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1.0 Ab s trac t  
The ultimate  aim of the  project is  a techno-economic analysis  and GHG emissions estimation to provide  
recommendations around trim cooling technologies, with a specific emphasis on comparing CO2 / N2 solutions with a 
mechanical cooling system. A leve lised cost of cooling metric enables a direct comparison be tween the  diffe rent 
technologies on a $ / kWh of cooling basis  inclusive  of capital expenditure  and ongoing energy, operating and 
maintenance  costs . This metric was also converted into a $/tonne  trim cooled from +10DegC to +2 DegC. 
Mechanical re frigeration has a larger upfront capital expense , but de livers cooling at a lower cost over the  life  of 
plant. A heat transfer model was deve loped and used to identify e fficiency opportunities. CO2 and N2 are  routine ly 
purchased by RMPs from third parties – it is  technically viable  to produce  CO2 and N2 onsite , however the  cost is  
generally prohibitive .  
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2 .0 Exe cutive  s ummary 
Mechanical cooling is  a re lative ly new technology, hence  its  application for beef trim cooling was tested as part of 

this  project. Afte r extensive site  visits  and data discovery, the  following Levelised Cost of Cooling ($/kWh) was 

generated.  

 

 

Figure 1: Levelised Cost of Cooling (LCoC) comparison between technology options. 

 

The  results  of the  analysis  suggests that using CO2 snow is 3.7 times more  expensive  than mechanical cooling and 

that, for 10,000 tpa, a saving of over $2mil pa could be  made  by shifting to mechanical cooling. 

  

The  above  information was then used to calculate  a $/tonne  for trim cooling over a 15 year life  of plant with the  

results  presented in the  table  be low.  
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Figure 2: Specific cooling cost per tonne of trim from +10 DegC to +2 DegC.  

 

A summary of LCA findings  shows the  opportunity for moving away from dry ice  to a “mechanical system” (plate  

freezers were  considered in de tail for this  analysis) is  approximate ly 1519 tpa CO2-e  Scope  1 emissions reduction 

for a 10,000 tpa facility, which at the  current ACCU spot price  of $AUS 33.85 equates to $51,418 pa, which over a 7 

year crediting period is  worth $360,420. At these  amounts, it may be  preferable  for a site  to not generate  credits  but 

rather  The  overall Life  Cycle  Assessment GHG emissions reduction (Scope  1/2/3) of 1350 tpa CO2-e  for a 10,000 

tpa facility at the  current ACCU spot price  of $AUS 33.85 equates to $45,698 pa. 

 

Figure 3: Life Cycle Implications of Different Cooling Methods.  

This Final Report also specifically considers: 

 on-site  production of N2, 

 on-site  production of CO2, 

 Efficiency gains via sub-cooling CO2 and lagging, 

 Life  Cycle  Assessment approach to GHG emissions, 

 efficiency improvements to dry-ice  production.  

 Future  opportunities for other tissues, in approximate  order of inte rest: 

o Body fat 

o KPH fat [kidney, pe lvic, heart] 
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o Tongue  root fille ts  

o Head meat 

o Lips 

o Throat trim 

o Neck trim 

o Presentation offals: 

 Cheeks  

 Heart 

 Lungs  

 Kidney 

 Liver 

o 1m^3 nude  trim blocks. 
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3.0 In trod uc tion  
The preservation of meat is  a critical aspect of the meat industry, ensuring food safety, extending shelf life , 
and maintaining product quality from slaughter to consumption. Amongst the most widely used and 
effective methods for preserving meat is  cooling or freezing, which involves the use of refrigeration 
systems or direct contact with cold gases/liquids/solids to lower and maintain meat at safe  temperatures. 

