: Basic vapour compression refrigeration 

1.4 Thermodynamics 

Figure 3 below shows the behaviour of a refrigerant fluid as it undergoes a refrigeration cycle.  

Underneath the curved line is the two-phase region, where a mixture of liquid and vapour exists.  To 

the left is pure liquid and to the right is pure vapour.  The cycle begins with a compression step, and 

the vertical distance between 1 and 2 represents the pressure generated by the compressor, while 

the horizontal distance is the increased enthalpy which results from this compression.  Enthalpy is a 

function of temperature and so the temperature rises considerably during this step.  This higher 

temperature provides the temperature gradient for heat exchange with the condensing fluid in the 

next step.  At point 2 the refrigerant enters the condenser where it undergoes a phase change at 

constant pressure.  During this stage the refrigerant transforms from a gas to a liquid which is a much 

lower energy state, energy is released by the refrigerant.  The stage between 3 and 4 occurs in the 

.. 
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expansion valve.  The refrigerant expands and as a result the temperature is reduced.  Some liquid 

boils off during this expansion and due to the mechanics of the valve, the remaining fluid is often 

atomised.  Due to the lower boiling point, and increased surface area, the refrigerant is now more 

willing to vaporize.  The expanded liquid is now cold enough to spontaneously remove energy from 

the cold source.  As can be seen on the graph as, the area under the phase line is wider as you get 

lower down.  This means that the lower the pressure the more energy can be absorbed from the cold 

source to facilitate the phase change.  The last step between point 4 and 1 on the diagram represents 

the evaporator and this distance is the amount of enthalpy which is removed from the item which is 

being refrigerated (Perry & Green, 2008). 

Figure 3: Pressure (P) vs Enthalpy (h) diagram showing the characteristics of a refrigerant as it undergoes a refrigeration cycle 

Every refrigerant has a p-H diagram which is shaped slightly differently.  The shape of the p-H diagram 

illustrates how effective the fluid is as a refrigerant. 

1.4.1 Coefficient of Performance (COP) 

The coefficient of performance is used as a measure of performance for both heating and cooling 

systems.  In refrigeration systems it is the ratio of useful cooling (𝑄𝑒𝑣𝑎𝑝) provided and the work (𝑊) 

required to provide it. 

 
𝐶𝑂𝑃 =

𝑄𝑒𝑣𝑎𝑝

𝑊
  

The higher the COP, the more energy efficient the refrigeration system is.  COP is influenced by the 

refrigerant used as well as the suction and discharge pressures of the compressor, and the amount of 

superheat.  Typical values of COP are between 2 and 9 (Schaschke, 2014). 

1.5 Refrigerant Selection 

A refrigerant is any fluid which is used as the working fluid and “heat carrier” in a refrigeration cycle.  

Any fluid can be used as a refrigerant, so long as it can exist in a liquid and a vapour state around the 

desired operating temperature; however, some are better than others.  The selection of the correct 

.    Critical Point 

Liquid                                                                      Vapour 

 

                       Two-phase region 

, 
/ 

/ 

Pcond L-------;~---:::---~r----:7 
P(Mpa) 

Enthalpy h (kJlkg) 
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refrigerant for the application is important.  The first and most important parameter which must be 

considered is the boiling point of the refrigerant. To remove energy from its environment, the 

refrigerant must be able to evaporate at a temperature lower than the set point for the object being 

cooled.  It should do this at a reasonably practicable pressure.  Beyond this fundamental criteria, there 

is several other desirable characteristics which should be prioritized and selected for, no refrigerant is 

perfect for every application.  From a safety point of view flammable, corrosive, and poisonous 

refrigerants should be avoided, however, some of these traits are sometimes forgone if its other 

physical properties are a good match (Westfalen AG, 2018).  Thermodynamically, a high heat capacity, 

good pressure ratio, low critical temperature outside the working range is selected for.  High suction 

gas density is also favourable (Hundy, Trott, Welch, & Welch, 2008).  The refrigerant should be 

chemically stable and not have any dangerous reactions with water or air.  Mixing well with oil is also 

important for many refrigeration systems which use oil in the compressors.  For fluids which are 

gaseous at atmospheric conditions, it is advantageous to be coloured or have an odour, to help detect 

any leaks.  There are also environmental restrictions on such gases which mean that anything which 

has an Ozone Depletion Potential cannot be used.  Similarly, refrigerants with a global warming 

potential should also be selected against as these have limitations and may be banned in the future 

(ETSU, 2000a).  A timeline of the usage of refrigerants throughout history can be seen below in Figure 

4. 

 

Figure 4: Timeline of refrigerant usage (Hundy et al., 2008) 

Ice 

1900 

CFCs invented 
by Midgley 

Methy.l chloride 

R744 carbon dioxide 

1930 1950 

HC R290, et~. 

R502 R22, etc. 

1990 2000 2008 
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1.5.1 Ammonia 

Ammonia (NH3) is a widely used refrigerant.  It has a very high latent heat value which means it can 

provide a greater refrigeration capacity for the same volume than many other refrigerants.  Table 1 

shows the pressures of ammonia at typical system temperatures. 

Table 1: Table of typical ammonia temperatures and pressures required for cold storage refrigeration 

Condition Temperature (°C) Pressure (bar) 

Summer Atmospheric 25 10.03 

Winter Atmospheric 15 7.29 

Chiller -10 2.91 

Freezer -35 0.93 

1.6 Typical Plant Equipment 

1.6.1 Compressors 

The key piece of equipment in a vapour compression refrigeration cycle is the compressor.  

Compressors are comfortably the largest energy consumers of any refrigeration cycle as this is where 

the work is put into the system by reducing the volume of the gas and increasing its internal energy.   

Compressors perform two key functions in a refrigeration loop.  Firstly, they compress the refrigerant 

gas, thereby increasing its temperature and allowing it to condense in the condensers.  Secondly, the 

low suction pressure which results from the compressor operation, serves to circulate the refrigerant, 

and effectively pump it from the evaporators (Dincer & Kanoglu, 2010). 

It is important that compressors are sized to match the refrigeration load as closely as possible.  

Compressors generally perform most efficiently at full capacity and so should not be over-sized.   

There are several types of compressor and the selection of the correct one to suit an application is 

critical in achieving reliable performance (Bartos, 2006).  In refrigeration there are two types, which 

have been developed and, are most commonly used. There are distinct operational benefits and 

disadvantages for each, and so it is important to choose the correct type to suit the application. 

 Piston Compressors 

Piston compressors, a type of reciprocating compressor, are one of the oldest and most established 

compressor technologies.  They operate by compressing small batches of gas at a time in a cylinder.  

The piston is driven by a rotating crank mechanism from a motor.  As the crank turns the piston is 

pushed up and down the cylinder.  As the piston moves away it creates a low pressure which draws 

the gas in from the inlet side, the piston then compresses the gas to a certain pressure before it is 

1.6.1. 1 
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released through the discharge valve.  Both the inlet and outlet valves are usually spring loaded check 

valves which are calibrated to operate to open at specific discharge and inlet pressure ranges. 

 

Figure 5: Piston compressor diagram (National Programme on Technology Enhanced Learning, 2018) 

The efficiency of reciprocating compressors is good at a range of partial loads.  The main drawback for 

piston compressors is that there are lots of moving parts.  This means they are much noisier and are 

inherently subject to more wear and tear over time, meaning higher maintenance costs (Chawla, 

2018).  If they are not properly maintained, piston compressors can be very expensive. 

 Screw Compressors 

Screw Compressors are generally made up of two interlocking screw-like rotors which rotate and 

compress the gas as it travels along the length of the compressor.  There is a male and a female rotor 

which fit inside each other and rotate at the same speed.  

 

Figure 6: Labelled diagram for a twin screw compressor (Sarangi, 2018) 

1.6.1.2 
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Screw compressors are generally more expensive than piston compressors, and do not perform as 

efficiently at partial capacity (throughput).  However, there are several benefits.  A key advantage of 

screws over reciprocating compressors is that there are only two moving parts.  Depending on the 

design, the screws do not touch each other and if they do there is no friction as they are rotating at 

the same speed.  This is beneficial as it significantly reduces any wearing of parts and means that much 

less heat is produced than in a reciprocating compressor where the piston rings are constantly rubbing 

against the sides of the cylinder.  A seal between the rotors is formed using an oil as lubricant.  This 

oil also serves the purpose of removing heat from the compressor to protect the motor.  Screw 

compressors are usually fitted with an oil pump which pumps the oil through a heat exchanger to be 

cooled (Chawla, 2018).  

1.6.2 Evaporators 

The evaporators are where the heat is removed from the cold stores.  The refrigerant fluid flows into 

the evaporator as a liquid, and then vaporises drawing energy from the surrounding air.  The 

effectiveness of evaporators increases with surface area and so it is important for the evaporators to 

be as large as possible, because if there is more heat exchange area then the refrigerant liquid does 

not need to be as cold.  A 1 °C drop in evaporator temperature represents approximately 2-4% 

additional running costs (ETSU, 2000b). The evaporators are the coldest point in the store and given 

air can hold less moisture when it is colder, there is often moisture which is deposited on the 

evaporator surface from the air that is passing through.    This moisture freezes and forms ice, which 

reduces air flow and heat transfer to the coils.  Removing moisture from the air also dries out any 

product in the room, increasing product shrivel which is undesirable.  By increasing the evaporator 

area and having a higher evaporating temperature, less moisture is removed from the air.  

Nevertheless, even with large coils, this will still occur in rooms operating below 0 °C, therefore regular 

defrosts are required.  Methods of defrost are explained in Section 1.7.2.    

Evaporators are usually made of metal and will often be equipped with fins or intricate surface designs 

in order to increase surface area.   

1.6.3 Condensers 

The condenser is a critical yet often over-looked part of any refrigeration system.  Condensers, are 

heat exchangers where the refrigerant vapour condenses into liquid form, thereby expelling heat from 

the system to a heat rejection fluid or the environment.  Similar to for evaporators, the condenser 

pressure and temperature can greatly effects the system efficiency. A 1°C drop in condenser 

temperature can reduce total energy consumption by as much as 2% (Ayub, 2003).  There are three 

types of condensers which are commonly used in the refrigeration industry.   
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 Water-cooled condenser 

Water cooled condensers are effective and simple heat exchangers which use water to carry away the 

rejected waste heat.  They are widely used and present a good, compact, and efficient option if there 

is a large water supply readily available.  However, as water becomes a more precious resource, water 

cooled condensing is becoming more expensive.  A water pump is required and is the only electrical 

power user in a water-cooled condenser system.  Depending on the water source, treatment is often 

required to prevent maintenance and ensure constant heat transfer (Smith & Parmenter, 2016).  

 Air cooled condenser 

Air-cooled condensers generally lead to a much higher energy consumption than water cooled.  Air 

has a much lower specific heat than water and therefore a significantly larger volume is required to 

remove the same amount of energy.  This means large fans are often required which will likely use 

more energy than the pumps used in water-cooled condensing.  Another disadvantage of using air is 

the higher condensing temperature.  The second law of thermodynamics means the refrigerant which 

is being condensed must be at a higher temperature than the cooling fluid.  Usually ambient air is 

warmer than the water available which would be used for water-cooled condensing.  This means that 

the condenser pressure must be higher, and the compressor must do more work (Raveendran & 

Sekhar, 2017).   Air cooled condensers are often installed in small systems, due to their low initial cost 

and maintenance requirements.  Other advantages include the elimination for the need for a water 

source, as well as associated piping and treatment facilities.    

 Evaporative condenser 

Evaporative condensers combine both air and water to produce a more efficient heat removal device.  

The latent heat of water is the main heat transfer driver as water is sprayed over the refrigerant piping 

from above, covering the outer surfaces and evaporating off using heat drawn from the refrigerant 

(Dincer & Kanoglu, 2010; Wang & Yang, 2018).  As can be seen in Figure 7 below, water which is not 

evaporated, is recirculated by a pump, with any evaporation losses being replaced from a water 

supply.  Cool dry air gets sucked in the bottom and flows in counter current to the water, picking up 

any water vapour produced before exiting from the top of the condenser as a warm saturated 

discharge.  The refrigerant flows downwards through the piping and condenses back to liquid form as 

it dissipates heat to the passing water and air.   

1.6.3 .1 

1.6.3.2 

1.6.3.3 
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Figure 7: Diagram of the material streams in an Evaporative Condenser (Parinam, 2018) 

1.6.4 Fans 

Fans are an essential part of any cold storage application.  They are responsible for the movement of 

air across the heat exchangers both in the cold rooms at the evaporator and at the condenser (in the 

case of air-cooled or evaporative condensing).  Equally crucial is uniform air movement and 

distribution within the stores and over the product being stored.  Air is the only fluid which is used to 

carry heat away from the product so effective fans and product arrangement is essential for a cold 

store to perform its basic function (IPENZ, 2009).   

Generally axial fans are used in cold stores are usually placed to blow or suck air through the 

evaporators.  Axial fans can be further divided into direct drive or belt drive.  For belt driven fans the 

motor is independent of the fan itself and is connected via a belt.  Benefits of belt drive are a greater 

flexibility in terms of RPM and less obstruction of air flow due to the motor itself.  Direct drive implies 

the motor is directly fixed to the fan blades themselves and will therefore turn at the exact same 

speed.  Advantages of this arrangement include less moving parts meaning less maintenance, less 

frictional losses, meaning a higher efficiency (Industrial Fans Direct, 2013). 

1.7 Operating Philosophies 

The method by which the plant is designed and operated can vary significantly depending on what is 

deemed a priority.  Different design priorities include simplicity, initial capital expenditure, 

maintenance costs, energy usage, reliability, and performance.  

1.7.1 Refrigerant Circulation 

There are two different approaches which are commonly used for refrigerant circulation in cold 

storage applications. These are direct expansion and flooded evaporator systems, each has been 

described below. 
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 Direct Expansion 

Direct expansion systems are a common form of refrigeration and are characterized as such because 

all the refrigerant which enters the evaporators is vaporized. This is the most basic type of refrigeration 

loop as described in Figure 2.  Refrigerant flow is caused by the pressure difference in the compressor 

suction which draws from the top of the evaporator and the liquid pressure which is fed (Ref Wiki, 

2017).  The low pressure from the compressor suction, helps the liquid evaporate, drawing its energy 

from the air flowing over the coils.  Direct expansion evaporator coils are made up one continuous 

pipe through which the refrigerant flows.  As the refrigerant flows, the vapour fraction becomes higher 

and there is usually a definite boundary between liquid and vapour within the coil.  Refrigerant flow 

and hence cooling capacity is controlled by a thermal expansion valve at the inlet to the evaporator 

coil.  Here the high-pressure liquid is depressurized to the evaporator pressure.  This should result in 

a temperature lower than that of the air being cooled.   

Direct expansion systems are advantageous from an energy point of view as refrigerant volumes are 

less and compressor suction drives circulation reducing energy consumed by circulation pumps 

(Rosler, 2008). 

An issue with direct expansion evaporators is the separation of gas and liquid in the coils.  This can 

mean that the inner surface of the coils is not properly wetted resulting in reduced heat transfer 

capacity.  To avoid this distributors are often built into direct expansion coils to aid mixing of the 

refrigerant within the coils (Nelson, 2008; SRC, 2001).  Direct expansion systems are also vulnerable 

to oil from the compressors building up in the coils as this does not evaporate. 

 Flooded Evaporators 

Also known as a liquid overfeed system.  In flooded evaporator systems, not all the refrigerant which 

enters the evaporator evaporates, and there is an excess of refrigerant which passes through the coil.  

As there is only partial evaporation, this means that the return line from the evaporator contains two-

phase flow.  For this reason, flooded evaporator systems require there to be a receiver vessel which 

operates at a lower pressure for the return line to flow into.  This vessel acts as a separator and is 

essential as without it there would be liquid drawn into the compressors, which can cause major 

damage (Bauer, 1990).  The return line from the evaporators is still drawn into the pot using the 

compressor suction, however, this draws from the top of the pot rather than directly on the 

evaporator outlet, thereby allowing liquid to be separated and protecting the compressor.  The other 

function of the pot is that, given that a large proportion of refrigerant returns as cold liquid this can 

be recirculated to the evaporators, without the need to be recompressed and cooled.  As a result, the 

1.7.1. 1 

1.7.1.2 
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refrigeration loop effectively operates as two separate loops which circulate at different flowrates and 

intersect and exchange in the pot.   

 

Evaporators

Compressor

Condenser

Pot

Liquid 
Pump

Low Pressure Side

High 
Pressure 

Side

 

Figure 8: Single stage flooded evaporator system 

In the high-pressure side, refrigerant gas is drawn off the top of the vessel and compressed in the 

compressors, from there it is driven by pressure to the evaporative condenser where it releases energy 

to the environment as it condensates back to a high-pressure liquid.  The high-pressure liquid flows 

into the receiver from which it is fed back into the pot as required.  When the high-pressure liquid is 

released into the pot a portion flashes off due to the large reduction in temperature and pressure.  

This is an inefficiency with this system configuration as this flash gas then needs to be recompressed 

without any actual cooling effect being gained (Afonso, 2017). 

On the low-pressure side / loop of the system, the refrigerant begins as cold liquid and is pumped 

from the bottom of the pot up to the evaporators which are usually located high up.  The ammonia is 

pumped through the evaporator coils where it is partially evaporated, and the resulting two-phase 

mixture is returned into the pot.  The liquid portion can then be recirculated by the pumps, while the 

gas portion is compressed and cooled. 

To control amount of refrigeration delivered to the rooms, there are a couple of things which can be 

manipulated.  These include liquid temperature, fan speed, and inlet valves to the evaporators. 

Although flooded evaporator systems represent some wasted pump energy in a steady state system, 

they represent distinct operating advantages for a reactive system where the load is constantly 

changing (Paranjpey, 2009).  This is especially true in a plant with many independently controlled 

rooms and evaporator coils.  A constant circulation rate can be set allowing machinery to operate at 

design specification and a surplus of liquid ammonia in the evaporators ensures a wetter inner surface 

achieving a better overall heat transfer coefficient and thereby optimizing the surface area of the coil.  

Another advantage is that refrigerant gas which leaves the evaporators is near its saturation point 

• -----



MEM Project Report  Cold Storage Nelson Ltd  Robbie Foulkes - 98390258 

 
17 

 

with minimal superheat, this results in lower compressor discharge temperatures, reducing 

maintenance issues. 

1.7.2 Defrosts 

Accumulation of frost on evaporator coils is an inconvenient yet often unavoidable part of forced air 

refrigeration.  When humid air passes through the evaporator condensation is formed on the cold 

coils.  This is because the air is cooled, and chilly air cannot hold as much moisture as warm air.  At 

temperatures below freezing, the condensate freezes on the coil forming frost and ice.  The layer of 

ice causes the thermal resistance separating the refrigerant and the air flow to be increased 

dramatically and the air channels through which the air passes can become blocked. These two factors 

significantly reduce the heat exchange efficiency.  For this reason, a defrost strategy needs to be in 

place to periodically remove this icy build up.  For chillers and rooms above zero degrees, a natural 

defrost can take place, by just closing the refrigerant supply and waiting (Rainwater, 2009), however, 

this can take a long time and may be impractical. This method is not possible for freezer rooms (below 

0°C) and so other more purposeful methods need to be used.   

It is also important to apply the same defrost method to the drip trays and drainage as the coils 

themselves.  If this is not done, then the ice will just refreeze in the drains after it has melted from the 

coils; this can be very problematic causing blockages and flooding.   

 Electric Defrost 

Electric defrost systems use an electric heater which is installed behind the coils.  This is an inefficient 

method of heating the coils and a substantial proportion of the heat is lost into the room rather than 

onto the coils themselves.  This amount is estimated to be as high as 70% meaning defrost cycles take 

much longer than they need to and the thermal load on the room is increased significantly (Kalume, 

2017).  Additionally, ice on the coils which is on faces of the coil facing away from the heater is less 

likely to melt as quickly, meaning the defrost is less effective.  Depending on design the heater, will 

likely restrict air flow and provide resistance which is another negative aspect to electric defrosts.  

 Water Defrost 

Water defrost is a commonly implemented solution.  The method works by spraying tap water onto 

the coils from above and allowing it to drop down over the evaporator coils before being collected in 

a drip tray.  As the water runs over the coils it slowly melts the ice build-up to free up the coils.  This 

method is reasonably effective as heat is applied directly to the frost / ice which has accumulated.  

A drawback of this method is that large amounts of water are required for this to be effective.  This is 

because of the small relative temperature difference between the tap water and the ice.  Also, if the 

1.7.2.1 

1.7.2.2 
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water is trickling down the coils too slowly it could also freeze and make the problem worse.  If the 

price of water increases in the future this could have a significant impact on the operating cost for 

water defrost.  The option for recirculating water also exists, however, this requires additional storage 

tanks and water treatment facilities to be installed onsite.  

The effectiveness of water defrosts can be improved somewhat by trapping some 

refrigerant/ammonia inside the evaporator coils. This is done by closing a solenoid valve on both the 

inlet and outlet of the evaporator to isolate it.  As the coil is heated by the trickling water, it can 

evaporate and increase the pressure of the trapped refrigerant gas.  As the pressure of the gas 

increases it provides some heat to the ice surrounding the coils and speeds the process.  A pressure 

relief bypass around the downstream solenoid valve needs to be installed to prevent the solenoid 

valves from bursting.  This pressure relief valve is set to open at a certain pressure which dictates how 

warm the ammonia gas inside the evaporator coils can heat up to. 

 Hot Gas Defrost 

Hot gas defrost is the most effective method of defrost which works by redirecting hot compressor 

discharge gas directly through the evaporator pipes and bypassing the condenser and expansion valve.  

This means that the evaporator can effectively act as a condenser during it’s defrost cycle.   

The hot gas provides equal heat to all sides of the coil from the inside which results in consistent 

removal of ice.  The entire coil heats up meaning a much higher proportion of the heat provided is 

useful.  This means that the defrost cycle can occur much faster and significantly less heat is released 

into the room itself.  The optimal temperature for the hot gas has been studied and was found to be 

a function of the mass and density of the accumulated frost (Hoffenbecker, Klein, & Reindl, 2005).  The 

model produced, showed that as hot gas defrost temperature decreased, the amount of water on the 

coil which re-evaporated increased. 

1.7.2.3 
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Figure 9: Process diagram of a refrigeration loop equipped with Hot Gas Defrost (Kalume, 2017) 

A regulator valve and an accumulator/receiver are required before the fluid re-enters the compressor 

on hot gas systems.  The regulator valve ensures that the pressure is reduced to the suction pressure 

of the compressor, while the accumulator collects any liquid refrigerant which may have condensed 

due to heat exchange while melting the ice on the evaporator coils.  These two functions are essential 

to extend and protect the lifetime and effectiveness of the compressor. 

The main barrier to hot-gas defrost systems is the significant cost required to install, particularly when 

being retrofitted to an existing system.  This should, however, be worthwhile in the long run as the 

cost to operate hot gas defrost is negligible.  Much less heat is expelled into the cold store itself than 

with electric defrost, and defrost cycles happen significantly faster than both other methods 

considered.  This means the room can return to being cooled as under normal operation faster.  This 

maintains better product quality and reduces the amount of pull down required which is energy 

intensive in comparison to standard holding.  Another benefit of hot gas defrost is that the refrigerant 

is being cooled and condensed during the defrost process.  This is effectively providing free 

condensation of the hot compressor discharge and reduces the load on the condenser when the 

process is restarted (Parker, 2007).   

 Summary 

A potential issue to be aware of with all methods of defrost is if the ice which has melted refreezes in 

the drip tray or adjoining drain then this could become blocked.  This means water cannot exit and 
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could spill into the room if the defrost cycle is continued.  Hot gas and electric defrost are best 

equipped to deal with this issue, as heat can also be provided to the drip tray and drain to prevent this 

freezing.  This, however, needs to be done during installation and must be accounted for as an 

additional energy cost / area to heat during operation.  Water defrost relies on shear mass of water 

to prevent this from happening, however, regular maintenance and checking is still required.   

Installing a hot gas defrost system represents a significant upfront capital cost compared with other 

methods, particularly when being retrofitted, however, it represents the most energy efficient option.  

Energy savings from hot gas are noticed due to shorter more efficient defrost cycles and less heat 

expended into the room itself, resulting in less additional load on the refrigeration system. 
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3 Project Sponsor: Cold Storage Nelson 

3.1 Background 

Cold Storage Nelson (CSN) is a national cold storage chain which operates out of four locations across 

New Zealand, as shown in Figure 10. CSN branches are strategically located near key ports and fruit 

growing locations to cater to both export and local markets.  CSN caters to a wide range of storage 

needs, ranging from horticulture, meat, dairy, and seafood to industrial and nutraceutical.  It has the 

facilities to store at any temperature from ambient down to -30°C and can control atmospheric 

concentrations of oxygen, carbon dioxide and ethylene in rooms if required by its customers.  Each 

facility is unique as they were not all bought in the same period or for the same purposes.  The main 

investigatory work for this project was focussed on the Richmond branch, however, the results and 

possibilities of energy projects at the other branches was also be explored.  

3.2 Plant Description – CSN Richmond 

There are over 30 rooms which have a combined area of over 1200 m².  The rooms can have their 

temperature controlled independently and have a total storage capacity of approximately 

16,000 tonnes which includes 5,000 tonnes of Controlled Atmosphere (CA) storage. CA is a costlier 

Figure 10: Cold Storage Nelson branch locations 
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method of storage where in addition to temperature control, oxygen and carbon dioxide levels are 

significantly reduced to better preserve the product for longer periods of time. 

The plant equipment which supplies refrigeration for the cold stores at CSN Richmond is quite unique as it 

is an old facility which has been expanded and upgraded several times.  This means there 

are several different design philosophies which reflect the technology and ideas at different points 

throughout the last 50 years, and the overall layout is quite different to one which would be built from 

scratch in one go today.  The primary working refrigerant is pure ammonia (NH3).  Ammonia is a widely 

used refrigerant and is a good sustainable choice as it very efficient when compared to other alternatives 

and has a global warming and ozone depletion potential of zero.  It has good heat transfer properties 

meaning smaller equipment and lower operating costs than most chemical refrigerants as well as a large 

range of efficient operating temperatures.  The price of ammonia itself is also relatively low as it can be 

easily produced through the Haber process using nitrogen from air and hydrogen from natural gas.  This 

means it can feasibly be replaced or topped up if necessary.  In addition to ammonia, the plant also features 

two glycol loops which have been retrospectively added to cool new rooms, (Room 50 and the CA plant as 

seen on the map). The glycol is cooled through heat exchange with liquid ammonia produced by the main 

plant.  A bird’s eye layout of the plant can be seen in Figure 11 below. 

The plant room (P) in Figure 11, consists of two parts.  Inside where the compressors, refrigerant pots and 

main switchboard are located, and outside where the condenser, receiver, glycol plate heat exchangers 
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and cooling tower are situated.  The CA plant room contains circulation pumps, nitrogen generators, gas 

scrubbers and samplers used for generating the artificial atmosphere. 

The trucks which deliver the stock to and from the stores generally park between the Air Stores and the CA 

stores, where they are loaded/unloaded by forklifts.  Incoming stock which is not at setpoint is delivered 

to the pre-cooler room where it is rapidly cooled before being stored in its designated room. 

Figure 12 below shows a simplified PFD of the refrigeration cycle at CSN Richmond.  Important things to 

note are that there are several evaporators in each room piped in parallel. There are several compressors 

which can operate both as the high or low-pressure compressor.  There is an oil cooling tower, not pictured, 

which is used to provide cooling to the compressors.  There is plate heat exchangers which connect in a 

circuit with the pots to cool down glycol loops. 
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Figure 12: Simplified PFD of refrigeration cycle at CSN Richmond 

1.7.3 Stores 

The cold store rooms themselves vary in size and can operate as both a chiller (around 4°C) and a freezer 

(around -20°C) dependent on the season and demand.  For most of the air rooms, the evaporator coils are 

in a small room in the ceiling space near the top of the rooms, and above the doorways.  The ceilings in the 

air stores are 8.6 m high while in CA they are 8 m.  Here the fans draw the air upwards and suck it through 

the evaporator coils cooling it before it is forced down some ducting which is designed to aid its distribution 

throughout the room.  The air ducts start large close to the evaporators and get narrower as they get 

further toward the far end of the room.  This is done to try and ensure equal distribution of cooling air 
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enters along the length of the room.  The gaps from which the air is emitted into the rooms is also sized 

accordingly.  In some of the rooms the air ducting has been removed in favour of more storage space, this 

is okay when the rooms are being used as freezers, however, during chiller season where more air flow is 

required, it can mean control of the rooms is difficult. A typical room arrangement can be seen in Figure 

13 below. 

 

Figure 13: Side view of a typical room in the Richmond plant used for Cold Storage 

Most of the rooms are fitted with racking while some are free standing.  There are advantages of both.  

The racked rooms are safer and utilize robots to help put away pallets from the central aisle where 

they are delivered to via forklift.  Product which is stored in racked rooms can be put away faster and 

is more easily accessible, however, a compromise of racked rooms is a slight reduction in capacity due 

to spaces between rows and columns.  Traditional non-racked rooms are fine if the room is well 

organised and loaded and unloaded smartly, however, it can be dangerous as if for any reason the 

product were to thaw out, it becomes softer and less stable meaning that stacks of pallets sometimes 

fall over, causing mess, damage to product, and danger to anyone or thing which may be in the way.  

This could also block emergency exits which is potentially unsafe.  Given product can be more tightly 

packed in a non-racked room, the air flow and hence cooling ability of the room can be slightly reduced 

compared to product in racks.    

The doorways to the rooms are protected by a large panel sliding door, which is removed when the 

room is being loaded or unloaded.  Behind this are strip curtains which hang and serve as a 

temperature separation measure while the room is being loaded.  The exceptions to this is Room 1 

and Room 50 which have a rapid roller door.  This door opens and close automatically each time 

someone goes to pass through it. 
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1.7.4 Evaporators 

The refrigeration plant at itself operates using flooded evaporators as opposed to a direct expansion 

system.  The evaporators are custom built heat exchangers designed for maximum heat transfer from 

the air to the ammonia refrigerant.  They are made up of banks of stainless-steel tubes with an array 

of fins to increase the surface area.  This means there is approximately 260 m² of heat exchange area 

per cubic metre of evaporator.  There are expansion valves situated on all the refrigerant inlets to the 

evaporators.  As well as decreasing the pressure to the desired evaporator pressure, the expansion 

valves also act as atomisers breaking the liquid ammonia up into tiny droplets and thereby providing 

more surface area to accept energy and evaporate.  The amount of liquid flowing into the evaporators 

is controlled by solenoid valves at the inlet which open and shut as required.    

The air flow is produced by large directly driven axial fans which suck air through the fans and blow it 

into the rooms.  Depending on the size of the room, the number of fans varies between one and eight.  

Figure 14 shows a typical evaporator from the windward side. 

Figure 14: Photo of a bank of evaporator coils at CSN Richmond 

Given there is an excess of ammonia and hence cooling capacity which is supplied to the evaporators, 

the room temperatures are controlled by adjusting the air fan speed and opening and closing solenoid 

valves on the ammonia inlet to the evaporator.  These two methods of control are not optimal and do 

not provide very good control.  Given both the amount of ammonia which is being passed through the 

coils and the amount which evaporates is unknown this means the control is reactive and slow rather 

than pre-emptive. The fans which are installed only have two speeds which does not provide much 

adjustment of air flow to control room temperature.  The solenoid valves are a similarly ineffective 

control method as there is significant lag after the valve shuts before the temperature of the system 
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will be affected.  This is because even once the valve is shut, there will still be ammonia present in the 

coils which will continue to evaporate and provide cooling.  This poor control means that either the 

plant operator must have good experience with the way in which the system operates and reacts or 

the room setpoints will be consistently overshot which wastes power. 

1.7.5 Two stage system 

The flooded evaporator system, which operates at CSN Richmond is complicated slightly further by 

the fact that there are two such separation pots / vessels which act as the centre points of the 

interconnecting refrigeration loops.  These two pots operate at two different pressures; one is 

referred to as low pressure (LP) while the other is the intermediate or intercooler pressure (IP).  The 

primary reason for having two pots is that over the course of a year the plant operates a fairly 

equal split of chiller and freezer rooms.  The set point for chiller rooms is usually around 0°C while for 

freezers it is closer to -20°C.  Having pots at two different pressures allows for two different 

temperatures of ammonia which can be supplied to the room evaporators.  This means power does 

not need to be used unnecessarily to cool ammonia liquid to -30°C when it only needs to cool a room 

to 0°C.  Instead ammonia liquid at -10°C can be sent, saving a significant amount of cooling.  The two 

pots are connected to one another and effectively form a two-stage compression system with an 

intermediate stage between the low-pressure pot and much higher condensing pressure.  A 

photograph of the two pots can be seen in Figure 15 below while the two system layout described can 

be seen in the simplified Process Flow Diagram in Figure 12.  

 

Figure 15: Photo of the IP (left) and LP (right) pots in the plant room at CSN Richmond 
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1.7.6 Compressors 

Two-stage compression improves the efficiency of the plant.  Efficient compression is vital as, in any 

refrigeration plant the equipment which does the brunt of the work and uses the most power is the 

compressors.  In the Richmond branch there are 5 compressors installed of which the largest is a screw 

compressor while the other four are reciprocating piston compressors.  The first stage of compression 

occurs from the LP pot pressure and discharges at the IP pressure.  The second takes it from IP to the 

final discharge pressure which is the condenser pressure.    

Figure 16 shows the effect of two stage compression on a p-H diagram.  As can be seen the 

compression stages 1-2 & 3-5 result in a smaller overall enthalpy gain than if the compression were 

done in a single stage. This means that less work is being put in to gain the same refrigeration effect.  

The other key advantage for a plant such as CSN Richmond which operates both chillers and freezers 

is that the intercooler stage (IP) can be set to the chiller pressure. 

 

Figure 16: Two stage compression effect shown on a pressure enthalpy diagram (Valse, 2016). 

All compressors have an optimal compression ratio between suction and discharge pressure which is 

inherent with design and cannot be overcome.  The further you stray from this optimum value the less 

efficient the compression becomes.  This is particularly true for screw compressors which operate 

most efficiently at full capacity.  When bridging a large gap from a 25 kPa evaporator to a 900 kPa 

condenser, the two-stage system allows this to be broken into two stages meaning the compressors 

can work closer to their optimum compression ratio.  As well as being inefficient, single stage 

compression also means the ammonia refrigerant experiences higher rises in temperature.  This can 

be seen as in Figure 16 as if the first compression step continued at the same gradient there would be 

a much higher gain in enthalpy to achieve the same pressure.  High temperatures are undesirable as 

they increase the likelihood of material fatigue and compressor oil breakdown ultimately resulting in 

a higher maintenance and equipment replacement frequency. This increase in temperature is 
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significantly reduced when the compression is performed in two stages and removes the need for 

additional cooling of the refrigerant.  The screw is 355 kW while the reciprocating compressors are 

132 kW, 225 kW, 132 kW, and 132 kW respectively.  The different sizes are rotated depending on 

refrigeration load.  The 4compressors in the engine room can be seen in Figure 17. 

 

Figure 17: Photo of some of the compressors (pistons in the front) located in the engine room at CSN Richmond 

1.7.7 Cooling Tower 

Despite using two stages, the compressor motors can still get extremely hot, and a cooling loop still 

exists on site to avoid any burnouts or overheating.  There is an independent cooling water loop which 

operates purely to reduce compressor temperature.  For the reciprocating compressors, the water is 

pumped through cooling jackets and thereby removing excess heat.  For the screw compressor, given 

there is an oil seal around the screw which separates the high and low-pressure sides, the cooling 

water instead cools the oil in a shell and tube heat exchanger located on the side of the 

compressor.  The warm water is then pumped back to a cooling tower where it is air cooled and the 

recirculated.    
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Figure 18: Photo of Water-cooling tower and circulation pumps at CSN Richmond 

1.7.8 Condenser 

The condenser at CSN Richmond is a large evaporative condenser manufactured by the Baltimore 

Aircoil Company (BAC).  It functions as described in section 1.6.3.3.  The fan is on a VSD and condensed 

liquid from the condenser flows into a receiver pictured in Figure 19. 

 

Figure 19: Photo of large Evaporative Condenser (right) and high-pressure liquid receiver (left) at CSN Richmond 

1.7.9 Glycol 

In addition to the core group of rooms which are cooled by the LP/IP ammonia circuits, the Richmond 

branch also has some chiller rooms which are cooled by glycol.  The glycol itself is used as a secondary 

refrigerant and is cooled using the primary refrigerant, liquid ammonia.  This means that it must be 

accounted for as an additional load on the ammonia circuit.    
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At the time of expansion there would have been several reasons why a glycol circuit would have been 

chosen in preference to an expansion of the ammonia pipework.  These factors largely come down to 

health and safety and cost.  If there were to be a glycol leak, the consequences to humans, product 

and the environment would be far less severe than if it were an ammonia leak.  Glycol circuits can also 

be operated at much lower pressure than ammonia meaning cheaper piping and infrastructure can 

be used.  The risk and the number of safety measures which need to be in place in this part of the 

plant is significantly less.  

There are two independent glycol loops which have been retrospectively installed at different times 

after the new build of the ammonia system.    

The first glycol loop is responsible for the cooling in all of the CA (controlled atmosphere) stores.  There 

is a glycol supply line from which the proportional valves open to allow varying amounts of glycol into 

each room based on the rooms cooling requirements.  Once the glycol has passed through an 

evaporator it is ejected into a return line which is pumped back to the ammonia plate heat exchanger 

and re-cooled.    

The second glycol system which was installed more recently is responsible for cooling the new apple 

store which is the largest one on site.  This store is alternatively known as store 50 and features 12 

separate banks of evaporators and fans, including a smart fresh room which can be isolated from the 

rest of the store.  The room is split into zones, with each zone containing four banks of evaporators 

and having the capability to be operated independently.  The glycol cooling circuit for this rooms is 

controlled by an independent 11 kW pump which is on a variable speed drive (VSD) and determines 

the amount of cooling capacity which is delivered to the room.    

 

Figure 20: Glycol / Ammonia Heat Exchanger for Room 50 at CSN Richmond 
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The evaporator coils are programmed to defrost automatically once daily.  For this to occur, hot gas 

ammonia from the compressors is fed through the glycol plate heat exchanger which in turn warms 

the glycol.  This is then circulated by the pump as per usual and warms the cold from the inside and 

thereby removes any ice build-up.  The fans are programmed to switch off during this time to avoid 

blowing warm air into the room.  Once the defrost cycle is complete, the glycol is then cooled again 

by liquid ammonia before being recirculated to the coils.  

Both the glycol circuits have been piped to allow the option of being cooled by either IP or LP ammonia 

liquid.  However, although both are possible the systems are almost exclusively cooled using IP due 

the greater COP (only one compression stage used) and closer temperature match.  A higher flowrate 

of glycol would be required to use LP ammonia to prevent freezing of glycol in the pipes.   
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4 Energy Monitoring Campaign and Opportunities Identified 

4.1 Investigation into Power Consumption 

A critical first step in any energy reduction journey is to gain a thorough understanding of how much 

energy is being used and what the driving influences, machines, and operating behaviours behind 

these are. Prior to this project CSN had very limited data available to understand where its power was 

being used, and how day to day operations affected the power bill which they received at the end of 

the month. Each site had only one power meter located at each of its main incomers, meaning that 

beyond the total power consumption of the site, it was unknown when and how much power any 

piece of plant machinery actually used. Some motors did have analogue current readings, however, 

with no data being recorded, these were of little use. Without key usage information, any investment 

decisions, and power saving opportunities are very difficult to identify and justify. Additionally, 

without proper measurement, the savings made by any project cannot be recorded or proven. The 

ability to do this is critical, not only to justify expenditure to the senior management but also to report 

to EECA, track progress, and verify success. 
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Figure 21: Initial Power Measurement locations at Richmond 

The first step to installing a more comprehensive power monitoring system was to decide where 

sensors were required. As nothing was known beyond the main incomer, it was decided that to get a 

good overview, the sensors needed to cover the whole site and measure all key plant equipment and 

distribution boards independently. This way measurements could be tallied and compared with the 

reading at the main incomer to ensure nothing was being missed. The yellow circles in Figure 21 above 
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indicate the locations at the Richmond site which were identified as needing to be measured to 

provide sufficient breakdown of usage so that projects could be identified. The initial stage of the 

project, involved investigation into finding all the main consumers on site, and then mapping these on 

switchboards in collaboration with an electrician who was familiar with the site. 

Once the desired measurement points were identified, the next step was to find the best system of 

sensors to gather this data. CSN had allowed a budget of $40,000 to complete this stage, in accordance 

with an energy monitoring agreement with EECA. Several options were considered with the aim of 

providing the best overview and understanding of where each kilowatt coming in was going.  The first 

option looked at was a range of permanent CT’s which are supplied by Schneider electric.  This would 

have been the ideal option as the CT’s would provide a permanent data collection system and log all 

energy usage occurring on site and be able to integrate with the existing SCADA system.  However, 

the sensors on offer were very expensive and only 12 channels could be measured within the allocated 

budget.  It was decided that 12 channels would not provide detailed enough data to understand usage 

to the accuracy which is desired.  Once installed the metering was permanent and so this did not 

represent a good option for gaining an understanding of usage across 4 isolated sites.  As a result, this 

option was discarded. 

The next option which represented an improvement in this area was a system offered by Energy NZ.  

This was a portable system which wired into the switchboards directly to a data logger which then 

transmitted readings onto a web interface.  This system was still too expensive to log the entire site 

simultaneously at the desired accuracy and would have required a large data box at each 

measurement location.  However, the portability of the system represented a significant advantage 

as it could be moved around and used on the specific areas of interest to measure energy usage 

improvements across savings projects.  This option would have enabled the quantification of the 

savings generated from one project, however, without accurate real-time measurement of the entire 

site, it would not have been ideal for identifying projects in the areas in which they would have the 

greatest impact. Additionally, with only short periods of measurement in one place, the high variability 

of cold storage energy usage would have been unlikely to be captured. 

After comparing pros and cons, the option which was chosen to best fulfil the needs of this project 

was an energy monitoring system offered by Panoramic Power. The sensors for this option were 

acquired through a lease agreement meaning it was much more affordable to get the number of 

sensors required. Using this option wireless CT’s were able to be installed on the cabling leading to all 

main processing equipment and distribution boards in the Richmond plant, as seen in Figure 22. The 

CT’s transmit information every 10 seconds which is then routed through a network of wireless bridges 



MEM Project Report  Cold Storage Nelson Ltd  Robbie Foulkes - 98390258 

 
34 

 

into a cloud based system, which offers detailed energy statistics and real-time usage.  CSN initially 

sub-leased this system as well as 114 sensors from Total Utilities which provided a complete overview 

of power usage at the Richmond site.  The lease agreement is such that CSN can increase or reduce 

the number of sensors based on requirements as they are moved around the different sites.  The 

software provides detailed power usage statistics in real-time. 

The data collected can be viewed in diverse ways to shows where the power is going, how power 

usage is varying over time, and when devices are varying from their normal usage.  Some examples of 

how this data was presented can be found in Appendix 13.6.  This appendix also provides a summary 

of other data sources with information about temperature and product load which were used to 

understand some of the variations in power consumption found. 