Solid CO2 (“snow” or pelle ts) and liquid N2 are  direct contact options, whilst mechanical cooling utilises 
non-direct contact with meat on one side and, normally, a closed loop thermal transfer medium (e.g. a 
refrigerant such as ammonia or CO2) on the other that extracts heat from the meat products through 
refrigeration technologies requiring compressors, condensers, and evaporators. This process inhibits the 
growth of spoilage microorganisms and pathogenic bacteria, particularly those that thrive at higher 
temperatures. By maintaining meat at low temperatures, mechanical cooling significantly slows down 
enzymatic activity and microbial proliferation, both of which are  responsible for deterioration. 

The adoption of mechanical cooling has revolutionized meat handling, storage, and distribution. From cold 
rooms in slaughterhouses to refrigerated transport and retail storage, this technology plays a vital role  in 
modern food supply chains.  

The rising costs of industrial gases and, at times, supply chain limitations has resulted in RMPs looking for 
alternate  solutions to direct contact cooling. Onsite  gas production is technically viable  but has historically 
been a more expensive option at the lower scales available .  

Additionally, RMPs tend to be capacity limited with freezing / plate  freezing / storage, hence have a keen 
interest in de-bottle  necking the existing plate  freezers to avoid investment in additional capital.  

Another area for exploration is the shelf life  for red meat tissues at different temperatures (i.e . frozen or 
“fresh” at -1 DegC or higher) and the associated value. 
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4 .0 Pro je c t ob je c tive s  
The outputs of the  project are : 

• Model heat transfer/convective  parameters to de te rmine  cooling rates (i.e . incoming trim temp; targe t trim 
temp; e tc). Evaluate  the  model against real plant situations.  

• Assess current practices - specifically improving efficiencies for CO2 use  (i.e . thermodynamically optimised 
bins; manual v automated, and optimised dry ice ; capture  & re -use  of sublimated dry ice , dry ice  pe lle ts  v 
snowing), and on-site  production of N2 (via direct air capture).  

• Evaluate  feasible  e fficiency improvements to dry-ice  production using food grade  CO2, and gas contact rapid 
cooling using Nitrogen Tunnel.  

• Model alte rnative  tube  plate  contact rapid cooling technology; fit for purpose  use  or adaptation within current 
plant, product quality and cost requirements. industry plate  contact rapid cooling system i.e . Hive . 

• Design of a CO2 re -use  system (e .g. pressure  swing adsorption and CO2 liquefaction) de tailed cost-benefit 
analysis .  

• Evaluate  environmental impact of the  various cooling solutions using ISO 14040:2006 LCA framework.  

• Final report; Processor applications; Detailed business case : CAPEX / OPEX; Levelised Cost of CO2 and N2 
(comparing e fficiency with production options).  

• “Levelised Cost of Cooling”, including $ / kWh metrics, and environmental impact comparisons.  

• Two appropriate  re taile rs will be  consulted for feedback around the  recommendations proposed by the  
project team.  

• Six individual short form reports  will be  issued to participating members, with each covering rapid cooling 
recommendations supported by a pre -feasibility.    
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5.0 Me thod olog y 
The project methodology is  as follows: 
• Six consultation meetings with varying types of member participants end-users to defined scope  analysis . 
• Workshops with two re taile rs / s ix members. 
• Obtain analysis  software . 
• Initial model deve lopment. 
• Review scientific and R&D lite rature , and re levant case  studies. 
• Collected data for the  Lifecycle  Assessment (LCA). 
• Conduct LCA on options. 
• Model thermo / fluid dynamics and techno-economics for options. 
• Analyses of techno-economic and environmental impact outcomes. 
• Comple te  short form recommendations with pre -feasibility study for each member participant. 
• Submission of manuscript including comparisons and recommendations for each participant. 
• Final member participant end-user workshop, seminar and final reporting. 