Section 4.2 below provides an energy baseline for the company against which performance could be 

measured and details some of the findings and results from this investigation. 

4.2 Energy Usage Baseline 

This chapter summarises the findings from the initial phase of the project which was a detailed 

investigation in the energy consumption and usage trends throughout CSN.  

An energy baseline was produced against which the performance and success of energy saving 

projects can be measured.  The baseline aims to provide an overview of energy usage patterns and 

volumes at CSN prior to any work associated with this project taking place. The data and analysis 

collected will be available to CSN, as a frame of reference, so that progress from this project and any 

future work can be demonstrated.  

Figure 22: Panoramic power current transmitters installed into 
switchboard to measure energy consumption 
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Given the nature of CSN’s business the power consumption is relatively variable and future energy 

requirements cannot be accurately predicted with confidence.  Energy use fluctuates significantly with 

season, as well as stock intake, type, and amount.  Figure 23 shows the total monthly power 

consumption over the four years from 2014-2017. 

 

Figure 23: Annual aggregated energy consumption over all four CSN sites for the past four years 

As can be seen from Figure 23, the monthly consumption follows a similar pattern each year, however, 

the average standard deviation is still more than 100 MWh per month.  This equates to over 1.2 GWh 

annually, so is significant.  The graph also demonstrates that overall, the total amount of power being 

consumed is slowly rising each year.  

The baseline has been produced by close analysis of data collected in the past four years.  However, 

‘normal’ and expected usage amounts have also been considered and factored equally in predictions 

to mitigate the effect of any outlying data.   

Figures such as power used per mass of product stored or per dollar of revenue, are equally important 

and, give a more accurate indication of how the company has performed from an energy efficiency 

standpoint when used in conjunction with total consumption patterns.  As can be seen in Figure 24, 

the power usage has reduced compared with revenue over the past 9 years.  In contrast the power 

per average static tonne of storage has increased, with approximately 46 additional kWh being used 

per average static tonne stored each year.  Together, these figures suggest that power management 

systems have improved, and that more profitable product is being stored or the same product is being 

stored more efficiently. This makes sense as prior to the commencement of this project, efforts had 

already been made to target some of the ‘low-hanging fruit’ in terms of energy reduction projects. 
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Figure 24: Revenue vs energy consumption since 2009 

 

Figure 25: Graph of MWh per Average Static Tonne since 2014 

 

The baseline predictions must also aim to account for recent expansions to facilities, and changes in 

operation.  Figure 26 below shows the power used in 2017 across the 4 sites daily.  The graph highlights 

the volatile nature of energy consumption data and the distinct difference in usage patterns between 

the four branches. 
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Figure 26: Daily energy usage across CSN branches in 2017 

The high volatility of the data can be better understood by looking at the daily and weekly trends for 

power consumption.  The average values for power used each day and each hour can be found in 

Figure 27 and Figure 28 respectively.  

 

Figure 27: Average power consumption by weekday in 2017 
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As can be seen in Figure 27, the power consumption is reduced significantly in the weekends while it 

gradually increases throughout the working week.  This can be attributed to the increased loading of 

product and introduction of air, people, and lights to the stores throughout the week.  This additional 

load on the refrigeration system accumulates from Monday to Friday and is then slowly brought under 

control in the weekends which is reflected by the lower power consumption.   

 

Figure 28: Average power consumption by time of day in 2017 

On a daily basis, a similar pattern takes place.  As can be seen in Figure 28, power consumption steadily 

increases throughout normal working hours, with peak consumption at the end of the working day 

(5pm).  It then declines overnight as new heat loads are drastically decreased. 

Figure 29 below shows the approximate distribution of where the power is used on site.  It can be 

seen that it is roughly a 3 way split, between the compressors (blue), the fans, circulation pumps, and 

cooling for the main plant (orange), and fans and pumps for the glycol stages (green).  The loads 

fluctuate considerably during operation, however, the total consumption of each is roughly one third. 
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Figure 29: Sankey Diagram of Energy Distribution in Richmond for 2018 

The majority of the glycol stores power consumption is also made up of fans, which means that over 

50% of the CSN Richmond site’s power consumption is drawn by fans. This highlighted the energy 

efficiency of fans as a key area to target when proposing potential projects. 

The data which was used throughout this chapter and project was collected through a variety of 

sources. More information on the tools used to collect this data can be found in Appendix 13.6. 

4.3 Prioritisation of Capital Spend 

Determining where the best place to invest its money is a key strategic decision for any business. There 

are many factors which must be considered in order to make the decisions to best help achieve the 

overall business strategy. Often capital expenditure can be justified by a resultant reduction in costs 

and/or an increase in revenue, however, not all projects will generate a direct return. Some projects 

may simply be necessary for business continuity, to meet new regulations, to replace buildings or 

equipment which is end of life, or to gain/maintain a competitive advantage. Comparing and 

prioritising these projects can be more difficult as there may not be a simple figure or metric by which 

they can be compared.  

Fortunately, due to the specified purpose of projects associated with this report to deliver energy 

savings, all can be allocated a dollar amount by which they will reduce business operating expenses. 

This helps to rank the projects in order of priority; however, it is still not entirely straightforward as 

projects of different sizes can still be difficult to compare. Additionally, the opportunity costs must 

also be assessed, and some projects have other intangible benefits or factors which may dictate when 

they are required. The energy saving projects identified by the initial stage of this project were ranked 

in Table 2 using different methods of financial quantification. The equations used to generate these 

results can be found in Appendix 13.5. As can be seen, the order in which projects are ranked using 
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the different methods is not the same, despite being similar. Simple Payback is the method which CSN 

traditionally employs, with projects paying back in less than 3 years generally being accepted subject 

to cash flow. The Net Present Value (NPV) and annual dollar saving were also presented to highlight 

the merits of larger projects which could impact the energy baseline long-term.  

 

As can be seen, the NPV method favours projects with larger returns, while the simple payback looks 

more directly at comparing the capital cost with the expected annual saving. The overall rank was 

calculated by doing a rank of the ranks. 

As fans were shown to be the biggest combined energy users at CSN, it was unsurprising to see the 

top 4 projects ranked by this method being related to fans.  

A bubble chart, as seen in Figure 30, was also used to visually represent the energy projects which 

were initially identified, making it easier to compare the different parameters. This was helpful, 

particularly when presenting findings to senior management, as they could quickly get an idea of the 

investment opportunities available to them. 

In an ideal world, all projects which generate savings would be done immediately, however, with 

limited budgets and cash flow available, these must be prioritised to achieve the most benefit to the 

business. Large bubbles closer to the origin were executed first as these delivered the biggest reward 

for the smallest financial cost. 

This is the philosophy which was used when choosing which CAPEX requests to submit, however, it 

should be noted that the projects included are only those whose primary purpose is energy savings. 

When projects are assessed by senior management all other factors must also be considered, while 

Value Rank Value Rank Value Rank

Pre-Cooler VSD's 0.55 2 204,275.31$  1 61,176.00$    1 1

EC Fan Trial Room 5 1.40 5 52,251.03$    4 21,024.00$    4 3

EC Fan Upgrade Room 3 &6 2.23 9 60,219.72$    3 36,360.00$    2 4

Controlled Atmosphere Fan Cycling 0.00 1 93,584.08$    2 24,059.76$    3 2

Room 19 VSD's 1.48 6 13,004.12$    7 5,400.00$      6 7

Compressor 1 Motor Replacement 0.69 3 13,919.05$    6 4,349.76$      8 5

Compressor 4 Motor Replacement 1.92 8 3,067.86$      10 1,560.00$      11 9

VSD on Piston Compressor 4 4.84 13 4,796.16-$      13 5,040.00$      7 12

Evaporative Condenser Rearrangement 1.57 7 44,494.60$    5 19,152.00$    5 5

Cooling Loop Optimization 2.60 11 4,936.26$      9 3,840.00$      10 10

Wet-bulb Sensor 2.25 10 2,563.86$      11 1,560.00$      11 11

Cooling Loop Optimization 0.97 4 11,563.02$    8 3,960.00$      9 8

LED Lights CA Roofspace 3.26 12 556.74$         12 883.56$         13 13

Annual Saving5 year NPVSimple Payback
Project Name

Overall 

Rank

Table 2: Financial comparison of recommended projects 

,_ 



MEM Project Report  Cold Storage Nelson Ltd  Robbie Foulkes - 98390258 

 
41 

 

projects are also ‘competing for budget’ against non-energy saving projects. Therefore, the order in 

which projects were accepted did vary slightly in line with overall business objectives.  

 

  

  

Figure 30: Comparison of project costs and savings to help prioritise capital spend 
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5 Project: Pre-Cooler Fans VSD’s 

5.1 Background 

An essential element of any large cold storage facility is the mixing and distribution of the cold air.  Air 

is the fluid which delivers the cold from the evaporator coils to the product and transports the heat 

away.  Without sufficient air movement, the product cannot be correctly cooled and maintained to 

the standards which are required. 

The primary air distribution comes from the evaporator fans which draw air through the cooling coil 

and then throw it into the room. The number and size of evaporator fans in each room depends on 

the cooling requirements for which it was designed, however, as storage regulations and product 

types change the required performance of the fans also varies. Alongside compressors, the cumulative 

power draw of evaporator fans is one of the largest energy consumers in CSN cold stores. Improving 

the operation and efficiency of fan technology represents a significant opportunity for energy savings.  

5.2 Project Introduction 

Pre-cooling and blast-freezing is the most energy intensive activity for CSN as it requires extremely 

high refrigerant and airflow volumes to ensure the product is brought down to the correct 

specification within the required timeframe. For this reason, the largest and most powerful fans at 

CSN stores are the pre-cooler fans. Due to the high energy usage, this also represents a high savings 

potential which is why this was the first project to be undertaken.  

This project included an initial investigation into usage patterns and identified the times where savings 

could be made. Next, potential improvement options were considered and the best solution, the 

installation of VSD’s, decided upon. Three different suppliers were consulted in order to obtain the 

best and most economical model, before a business case, including financial analysis was formulated, 

and presented to the senior management. Once the CAPEX request was approved the project 

implementation could commence. The necessary equipment was ordered, and a team of contractors 

with suitable experience to complete the job was assembled. From there, the operations team 

consisting of the branch manager and store supervisor were consulted, to find an appropriate window 

where the job could be completed. Given the room needs to be empty for work to take place, a time 

was negotiated based upon team availability, as well as the workload of stores staff and vacant space 

to receive the relocated product. From there, the team of electricians, and refrigeration engineers was 

coordinated to carry out their relevant parts, while ensuring all safety procedures and risk 

management strategies were being adhered to. The final stage was the commissioning of the drives 
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which was done in conjunction with the automation engineer as he implemented the functional 

control description as specified. 

After the project was completed, changes to power consumption were monitored, and savings 

estimates were adjusted through extrapolation of measured data.   

5.3 Project Purpose and Business Case 

There are four high speed evaporator fans in Room 7, which currently only have one setting, and when 

they are on run at 50 Hz and use approximately 25 kW each continuously for the full time for which 

they are in use.   

Room 7 is a multi-purpose room which is used as a freezer for approximately 6 months per year, and 

as a pre-cooler for the remaining 6 months. Due to the large size of these fans, the room often has 

more airflow than is required, particularly during freezer season. This represents a significant saving, 

particularly as the relationship between fan speed and power is not linear and is dictated by the cube 

law (explained further in Appendix 13.1). As seen in Figure 31, a 20% reduction in air flow, results in 

half the power usage, similarly a 40% reduction in air flow results in 78% less power required. This 

relationship is the reason why significant power savings can be made with the application of a VSD 

(Variable Speed Drive) even if the speed is only slightly reduced. 

During the freezer season, less air flow is required to maintain the product at the set point and running 

the fans at a lower speed of 40 Hz would be sufficient to do this.   

During the months where the room is used as a pre-cooler the stores people were responsible for 

turning the fans on and off as required.  The fans were turned on when product was brought in and 

Figure 31: Relationship between fan power and air flow (Inverter Drive Systems, 2020) 
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then switched off when it was moved on to another room for holding.  However, the graphs of room 

and product probe temperatures illustrated that the product usually remained in the room for 

extended periods after it has reached its set point, sometimes several days.  Given the fans could only 

run on maximum speed, they were drawing a full current for this entire time.  This was not necessary 

and once the product had reached its set point, power could be saved by turning the fans down to a 

low speed operation, around 25 Hz.  This speed is sufficient to maintain the temperature of the 

product at the set point until the time at which it is removed.  This should be programmed to 

automatically occur.  If for whatever reason, the product temperature should veer from the set point, 

by more than a predetermined temperature dead band, the fans can be ramped up again to rectify 

this. 

Additionally, during times when power is expensive and the power management system switches off 

the fans, VSD’s provide another option.  VSD’s allow the fan speeds to be lowered, reducing the power 

usage significantly rather than completely shutting off.  By doing this, some airflow in the rooms is 

maintained keeping the fruit closer to set point and reducing loads when the power becomes cheaper.  

This should result in an overall kW saving as well as improved product quality for minimal added cost. 

The installation of VSD’s on the four fans, would enable all the aforementioned reductions to take 

place and would result in significant savings in power and operating costs, especially in the freezer 

season.  With the current situation power is being wasted every time that the room is not immediately 

loaded out while pre-cooling and for almost the entirety of the rooms use a freezer. 

As well as saving power, having lower fan speeds in general should improve product quality and reduce 

the amount of fruit shrivel as less moisture is removed. Additionally, noise and vibration will also be 

reduced, as well as the heat load added to the room. Because the room is a closed system, any energy 

which is put in must be removed. With the fans operating at a lower speed, less heat energy is 

dissipated, and therefore the additional heat load from the fans is also reduced.  
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5.4 Project Plan / Timeline 

The delivery of this project was mostly carried out using a team of third-party contractors given CSN did not have the skills in house to complete the job. The 

electrical work was carried out by Industrial Marine Electrical Ltd while CoolLogic were the primary source of expertise for the automation. The team of 

contractors along with operations staff were coordinated, with each made aware of the work package they were responsible for as well as the required time 

frames for completion. Two-way communication was critical in ensuring, any issues could be dealt with and progress was promptly shared with appropriate 

members of the project team. 

Table 3 below is a RACI matrix which describes the roles and responsibilities for the project delivery. The letters in the table have the following meaning: R, 

responsible, A, accountable (or approves), C, consult, I, inform. 

Table 3: RACI matrix for Room 7 pre-cooler fan project 

 Activities 

Role 

Produce 
Project 

Plan and 
Functional 
Description 

Empty 
all 

Product 
from 
Room 

Order 
VSD's and 
all other 

associated 
parts 

Install 
Brackets 

and 
mount 

VSD's to 
wall 

Re-route 
cabling 

from main 
switchboard 

Connect 
new 

shielded 
cable 

Write PLC 
logic 

Commission 
VSD's 

Me (Project Manager) R I R A A A A A 

Engineering Manager A   A C C C C C 

Automation Engineer     C       R R 

Electrician         R R     

Refrigeration Engineer C     R     C R 

Store supervisor   A           I 

Storeman   R             
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The project schedule is represented below using the network diagram in Figure 32. The project tasks/milestones have been divided into ‘prep’ work done 

prior to management approval and ‘delivery’ which was done afterwards. The critical path is represented by orange borders while tasks shown in green have 

some element of flexibility or float associated with them. As can be seen by the critical path, the project needed 24 days to be delivered from management 

approval. The VSD’s chosen were Schneider’s 22 kW Model # ATV650D22N4, an off the shelf model, meaning the lead time was relatively short and the drives 

could be ordered with confidence. This lead time provided some float for organising the rest of the project team, however, after the VSD’s were installed and 

powered, all project activities were locked into sequence. Ensuring the operations team had time to empty the room 4 days before installation begun was a 

scheduling risk identified through the network diagram and was important to prevent delays while waiting for the room to thaw up.  

 

Figure 32: Project timeline for pre-cooler fan VSD upgrade 
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5.5  Risk Management 

Table 4 summarises some of the key risks to the project both in terms of health and safety and successful completion. It also details the actions taken to 

reduce the risks to an acceptable level.  

 

The most significant risk was deemed to be that of electrocution. As the main plant room and switchboard are located approximately 50 metres from the 

fans and on another floor, it may not be immediately obvious to someone in the plant room if work is being done. Therein lies the risk that the cables are 

switched live while work is being done. To avoid this risk the switch was tagged and padlocked, with the person doing the work in charge of the key. This 

procedure eliminates the chance of someone inadvertently switching on the cables while someone is working on the machinery. 

Risk Consequence Likelihood Risk Score Strategy Actions Consequence Likelihood Risk Score Post Action Status

Electric Shock 10 5 50 Avoid
Ensure all cables are switched off and locked 

at main switchboard
10 0 0 Accept

Trip Hazard 2 4 8 Mitigate
Clear work area prior to start and maintain 

tidy standard
2 2 4 Monitor

Tools falling down onto people in room below 8 4 32 Avoid
Empty room below and do not allow anyone 

in while work is taking place
8 1 8 Monitor

Working in cold 5 5 25 Avoid
Turn room off 24 hrs prior to any work 

taking place
2 2 4 Accept

Metal dust or shrapnel in room afterwards 7 7 49 Mitigate
Do thorough clean of room before any 

product is allowed back inside
7 1 7 Accept

Harmonic Interference 6 5 30 Mitigate
Use shielded cable to limit interference too 

or from VSD cables
6 1 6 Accept

Room not empty in time 5 4 20 Mitigate
Give sufficient warning to operations team 

so that they have time to empty room
5 2 10 Monitor

Commisioning failure - fans not working when needed 6 5 30 Mitigate

Allow sufficient time, and use experienced 

contractor who has commissioned many 

VSD's

6 2 12 Accept

VSD's don't arrive in time 5 5 25 Mitigate

Order well ahead of time, and schedule 

maintenance window once VSD's already in 

country

5 2 10 Accept

Fan motors blow due to varying frequency 8 2 16 Accept

This is a risk which is worth accepting for 

the large potential benefit in case of project 

success. Checks done to ensure insulation 

class F motor, reducing liklihood of failure.

8 1 8 Monitor
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Table 4: Risk matrix of H&S and project risks for the room 7 pre-cooler fans VSD installation 
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The next most important risk to mitigate was the chance of metal dust or other material entering the 

room and contaminating product. As much of the product is stored in open bins it is particularly 

important both from a reputational and a food safety point of view that nothing tarnishes the product. 

To avoid this, work was only done when the room was empty, and thorough cleaning of both the 

evaporator pod and main room was ensured before product was allowed to re-enter. 

5.6 Project Costing and NPV 

The following costs presented in Table 5 were forecast to be incurred to complete this project. In 

addition, the predicted energy savings as a result of the project have also been included. Details on 

how this number was calculated, can be seen in Table 7 in the following section (5.7). 

Table 5: Room 7 pre-cooler fans VSD project costs and simple payback period calculation 

Project Costs $ ex GST 

4 x Supply of ABB 30 kW VSD’s $18,937.50 

Installation and Commissioning $8,625.21 

Commissioning and Software $4,315.65 

  

Sub-total $31,878.36 

Upgrade drives to IP54 $1,800.00 

Total $33,678.36 
 

Predicted Savings Generated  FY1 FY2 FY3 

Reduced electricity bill $25,608 $25,608 $25,608 

    

Total Savings $25,608 $25,608 $25,608 

 

Introduced Costs FY1 FY2 FY3 

Drive maintenance and fan replacement $500 $500 $500 

    

Total Costs $500 $500 $500 

 

Impact on EBIT FY1 FY2 FY3 

Total Savings minus Total Costs $25,108 $25,108 $25,108 

 

Simple Payback   

Years (EBITDA) 1.36 
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The net present value for the project was also calculated based on the predicted savings, and a WACC 

as specified in Appendix 13.4. As can be seen in Table 6, the NPV turns positive within the second year 

showing the project has an extremely attractive return on investment.  

 

  

Project:

Year Cash Flow Present Value Cumulative NPV

0 33,678.36-$  33,678.36-$    33,678.36-$         

1 25,108.00$  22,992.67$    10,685.69-$         

2 25,108.00$  21,055.56$    10,369.88$         

3 25,108.00$  19,281.65$    29,651.53$         

4 25,108.00$  17,657.19$    47,308.72$         

5 25,108.00$  16,169.59$    63,478.30$         

6 25,108.00$  14,807.31$    78,285.62$         

7 25,108.00$  13,559.81$    91,845.43$         

8 25,108.00$  12,417.41$    104,262.84$      

9 25,108.00$  11,371.25$    115,634.09$      

10 25,108.00$  10,413.24$    126,047.33$      

Room 7 VSD's

Table 6: NPV calculation for Pre-cooler VSD installation project 
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5.7 Technical data around Savings 

Table 7 below shows the savings calculation used to quantify energy savings from this project. On the 

left is the predicted values which were estimated prior to project completion, on the right are 

calculations using actual measured values after set point optimization.  

Table 7: Comparison between predicted and measured saving calculation for Room 7 VSD project 

 

Pre-cooler: Pre-cooler power saving once at setpoint:

Power used now 23.75 kW Power used now 23.75 kW

Power used with VSD 14.25 kW Power used with VSD 4.75 kW

Saving 9.5 kW Saving 19 kW

Cycles per week 2 Cycles per week 2

Extra hours per cycle 24 hrs Extra hours per cycle 24 hrs

Weeks per year 26 weeks Weeks per year 26 weeks

Hours per year 1248 hrs Hours per year 1248 hrs

Total Annual Saving 11856 kWh Total Annual Saving 23712 kWh

Pre-cooler power-saving before reaching set-point:

Hours per Year 4368 hrs

Power used previously 23.75 kW

Power used with VSD 11.875 kW

Saving 11.875 kW

Total Annual Saving 51870 kWh

Freezer: Freezer:

Power used now 23.75 kW Power used now 23.75 kW

Power used with VSD 14.25 kW Power used with VSD 11.875 kW

Saving 9.5 kW Saving 11.875 kW

Hours per Day 24 hours Hours per Day 24 hours

Days per Week 7 days Days per Week 7 days

Weeks per year 26 weeks Weeks per year 26 weeks

Hours per year 4368 hrs Hours per year 4368 hrs

Total Annual Saving 41496 kWh Total Annual Saving 51870 kWh

Full year operation: Full year operation:

Total Energy Savings 53352 kWh Total Energy Savings 127452 kWh

Power price 0.12 $/kWh Power price 0.12 $/kWh

Total Annual Saving 6402.24 $ Total Annual Saving 15294.24 $

For 4 VSD's: For 4 VSD's:

Annual Power Saving 213.4 MWh Annual Power Saving 509.8 MWh

Annual Dollar Saving 25608.96 $ Annual Dollar Saving 61176.96 $

Predicted: Measured:
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5.8 Project Summary 

The installation of VSD’s on the four fans, has resulted in all the stated reductions and so power and 

operating costs savings are significant, especially in the freezer season.  The previous situation resulted 

in power being wasted every time that the room is not immediately loaded out while pre-cooling and 

for almost the entirety of the rooms use a freezer.  In Figure 33 is a snapshot from the SCADA system 

shown alongside the corresponding power readings from the CT’s attached.  Product in Aisle 1 is 

already at set-point, so Fan 1 is at the specified minimum fan speed of 25 Hz.  Product in Aisle 2 is 

close to set point and so the fan is slowly ramping down proportionally as it approaches its target 

temperature.  The product in Aisle 3 & 4 is still further away from the set point which is why its fans 

still run at the maximum specified speed of 40 Hz (still a 50% saving from 50 Hz). 

Figure 33: Top: updated SCADA system in Pre-cooler mode illustrating independent speed control responding to 
setpoint.   Bottom: Corresponding power graph for Room 7 Fans on VSD's illustrating fan ramping down as 

product reaches setpoint 
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This project had an estimated payback period of less than 2 years and energy savings of approximately 

220 MWh per year which represents over 10% of the savings target.  However, since the VSD’s have 

been installed, operating parameters have been adjusted, and measurements taken suggesting that 

the amount saved could be roughly double this number.  The large improvement on the initial 

prediction is due to several reasons.   

 It was found that during the pre-cool season, the VSD’s can be run at 40 Hz even during pull-

down, without impacting the pull-down time significantly. 

 Once the fruit has reached set-point, the VSD’s were able to be switched to 25 Hz rather than 

40 Hz.  Measurements have shown this to reduce the power usage to below 5 kW (80% 

reduction) per fan rather than the 14.25 kW (40% reduction) initially predicted. 

 When on freezer mode, while the fans are running at 40 Hz, the reduction in power usage is 

closer to 12 kW (50%) per fan, rather than the conservative estimate of 9.5 kW (40%) initially 

predicted. 

A comparison between the predicted, and updated saving calculations can be seen above in Table 7.  

From this the actual amount saved by this project is closer to 500 MWh (22% of savings target). 

5.9 Replication potential 

While replication of this project on other fans throughout the business would prove beneficial, it may 

not be the best option. The pre-cooler fans which were upgraded for this project, were some of the 

largest in the business as well as being single speed. This means, they were too large to be replaced 

with alternate technology such as EC (electrically commutated) motors and had large savings 

potential. A large number of fans across the business already utilise speed drive technology as a power 

saving measure. VSD’s should be considered on any fans which are too big to be replaced with EC 

motors. However, the control algorithms, should be able to be replicated on both EC fans and old fans 

retrofitted with VSD’s as the cooling philosophy will be the same regardless.  
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6 Project: Nelson Condenser Rearrangement 

6.1 Background 

Condensing is a crucial yet often disregarded part of any refrigeration process. Without it, heat cannot 

be removed from the system, and subsequently heat cannot be removed from the rooms. 

The Nelson site was built in stages as the storage and refrigeration demands grew with time. With 

subsequent upgrades to the stores and plant room, more heat was being rejected and therefore more 

cooling and condensing capacity was required. To cater for this, the additional condensing capacity 

required was calculated and then an evaporative condenser of the appropriate size was just added 

onto the system. Similarly, as compressors were added to the plant room, the associated cooling water 

from the oil coolers was also just piped into the basins of the condensers. While this has satisfied the 

requirements of running the plant, it is extremely inefficient. 

6.2 Project Introduction 

This project was initiated as a result of comparing the cooling power usage and arrangement of the 

Nelson with that of the other branches. The Nelson site operated with four evaporative condensers 

which also carried the load of the oil coolers, while all other CSN sites had a single larger evaporative 

condenser for each plant room, with a separate cooling tower for the oil cooling. The historical growth 

of the Nelson site as described in section 6.1 above, resulted in a largely inefficient cooling 

configuration which this project aimed to exploit and optimize. The technical reasons behind why this 

system configuration is inefficient have been explained in Appendix 13.2. In addition to power savings 

and increased condensing capacity, this project also enabled the removal of one water treatment 

station, an additional expense. 

The first stage in the project was the development of some preliminary designs. Once a preferred 

system configuration was chosen, some approximate savings calculations were done to get a rough 

idea of project budget and whether or not the project would be feasible. From there, a more detailed 

design was carried out, with necessary parts identified and quotes obtained. 

In order to keep costs down and maximise the utilisation of CSN’s own refrigeration trade engineer, 

the project was chosen to be carried out mainly in house. However, contractors were brought in to do 

small sections which required specialised expertise. This means that all the procurement and system 

design was done in house. This allowed CSN to plan the project for a lower price (not paying 

contingency and higher charge out rates) but meant that they also carried the risk should things go 

wrong and/or over budget. 



MEM Project Report  Cold Storage Nelson Ltd  Robbie Foulkes - 98390258 

 
54 

 

The request for capital expenditure was drawn up, and the business case as well as estimated financial 

payback (expanded below in section 6.6) presented to senior management. Once approved project 

roles were allocated, and parts ordered. 

Considering lead times, a project timeline was produced, and work was commenced. Contractors were 

acquired with individual work plans and schedules set out to fit in with the work of the internal 

engineer. For the system pump out and cutting of ammonia pipes, this was done after hours to lower 

the risk of people on site, and freezer doors being open. 

6.3 Project Purpose and Business case 

The former configuration of the cooling towers at 73 Vickerman Street inefficiently utilised the cooling 

machinery available and was improved to reduce both power and maintenance costs.  In the old set 

up all four evaporative condensers were used to condense ammonia.  In addition, compressor #1 and 

#6 shared a pump which circulated cooling water from the basin of evaporative condenser#3.  

Compressor#5 had its own pump and was connected to evaporative condenser#4.   

As the oil coolers were connected to the basins of the evaporative condensers this means that the 

water sprayed on the condenser pipes is warmed, and thereby increases the condensing temperature 

(and compressor discharge pressure).  To make the matter worse, all of the evaporative condensers 

were hooked up in parallel which means the system pressure must balance across each of them.  

Therefore, all of the condensers had to operate at the same pressure, and all had their capacity limited 

to that of the warmest one.  Every degree (°C) of increase in condensing pressure represents 

approximately 2-3% decrease in COP, so the current set up was leading to significant unnecessary 

power consumption.  In addition, as there was only (1) pump per circuit there was no standby or 

redundancy to allow for maintenance or failure.  
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6.4 Project Plan / Timeline 

As mentioned above, a large portion of the physical work for this project was carried out by CSN’s own engineer. This was decided primarily as a cost saving 

measure. In terms of planning, the first stage was to design the new configuration of the cooling towers. This was done largely in collaboration with the 

Engineering Manager to ensure no oversights were made, and that all potential plant operating conditions were accounted for and possible with the proposed 

changes. Once the preliminary plan had been made, the task was broken down into steps and through consultation it was determined for which parts external 

personnel would be required. These steps primarily included concreting for the new bunding and the direct interaction with ammonia. An overview of the 

roles of the project team can be seen below in Table 8. 

Table 8: RACI matrix for Nelson Condenser rearrangement project 

 Activities 

Role 

Produce 
Project Plan 
and Design 
Condenser 

Configuration 

Procure 
relevant 
expertise 
and plant 

equipment 

Adjust 
bunding 

and install 
electrical 
conduit 

Pump out 
NH3 from  

condensers 
and cut NH3 

pipes 

Weld caps 
onto 

redundant 
pipe ends 

Install new 
pipework, 

pumps, 
and valves 

Re-pipe 
Condenser 
as cooling 

tower 

Pressure 
Test piping 

and 
commission 
new set up 

Me (Project Engineer) R R A A A A A A 

Engineering Manager R A C I I A A A 

CSN Engineer C C I R  R R R 

Builder   R      

Refrigeration Engineer C   R    R 

Welder     R R   

 

This project was unique in the sense that it was able to be organised so that there was little time pressure on the majority of the work. Large sections of 

piping were able to be welded and installed alongside the old infrastructure, meaning the plant could still operate during this time. This meant CSN’s internal 

refrigeration engineer was able to complete large portions of the work in amongst his other daily tasks, without needing to exclusively dedicate an extended 

period of time. This dramatically reduced labour costs. 
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The approximate duration which each step of the project took has been shown in Figure 34 below, however, as stated, this was not strictly adhered to.  

 

 

Figure 34: Project timeline for Condenser rearrangement project 
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6.5 Risk Management 

The key project risks and actions to reduce these to an acceptable level are summarised in Table 9. As the project requires the cutting of some ammonia 

pipework, this presents the biggest risk. Ammonia can be extremely dangerous for both humans and the environment. It is corrosive to the skin eyes and 

lungs, and in high concentrations can prove fatal (United States Department of Labour, 2020). Fish and other organisms may be killed if an ammonia release 

reaches a waterway.  Apart from the ammonia, hot work in general has been identified as a key risk, and will be mitigated through procedural stringency and 

careful management. The most significant project risk, was the loss of product if there is an issue with pumping out the ammonia, however, this was managed 

to an acceptable level, as described.

Risk Consequence Likelihood Risk Score Strategy Actions Consequence Likelihood Risk Score Post Action Status

Ammonia Leak or Spill 9 5 45 Avoid

System pump out after hours when less 

people around. Have spill kits and gas masks 

on standby at all times. Use refrigeration 

engineers trained in ammonia handling only

9 2 18 Accept

Burns, injury, or fire from hot work (welding/cutting) 7 5 35 Mitigate

Only trained personnel to use power tools. 

Hot work permit issued, with fire watcher 

and proper procedure followed. Appropriate 

PPE worn.

2 2 4 Accept

Back strain from moving heavy pipes 5 3 15 Mitigate
Correct lifting technique used, and manual 

winch used where required.
5 1 5 Monitor

Tripping Hazard 2 4 8 Avoid
Clear work area prior to start and maintain 

tidy standard
2 2 4 Accept

Public entering condenser area 7 3 21 Mitigate
Lock gate when unattended and use cones 

and signage to deter entry at all other times
7 1 7 Monitor

Budget exceeded due to more estimated hours required 4 6 24 Mitigate

Use internal hours to keep down cost. 

Accept and inform stakeholders of 

uncertainty in time estimates, 

acknowledging that company bears risk due 

to work done internally.

3 3 9 Monitor

Product risk during brief plant shutdown 8 4 32 Mitigate

Plan plant shutdown for after hours to 

ensure roms are not operational and can 

hold temperature while plant is off. Lower 

set point of rooms prior to beginning to give 

leeway for temperature drift.

6 2 12 Accept

Delays due to weather 3 5 15 Mitigate
Allow for weather delays in project 

timeleine
1 5 5 Accept

Reconfigured condensing set up fails to meet 

requirements
9 3 27 Mitigate

Historical data of plant load and weather 

conditions utilised in prior analysis 
9 1 9 Monitor
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Table 9: Risk matrix of H&S and project risks for cooling tower rearrangement 
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6.6 Project Costing and NPV 

A bill of materials and project costs has been summarised in Table 10 as well as the predicted savings 

and a resultant simple payback period. 

Table 10: Project costs for the nelson condenser rearrangement 

Project Costs $ ex GST 

2 x Grundfos Pump $6,800 

Filters $500 

Butterfly Valves $1,200 

Check Valves $500 

Flow Switch / Pressure Transducer $400 

Ball Valves $2,400 

Balance Valve $400 

Stainless Steel Piping $12,000 

Concrete and conduit install $1,500 

Cutting NH3 pipes of evaporative condenser $1,000 

Welding caps on redundant pipework $1,000 

Internal Engineer Labour Hours* $8,750 

  

Total Costs $36,450 
 

Savings Generated / Revenue Generated FY1 FY2 FY3 

Power gain through increased Efficiency (COP) $13,200 $13,200 $13,200 

Pumping power reduced $5,952 $5,952 $5,952 

Reduced water treatment cost $4,000 $4,000 $4,000 

    

Total Savings $23,152 $23,152 $23,152 

 

Introduced Costs FY1 FY2 FY3 

    

Total Costs $0 $0 $0 

 

Impact on EBIT FY1 FY2 FY3 

Total Savings minus Total Costs $23,152 $23,152 $23,152 

 

Simple Payback   

Years (EBITDA) 1.57 

 

The net present value for the project was calculated based on the predicted savings, and a WACC as 
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specified in Appendix 13.4. As can be seen, the NPV turns positive within the second year showing the 

project has an extremely attractive return on investment. 

 

6.7 Technical Data around Savings 

Table 12 shows the estimated energy savings made as a result of the cooling tower rearrangement. 

Of the internal condenser pumps, one of the four 2.2 kW pumps was made redundant due to the 

tower being used as a water-cooling tower and internal water circulation no longer being required. 

For the main water circulation, all three screw compressors were altered to operate on the same 

cooling tower and so only one 4 kW pump is required (vs the two previously). As the COP of the entire 

plant was predicted to reduce by 2%, this gave an average saving of 13.75 kW. These values were 

extrapolated over 8000 hours as a conservative estimate of annual runtime to get the overall annual 

saving. 

In addition to the energy savings shown, the new set up requires one less water treatment station 

generating a further saving of $4,000 annually. 

Project:

Year Cash Flow Present Value Cumulative NPV

0 36,450.00-$  36,450.00-$     36,450.00-$        

1 23,152.00$  21,201.47$     15,248.53-$        

2 23,152.00$  19,415.26$     4,166.73$           

3 23,152.00$  17,779.54$     21,946.27$        

4 23,152.00$  16,281.63$     38,227.90$        

5 23,152.00$  14,909.92$     53,137.82$        

6 23,152.00$  13,653.77$     66,791.60$        

7 23,152.00$  12,503.46$     79,295.05$        

8 23,152.00$  11,450.05$     90,745.10$        

9 23,152.00$  10,485.39$     101,230.50$      

10 23,152.00$  9,602.01$       110,832.51$      

Nelson Cooling Tower Rearrangement

Table 11: NPV calculation for Nelson cooling tower project 

Original Power 

Consumption (kW)

New Power 

Consumption (kW)

Saving 

(kW)

Per Year 

(kWh)

Internal Condenser pumps 8.80 6.60 2.20 17,600    

Water circulation pumping 8.00 4.00 4.00 32,000    

Total plant consumption / 

screw compressors
687.50 673.75 13.75 110,000  

Total 159,600  

Table 12: Summary of energy savings as calculated for the Nelson cooling tower rearrangement project 



MEM Project Report  Cold Storage Nelson Ltd  Robbie Foulkes - 98390258 

 
60 

 

6.8 Project Summary 

The project to rearrange and repurpose the condensers at the Nelson branch was largely successful. 

However, the project did run slightly over budget as the cost of stainless-steel piping was 

underestimated as was the internal hours required to reconfigure and assemble to new infrastructure. 

In total the piping costs were around $20,000 rather than $12,000 while the assembly required 

approximately 240 internal hours rather than the 200 estimated. This overshoot was a known risk as 

a result of completing the project in house and so had been accounted for. As a result, the total project 

cost was $46,200 with a simple payback period of 1.99 years. 

 

6.9 Replication Potential 

Exact replication of this project is not possible within CSN as the condenser set up at the Nelson branch 

is unique to that site. The other CSN sites have only one condenser per refrigeration loop, with 

separate cooling towers used for the compressors. Separation of these two processes simplifies plant 

operation and has efficiency benefits for the reasons outlined in Section 6.3 and Appendix 13.2. 

Therefore, the configuration at the other branches is already optimal, however, the principles of this 

project can still be applied with the lowering of condenser temperature/pressure proven to be a key 

advantage to increase plant COP and reduce overall energy consumption. 

  

Figure 35: Old pump removed (left), new circulation pumps (middle), 4 evaporative condensers (right) 
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7 Project: EC Fan Upgrades 

7.1 Background 

Electrically Commutated (EC) is a relatively new motor type with an efficiency class IE5 (highest 

available efficiency) and uses a brushless DC motor.  The technology is well established in smaller 

applications, however, is only recently becoming economically interesting for larger motors.  

The EC motor technology comes with inherent speed control, which eliminates the need for VSD’s and 

means that in addition to more efficient fixed speed operation, EC fans can also be adjusted to meet 

the required load.  

The significant reduction in fan wattage is beneficial in two ways.  Any power which is being consumed 

by a fan and not being transformed into mechanical air flow must be emitted as another form, as 

stated by the law of conservation of energy. A small amount is released as sound, however, the 

majority is released as heat.  As the same air flow is being generated by the EC fans for less power, it 

can be concluded that the difference in power consumption was nearly all being dissipated into the 

rooms as heat.  This heat needs to then be removed by the refrigeration system, an additional load.  

Therefore, more efficient fans also reduce the overall load on the plant in addition to the direct kW 

saving on the motor.   

As well as direct power savings on the fans and reduced refrigeration load, other plant wide efficiency 

gains will also be realised with the use of EC motors.  For example, modulating the fans speed to meet 

load requirement will lead to a more stable refrigerant pressure in the evaporators, when compared 

to on/off operation.  This reduces the demand on the compressors which have lower efficiency and 

use more power when dealing with fluctuating suction pressure. 

7.2 Project Introduction 

The evaporator fans, and the motors which operate them, in the air stores at CSN Richmond are over 

35 years old.  Since then fan blade and motor technology has improved considerably, and an upgrade 

to EC technology represents year-round power savings. 

Air flow of all rooms was measured with Room 5 chosen to be the test room as it proved to be the one 

with the worst efficiency in terms of power draw vs air flow. Measurements were taken for flow and 

static pressure through the evaporator coil to ensure that the new EC fans were adequate 

replacements. Once appropriate fans had been selected, the New Zealand distributor was engaged to 

arrange purchase.  
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The new fans were of a different size, and so steel frames were designed and manufactured to support 

these within the evaporator pod. Due to the size required these were transported in pieces and 

assembled on site. Figure 36 shows the fans and frames being lifted into the roof-space where they 

were installed. 

The project involved the removal and replacement of fans, as well as the implementation of a new 

control system. A multi-disciplinary, multi-company team was coordinated successfully across a tight 

timeframe. 

7.3 Project Purpose and Business Case 

Due to the large number of fans in CSN stores, as well as their proportionally high percentage of plant 

wide power consumption, this project was proposed as a trial with potentially huge replication 

capacity and savings throughout the business. The underlying technology behind EC motors and their 

application within cool stores is not new, however, motors of this size had not been installed before 

in New Zealand. The proposed EC fans were nearly 3 times bigger than what was standard on the New 

Zealand market, and hence needed to be directly imported from Germany. 

Figure 36: Fan frames being lifted into the roof-space for 
installation 
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The previously installed fans could run at two fixed speeds. The proposed EC fans are variable speed 

and can exceed the current measured airflow for half the power.  At high speed the current fans draw 

between 11 and 19 kW producing a volumetric airflow of approximately 37,000 – 43,000 m³/h and a 

static pressure of around 160 Pa.  The proposed EC fans can produce 48585 m³/h of air flow and a 

static pressure of over 200 Pa for less than 6 kW.  At low speed the current air flow produced is 

approximately 20,000 m³/h which draws around 5 kW per fan.  The proposed EC fans should achieve 

this airflow using closer to 1.5 kW per fan.  Once again this is a significant saving. 
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7.4 Project Plan / Timeline 

Similar to the VSD installation project, this project was delivered largely by a team of third party contractors, with the project management done in house (by 

me). The first stage which I carried out was the measurement and testing of the old fans to ensure that any replacement could deliver the same performance. 

From there a wide range of options and models were investigated to find the most efficient unit which balanced power and airflow.  Once identified, the fans 

were ordered, and contractors engaged to assist with the installation. A functional description of what was required was produced, with the installation works 

split up between a few teams. Some of the work I completed included the preliminary design of the new fan frames, and planning a route for the new cabling. 

In addition to this, there was a large amount of contractor management and planning required, due to a large multi-disciplinary, multi-company project team. 

Some of the key personnel and tasks which were delegated can be seen below in Table 13. 

Table 13: RACI matrix for EC fan replacement project 

 Activities 

Role 

Research 
and 

Procure 
suitable 

Fan 
Technology  

Produce 
Project 

Plan and 
Functional 
Description 

Design and 
manufacture 

frames for 
new fans 

Empty all 
Product 

from 
Room 

Disconnect 
old Fans 

Remove 
old fans 

and 
bracketing 

Install 
new 

frames 
and fans 

Connect 
power  

and 
control 

cable for 
new fans 

Install 
flashing 

Commission 
new Fans 

and 
handover to 
operations 

Me (Project Manager) R R A, C I A A, C A A R A 

Engineering Manager A, C A I C  I I I I     

Automation Engineer   C           C   R 

Mechanical 
Fabricators     R               

Kernohan Engineering   I C     R R       

Crane Operator           R R       

Electricians   I I   R   C R   C 

Store Supervisor  I C   A C I       I 

Storeman       R             
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The planned order of events and timeframes can be seen below in Figure 37. 