 
One  key item to define  is  what the  targe t temperature  and associated timing is  for each site . Diffe rent "Approved 
Arrangement" at each RMP means that temperatures and timing could vary. From "AS 4696" (extract be low) it 
appears that the  targe t temperature  is  "5 DegC on any of its  s urfaces " by be ing “p laced  und e r re frige ra tion 
without de lay and  is  rap idly chilled” with no mention of inte rnal temperatures or the  exact timing required.  
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6 .0 Re s ults   

6.1 Site  Vis it Find ings  - The rmal Imaging Example s  
The following are  a selection of images from site  visits  providing snap shots of temperatures for activities 
throughout RMPs. 

  

Figure  4: Front view (left) and side  view (right) of trim snow cabinets showing large amounts of cooling loss from walls, sides and 
in particular through the  base  of the cabinets. 
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Figure  5: Evidence of the  requirement for lagging on LCO2 from storage tanks (left) and LCO2 line  within the boning room (right). 

 

Figure  6: High temperatures of cartons about to be  sent to the  plate  freezer of offal at 28.7 DegC after water bath (left) and trim at 
10.1 & 10.4 DegC (centre  and right). 
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6.3 Bas is  of Des ign 
Selecting a Basis of Design enables a clearer “apples with apples” comparison. 

For determination of a $/kWh cooling, the following was assumed: 

 

- 10,000 tpa trim (40.82 tonnes trim per day for 49 weeks pa, 5 days per week). 

- Start Temp 10 DegC (out of boning room). 

- Target Temp 2 DegC (this is  the target temperature  after 24 hr freezer storage). 

- Trim particle  size  of 50 mm (may require  cubing / grinding)  

- Bins of 800 kg trim.  

- $0.3 or 0.15 / kWh power costs.  

 

Additionally, this  basis  of design was utilised by the  mechanical cooling vendor to generate  a generic CAPEX / OPEX 
estimate .    
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6.4 High Effic iency CO2 Pe lle t Production 

6.5.1 High Effic iency Dry Ice  Production   
Snow is created by flashing off some liquid CO2 which drops the  temperature  of the  remaining liquid CO2 be low the  
freezing point there  by converting some CO2 from a liquid to a solid. A CO2 Recovery Systems captures and 
recycles CO2 that is  otherwise  vented (during snow production). Within the  close  loop recovery unit, the  gaseous 
CO2 is  cooled and compressed to create  liquid CO2 that is  then piped back to the  dry ice  pe lle tizer. Key questions 
on pe lle ts  are : 

(1) are  3mm pelle ts  acceptable  for trim cooling, and  

(2) do pe lle ts  provide  a materials  handling issue  (compared to snow horns). 

The  pe lle tisation with flash recycling reduces liquid CO2 consumption by ~half in most installations. This process in 
simplified in the  image  be low. 

 

Figure  11: CO2 pelle t system with flash gas recycle . 

For the  define  “base  case” of 10,000 tpa trim, the  vendor recommended the  PR350H pe lle tizer and the  RE320 CO2 
recycle  system, shown in the  images be low. Pelle ts from 3 to 16mm can be  produced (most beef processers use  the  
3mm dye), with a power draw of 5.5 kW (whilst the  system can produce  350 kg/d, the  recommended operational 
se tting is  266 kg/h to match the  recycle  system, the  system would operate  for 10.4 hpd), <75 dB, compressed air of 
10 Bar Class 3 required. The  recycle  system draws 45 kW (to recycle  320 kg/h of CO2). Total system footprint 
(Figure  12) is  approx. 4.1m length, 1.35m width, 3.8m high (excluding pipework and switch board).    

                                                                  Figure  12: CO2 pelle t system. 
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6.5.2 CO2 Pe lle ts  and  Flash Recycle  TCI 

 

Figure  13: CO2 pelle t system Total Capital Investment estimate . 
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6.5.3 Case  Study – High e ffic ie ncy pe lle ts  
 

A beef plant in Europe  replaced a “Snow Horn” with a PR750H and reduced CO2 usage  by 50%. 