The window in which this project was meant to take place was originally scheduled to be 3 weeks, a comfortable amount of time to get all tasks done once 

the fans were delivered. However, a shipping delay combined with early harvest of fruit meant that project delivery window was reduced from 3 weeks to 3 

days. This reduced timeframe was a test to my project management skills and required much additional coordination to condense the work. The tightened 

time frame was managed by scheduling as much prep work as possible prior to window once the new parameters became known. The old fans were removed 

earlier than planned, and all new equipment and wiring was put in place ready to go for when the fans arrived. Another change which was made to reduce 

the time needed for commissioning after the fans arrived, was to install temporary potentiometers to allow for manual control of the fans prior to automated 

SCADA integration at a later date. Longer shifts were implemented during the installation and more sections were done in parallel. A result of these changes 

meant that more people were working in the same area simultaneously, a heightened risk. Both consequence and likelihood of risks such as welding and 

electrical work was increased due to more people and added pressure.  

Figure 37: Planned project timeline for EC fans project 

2d 

Produce Project 

Plan 

2d 

Measure fan airflow 

and pressure 

2d 

Purchase fans 
through supplier 

4d 

Empty and thaw 2d 
room 

2d 
Assemble Project 
Team & Discuss 

2d 

Research and 

Fan Selection 

180d 

2d 

Dissconnect old 
fan cables 

4d 

Design & Manufacture 

Frames for new fans 

2d 

Cost and Savings 
estimates 

O.Sd 

Lift fans/frames 
to roof space 

ld 
Remove old 

fans and frames 

2d 

Business Case 

Development 

1.Sd 

Install new fans 
and frames 

Approval from 

Senior Management 

3d O.Sd 

Connect power 

& control cables 

Install flashing 

3d 

Cool room down 

for product 

ld 

Commission 
new fans 
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7.5 Risk Management 

A summary of the key risks identified prior to the project and the actions taken to mitigate these has been summarised in Table 14. The most significant H&S 

risk identified was that of electric shock. Failure to isolate cables being worked on could end in potential fatality and so thorough procedure was followed, as 

well as clear communication throughout the project team to mitigate this threat. As mentioned in section 7.4 some of the risks were increased as a 

consequence of the shortened timeframe for delivery. Extra precautions such as choosing experienced personnel and working two shifts to avoid fatigue 

were implemented in an effort to mitigate these and not compromise H&S.

Risk Consequence Likelihood Risk Score Strategy Actions Consequence Likelihood Risk Score Post Action Status

Electric Shock 10 5 50 Avoid
Ensure all cables are switched off and locked 

at main switchboard
10 0 0 Accept

Trip Hazard 2 4 8 Mitigate
Clear work area prior to start and maintain 

tidy standard
2 2 4 Monitor

Tools or parts falling down onto people in room below 

or from crane when lifting frames to roofspace
9 5 45 Avoid

Empty room below and do not allow anyone 

in while work is taking place. Corden off 

zone below where crane operator is 

working. All team members to wear hard 

hats.

8 1 8 Monitor

Working in cold 5 5 25 Avoid
Turn room off 24 hrs prior to any work 

taking place
2 2 4 Accept

Metal dust or shrapnel in room afterwards 7 7 49 Mitigate
Do thorough clean of room before any 

product is allowed back inside
7 1 7 Accept

Burns, injury, or fire from hot work (welding/cutting) 7 5 35 Mitigate

Only trained personnel to use power tools. 

Hot work permit issued, with fire watcher 

and proper procedure followed. Appropriate 

PPE worn.

2 2 4 Accept

Room not empty in time 5 4 20 Mitigate
Give sufficient warning to operations team 

so that they have time to empty room
5 2 10 Monitor

Commisioning failure - fans not working when needed 8 3 24 Mitigate

Allow sufficient time, and keep old fans 

nearby as redundancy and emergency 

backup

4 3 12 Accept

Fans don't arrive in time 5 5 25 Mitigate

Order well ahead of time, and schedule 

maintenance window once VSD's already in 

country

5 2 10 Accept

Budget exceeded due to more estimated hours 

required or unforseen costs
4 6 24 Mitigate

Accept and inform stakeholders of 

uncertainty in time estimates, conduct 

thorough planning with focus on critical 

path

3 3 9 Monitor

H
e

al
th

 &
 S

af
e

ty
 R

is
ks

P
ro

je
ct

 R
is

ks
Table 14: Risk matrix for H&S and project risks for EC fan upgrades 
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7.6 Project Costing and NPV 

The total cost of the project was $27,208.16, the breakdown of this can be seen in Table 15 below. 

Table 15: Project Costs for EC fan trial upgrade in Room 5 

Project Costs $ ex GST 

2 x Supply of 6 kW W3GZ50FF1001 EC fans $13,394.16 

2 x Removal of old frames & fans and installation of new $5,600.00 

2 x Electrical Disconnect and Reconnect incl. potentiometer $5,400.00 

2 x Fabrication of Frames for Fans $2,814.00 

  

Total $27,208.16 

 

Across a 10 year period the net present value of the investment was calculated to be $59,512. This 

can be seen in Table 16 which shows that the project breaks even in the third year after installation. 

The calculation does not take into account the potential replacement of the fan blades and motor 

which may have been required in the next 10 years, had the system not been upgraded. This cost 

would likely have been in the region of $15,000 and would have been represented as a positive to the 

cash flow, further improving the NPV. The cash flows shown below are as a result of the annual 

estimated power savings which have been calculated in section 7.7 below. 

Table 16: NPV calculation for EC Fan trial upgrade in Room 5 

 

Project:

Year Cash Flow Present ValueCumulative NPV

0 27,208.16-$ 27,208.16-$    27,208.16-$        

1 13,632.00$ 12,483.52$    14,724.64-$        

2 13,632.00$ 11,431.79$    3,292.85-$          

3 13,632.00$ 10,468.67$    7,175.82$          

4 13,632.00$ 9,586.70$      16,762.52$        

5 13,632.00$ 8,779.03$      25,541.55$        

6 13,632.00$ 8,039.40$      33,580.95$        

7 13,632.00$ 7,362.09$      40,943.04$        

8 13,632.00$ 6,741.84$      47,684.88$        

9 13,632.00$ 6,173.85$      53,858.73$        

10 13,632.00$ 5,653.71$      59,512.43$        

EC Fan Trial upgrade in Room 5



MEM Project Report  Cold Storage Nelson Ltd  Robbie Foulkes - 98390258 

 
68 

 

7.7 Technical Data around Savings 

Table 17 below shows the savings calculation for one fan as a result of the changes made. These are 

real average figures which were measured before and after the changes were made. As can be seen 

at low speed the average saving was 70%, while for high speed it was 71%. As the EC fans do not have 

two set speeds, the measurements for these were taken at the level where they delivered the same 

airflow as the fans which they had replaced at each respective level. At the time of writing a full year 

of data was not available and so the savings were extrapolated across a whole year using average 

historical operation. 

 

As described in previous sections, the actual saving will likely be more, as the more flexible control will 

allow for demand to be more closely matched. The 56,800 kWh annual saving per year, equates to 

approximately $13,632 of energy savings using the average electricity price determined in 

Appendix 13.3. 

7.8 Project Summary 

The biggest advantage of EC fans over the traditional method of equipping VSD’s to existing fans is 

that the fans can make significant power savings even when operating at 100% power, due to superior 

motor technology and efficiency. The upgrade proved to be very successful with results exceeding 

expectations.  

Following the installation the fans performance was closely monitored for one month, with the 

measured data, compared with an identical time period the year before. The savings achieved were 

significant and have been shown in Figure 38 below. As can be seen power usage of the fans was 

almost one third of the previous year, highlighting the drastic improvement and superiority of the new 

technology.  

Original Fans 

Average Power 

(kW)

New fans Average 

Power

Saving 

(kW)

Estimated 

Annual Hours

Per Year 

(kWh)

Low Speed operation 5.00 1.50 3.50 4000 14,000    

High Speed operation 15.00 4.30 10.70 4000 42,800    

Total 56,800    

Table 17: Summary of energy savings for one fan as calculated for the EC fan trial upgrade in Room 5 
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The project management of the upgrade was largely a success, particularly with the shortened time 

frame. Some of the key learnings from this project were made in terms of scheduling project activities. 

Organising as many activities as possible in parallel and reducing the interdependence of different 

stages was found to be useful. Conducting activities not on the critical path ahead of time proved 

beneficial in reducing risk of schedule overrun if the critical path changes due for unforeseen delays 

or changes in circumstance. When things changed, quick and decisive communication was necessary 

to ensure all project team members and stakeholders could adapt accordingly. Ensuring good two-

way communication was important so that problems could be recognised early by the project 

manager. Despite the challenges and need for adaptation the project was able to be delivered 

successfully and on time. 

7.9 Replication Potential 

An upgrade to EC fans represents the biggest and most straightforward opportunity for further savings 

within CSN cold stores. The trial in room 5 proved this and there is still considerable opportunity to 

replicate the upgrade across other rooms within CSN. 

Room 5 did contain the biggest most inefficient fans of all the holding rooms in Richmond, and so 

savings in other rooms are not expected to be as large, however, this project has proven that rolling 

out EC fans to the other rooms would still be worthwhile.  If all the air stores are converted, savings 

of approximately 0.5 GWh could be expected for CSN Richmond alone. 
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8 Other Energy Projects Implemented 

This section outlines other energy saving projects which were recommended and implemented during 

my time at CSN. A small summary of each project, the context, changes, and savings made has been 

provided, although detail into the project management skills used has not been included to avoid 

repetition with material covered in chapters 5, 6, and 7. I played a role in all the projects mentioned, 

however, the degree of influence varied. In several cases I was the project manager and delivered the 

project from start to finish as in the previous chapters. However, in others, I played a lesser role, by 

only identifying the opportunity and recommending actions, or by carrying out the measurement of 

energy savings on a project which was already happening. In some instances, I provided 

recommendations, and modified existing project plans, to upgrade equipment which was already 

being replaced for other reasons with more efficient alternatives or solutions. 

8.1 Controlled Atmosphere Fan Cycling (Richmond) 

In the Controlled Atmosphere (CA) complex in Richmond the fans ran constantly during room 

operation for approximately 6 months per year during the winter months while the stores were in use.  

For large periods this provided more air circulation than was necessary, meaning that excess power 

was being used over what was required to keep the product at its specified set points.  This was 

especially true during night-time when external air temperatures are at their lowest.  The CA plant 

was built in two stages and so there are two different sizes of fan, each with only two speeds.  In 

stage 1 high and low speed are rated as 0.55 kW and 0.39 kW, respectively.  In stage 2 the ratings are 

1.9 kW or 1.2 kW.  However, tests were conducted on the current drawn which revealed that the fans 

draw more power on low speed. The reason for this is not certain, however, it may be due to resistance 

in the old fans or less inertia needing more power.  Regardless of the reason, it means that there is no 

saving to be made by running the fans at low speed. 

A solution to this problem was to switch some of the fans off when there is less air flow required.  All 

the CA rooms are equipped with between 4 and 8 fans, meaning some could be switched off to save 

power while still running a few to maintain room conditions.  This idea had been trialled in the past, 

however, issues arose with damaged fan bearings which was attributed to vibrations from adjacent 

fans when idle for long periods of time.  To protect the fan bearings of the fans which are switched 

off, it was proposed to cycle the fans in a rotation so that different fans are switched off each time.  

Not only does this mean all fans run roughly the same time, but it means that the position of the fans 

while off will be different each time, rather than an extended period of fixed position and adjacent 

vibration.  
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Initial estimates were that ¾ of the fans could be switched off overnight, and around ½ during the day.  

This was thought to still generate the required airflow to keep the rooms cold and have adequate O2 

/ CO2 control while saving a significant amount of energy.  The CA manager Ken Nicholls trialled this 

arrangement but found that some of the rooms were slowly slipping away from set point.  The number 

of fans has been tweaked to find a balance for each room to achieve power saving while still 

maintaining room performance.  A schedule was made which indicates a rotation cycle at near 

optimum performance, this can be found in the appendices and is being followed during the CA 

season.  As each room is loaded slightly differently, often contains different fruit, and is loaded at 

different times, care still needs to be taken, and room conditions carefully monitored as not to 

compromise the room conditions and the product.  The reduced operation schedule cannot be used 

while the room is being pulled down, however, is quite achievable for most of the storage time. 

There is a total of 108 fans in the CA plant, of which 60 are in Stage 1 with the remainder in Stage 2.  

Using the current estimates for viable reductions, in Stage 1 for 4-7 months, and Stage 2 for 3-8 

months an estimated 200.5 MWh of power can be saved annually.  This equates to approximately 

$21,052.  The breakdown of the calculation can be seen below in Table 18.  Day mode was considered 

to be 8 hours during work hours, while night was considered to be the remaining 16 hours per day.   

Table 18: Savings Breakdown for CA fan cycling 

 

The process of switching these fans off could be automated on a timer, however, this is unlikely to be 

worthwhile given it would need to be changed frequently anyway, as rooms get switched on and off 

and the climate changes with season.  Instead, it has just been built into the work schedule as part of 

Power per fan

Room # of Fans Night Day Months kW Nights Days Total

Stage 1 8 6 3 4 4 0.55 3214 1071 4286

9 6 3 4 4 0.55 3214 1071 4286

10 6 3 4 5 0.55 4018 1339 5357

11 6 3 4 5 0.55 4018 1339 5357

12 6 3 4 5 0.55 4018 1339 5357

13 6 3 4 6 0.55 4821 1607 6428

14 6 3 4 6 0.55 4821 1607 6428

15 6 3 4 6 0.55 4821 1607 6428

16 6 3 4 7 0.55 5625 1875 7500

17 6 3 4 7 0.55 5625 1875 7500

Stage 2 18 8 4 4 3 1.9 11104 5552 16655

19 4 2 2 4 1.9 7402 3701 11104

20 4 2 2 5 1.9 9253 4627 13880

21 4 2 2 8 1.9 14805 7402 22207

22 4 2 2 3 1.9 5552 2776 8328

23 4 2 2 2 1.9 3701 1851 5552

24 4 2 2 6 1.9 11104 5552 16655

25 4 2 2 6 1.9 11104 5552 16655

26 4 2 2 3 1.9 5552 2776 8328

27 8 4 4 4 1.9 14805 7402 22207

138576 61922 200498

6% 3% 9%

14,550$          6,502$          21,052$          

Required Fans Saving

TOTAL kWh Savings

Total Annual Savings

% of total savings target
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a daily routine for the CA manager.  An example of the schedule for July/ August can be seen in 

Appendix 13.8 and can be automatically generated for future months based on requirements. 

Figure 39 shows the power graph during the period which the rooms were switched over from their 

previous operation to the new schedule.  Note the graph does not give a full indication of the saving 

as some rooms were on defrost and some rooms were already empty (therefore not in use and off). 

Figure 39: Power graph when fans were switched from previous operation to new schedule (S1-PR stands for stage 1 minus 
the plant room) 

The graph gives an indication of the significant saving achieved, particularly in Stage 2 where larger 

fans are used. The approximate total annual savings for the project are 200.5 MWh as calculated in 

Table 18. 

8.2 Room 19 VSD’s (Christchurch) 

Room 19 in Christchurch was originally commissioned as a blast freezer, however, is now largely used 

as a chiller.  The blast freezer fans were very noisy for workers and delivered more air flow than was 

required of the room’s current application.  For this reason, two 7.5 kW VSD’s have been installed to 

enable reduced fan speed and lessen noise emissions.  This project was very similar to the one 

described in Chapter 5, just on a smaller scale. The annual energy savings as a result were estimated 

in the region of 45,000 kWh. 

8.3 New Ammonia Compressor (Christchurch) 

A new compressor was installed in the engine room in Christchurch which is capable of taking nearly 

all of the load on the ammonia system.  The new machine has an improved overall efficiency of 

approximately 5% when compared with the old machine.  This was found by taking measurements 

over several months for the replaced and the new machine and using average values.  The new 

machine features a higher efficiency class motor equipped with a VSD, a direct expansion economiser, 

larger suction piping.  In addition, a larger receiver was installed reducing liquid flow back, and a larger 
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40 

20 

12:00 12:30 13:00 13:30 14:00 14:30 
Ju l 20, 2018 



MEM Project Report  Cold Storage Nelson Ltd  Robbie Foulkes - 98390258 

 
73 

 

condenser to reduce the required discharge pressure.  Across 8000 hours the saving equates to 

60,000 kWh.   

8.4 Compressor #1 Motor Replacement (Nelson) 

The refrigeration plant in Nelson has two large screw compressors.  Compressor 1 has a 450-kW motor 

which, in 2018, reached the end of its economic life.  As the motor needed to be replaced, the 

opportunity was taken to improve efficiency, and the new motor was upgraded to IE2 rather than 

sticking to IE1 like the old motor.  The motor name plates, and savings calculation can be seen in Figure 

40 and Table 19 respectively. 

Table 19: Savings calculation to justify upgrade of 450 kW motor to IE2 

 

hr/day kW IE1 IE2
Saving per day 

(kWh)

Saving per year 

(kWh)

6 225 0.94 0.95 13.5 4050

6 337.5 0.942 0.955 26.325 7897.5

12 450 0.94 0.955 81 24300

300 day/year Total IE2 saving 36248 kWh/year

Figure 40: Old (left) and new (right) nameplates for 450 kW motor for Compressor 1 in Nelson 

6 3-PHASE 1INDUCTION 
CODE 

2 

450 
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8.5 Compressor #4 Motor Replacement (Richmond) 

The motor for one of the reciprocating compressors in the Richmond plant room blew due and needed 

to be replaced.  Instead of replacing like for like the motor replacement selected was a newer model 

with higher efficiency class.  The motor selected was also slightly larger, 150 kW rather than 132 kW, 

as previously the compressor could not handle the torque of running on all cylinders at intermediate 

pressure.  As well as the increased capacity this change offered, the efficiency gain was approximately 

3% of the total motor usage.  Based on average operation, this equates to 13,000 kWh per annum. 

8.6 VSD on Piston Compressor #4 (Richmond) 

In addition to the new motor which was installed (see section 8.5 above) compressor #4 was also fitted 

with a new 150 kW VSD.  The VSD offers operational flexibility as it allows the compressor to speed 

up to 60 Hz and also allows it to reduce capacity by lowering its motor speed as well as unloading 

valves.  This capability offers distinct efficiency gains due to a reduction of thermodynamic and 

mechanical losses which are experienced when running the machine on all cylinders at lower speeds.  

Valve losses are reduced at lower speeds as is the mechanical inefficiency of moving pistons which are 

not producing any refrigeration effect.  The exact quantity of savings which can be achieved by VSD’s 

on piston machines are relatively unknown and therefore a series of tests were run to measure this 

benefit.   

A compressor which is at operating at full speed with half of its cylinders engaged should in theory 

have the exact same refrigeration capacity as when it is running at half speed with all cylinders 

engaged.  Although the refrigeration power output (kWr) is the same, the electrical input power (kWe) 

is not, herein lies the gain in efficiency.  Tests conducted found that under identical operating 

conditions (suction and discharge pressures) the compressor at half speed used approximately 10% 

Figure 41: Old (left) and new (right) nameplates for motor for Compressor 4 in Richmond 
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less power than the machine with half cylinders engaged.  This efficiency gain equates to around 

42,000 kWh per annum. 

8.7 Cooling loop optimization (Christchurch)  

An ongoing upgrade to the ammonia plant in Christchurch resulted in a complete reshuffle of the 

cooling equipment.  A new large evaporative condenser was installed, and the oil cooling tower for 

the compressors has been shifted to the rear of the plant room where it has been connected to the 

same water circuit. The main motivation for this shift was the reduction in water treatment costs.  

The entire water circuit is now driven by a 8kW fixed speed pump.  Given the two previously separate 

water circuits have been combined there is an added layer of complexity, to ensure that the correct 

flow rate is provided to satisfy the two loads efficiently. 

This project involved the installation of a VSD to reduce the pump flowrate to the rate required.  

Temperature probes on the supply and return lines were installed to ensure adequate cooling is 

supplied to the compressor oil coolers.  When the split between these probes is sufficiently small the 

pump can be backed off to save energy.    In addition, an ambient temperature sensor has been 

installed to ensure that the air along with the water supplied to the evaporative cooling tower is able 

to efficiently remove the load required by the plant.  

Although it is difficult to predict the exact savings generated by this project, at least a 50% reduction 

in the power requirement of the pump is expected.  The savings estimate has been made based on 

8000 hours operation per annum which equates to an energy saving of 32,000 kWh. 

8.8 Wet-bulb sensor (Christchurch) 

The wet-bulb temperature is the temperature at which air would be fully saturated and is therefore 

the lowest temperature at which evaporation of water can occur.  For this reason, the wet-bulb is 

much more useful than ambient temperature or relative humidity measurements alone which have 

traditionally been used to operate condensers.  The wet-bulb temperature represents the minimum 

feasible temperature at which the evaporative condenser can condense efficiently in the way it was 

designed.   

If the system knows the precise temperature which is required, this means that energy can be saved 

on both the operation of the condenser fans and the compressor power which would traditionally 

work harder to ensure the refrigeration load is met. 

The previous system required the operator to provide a set point for discharge pressure which with 

changing ambient temperature will not always have been optimal.  For example, the operator may 
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have set the discharge pressure to 950 kPa which could have been fine during the day, however, 

overnight, and the next day, conditions may have been completely different meaning only 850 kPa 

may have been required.  Herein lies the saving in compressor power.  Condenser fan power can then 

also be reduced if the system knows that the condensing temperature exceeds the wet-bulb. 

Every additional degree of temperature represents 1-2% wasted power, as explained in Appendix 13.2.  