 

                                     

Figure  14: Images of a snow system on the  left (before) and a pelle t system on the  right (after).  
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6.5.4 CO2 Recove ry from Ve nt Gas   
A specific opportunity considered in de tail is  to recover CO2 from vent gas, which could include  CO2 flashed during 
snow production and sublimated CO2 during the  cooling process, both of which would require  dedicated extraction 
systems. Due  to the  need to ventilate  within operational areas, CO2 is  diluted rapidly by ventilation air, hence  a CO2 
hood or capture  system, particularly during the  early stages of trim cooling would be  required (which is  when the  
greatest amount of sublimation is  expected) The  CO2 recovery opportunity re lies upon: 

(1) Having a source  of, ideally, >70% CO2. Otherwise , the  CAPEX increases and recovery drops. 

(2) A method to capture  a high percentage  of available  CO2. 

Around 6.9 tpd CO2 is  available  from flash gas and sublimation. However, it is  assumed that does to losses and 
inefficiencies in the  purification system that 40% of total CO2 is  recovered. 

A Pressure-vacuum swing adsorption (PVSA) system has been recommended. This system would be  sized to 
recover ~2 tons CO2/day, which is  re latively small for this  type  of technology. A compressor would be  required to 
pressurise  the  CO2 for the  PVSA inle t (2 bar feed to reduce  the  volume flow and 0.2 bar vacuum) and a second 
compressor for the  liquid CO2 production. A Y-type  zeolite  is  recommended. CAPEX estimated at $3mil.  

 

A schematic of a PSA process is  shown be low1. 

 

Figure  15: CO2 recycling system.  

 

 

  

 
1 Ogunlude, P et al., WEENTECH Proceedings in Energy, DOI:10.32438/WPE.8319, 2019. 
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By way of example , a skid mounted PSA system for the  production of CO2 is  shown be low2.  

 

Figure  16: Pressure  Swing Adsorption (PSA) system for CO2 recycling. 

  

 
2 Large Industrial CO2 Generator, Xuzhou Huayan Gas Equipment Co., Ltd, accessed 6th Feb 2024. 
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6.5 CO2 Re cove ry From Biogas  
Biogas is  a complex mixture , in approximate  order, of CH4, CO2, water, N2, H2, H2S, NH3 and other trace  volatile  
organic carbon molecules. Methane  purification is  routine ly via scrubbing, PSA, or amine  scrubbing. However there  
exists  the  opportunity for  

Assuming a large  RMP facility processing 1200 beef cattle  per day (108,000 tHSCW pa), it is  estimated that 88,641 
GJ/annum of biogas could be  produced which equates to approx. 4,432,050 Sm^3 pa or 12,142 Sm^3 pd. At 
42.6mol% CO2, this  equate s to 10.83 tpd CO2. Hence , sufficient CO2 is  present in the  biogas from a RMP to meet 
trim cooling requirements. A liquid CO2 system rated to 7.926 tpd (74% recovery) was se lected with CAPEX 
assumed at $9.4mil3. 

By way of example , a skid mounted amine  scrubber for the  production of bio-methane  with CO2 as a by-product4.  

 

Figure  17: Skid mounted system to separate  CO2 from CH4 in a biogas stream.  

  

 
3 “Feasibility Study into Resource Recovery Facility in the Red Meat Sector”, AMPC Project 2024-1019, 2024. 
4 “Amine Scrubber”, americanbiogascouncil.org/processing-aminescrubber/, accessed 6 Feb 2025. 
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6.6 On-s ite  p roduction of N2 for rap id  cooling  us ing  Nitroge n Tunne l.  
Onsite  production of N2 is  technically straight forward. The  analysis  for this  project would suggest that the  
economics of onsite  N2 is  marginal due  to: 

• RMPs use  a comparative ly small amount of N2, hence  onsite  N2 production technologies at a suitable  scale  
are  designed for medical and imaging applications. 

• Industrial N2 production, routine ly via cryogenic distillation, enjoys economies of scale  and is  e ffective ly a 
by-product from the  manufacture  of O2, hence  the  re lative ly low cost of N2 compared to CO2. 

• Small scale  N2 production, routine ly via pressure  swing adsorption or molecular sieves, is  very energy 
intensive  (i.e . kWh / kg liquid N2) due  to the  need for small scale  air separation and liquefaction equipment. 

A block diagram for a cryogenic production system is  shown be low. 

 

  

Figure  18: Liquid N2 production system. 
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A submission for onsite  N2 production was rece ived from Peak Scientific 5 for onsite  N2 production as per the  flow 
diagram be low. The detailed economic analysis for LN2 is presented below.  

 

Figure  19: Liquid N2 LCoC estimate .  

  

 
5 Personal communication, Todd Linford (E: tlinford@peakscientific.com), Peak Scientific Instruments, 2 / 5 Phillip Court, Port 
Melbourne 3207, 25 Nov 2024. 

mailto:tlinford@peakscientific.com
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6.7 Me chanical Cooling  
Detailed communications were  he ld with the  Staughton Group on the ir HIVE cooling system. Additional options 
include  Vacuum Chilling and Spiral freezers (note : these  are  be ing considered in other projects; hence  it is  proposed 
that a full life  cycle  assessment be  comple ted as the  next phase  of work to compare  technology options in te rms of 
energy, emissions, water, packaging / materials  and re sources). 

Hive  is  an innovative  re frigeration technology deve loped by and installed at Staughton’s Albury pe t food processing 
plant, and involves a pumpable  product be ing frozen via continuous 6 extrusion. This technology was investigated 
during the  site  visits  for applicability to trim. The  primary identified concern was any size  specifications by trim 
offtakers that would prevent the  50 mm pre-grinding necessary for this  system’s material transfer. Another area for 
consideration is  the  materials  handling, specifically feeding tissue  into the  mono-pump.  

The  uniform dimensions of the  frozen block may be  an attractive  feature  for logistics, and enable  e ither a much 
larger mass to be  packed per pallecon, or reduce  the  size  and hence  packaging material for fixed mass 60lb / 27.2 
kg boxed trim. The  frozen blocks have  a higher density than loosed packed tissue  hence  reduces bulging. 

 

  

Figure  22: Thermal images of frozen mince processed through the  HIVE system.   

  

 
6 In contrast to the batch operation of standard vertical or horizontal plate freezers. 
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6.8 Impact of the  various  cooling  solutions  on GHG emiss ions  
 

The following summarises a life  cycle  assessment (LCA), where the plate  freezer and LN2 tunnel LCAs 
were completed by the University of the Sunshine Coast and CO2 Snow was based on available  site  data 
for a RMP case study.  

 

 

Figure  25: Life Cycle  Assessment results  for cooling technologies.  
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6.9 Effic iency Gains  for CO2 

6.10.1 Pipe  Lagging   
As highlighted by the  thermal imaging, considerable  cooling is  lost when pipes are  not lagged. The  images be low 
show an unlagged section of pipe  in the  outle t of the  CO2 liquid tank where  even afte r ice  crusting the  temperature  
is  -17 DegC.  

                             

Figure  26: Liquid CO2 supply pipe from storage to plant.   

 

The  next images shows the  CO2 liquid pipe  to the  snow horns within the  production area. Whilst these  pipes do not 
ice  up due  to the  low humidity, there  is considerable  cooling loss due  to the  ambient air be ing 10 to 15 DegC. 
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Figure  27: Liquid CO2 supply within the  trim cooling area.    

 

Modelling a 1.0m length of unlagged 2" pipe in 25DegC ambient conditions (pipe surface temperature  -
19.9DegC): assuming pressure remains constant, some of the LCO2 entering the pipe exists as gas. This 
results in a reduction of CO2 snow production where  3.1% le s s  snow is  produce d pe r 
me tre  of unlagge d p ipe , noting that an ice  crust creates some lagging effect, but the infrared still shows 
considerable  energy losses. As per the image below.  