A wet-bulb sensor has been installed in the Christchurch branch.  To be conservative, savings estimates 

were made for 1% reduction in both compressor and condenser power, however, this will likely prove 

to be more as discharge pressure is likely to often be more than 1°C away from its optimum. With 

these assumptions savings should be at least 13,000 kWh per annum.  

The installation of a Wet-Bulb Sensor in Christchurch will serve as a useful trial, and if the predicted 

benefits are proven or exceeded then similar installations should be planned for other CSN sites. 

8.9 Room 15/16 conversion to Ammonia (Christchurch) 

The CSN site at Watts Road, Christchurch, is quite old.  It is dissimilar to other CSN sites as it consists 

of several refrigeration loops and plants which work to cool different sections of the site rather than 

one centralized plant room.  There is one Ammonia plant room as well as several smaller, independent 

loops which operate using various Freon refrigerants.  CSN is currently in the early stages of a site wide 

conversion to ammonia.  The high efficiency nature of ammonia as well as the old nature of the design 

and machinery operating on site mean that significant opportunities for energy savings do exist. 

The first plant room which has been decommissioned is the one which services Room 15/16.  The 

power usage in the Freon Plant Room which was decommissioned was monitored for a period of 48 

days prior to its removal.  Over this time a total of 75 MWh was consumed.  Not including the 

installation period of the compressor CT’s (first 3 days on chart in Figure 42) this equates to an average 

daily consumption of 1563 kWh or 65 kW continuous which has been removed from site.  From Figure 

42 below it can be seen that this consumption was relatively stable.  The two main consumers were 

the evaporative condensers and the twin v-block compressors. 
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Figure 42: Daily power consumption of Freon Plant room to be decommissioned 

If this stable consumption is extrapolated simply over a year it equates to 570 MWh of annual 

consumption.  The true figure is likely to be slightly more due to the seasonal consumption trends 

which are related to weather, storage type and amount of product receipted.  This is the amount of 

energy consumption which was removed. 

Once the room had been connected to the ammonia pipe work, a second trial was run to test the 

impact which the room had on this main plant’s consumption.  With room 15/16 on the average power 

consumption of the compressor was 160.5 kW.  The room was then switched off and the plant allowed 

to stabilise at its new equilibrium.  Without the room running the plant used an average of 131.6 kW, 

an 18% difference.  Extrapolated across a year, and considering seasonal variance, this means the 

added electrical load on the ammonia plant room is approximately 252 MWh.  This means the total 

saving for converting the rooms to the ammonia plant was approximately 313 MWh.  There are several 

justifications for why the new plant does not require as much power and has therefore delivered such 

a large saving.  The economies of scale are highlighted and the fact that the relationship of load to 

power consumption on a compressor are not linear.   The ammonia compressor has a direct expansion 

economiser fitted which increases the refrigeration output of the machine.  Additionally, larger piping 

around the compressor, will result in less pressure drops and flow restrictions.  A VSD is in place which 

allows the compressor to maintain a stable suction pressure and only run as fast as necessary.  The 

larger, more efficient evaporative condenser also allows for a lower discharge pressure due to 

increased surface area and a cooler water temp. 
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8.10 LED Lights CA Roof-space (Richmond) 

The CA complex has lighting in the roof space which runs 24/7 for 10 months of the year. The lights 

provide visibility for work in the roof-space directly as well as for remote operation of the stores, which 

requires live video feed from installed cameras.  Previously these were all fluorescent tube lights.  An 

upgrade to LED has nearly halved the electricity consumption from 116 W per bulb to 60 W.  The 

overall annual kWh saving achieved through this project is detailed in Table 20 below. 

Table 20: Savings Calculation for upgrading CA lights to LED 

 

As well as an energy saving, this project will provide a relief on the R&M budget, as the fluorescent 

bulbs needed to be replaced twice per year.  The new LED’s have a lifetime of over 50,000 hours and 

should therefore run nearly 7 years between replacements. 

8.11 Removal of Transformer (Nelson) 

Prior to this project, the CSN site at the Port of Nelson had two different 1000 kVA (1250 A) 

transformers with different impedance.  Despite being the same kVA size, the two transformers were 

installed at different times and were not the same model.  An examination of the power consumption 

on site showed that the usage had been well under the 1000 kVA of a single transformer for the past 

5 years.  Going back further, only 14 hours total in the past 7 and a half years went over, but efficiency 

gains made since, combined with shedding programs mean that this number should not be reached 

again even under identical load conditions.  This data can be seen in Figure 43 below. 

Number of Lights 18

Fluro Wattage per bulb 116 W

LED wattage per bulb 60 W

Hours per day 24 hr

Days per year 304.375 day

Electricity price 0.12 $/kwh

Cost per unit inc. install 160.00$ 

Power used per annum

Fluro 15252.84 kWh

LED 7889.4 kWh

Saving 7363.44 kWh
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Figure 43: Power Usage at CSN Nelson since October 2010 

Given power usage trends and the intention to further improve efficiency, the conclusion was made 

that one transformer could be removed.  An investigation into the voltage / current phase relationship 

of the two incomers showed that the transformers were imbalanced resulting in decrease in power 

factor and losses due to being out of phase.  The impedance of the two transformers was 5.02 and 

5.15 respectively, a difference of 2.5%.  In addition, a phase lag of between 30-40 degrees difference 

was measured with circulating currents of up 15%.  When variable speed drives are turned off, this 

phase lag is further increased to an average of 65 degrees.  This is 50% higher than the maximum 

suggested amount and is a certain cause for transmission losses. More information on this can be 

found in Appendix 13.9. 

Based on the measurements made, a conservative estimate was made that the removal of one 

transformer would save 1.5% of the total site power due to the removal of balancing losses.  The site 

uses around 4.5 GWh in an average year which means the saving from the project is around 67.5 MWh 

per annum. 

8.12 IT Server/Storage Cloud Migration (All Sites) 

CSN has recently undergone a big change in moving almost all of its server and storage infrastructure 

to a cloud service model.  This has resulted in significant savings at 3 sites as can be seen in Table 21 

below.  The majority of the power usage was processing power, along with a bit of server cooling and 

mechanically spinning disks etc.  This has all been moved to an external third party resulting in a 

substantial 127,545 kWh per annum energy saving for CSN. 
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Table 21: Savings made by moving IT infrastructure to cloud 

 

Average Power 
Consumption Before 

Change (kW) 

Average Power 
Consumption After 

Change (kW) 

Annual Savings 
from Change 

(kWh) 

Richmond 12.1 4.2 69,251 

Nelson 3.8 0.9 25,860 

Tauranga 4.9 1.2 32,434 

Christchurch 3.0 3.0 0 

Total CSN 23.8 9.3 127,545 

 

8.13 Water Removal from Ammonia (All Sites) 

Water contamination in ammonia refrigeration systems is a common issue which impacts negatively 

on plant performance.  Water can enter the system through a number of ways including air which 

condenses, leaks, ammonia top-ups, and maintenance where the system is opened up and then not 

properly evacuated.   

When water mixes with ammonia, it raises the temperature at the same pressure meaning, a lower 

suction pressure is required to produce the same refrigeration effect, this means the compressors 

need to work harder and consume more power.  Power consumption decreases by approximately 2% 

for every 1% of water in the system and so needs to be removed.  Not only does water in the system 

increase power consumption, but it also increases corrosion of valves and pipes and increases oil 

consumption. 

Figure 44 below shows a water rectifier which has been owned by CSN for years but not been used.  

This year the rectifier was serviced, and new hoses bought so that it could be connected to the system.  

The rectifier itself works in a batch wise process.  Ammonia is allowed into the vessel where it is 

warmed by a heater element which boils of the ammonia leaving behind any water.  This process 

happens repetitively until the vessel is full of water at which point the operator must drain the water. 

The ammonia which is boiled off re-enters the system through a return pipe. 
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Figure 44: Water Rectifier 

The rectifier was first used in Richmond where contract engineers were asked to record how much 

water they were removing from the system.  In total 56.65 litres were removed, which makes up 1.42% 

of the approximately 4 tonnes of ammonia on site.  Using a conservative approximation of 1% loss of 

efficiency this equates to an annual saving of 56,650 kWh.  

The rectifier has now been disconnected from the Richmond site and is being progressively removed 

around the other branches.  Assuming similar results at the other sites, a total business wide saving of 

around 165000 kWh could be expected.  This estimate has been made on the estimate of 1% ammonia 

in the systems and a subsequent 1% (conservative estimate) loss of efficiency.  It is quite likely that 

the other branches may have more water in them as several operate at lower pressures (even below 

atmosphere) which increases the likelihood of water being sucked in through any leaks significantly.  

The water rectifier is currently at the Nelson branch where it has already removed 20+ litres of water.  

It will continue to move around the other sites on an annual cycle. 

8.13.1 LED lights for Catwalk (Richmond) 

Old sodium lights in the cold store roof-space were replaced with 90W LED high bay lights.  These 

improved lux levels, reduced maintenance required, and provided a small annual energy saving of 

1,300 kWh. 
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9 Recommendations for Future Projects 

Due to the timeframe of this project, as well as restraints on cash flow, not all savings opportunities 

which were identified were able to be fully researched and delivered. This chapter provides an outline 

of additional suggested projects which have been identified as a result of this project and should be 

investigated further. Where economic and feasible these should be implemented in the future to help 

CSN continue reducing its business wide energy consumption. 

9.1 Cooling Loop Optimization (Richmond) 

The cooling for the compressors in the Richmond engine room is provided by a single purpose cooling 

tower which circulates water as the coolant.  The large screw compressor (Compressor 1) uses this 

water in a shell and tube heat exchanger to cool its oil.  The four reciprocating compressors 

(Compressors 2-5) are piped to circulate the water directly through the cooling jackets on the cylinder 

heads to provide the necessary cooling.  The water is driven around the circuit by one of two 11 kW 

pumps. 

Water is pumped to all the compressors 24/7, even though there are often only one or two 

compressors in use at one time.  This is not necessary and herein lies the savings potential.  This is 

proven by the minimal temperature difference of supply and return water which shows the flowrate 

is excessive.  Some of the cooling lines on the compressors are fitted with solenoid valves which can 

be manually shut, however, it would be impractical, and potentially unsafe, to operate these as a 

means of flow control given the sometimes stop start nature of the compressors.  Furthermore, the 

pumps are not fitted with speed control and therefore would not adjust to the required flowrate, 

rather they would simply increase the water flow through the compressors which are running further 

beyond what is required. 

This project would be to install automatic ball valves on the water-cooling line to each compressor so 

that the valves are only open when the compressor is operating.  Installation of automatic solenoid 

valves will also reduce some risk.  Having the cylinder heads cooled constantly is a potential root cause 

for compressor damage.  Cylinder heads which are not in use could cool and condense ammonia which 

is trapped in the compressor discharge chamber.  This would mean that there is liquid present when 

the compressor is switched back on and even droplets of ammonia can destroy a valve (only gas can 

be compressed).  Additionally, a small pump will be installed in the region of 150W which can be used 

when only reciprocal compressors are running as they require minimal heat removal. This is a 70 times 

reduction in pump power during these times.    This project has been scheduled to happen in the next 

calendar year has an approximate saving of 33,000 kWh. 
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9.2 Evaporative Condenser Fan Motor Replacement (Richmond) 

The evaporative condenser in Richmond has 3 large belt driven fans which are powered by a single 

45 kW motor.  The motor is on a VSD and draws an average power of 25 kW which equates to 

222.62 MWh annually.  CSN has another 45-kW motor, of higher efficiency class, in storage which 

could satisfy the current draw of these fans.  The replacement of the motor with the spare would give 

a 2.5% increase in efficiency which should result in an average annual saving of approximately 

6,678 kWh. 

9.3 IP pot as Economiser (Nelson) 

The CSN Nelson plant has 3 screw compressors of which two are nearly always running.  The plant is 

currently a single stage plant meaning all compressors work direct on compression from the suction 

pressure at below -30°C to condenser temperature (approx. 10°C above ambient). This requires a 

massive pressure ratio sometimes as high as 13 which is very inefficient and pushes the compressors 

to their mechanical and thermodynamic limitations, particularly during summer. 

The principle of economising, adds an additional stage to the compression, allowing for heat to be 

withdrawn and the process to become more efficient.  Cool refrigerant vapour is injected at a mid-

point along the screw rotor which artificially creates a second stage.  Compressor simulation software 

has been used to calculate the potential efficiency gains of economizing.  The compressors should gain 

between 13% power efficiency in the winter during low ambient temperatures and 17% in the summer 

when it is hotter.  Power consumption of the individual compressor will rise slightly, however, the 

refrigeration capacity will increase much more than this resulting in an overall efficiency gain.  The 

increased capacity may also mean that other machines can be turned off or slowed down using VSD’s, 

generating further savings.  Over a 12-month period adding an economizer should result in 

approximately 349,000 kWh savings.  Simulated data for the main compressor running with and 

without an economiser can be found in Appendix 13.7. 

As well as the significant power saving this project would offer several other operational benefits 

including: 

 Redundancy for LP pot allowing plant to still operate if maintenance needs to be done on the 

LP infrastructure. 

 Lowering discharge temperature, which is currently the limiting factor.  

 Lower differential pressure across the rotor means less wear and tear and less money spent 

on maintenance.  

 Additional 130 kW of refrigeration capacity 
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9.4 Economiser (Richmond) 

Richmond has a single 355 kW MYCOM screw compressor which is relied upon for when the 

refrigeration plant is under large loads.  As it stands the screw operates from suction pressure around 

7 kPa (G) (-32°C) direct to condenser pressure which in the summer can be as high as 1100 kPa(G) 

(32°C).  This is a pressure ratio of 12 which is not efficient.  Economising the screw would be a 

significant improvement in both increasing capacity and reducing the strain across the rotor and screw 

bearings.  Richmond already has a working IP pot so the only additional infrastructure required would 

be an extra pipe, a manual shut off valve and an ICM valve.  Savings from increased efficiency could 

be expected to equal around 142,000 kWh based on 4000 hours per annum running on LP and a 10% 

increase in efficiency. 

9.5 Automatic Defrost (Richmond) 

Richmond site still relies on manual water defrosts for the evaporators in all 7 of the main air stores.  

It has been discussed to automate this process, with the main advantage being the decrease in 

operating cost (currently contractors are paid 2 hours per day for this).  There are, however, some 

small energy savings which can also be expected.  With smaller more regular defrosts, the coils should 

have less ice on them and therefore perform better.  An estimated saving of around 2% of all 

compressor and fan power could be expected which is in the region of 60,000 kWh. Further dollar 

savings on electricity can also be expected by defrosting during night-time (cheaper spot prices). 

9.6 Descaling Condensers (All Sites) 

This project was identified through attendance at the 2019 EECA large energy user’s forum.  It would 

involve the installation of DCI electrolysis units to help remove some of the scale build up on 

condenser surfaces.  The units drive a reaction in the water which removes existing scaling deposits 

and prevents further formation.  Periodically the electrode polarity is reversed to dump the scale from 

the recirculating water.  Based on the trial at Rotorua hospital savings of around 14.7% could be made, 

for CSN this would represent approximately 112,000 kWh across all sites.  Other benefits include the 

elimination of chemical water treatment. 

9.7 IE4 Compressor Motors (Tauranga) 

There are three 265 kW compressor motors which are being replaced as part of a larger Port of 

Tauranga upgrade.  As the site is owned by the port of Tauranga, they will pay for standard IE2 

replacements but given these machines run the entire plant it would be wise to invest in a higher 

efficiency class.  CSN should seriously consider investing in an upgrade to IE4 or IE5, however, is 
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unlikely to do so without EECA funding – IE5 motors of this size are certainly an under-utilized 

technology in New Zealand.  The upgrade would yield a saving of around 143,100 kWh. 

9.8 Air Curtain Trial (Nelson) 

Air infiltration into stores has been identified as a major contributor to refrigeration load (energy 

consumption) as well as a cause for several operational and health & safety concerns.  Currently rapid 

roller doors and strip curtains are used to try and mitigate the losses; however, both have H&S issues, 

require excessive maintenance and are not entirely effective as an energy barrier. 

Air Curtains are seen as a potential solution to the problem.  Traditionally they have not been capable 

of providing a sufficient temperature segregation barrier, however, there have been significant 

developments in recent years. The proposed model, designed by Triojet is specifically for cold stores, 

and features 3 separate air jets at different temperatures and different velocities to create an air 

barrier. 

The proposed air curtains offer benefits of improved visibility at doorways and markedly reduced ice 

and snow build up around doorways. In addition, they will reduce the need to defrost during 

operational activities which has traditionally generated a fog hazard. 

From a Health & Safety perspective analysis of company-wide Incidents over the past 12 months show 

that 60 out of a total of 407 are directly related. That is, they are unlikely to have occurred if air curtains 

were in place. Of those 60 incidents: 

 32 resulted in Asset Damage (no financial information available) 

 17 were Slip incidents due to a build-up of ice or snow 

 10 related to Visibility in doorways 

 1 was Injury-related (when an automatic door closed on someone’s head). 

Also, of note is that of the 60 Incidents, 39 were Minor, 20 were Serious, and 1 was Very Serious (lack 

of visibility leading to Near Miss between a forklift and a person).  13 of the 60 Incidents took place at 

Nelson Branch.  

Moving Forklifts and Slippery Surfaces are both in CSN’s Top 10 Risks, and more recently were Nelson 

site-specific Risks #138 (forklifts operating on slippery surfaces) and #193 (rapid roll doors for rooms 

7 & 8 allowing warm air into chiller and then freezes the floor surface). 

The proposed design will utilize heat recovered from the sites oil coolers to dry the air, significantly 

reducing moisture and warm air entering the room.  The eliminated moisture and removal of warm 

air will generate a significant energy saving, decreasing the load on the refrigeration plant and the 
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frequency at which defrosts are required.  Due to the large energy saving potential, and 

underutilization of this technology in NZ, EECA (Energy Efficiency and Conservation Authority) offered 

to fund 40% of the project costs (up to $61,492), however this offer has not yet been taken up by CSN. 

Estimated Savings of around 200 MWh/a could be expected due to reduced heat load into the rooms. 

A further 28 MWh/a saving on condenser fan usage should also be realised.  This project has the 

potential to be replicated at all other sites, with particular benefits in Nelson.  For each further door 

similar savings can be expected, however, the CAPEX required would be significantly less than the 

initial door due to much of the existing infrastructure already being in pace. With all doors in Nelson 

done, the energy bill could be reduced by over one third.  If proven effective, total potential savings 

across the entire business would be in the region of 1.4 GWh per annum. 

9.9 Remaining Rooms to EC Fans (Richmond) 

Rooms #1 and #2 are the last air stores in Richmond to have their fans upgraded to EC technology.  

There is a total of 3 fans in these rooms, which should be converted at the next opportunity or as 

budget allows.  A total saving from these two rooms in the region of 194,000 kWh could be expected.   

9.10 EC Fan Conversion (Nelson) 

All fans at the CSN Nelson branch should eventually also be upgraded to EC motors, using a similar 

replacement scheme to what is currently happening in Richmond.  To date, these fans have not been 

prioritized as they are all already equipped with VSD’s.  This means that the savings will not be as 

substantial as in Richmond as the fans are already capable of ramping down to suit load requirements.  

The upgrade will still be beneficial, however, as EC motors are significantly more efficient, and savings 

would be made at all fan speeds, even when the fans are at full capacity.  In addition, EC fans require 

less maintenance, less room in the switchboard, and introduce less heat into the stores.  

There are 11 rooms in Nelson each with 3 to 4 fans.  The best course of action would be to replace the 

fans gradually as the motors or VSD’s which drive them fail.  Replacing like for like is not recommended 

as the new technology has proven to be far superior.  The long lead time for fans (roughly 3-4 months) 

is an issue and ordering fans to be on standby may need to be considered.  Total savings from an EC 

conversion in Nelson can be expected in the region of 480,000 kWh.  

9.11 CA Stores to EC Fans (Richmond) 

The fans in the CA stores should also be converted to EC technology when the opportunity presents.  

There are currently 108 fans in the CA all between 0.55 and 1.9 kW and so although the saving per fan 

is not that great the total should be equally significant.  This has not yet been looked at due to the 

amount of wiring which would be required, and the more limited maintenance windows which the CA 
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rooms are available.  Despite this further savings of around 150,000 kWh should be possible when the 

chance for conversion arises. 

9.12 Additional Carbon Scrubber (Richmond) 

CSN Richmond currently operates both a carbon and a membrane scrubber which are used for the 

removal of CO2 from the sites CA rooms.  Carbon adsorption generators are more efficient in reaching 

lower oxygen levels in rooms and also use less power to operate when compared with membrane 

generation.  They take air from the stores and remove CO2 produced by respiring fruit before 

recirculating this back into the rooms.   

Membrane generators suck in outside air and pressurize it using a compressor to push through the 

membrane.  This compressor as well as the dryer, which is required at the inlet, increase the power 

consumption of the unit considerably.   

The viability of an additional carbon generator should be investigated to improve stores performance 

and reduce power consumption.  A savings estimate has not been made, and despite the power 

savings this project is likely to be driven by operational quality rather than cost reduction. 

9.13 CO2 / Ethylene Scrubbers (Richmond) 

When kiwifruit decays it releases ethylene and CO2.  The concentration of these two gases in the rooms 

can become dangerous for both humans and the product and therefore must be removed.  Currently 

the method of removing ethylene and CO2 is just by opening the doors and leaving the fans running, 

just blowing all the cold air out and replacing it with warm outside air.  This adds a large load to the 

rooms, as venting usually takes place over several hours.  In addition to this the CA concourse is always 

left open for the same reason, and cold air can always be felt spilling to outside.  Clearly, this is a 

massive waste of energy.  As a solution, a scrubber could be installed to remove the dangerous gases.  

This would mean that doors can be left closed and the cold air from the rooms is not lost.  A savings 

estimate for this project has not been made. 