Payback estimate: 

Lost snow production value: ~$64,449 pa (at 2.1mil kg pa consumption of LCO2). 

$27.49 per meter (ref: https://insulationeasy.com.au/product/thermotec-4-zero-thermal-wrap-pipe-
insulation/) + $100 installation and fixings. 

Payback: $127.49/32890 = 0.7 days (excluding impact of ice  crusting). 

https://insulationeasy.com.au/product/thermotec-4-zero-thermal-wrap-pipe-insulation/
https://insulationeasy.com.au/product/thermotec-4-zero-thermal-wrap-pipe-insulation/
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Figure  28: Thermodynamic model confirming opportunity to lag liquid CO2 supply lines.  

 

Modelling a 1.0m length of unlagged 2" pipe in 10DegC (i.e . boning room) ambient conditions: 
assuming pressure remains constant, 4.12275% of LCO2 entering the pipe exists as gas. This 
results in a reduction of snow production down to 46.075% i.e . 2.08% le s s  snow pe r 
me tre  of unlagge d p ipe .   

Noting: the ice  crust creates some lagging effect, but the infrared still shows considerable  heating 
impacts.  

Lost snow production value: ~$43,243 pa (of 2.1mil kg CO2 pa). 

$27.49 per meter (ref: https://insulationeasy.com.au/product/thermotec-4-zero-thermal-wrap-pipe-
insulation/) + $100 installation and fixings. 

Payback: $127.49/43243 = 1.1 days (excluding impact of ice  crusting). 

  

https://insulationeasy.com.au/product/thermotec-4-zero-thermal-wrap-pipe-insulation/
https://insulationeasy.com.au/product/thermotec-4-zero-thermal-wrap-pipe-insulation/
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6.10.2 Advance d Proces s  Mode l – Production of Snow from Subcooled  LCO2 
LCO2 sub-cooling  ide a : Using an equation of state  model (DWSIM), in a perfectly lagged system, CO2 at 
18.8 Barg (pressure in the Kilcoy tanks) is  a liquid at -19.9012 DegC. When expanded to atmospheric 
pressure in a perfectly lagged system, 48.1% of the CO2 is converted into solid CO2. If the 
temperature  of the LCO2 is reduced to -40 DegC, then 55.1% of the CO2 is converted into solid CO2. 

 
Figure  28: Thermodynamic model confirming opportunity to sub-cool liquid CO2 before  snow production.  
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6.10.3 Insulation of Large  Conta ine rs  / Pa lle cons   
 

Thermodynamic modelling by the University of the Sunshine Coast (USC) estimates a 58% reduction in 
snow requirements where a pallecon / trim holding vessel is  “perfectly” insulated. 

 

 

Figure  29: Thermodynamic considerations for using solid CO2 for cooling.  
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8  Dis c us s ion 

8.1 Food  Grade  Gas  Spe cification 
 

A review of “food grade” specification is that the only legal requirement is  that the gas should not leave 
residues in the product that would present a risk to health. 

 

The following table  outlines food additives gases specifications in EU legislation. 

 

Figure  30: Summary of current food additives gases specifications in EU legislation and JECFA7. 

 
7 Doc_126_20_Minimum_Specifications_for_Food_Gas_Applications 

https://www.eiga.eu/uploads/documents/DOC126.pdf


 

AMPC.COM.AU 32 

Of high inte rest is  “Food processing aids”: From EUROPEAN INDUSTRIAL GASES ASSOCIATION, MINIMUM 
SPECIFICATIONS FOR FOOD GAS APPLICATIONS Doc 126/20 Revision of Doc 126/18: “Food processing aids are  
legally defined as “Any substance  not consumed as a food by itse lf, intentionally used in the  processing of raw 
materials , foods or the ir ingredients to fulfil a certain technological purpose  during treatment or processing, and that 
can result in the  unintentional but technically unavoidable  presence  of residues of the  substance  or its  derivatives in 
the  final product, provided that these  residues do not present any health risk and do not have  any technological 
e ffect on the  finished product”, see  Regulation EC 1333/2008 of the  European Parliament and of the  Council of 16 
December 2008 on food additives [2]. Gases are  processing aids when used during the  processing of a food, for 
example  liquid nitrogen or carbon dioxide  for freezing, chilling and temperature  control or inerting of bulk materials  
during processing but they are  not themselves consumed as part of the  food. In this  case  the  only lega l 
require me nt is  tha t the  gas  s hould  not le ave  re s idues  in the  p roduct tha t would  p re s ent a  ris k to hea lth.”8 

 

A specific example  to consider is  gases used for carcass splitting, hence  there  provides the  opportunity for recycling 
N2 tunnel off gas. 

 

Figure  31: Example  of food grade CO2 specification which exceeds the  requirements for food grade gas (BOC grades of CO2 in 
Australia 9). 

 
8 Doc_126_20_Minimum_Specifications_for_Food_Gas_Applications, accessed 29 Nov 2024. 
9 www.boc-gas.com.au 

https://www.eiga.eu/uploads/documents/DOC126.pdf
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Figure  32: Example  of food grade N2 specification which exceeds the  requirements for food grade gas 10. 

BOC makes the  qualitative  claim on its  publicly available  website  that LN2 “produces a higher-quality product 
compared to conventional re frigeration” without any evidence  or third party research.  

Only one  of the  visited sites used an N2 tunnel for cooling of trim. The  site  reported the  gas consumption of 1 re fill 
per week.   

 
10 www.coregas.com.au/images/downloads/COC-223901-nitrogen-food-grade-bulk.pdf, All-certs-0918, accessed 

https://www.coregas.com.au/images/downloads/COC-223901-nitrogen-food-grade-bulk.pdf
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Figure  33: BOC N2 gas property page 11 

  

 
11 https://www.boc.com.au/shop/en/au/liquid-nitrogen-713cryo-p#product1, 26th Nov 2024. 
 

https://www.boc.com.au/shop/en/au/liquid-nitrogen-713cryo-p#product1
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9  Conc lus ions  & Re comme nd a tions   
Mechanical cooling is a re latively new technology, hence its  application for beef trim cooling is being 
tested and reviewed as part of this project. Key considerations include the pumping system, materials 
handling (particle  size  / grinding requirements / hopper) and efficiency / time for cooling.     

Due to the strong economics of mechanical cooling, one outcome could be for RMPs to consider low 
CAPEX efficiency gains pending availability of CAPEX for a mechanical system or executing a BOO 
agreement. It is  difficult to see how, given the supply chain issues and costs of CO2 and N2, how a RMP 
could make a large investment into a system the relies upon the supply of gas from a third party. There 
are  certain speed advantages of CO2 and N2, hence onsite  generation and/or high efficiency system 
could be considered. The long term vision should be towards more consistent, effective, and cheaper 
mechanical refrigeration methods utilising renewable energy with an associated cooling storage system to 
progress towards zero emissions cooling.  

Further research: 

• Deployment and associated monitoring of the  first HIVE system. 
• Extension of mechanical cooling to other tissues, in particular offals . 
• Increased shelf life  and additional value  by exporting frozen offals . 

 

 

10 Pro je c t ou tp uts  
Key project outputs were:  

• $/kWh cooling for CO2 snow, CO2 pelle ts , N2 tunnels, mechanical cooling.  
• $ / tonne  cooling. 
• Onsite  N2 production. 
• Onsite  CO2 production. 
• CO2 recycling. 
• Testing of mechanical cooling of trim and edible  fats . 
• Future  program of works. 
• Site  visits , inspection and documentation of equipment. 
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