9.14 Liquid Sub-Cooling (Richmond) 

In refrigeration, when warm liquid refrigerant is flowing from the condenser to the pot at much lower 

pressure (Intermediate pressure) flash gas is produced.  Flash gas is when refrigerant liquid 

spontaneously vaporizes due to large differences in temperature and it significantly reduces the 

efficiency of the refrigeration system.  Some gas needs to be recompressed for no gain and the overall 

refrigeration capacity of the system is decreased.   



MEM Project Report  Cold Storage Nelson Ltd  Robbie Foulkes - 98390258 

 
88 

 

The CSN Richmond plant already has a liquid receiver which somewhat reduces the effect of flash gas; 

however, this can still be further improved.  Liquid sub-cooling could be introduced which involves 

using a heat exchanger to cool the liquid further before it enters back into the IP pot.  This will reduce 

the liquid temperature and can significantly reduce the amount of flash gas. CSN already owns a spare 

plate heat exchanger which could be put to this purpose.  The main decision which needs to be made 

is what fluid stream should be used for the heat rejection.  The glycol return from Room 50 (apple 

store) could be used, the sub-cooling will in effect have a load on the refrigeration side, however, by 

removing flash gas the reduction should outweigh these and result in increased plant stability and 

efficiency. 

9.15 CA Glycol Temperature Optimization (Richmond) 

The CA rooms in Richmond have their refrigeration supplied by a glycol circuit which is in turn cooled 

in a plate heat exchanger with the main liquid ammonia supply.  The glycol temperature is currently 

set by the operator in accordance with the CA room temperature requirements and load.  The 

temperature is often set lower than it needs to be which means unnecessary energy is being used to 

cool it.  Process control could be implemented to avoid this occurring.  All the CA rooms have individual 

modulating valves on the evaporator inlets which regulate the amount of glycol required for each 

room.  These valves all send signals back to the SCADA system which could be used to determine when 

the load requirements of the rooms are being met.  The warmest room or the room with the most 

refrigeration load should always have its inlet control valve completely open (or close to or – maybe 

90% to allow for fluctuations).  If this is not the case it means that the glycol temperature is too cold 

and can be increased.  The system should be able to adjust the required glycol temperature 

automatically to ensure this is the case.  This will result in an electricity saving as IP load will be reduced 

and set point may be able to be increased.  As a rule of thumb 1 degree too low may result in between 

2-3% extra compressor power.  A conservative estimate for annual power saving from this project is 

around 10,000 kWh which is calculated on a half degree improvement for 10 months of the year.   

9.16 Improved Power Management (All Sites) 

Basic shedding systems do exist at all sites; however, none have been effectively implemented 

meaning significant improvements can still be made.  The system in Christchurch does switch off 

rooms based on power price which is a start.  Further opportunities do exist though.  Machinery 

equipped with VSD’s should be ramped down rather than switched off.  This will result in less peaks 

when machinery does turn back up and should reduce overall charge and improve product quality.  

Reverse shedding could also be implemented allowing rooms to effectively ‘get ahead’ or below 
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setpoint when price is low, and capacity is available.  The implementation of smarter logic to switch 

between machinery or alter suction setpoints when power needs to be reduced is also an option. 

9.17 ICM Valves on Evaporator Inlets (All Sites) 

Given flooded evaporator systems are in operation at all CSN branches, this means excess ammonia 

is passed through the evaporator coils.  Currently solenoid valves are used to control flow at the 

evaporator inlets which only have two positions – fully open and fully closed.  If ICM valves were 

installed these can be modulated to only allow the required amount of ammonia to enter the 

evaporator coils.  The control element would be linked to close the valve when the room approaches 

its set point, and open more when it is further away.  By optimizing the amount of flow through the 

evaporators, the amount of ammonia being cooled could be reduced and the load on the compressors 

could be smoothed out which would save power when compared to the highly reactive operation 

currently in place.  Project has not been done as exact savings from this change are difficult to quantify. 

9.18 Painting / Cleaning Rooves (All Sites) 

The roof and walls of a building are a significant source for the introduction of heat into all buildings, 

particularly cold stores.  It is well documented that light colours reflect all or most wavelengths of light 

whereas dark colours absorb most or all wavelengths.  Given light is a form of energy, the amount of 

light absorbed or reflected can be directly correlated into heat.  

When thermal energy is absorbed into roof material, part of it is stored, and part of it is transferred 

back to the outdoor by radiation and convection, however, a large proportion is conducted into the 

building itself.  Cool rooves are a passive energy saving measure which are gaining popularity 

particularly in hot climates.  A cool-coating is highly reflective and is designed to minimize the amount 

of heat and light energy which is absorbed by the roof material.  All heat which enters the building 

needs to be removed by the refrigeration system and so any thermal energy which can be reflected is 

a direct saving.  For an optimal roof, the total heat gain of the building should be reduced by reflecting 

incident solar radiation and emitting stored heat where possible.  The largest component of heat 

exchange to the roof material is through radiation, so if the amount absorbed can be reduced, this can 

have a significant effect on overall heat gain.    

Radiative heat transfer is defined by the following relationship: 

  𝑑𝑄

𝑑𝑡
= 𝜀𝜎𝐴[𝑇4 − 𝑇0

4] 
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The Stefan Boltzmann’s constant (𝜎), the roof area (𝐴), and external temperature (𝑇0) cannot be 

changed while there is also minimal control over the surface temperature (𝑇).  The main factor which 

can be changed to affect radiative heat transfer is the emissivity (𝜀). 

Further investigation should take place to see whether a lighter or more reflective paint would prove 

beneficial to use on CSN rooves otherwise, if the rooves are already light enough in colour, whether 

cleaning the rooves regularly would be worthwhile from an energy perspective.  Discussion with a 

paint specialist or proper measurement of current emissivities should be the first step. 

9.19 Convert Remainder of Site to LED (Richmond and Nelson) 

The majority of lights on CSN sites have been converted to LED a few years ago, however, there are 

some which are yet to be upgraded.  These mainly include office and security lighting.  A lighting audit 

was conducted by GoGreenLED at the Nelson and Richmond sites to identify and quantify the 

remaining saving opportunities.  As a result, approximately 10,000 kWh/a, and 37,000 kWh/a were 

found in Nelson and Richmond, respectively. 

9.20 Floating Suctions (All Sites) 

When a door is open or a defrost is taking place the temperature inside a room rises rapidly.  This 

causes ammonia vapour leaving the evaporator to be at a higher pressure.  If this exceeds the setpoint 

additional compressors are turned on to reduce the suction as quick as possible.  Often this is not 

necessary as the increased temperature is only temporary meaning the power to start up an additional 

compressor is unnecessary.  A floating set point could overcome this by only switching on extra 

compressor power if the set point has been exceeded for a set amount of time.  This is a PLC change 

which needs to be made on the SCADA system and would not require any additional hardware.  

Savings would be seen in reduced maintenance for the compressors as well as power, as the 

compressors draw the most current during start up as the motor builds up its magnetic field.   
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10 Savings Results and Strategies to Maintain 

10.1 Energy Savings Achieved 

There are several methods which could be used to determine the total savings achieved by this 

project. The simplest method is to just compare the total electricity consumption year by year, as seen 

in Figure 45, which compares consumption by month from 2017 before the project began to 2019 

when most projects had been implemented.  

 

Figure 45: CSN total energy consumption 2017-2019 

The total business power consumption for the year of 2019 was 4% lower than in 2017 and 10% lower 

than in 2018, however, if the Tauranga site is excluded from this the figures become much better.  

There were no energy efficiency projects carried out at the Tauranga branch (due to impending 

upgrade from port and higher priority projects elsewhere), but the branches consumption went up 

around 600 MWh due to increases in storage and blast freezer volumes.  Without Tauranga the overall 

improvement from 2017 was 10% and from 2018 it was 14%.   

Large fluctuations in storage volume, as was seen in Tauranga, as well as changing storage 

requirements, and temperatures, mean that a summed graph is not the best reflection of how the 

company’s energy performance has progressed.   

Over the past 2 years, CSN’s refrigeration load has increased significantly which has made this type of 

comparison unfavourable.  The apparent saving figures which can be taken from such a graph are 
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somewhat lower due to the increase in average static load in stores as well as receipt and dispatch 

volumes, as seen in Figure 46.  

 

Figure 46: Business wide annual receipt, dispatch, and storage volumes 

Using this storage data, the change in energy consumption per tonne received, dispatched, and stored 

was also calculated. The results of this are represented in Figure 47 below. 

As can be seen by these metrics the energy consumption per pellet has improved dramatically since 

2018, with a slight dip in 2020.  

One advantage of the total comparison approach is that it considers non-project related savings.  In 

addition to the projects mentioned in this report, a number of operational and behavioural habits 

have been addressed to try and reduce energy usage.  Some savings can be attributed to better 

operator set points and plant operation.  For example, lower condenser pressures and higher room 
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set points where possible have generated significant savings.  As referenced in Appendix 13.2, the rule 

of thumb is that for every degree the setpoint exceeds where it needs to be, the power consumption 

is roughly 2-3% higher.  Cooling tower set points have also been adjusted to reduce fan power 

consumption where possible.  From an operational side, encouraging habits such as closing doors and 

consolidating rooms where possible also has a large impact on the overall energy consumption, 

despite this not being easy to measure. 

Despite not accounting for these additional behavioural savings, tallying the individual savings from 

each completed project is a more reliable method for measuring the overall achievements made over 

the course of this project.  There are two main reasons for this.  Firstly, due to the nature of the 

industry and the high number of variables, the refrigeration load on the plants varies immensely year 

on year and so comparisons between years does not always tell us much.  Secondly, as many of the 

projects were only recently completed the savings from these projects have not yet been realised over 

a yearlong baseline. 

Individual project savings have been tallied in Table 22, where the top half shows a summary of all the 

savings estimates which have been made for relevant energy efficiency projects as described in 

Chapter’s 5, 6, 7, and 8.  Using this method, the total savings estimate equates to 2.25 GWh which is 

approximately 16% of CSN’s average total electricity bill. Projects in the bottom half of the table are 

those identified as further opportunities for CSN to build on its achievements in the future as described 

in Chapter 9. The savings from these projects could potentially add another 1.86 GWh to the total. 
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10.2 Strategies to Maintain and Continue Savings 

Once energy saving projects and initiatives have been implemented, an equally important task is to 

ensure that the savings generated are maintained. This is a critical part of delivering a project which 

is often overlooked. 

In some instances where a direct hardware change has been made this can be quite simple, however, 

where new operating procedures or set points are used, it can be easy for the savings to be undone, 

as operators may fall back into old habits or machines may be reset without being noticed. It is 

Project Name Site Annual Energy Saving (kWh)

Pre-Cooler VSD's Richmond 509,800                                   

EC Fan Trial Room 5 Richmond 175,200                                   

EC Fan Upgrade Room 3 &6 Richmond 303,000                                   

Controlled Atmosphere Fan Cycling Richmond 200,498                                   

Room 19 VSD's Christchurch 45,000                                      

New Ammonia Compressor Christchurch 313,984                                   

Compressor 1 Motor Replacement Nelson 36,248                                      

Compressor 4 Motor Replacement Richmond 13,000                                      

VSD on Piston Compressor 4 Richmond 42,000                                      

Evaporative Condenser Rearrangement Nelson 159,600                                   

Cooling Loop Optimization Christchurch 32,000                                      

Wet-bulb Sensor Christchurch 13,000                                      

Cooling Loop Optimization Richmond 33,000                                      

Evaporative Condenser Fan Motor Replacement Richmond 6,678                                        

LED Lights CA Roofspace Richmond 7,363                                        

LED Lights CA Roofspace Richmond 7,363                                        

Removal of Transformer Nelson 67,500                                      

IT Server/Storage Cloud Migration All Sites 127,545                                   

Water Removal from Ammonia All Sites 165,000                                   

LED lights for Catwalk Richmond 1,300                                        

2,259,079                                

IP pot as Economiser Nelson 349,000                                   

Economiser Richmond 142,000                                   

Automatic Defrost Richmond 60,000                                      

Descaling Condensers All Sites 112,000                                   

IE4 upgrade for Compressor Motors Tauranga 143,100                                   

Air Curtain Trial Nelson 228,000                                   

EC Fan Upgrade Room 1&2 Richmond 194,000                                   

Site Wide EC Fan Upgrade Nelson 480,000                                   

CA Stores EC Upgrade Richmond 150,000                                   

CA Glycol Temperature Optimization Richmond 10,000                                      

Additional Carbon Scrubber Richmond

CO2 / Ethylene Scrubbers Richmond

Liquid Sub-Cooling Richmond

Improved Power Management All Sites

ICM Valves on Evaporator Inlets All Sites

Painting / Cleaning Rooves All Sites

Floating Suctions All Sites

1,868,100                                Total

Fans

Compressors

Cooling Towers

Other

Suggested 

Future Projects

General 

Improvements 

for 

Consideration

Total

Plant Stability - Savings 

Estimates Uncertain

Table 22: Summary of Power Savings from Energy Projects which have been achieved in the past 2 years as well as 
suggested projects for CSN to undertake in the future 
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important that businesses employ comprehensive strategies to prevent this, both at an operational 

and at a management level. Plant operators must be trained on how the changes are intended to be 

used, and standard operating procedures should be updated and regularly reviewed. It is important 

that in the event of staff turnover, savings are not lost because people don’t know or understand how 

things are intended to be done. 

Continuous commissioning should be carried out with a refrigeration engineer doing regular checks 

to ensure all equipment is operating as intended and is currently required. 

Additionally, the power consumption should be monitored with any increases which cannot be 

explained by operational or environmental changes investigated. If power consumption does increase 

spontaneously then a good place to start looking is projects which have recently been implemented.  

To help management monitor the power consumption more closely a dashboard was created in the 

final stage of the project, as seen in Figure 48. The dashboard provides a brief snapshot of energy 

consumption and compares with the same month in the previous year as a guide. Where consumption 

varies greatly, projects should be investigated.  

An additional tool which was proposed as part of this project to try and continue energy conscious 

decisions from management in the future was an energy management policy. By making a written 

Figure 48: Energy Consumption Dashboard created for Senior Management 
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commitment to energy savings it becomes easier to justify energy projects in the future and means 

the company can be held to account if they do not follow through. A draft energy management policy 

which I wrote can be found in Appendix 13.10. 

11 Conclusions 

11.1 Project Summary 

A total of 20 projects have been completed as part of this larger power reduction campaign, while a 

further 17 projects or initiatives have been suggested to help achieve further savings in the future. 

The distribution of the completed projects can be seen in Figure 49 which shows both the proportion 

of energy savings achieved at each site, as well as the proportion achieved from changes to each of 

the key processing units. 

The best estimate for total energy savings across the business as a result of this project is 2.25 GWh 

per annum which equates to approximately $270,000 per annum which was calculated by summing 

the measured changes from each project for an estimated average year. The total capital expenditure 

required to deliver projects whose primary objective was energy savings was $254,000, while the 

direct saving of these projects only was $188,000. This gives a simple payback of 1.35 years for projects 

directly initiated because of this project. 

The key limitation of these figures and the majority of project savings stated is that they are not exact. 

Due to the high number of unpredictable variables as described in Section 4.2, exact savings cannot 

be predicted, and therefore all figures are conservative best guesses based on historical trends. 

Each distinct phase of this project can be regarded as a success, as all of the primary objectives have 

been achieved. The initial monitoring campaign implemented provided invaluable understanding of 

the businesses power consumption, revealing trends and information which was previously unknown. 

Figure 49: Split of Energy Savings by Area (left) and by Location (right) 
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The initial data and trends which were able to be observed through this stage enabled the targeted 

identification of power reduction projects in the areas where the biggest impacts could be made. In 

terms of project delivery, the payback period of all projects was within the company threshold for 

investment and so no special treatment was needed. A combination of project management tools 

were used successfully to manage varying teams of both employees and third party contractors. 

Where possible projects were aligned with planned maintenance or where upgrades were already 

planned to ensure capital was invested economically and in accordance with CSN’s strategic priorities. 

17 additional projects have also been recommended as a result of the power monitoring investigation. 

Where possible savings for these projects have been estimated to assist CSN management in 

prioritising these projects in the future.  

11.2 Application of MEM material 

The scope of this project has provided ample opportunity for the application and reinforcement of the 

MEM course material. This section aims to provide a brief summary of some of the theory and skills 

which have been applied as well as to highlight the links between the taught material and the different 

project phases/sections.  

The first phase of the project was a monitoring campaign to assess the baseline power consumption 

and identify the key trends and influences. Through the installation of a more granulated power 

monitoring system, and the integration of this with other available data sources, relationships 

between business operating behaviour and power consumption could be recognised. This analysis 

exercised systems thinking as was developed through ENMG606. Skills learned in the sustainability 

workshop were used to help benchmark energy usage against product volumes and other variables to 

give more accurate reflection of the business’s energy performance. 

From the trends and conclusions drawn, potential improvements were identified, and 

recommendations were made in a consulting capacity as to where power saving projects could best 

be implemented. For identified projects, business cases were developed, with wider business impacts 

assessed, in addition to the energy savings for which they were primarily recommended. Factors such 

as planned maintenance, seasonal operations, and new regulations were accounted for where 

possible so that projects could be joined with other business activities. This helped reduce the added 

cost of projects, minimise operational interruptions, and ensure changes being made aligned to the 

overall business strategy. Projects were ranked and prioritised using a number of different metrics to 

help aid the capital investment decisions of the senior management team. This process utilised 

components of several MEM block courses. In particular project costing, NPV calculations and financial 



MEM Project Report  Cold Storage Nelson Ltd  Robbie Foulkes - 98390258 

 
98 

 

analysis from ENMG602, operations management from ENMG604, and systems and business strategy 

from ENMG606.  

The main component of the overall project was the actual delivery of identified and accepted savings 

opportunities. This phase utilised a wide range of skills and tools as developed in the ENMG604 Project 

Management course. Specifically, the scoping, scheduling, and costing of projects as well as the 

ongoing communication and stakeholder management required to deliver the projects successfully. 

Network diagrams, RACI matrices and risk assessment tables were some of the tools used to aid in this 

step. Several projects required the management of human resources (ENMG603), as well as 

procurement and contractor negotiation (ENMG605). Skills from ENMG605 were further used to 

market project progress internally via company newsletters (Appendix 13.11). This kept wider 

stakeholders informed and endeavoured to help foster an energy saving culture within the company 

and adjust staff behaviours to assist in CSN’s goals of becoming more energy efficient. Increasing 

information flows, transparency, and awareness of energy consumption within teams was made a 

priority due to the impact this was shown to have in the ENMG606 systems thinking course. 

Despite no direct involvement, the project also gave exposure to a ‘Lean’ / 6 Sigma operating 

philosophy used throughout the company, providing real-life example of theory learned in ENMG604 

Quality Management classes. Project work and delivery was required to align within these constraints. 

At the conclusion of the project timeframe, measurements were taken to verify savings and 

monitoring dashboards were produced so that performance could be tracked, and savings maintained. 

As discussed in the sustainability workshop, systems were developed similar to GRI (Global Reporting 

Initiative) to internally report energy usage metrics and provide increased visibility for the senior 

management. An energy and sustainability policy were developed to further encourage 

environmentally friendly decisions and add an element of accountability. 

11.3 Personal Reflection 

This project has provided a great deal of satisfaction as it has allowed projects to be taken from start 

to finish throughout the project lifecycle and make a measurable difference to the operating expense 

of the business. Seeing the results of my work make a difference on the balance sheet has been 

rewarding and reassuring, particularly with projects which may not have had business support initially.  

The cumulative experience of delivering projects has tested and greatly developed my people 

management skills, especially when dealing with and managing experts who are far more experienced. 

I have learned the value of being upfront about expectations and making an effort to ensure two-way 

communication within a project team to ensure everyone is kept well informed. 
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With regards to project delivery, the biggest challenges faced have been through inter-departmental 

conflict which highlights the added difficulty of delivering projects within a functional organisation. 

Negotiating priorities between operations and engineering and reinforcing the fact that everyone is 

on the same team proved important at times when either department felt the other was just an 

inconvenience. Highlighting the benefits of projects early and getting buy-in from the operations team 

was helpful in gaining cooperation during the implementation phase. 

This project has greatly improved my knowledge in refrigeration and the cold storage industry, both 

in terms of the theory and the practical application. Working within a highly regulated environment, 

and with large industrial equipment has been a valuable experience, particularly when accounting for 

both my own health and safety as well as that of the contractors and project teams for which I was 

responsible. 

Another learning which I have made early on is that most things in industry seem to take a lot longer 

than what may be anticipated. In particular, early-stage communication, getting jobs quoted, and 

waiting for approval were found to take time and result in delays in getting projects underway. When 

scheduling work I learned it is important to account for these delays and, where possible, try and plan 

activities in parallel to minimise setbacks. 

My involvement in these projects to varying capacities has helped me realise that I would like to 

progress my career more in the direction of project management rather than purely technical 

engineering. I have enjoyed being involved in the preliminary design phase; however, my main 

satisfaction has come from working with people in the project delivery stage rather than through 

detailed calculations and modelling. Process optimization and energy efficiency is also an area which 

I have found interesting and rewarding and so I would enjoy contributing further to this space. 

In terms of writing this report, one of the key challenges has been summarising the project 

management work done. Providing an outline of the projects themselves as well as the results 

achieved was quite straightforward, however, reflecting the work done in terms of contractor 

negotiation, procurement, stakeholder management, and organisation has been more difficult.  

On the whole, I feel this project has provided a good opportunity to apply a broad range of MEM 

course material and I am confident that the engagement with CSN has resulted in a net positive impact 

for myself, the company, and the university. Both the MEM course and project have been extremely 

valuable and will certainly help in shaping and enabling my future career. 
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13 Appendices 

13.1 Explanation of cubic relationship between fan power and speed 

The relationship between the power consumption of a fan or pump motor and the corresponding fluid 

flowrate can be derived from basic physics equations. For a rigid impeller or fan blade the fluid 

flowrate is directly proportional to the velocity at which the blade spins. The power which the fan 

motor consumes is defined by force applied and the velocity as shown in the equation below: 

 𝑃𝑜𝑤𝑒𝑟 = 𝐹𝑜𝑟𝑐𝑒 × 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦  

Similarly, force is a function of mass and acceleration and so the equation can be expanded as shown: 

 𝑃𝑜𝑤𝑒𝑟 = (𝑀𝑎𝑠𝑠 × 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛) × 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦  

When a fan speed is doubled, the mass of fluid which is moved each second will also double as will 

the acceleration applied to that fluid. Therefore, if the velocity is doubled the power consumption 

must increase by a factor of 8, or 2³ as shown.  

 2(𝑀𝑎𝑠𝑠) × 2(𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛) × 2(𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦)

= 8 ((𝑀𝑎𝑠𝑠 × 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛) × 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦)

= 8(𝑃𝑜𝑤𝑒𝑟) 

 

The same applies for any other incremental speed change and so the theoretical change in power 

consumption for a fan or pump can be defined as the cubic of the change in velocity. 

13.2 Influence of Condenser Pressure on Plant COP 

In any refrigeration cycle, the main work done on the system is by the compressors which increase 

the pressure of the refrigerant gas from the evaporating pressure to the condensing pressure. The 

relationship between these two pressures is known as the compression ratio, and dictates by how 

many times the gas must be compressed. Given the temperature and pressure of refrigerant gases are 

directly proportional, this means that any change in condensing temperature will affect the 

condensing pressure and hence the work required from the compressors. If the condenser 

temperature is increased (i.e., on a hot day or if the water basin is warmed) then the compressors will 

need to work harder and hence consume more power. The opposite scenario is also true. As the 

compression ratio increases the COP of the refrigeration system is decreased as more work is required 

for the same refrigeration output. It is difficult to calculate the exact relationship between condensing 

pressure and power consumed, as the dynamics of each refrigeration system are slightly different, 

however, it is generally accepted that for every degree (Celsius) change the power consumption of 

the plant will change by approximately 2-3%. 
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13.3 Electricity Price for Calculations 

This appendix details how the assumed electricity price, which is used for all financial analysis and 

savings predictions, was determined. Figure 50 below shows the average industrial electricity price in 

New Zealand over the past 30 years as published by the Ministry of Business, Innovation, and 

Employment.  

The average reported price over this period has been 12.03 cents per kilowatt hour. 

CSN hedges its power through a third-party retailer to provide a higher certainty of cash flow and 

reduce its vulnerability to excessively high spot prices. This alters the price which CSN pays slightly, 

however, for the purposes of this report the average figure published in the data provided by MBIE 

has been used. 

13.4 Weighted Average Cost of Capital used in calculations 

The weighted average cost of capital (WACC) which was used for all Net present value (NPV) 

calculations was determined by taking the average from New Zealand’s cargo sector of 9.2% as 

reported by Share clarity (Shareclarity, 2018). The number was produced using the Brenan Lally capital 

asset pricing model and represents the estimated rate which companies need to pay to their security 

holders in order to finance their assets and investments. The WACC helps determine the actual time 

value of money for each company, and aid decisions where future return or savings is weighed up 

against capital investment.  

13.5 Method of Calculating Financial Returns 

𝑆𝑖𝑚𝑝𝑙𝑒 𝑃𝑎𝑦𝑏𝑎𝑐𝑘 =
𝑇𝑜𝑡𝑎𝑙 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐶𝑜𝑠𝑡

𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑
 

Present Value of a cash flow was calculated as shown below: 
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Figure 50: Real Annual Average Industrial Electricity Price in New Zealand (MBIE, 2019). 
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𝑃𝑉 =
𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤

(1 + 𝑊𝐴𝐶𝐶)𝑦𝑒𝑎𝑟𝑠
 

The present value of an annuity (reoccurring cash flow) was calculated as sown below: 

𝑃𝑉 = 𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤 × [1 −
{

1
(1 + 𝑊𝐴𝐶𝐶)𝑦𝑒𝑎𝑟𝑠}

𝑊𝐴𝐶𝐶
 

13.6 Summary of Data collection and Monitoring 

To properly understand and analyse the energy performance of a plant, it is important to have access 

to as much performance data as possible.  CSN has collected data through a number of sources for 

several years, however, a key outcome of this project was the installation of further sensors to gain 

further insight into where exactly in the refrigeration plant the power is consumed. An example of 

results obtained by this installation are presented in Section 13.6.3. 

13.6.1 Temperature Data 

CSN Richmond has its own weather station to give up to date and accurate readings of solar radiation, 

wind, rain, temperature, and humidity right on site.  There are also temperature probes located in all 

the rooms, which are being used to ensure product integrity and process control, as well as enabling 

the calculation of losses and energy flows from the evaporators.   

13.6.2 Receipt and Dispatch 

CSN already has a comprehensive collection of data which is ever evolving in its own ‘pX’ system.  

Information regarding the receipt and dispatch of product into the stores is being closely monitored, 

including, the mass, temperature, and product type of what is exchanged.  Figure 51, shows the 

amount of product in stock from different customers.  This data can then be matched with power 

consumption from the same period to, infer influences on refrigeration load and power usage.  
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Figure 51: Stores loading information for Richmond 16th April - 15th May 

 

13.6.3 Power Monitoring 

A key aim of this project is to investigate options to generate energy savings, therefore, it is also 

important to have an insight into power usage on site.  CSN has access to detailed information of its 

power consumption at a site-by-site level from a site called Clariti, however, this only provides detail 

up until the power passes the main incomer.  To have a better understanding of where the power 

goes from there, more granular data is required.  This is crucial for both identifying areas where 

worthwhile energy savings can be made and quantifying these with measurable differences after 

projects have taken place.  At the beginning of this project a comprehensive site wide energy 

monitoring system was been installed.  The system was designed and owned from Panoramic Power. 

The data collected can be viewed in diverse ways to shows where the power is going, how power 

usage is varying over time and when devices are varying from their normal usage.  Some examples can 

be seen below.  In Figure 52, a Sankey diagram, detailing the proportional power usage across the site 

in real time, and in Figure 53, a heat map which compares usage trends against time of day to help 

better identify abnormalities in consumption.  If there are unusual spikes identified, these can be 

investigated to find the cause of increased demand at the time.  Figure 54 illustrates usage over a 

timeline in a more traditional sense and allows for different devices to be selected and deselected and 

their interactions and trends observed.  These are key tools in understanding consumption.
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Figure 52:  Sankey Diagram illustrating proportional power consumption in real-time 
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Figure 53: Heat map comparing power usage against the time of day 
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Figure 54: Graph of power consumption of selected devices over time 
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13.7 Compressor Performance Chart with and without Economiser 

Figure 55 shows the predicted savings from economising a screw compressor.  It should be noted that 

the proposed project which this information relates to is for an open flash economiser. This means 

that figures could be expected to improve a further 2-3% to what is shown by the MYCOM software 

which is based on a direct expansion model. 

  

Figure 55: Compressor Performance Data Produced using MYCOM Compressor Simulation Software.  Without economiser (left), 
and with economiser (right) 

PERFORMANCE SINGLE STAGE (BOOSTER) PERFORMANCE SI NGLE STAGE (BOOSTER) 

MODEL : N250VM*-H MODEL : N250VM *-H 
REFRIGERANT : AMMONIA REFRIGERANT : AMMONIA 

RECOMMENDED PORT : M RECOMMENDED PORT : M 
BOOSTER: N BOOSTER: N 
COMPRESSION RATIO: [-l 8.87 COMPRESSION RATIO: [-] 8.87 
CAPACITY: [kW] 610.1 CAPACITY : [kW] 690.5 
CAPACITY : [TR] 173.5 CAeAC [TR] 196.3 
ABSORBED POWER : [kW] 243.2 ABSORBED POWER : [kW] 256.2 

DRIVE SHAFT SPEED : [min-1] 2950 DRIVE SHAFT SPEED : [min-1] 2950 
COMPRESSOR SPEED : [min-1] 2950 COMPRESSOR SPEED : [min-1] 2950 
INDICATOR POSITION : [%] 100 INDICATOR POSITION : [%] 100 
CONDENSING TEMP. : [degC] 30.0 CONDENSING TEMP. : [degC] 30.0 
EVAPORATIVE TEMP. : [degC] -28.0 EVAPORATIVE TEMP. : [degC] -28.0 
SUCTION SUPERHEAT : [degC] 3.00 SUCTION SUPERHEAT: [degC] 3.00 
LIQUID SUBCOOLING : [degC] 3.00 LIQUID SUBCOOLING : [degC] 3.00 
SUCTION TEMP. : [degC] -25.0 SUCTION TEMP. : [degC] -25.0 
OIL SUPPLY TEMP. : [degC] 50.0 OIL SUPPLY TEMP. : [degC] 50.0 
SUCTION PRESS. : [MPaA] 0.132 SUCTION PRESS. : [MPaA] 0.132 
DISCHARGE PRESS. : [MPaA] 1.17 DISCHARGE PRESS. : [MPaA] 1.17 
OIL SUPPLY PRESS. : [MPaA] 1.36 OIL SUPPLY PRESS. : [MPaA] 1.36 
SUCTION PRES. DROP : [MPa] 0.000 SUCTION PRES. DROP : [MPa] 0.000 
DISCHARGE PRES. DROP : [MPa] 0.000 DISCHARGE PRES. DROP : [MPa] 0.000 

SWEPT VOLUME : [m3/ h] 1980 SWEPT VOLUME : (m3/h] 1980 
LOAD(SUCTION VOL. FLOW RATE) : [%] 100 LOAD(SUCTION VOL. FLOW RATE) : (%] 100 
DISCHARGE TEMP. : [degC] 75.7 DISCHARGE TEMP. : [degC] 76.0 
REFRIG. FLOW RATE sue. : [m3/h] 1790 REFRIG. FLOW RATE sue. : (m3/h] 1760 
REFRIG. FLOW RATE DIS. : [m3/ h] 269 REFRIG. FLOW RATE DIS. : [m3/h] 304 
REFRIG. FLOW RATE sue. : [kg/h] 1999 REFRIG. FLOW RATE sue. : [kg/h] 1973 
REFRIG. FLOW RATE DIS. : [kg/h] 1999 REFRIG. FLOW RATE DIS. : [kg/h] 2257 
INJECT. OIL FLOW RATE: (ljmin] 101 INJECT. OIL FLOW RATE : (ljmin] 100 
LUB. OIL FLOW RATE : [ ljmin] 81.3 LUB. OIL FLOW RATE: (ljmin] 81.3 
F.SIDE OIL FLOW RATE : [ljmin] 13.6 F.SIDE OIL FLOW RATE : (ljmin] 13.6 
*TOTAL* OIL FLOW RA TE : [ljmin] 196 *TOTAL* OIL FLOW RA TE : (ljmin] 195 
OIL HEAT REJECTION : [kW] 142.4 OIL HEAT REJECTION : [kW] 143.2 
OIL SPEC HT : [J/ kgK] 1930 OIL SPEC HT: [J/ kgK] 1930 
OIL DENSITY : [kg/ m3] 880 OIL DENSITY : [kg/ m3] 880 

COP: [-] 2.51 COP: [-] 2.70 
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13.8 Example of CA Operators Fan Cycling Schedule 

See example of fan cycling schedule for room with 4 fans below in Figure 56 where green indicates 

‘on’ and white indicates ‘off’. Note the third fan in these rooms must always be operating as this is 

where the sensors for temperature control are located. 

Figure 56: Example of fan cycling schedule produced for Controlled Atmosphere store operator 
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Tot al Run Hours: 

Rooms w it h 4 fans night - (2 running) 

1 2 J 4 

Total St andby Hour VJhil e adjacent fans on: 

Rooms with 4fans day- (2 running) 

1 2 J 4 

.372 372 1104 360 

732 732 0 144 
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13.9 Extract from Magnetic Circuits & Transformers 

 

Figure 57: Literature on the impact of imbalanced transformers on power consumption 

If there is small difference between the ratios of transformers connected in parallel 
then it will produce relatively large circulating current 

Key Point : For satisfewtory p,arallel ope,11tion, the circulating current should no-t U(Zm. 10' 
percent of normiu load current. 

By making use of balance coil in case of single phase and tfu'ee phase transformers 
with different -voltage ratios panllel operation will be reliable. · 

_ With violence of condition (4) ie. if the percentage impedances are not equal in 
magnitude then also parallel operation is possible. Under this case the impedance triangles 
ar,e not Identical bl shape and size. Also the two transformers will operate at different 
power factots from the power factor of the combined Joa.d. One transformer will operate at 
higher power fadot' and the other will aperate at a lower rower factor that of combined 
load. The effect of this will be that the two transformers will not share the load in 
proportion to their kVA ratings. 

Copyr ghted ma e 

Magnetic Circuits & Transfonnan Transfonners 

The ratio of resistance to reacta.nce must also be same for each .of the transformers. So 
that the currents in each of the transformers a-re in phase. If these ratios are not same, the 
currents in the trans.formers are not in phase and the sum of the wind.mg current will be 

greater than the line ~t. 

If the percentage impedance •of all the units connected in parallel is same d\er\ the load 
will divide in the iru:lividua~ units in the ratio of their capacities even if the error is 
.introduced due to unequal ratio of resistance and reactance. The totaJ perm:i.sst"ble load will 
be-equal to the sum of capacities of the individ.ual units connected. in parallel. 
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13.10 Draft Energy Management Policy 

 

13.11 Internal Newsletter Excerpts (Marketing) 

13.11.1 March 2018 

Refrigeration is a very energy intensive process.  As a business specialising in refrigeration, one of 

CSN’s biggest operating expenses is electricity.  My position has been created in conjunction with EECA 

Figure 58: Draft energy management policy submitted to CEO 

V1 

Energy Management Policy 
Issue June 2.019 

Our Dedaration of Commibnent: 

CSN are committed to respa siille energv management acrnss. al l our .sites. we \\lm practice ,energy 

effiC!ienqr whsre 'o'er it is co.st-effective and will ilct iire1,, seelk W ilrys i11 which 'Ire can i'easibly red ce ;;nd 

optim- e our ener gy u;:~o-e across all ilreas: of bueines.s. ind uding; stare • eratia ms, p lant equipme mt, ;;nd 

equipme t oper 2'1:i• n invest ment decisions_ 

Policy: 

o r policy is to manage energ,i· conrumptioJl t• i:Mlidl was,ta,ge, improve prod uofr, ity, wor -ng oolldifio s, 

heillth .a 111d silrf,ety, and be environmentally res:p• ns: ib e. 11his po'licy w ill serve a key role in m1r pla,n ta• 

m a-~imise profi t ability while prnviding au r CIIStomers: writh t he best q ual'ity service. Til is poliqr shall a,ppfy 

t• .all CSN fa;eili~ies a lld emp loyees., ind ud1ng any contractors in service to a<ur blllS1iness._ 

Objedive: 

l.lllder t his: polic•(, CSN will striYe to use energy as effii:cient Ly as practicable t • red1JCe op,erating e icpense•s. 

a d the cam pany's. ,enYirorunental ·- o print . 

St rilli~ y: 

To achieYe t he abo•,e objective CSN has committed t a: 

• cormply with all e.nergy manageme mt laYrs:, regula ,-• 111S, :1nd codes: of Practice, in e~ist i11g 

a eratiorns, at5 well as. fu t ure up~rades. a,nd deYelopments 

• control energy consumption b·t regulai ly reYiew ing .;;nd improving our p urd1asing, op erati11g 

motiv2'1:i• n .and nr;;ining p rac,tice,.; 

• Actiirel•( seet a lld i:nV?.St in e,11ergy saYi11g o pportunities 

• tmprn•, e employee a,wareness alld enca rage the &uhange or-deas, lm•w ledge aJld ap,ertisel 

s· ed· - ·-····· ....... ··-··· ·····-·- ·-·--·-·- ·-·-····· ....... ··-··· ····- ·- ·- Date· ----- ·- ······· ....... ······-··-·-

...... ······-··-·- ·- ·-·--·-··, crue-- 1Execu ti:ve 
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(Energy Efficiency and Conservation Authority) to reduce the power used across all four of CSN’s sites 

by 15%.   

The first step in any energy saving project is to understand where and how energy is being used.  We 

have installed state of the art sensors on switchboards in the Richmond branch to give detailed real-

time data on power consumption.  This data will be collated with details of product movements and 

temperatures, door openings, seasonal variability, and internal and external conditions to get the big 

picture of what the main contributors are to our power consumption. 

  The power monitoring equipment will progressively be moved around all four branches to investigate 

the unique opportunities for savings which each situation presents.  I will produce an energy map and 

model for each site from which we can consider how our power usage can be reduced and 

manipulated, without compromising product quality, worker safety and comfort.   

By monitoring our power consumption patterns in depth, we may be able to identify equipment which 

is oversized for the job or drawing more current than it should be.  Areas will be investigated where 

additional load is being added to the refrigeration systems and I will look how this can be reduced.  

This includes air through door openings, warm product, and anything else which does not need to be 

Figure 59: Switchboard where sensors can be installed (left), historical energy usage for entire business (right) 

Figure 60: Water circulation pumps (left), evaporator coils (middle), snow in room (right) 
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introduced to the stores.  In addition, I will explore ways in which we can improve process control and 

implement automation and adjustments to the refrigeration systems themselves. 

13.11.2 July 2018 

The power monitoring equipment which was installed in 

Richmond branch in March has allowed consumption trends 

and patterns to be observed, and as a result a number of 

projects have been identified to improve the efficiency of the 

plant.  The next stage for Richmond is to work through these 

projects which have been identified and predict which projects 

will be worthwhile and generate enough savings to justify the 

capital investment.   

One way in which the viability of the projects is being 

checked is by modelling the energy flows within the rooms.  

By using all the data which is available to us, we are able to 

simulate how much energy is being lost and used due to 

different variables.  This allows for model parameters to be 

changed in order to estimate the savings which are 

possible, should these parameters be changed in real life.   

The first project which has been approved is already being 

implemented.  This involves adding control capabilities to the 

fans in the Richmond pre-cooler room.  This means that the fans 

are able to be slowed down, once the product is at the set point, 

rather than operating at full capacity until the room is able to be 

unloaded.  In addition, when this room is operating as a freezer, 

the power consumption will be nearly halved as less air flow is 

needed than what is currently delivered.  These are the biggest 

fans at the Richmond branch and the project is estimated to 

save approximately 220,000 kWh per year which equates to $21,000 and 10% of our energy savings 

target. 

The upgrades which are taking place in Christchurch are very exciting as not only will they increase the 

overall pellet capacity of the plant; the energy efficiency should also be increased with the installation 

of a new evaporative condenser and screw compressor.  Sensors have been installed in the Watts 

Figure 61: Sankey diagram showing 
distribution of energy consumption on site 

Figure 62: Graph representing modelled energy 
losses from a store 

Figure 63: VSD's installed outside room 7 

_ ,__..,. ..... _ ,__.,_ ---
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Road engine rooms which will be used to measure the savings which will be generated by these 

changes.   

13.11.3 December 2018 

As the first year of our Energy Saving’s agreement with EECA comes to a close, there is several projects 

in varying stages of completion.  The year began with surveying energy usage while focus has now 

shifted to implementation.   

Despite a few hiccups with commissioning the control for the Variable Speed Drives (VSD’s) in 

Richmond’s Room 7 is now working.  The fans have been put to the test operating in both freezer 

mode and as a pre-cooler and are now well on track to paying back within their estimated payback 

period of 1.6 years.  

An alternative to VSD’s is the new state of the art 

EC motor technology which will be trialled in 

Richmond’s Store 5.  These fans have been ordered 

straight from Germany and should offer improved 

airflow and inbuilt variable speed capability, for 

less than half the power currently being used.  The 

fans are due to be installed before the apple season next year, and if they live up to expectation will 

be rolled out to other Room’s across the business. 

Fan power in the CA rooms has been identified as an area for easy savings.  A schedule for fan cycling 

has been implemented and the saving’s this should generate will be realised next season.   

Extensive work continues in the engine rooms in Nelson, Richmond, and Christchurch, with 

compressors, and cooling towers the primary focus for energy efficiency gains. 

Figure 64: Sample picture of EC fans 
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As a result of energy saving initiatives, CSN is forecast to have reduced its energy bill by approximately 

910 MWh per year which equates to around $100,000.  

 

 

 

 

 

 

 

13.11.4 July 2019 

On Wednesday the 19th of June, a range of CSN staff took part in a workshop run by the Energy 

Efficiency and Conversation Authority (EECA) and answered several questions on how we manage 

energy as a business.  As a result of the session, we have been given a number of critical action tasks 

to undertake which will improve the way in which we communicate and manage energy related 

activities throughout the business.  Some of the highlighted areas where we must improve are:  

 Ensuring maintenance is carried out ASAP to avoid energy wastage. 

 Making energy a part of day to day discussions.  This includes managers advising their teams 

of opportunities where they can reduce usage and giving team members an opportunity to 

communicate any ideas they may have. 

 Taking accountability for individual energy costs and usage within our teams. 

 Updating company policy to include a clearer commitment to energy management and 

reflecting this through all business activities.  

We were awarded a 3 out of 5-star rating overall for our energy management practices but are only 

12% away from the next tier and can move up to a 4-star if the above philosophies are more widely 

adopted. 

Figure 65: Areas for potential energy saving projects: Water circulation pumps (left), piston compressors (right) 
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Please take note of the above points which are relevant to your role, as it needs to be a team effort 

from everyone to ensure our second largest operational cost is kept to a minimum.  

 

Figure 66: Cool store door left open (right), core business pillars for energy reduction as recommended by EECA (left) 
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