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Executive Summary 

Murray Goulburn Co-Operative is Australia’s largest dairy company with eight plants located throughout 
Victoria and Tasmania and is wholly Australian owned by its 2,800 farmers.  Murray Goulburn processes 
38% of Australia’s milk – which equates to 3.5 billion litres annually.  The company accounts for 50% of 
Victoria’s dairy food production and exports to more than 100 countries.   

The Cobram plant manufactures Bulk & Retail Cheese, Whey Powder, Whey Protein Concentrate, Whey 
Protein Isolate and Lactose.  Cobram is a small community with a population of around 5,500.  As major 
water users in a small community Murray Goulburn is committed to reducing our water usage where ever 
possible. 

 

 
The proposal is to replace liquid seal vacuum pumps with dry running vacuum pumps to eliminate the 
need for a water seal.  For this project we targeted liquid seal vacuum pumps which consume 29,400 
litres per day of mains drinking water which equates to 9.7 mega litres (ML) per year.   The two vacuum 
pumps operate the de-aeration of a powder packing line.    

This type of system used in this process is new for the dairy industry and will be used as a 
demonstration site to its other sites across Victoria.  The proposed system aims to save approx 9-10 ML 
per year of water. 
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Background  

This project aim was to reduce potable water usage in liquid ring vacuum pumps (LRVP).  The liquid-ring 
pump (see figure 1) is a displacement pump with a liquid ring which seals the rotor chamber, and pumps out 
the air and condensable gases into the atmosphere.  A continual supply of fresh water must be supplied to 
replace the contaminated hot water (due to gas compression).  Seal water must be kept below 15°C for 
optimal performance. 
 
Figure 1 - Liquid Ring Vacuum Pump 

 
Source: Sydney WATER, 2004 

 
Murray Goulburn Whey department receives whey from our bulk cheese plant which is then processed into a 
number of dry powder products.  Liquid ring vacuum seals are required when de-aerating powder bags on two 
packaging lines.  
 

  
Photo 1 - Sapac      Photo 2 - Powder packing line 

By replacing the liquid ring vacuum pumps with dry running vacuum seal pumps the use of water will be 
eliminated. 
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Figure 2 - LRVP Suction Pressure 

 

Source: Sydney WATER, 2004 

The liquid seal temperature must be maintained in a liquid ring vacuum pump to avoid lost of pump 
capacity.  Liquid ring vacuum pumps are often oversized to avoid loss of capacity up to 30% which 
increases the energy consumption. 

 

Introduction  

Proposed System:  Replace 2 liquid ring seal vacuum pumps on the powder packing line 
 
The existing SIHI liquid ring vacuum pumps have a maximum flow of 500 m

3 
/hr and run off 15kW motors. 

The liquid ring vacuum pumps use a liquid seal (water) which was recovered into a small balance tank topped 
up by town water to maintain the water at a cool temperature.  A portion of this balance tank continually 
overflowed causing the loss of approximately 9.7 ML per annum of water.  The seal water system also fed an 
oil cooler, to eliminate the need for water an air cooler would be fitted to the oil cooler.   

Liquid ring vacuum pumps need a continuous supply of service liquid (normally water), in order to eliminate 
the heat resulting from the gas compression and to replenish the liquid ring, because of the liquid leaving the 
pump together with the gas. Dry running vacuum pumps do not have the need for water that liquid ring 
vacuum pumps do, whatever process gases are pumped into the system is exhausted out.   The only need for 
water is minor for cooling purposes, but this will be managed by recirculation and air cooling of the water to 
maintain pump performance. 
 
The project will be considered successful if the reduction in potable water usage of approximately 10ML is 
achieved, a dollar saving of $5,724.  Additional savings will be achieved due to reduced power consumption 
due to more energy efficient pumps.  The energy reduction will is possible due to the reduced power rating of 
the motors on the pumps.  The original motors are 15kW each and the new motors are 7.5kW each this 
results in an electricity cost reduction of $1.20/hr, $7,920/yr. 
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Table 1 

Electricity Savings Unit Liquid Ring 
Vacuum Pumps 

Dry Vacuum 
Pumps 

Hourly electricity cost $kW/hr 0.08 0.08 

Rate of Electricity Usage kW 30 (2 x 15) 15 (2 x 7.5) 

*Total kW/yr  kw/yr 198000 99000 

Electricity cost per hour $/hr 2.4 1.2 

Total Electricity cost/yr $/yr 15840 7920 

*Based on 20hrs/day, 330 days per year. 

 

Units used within this document are listed below 

ML megalitres  1 million litres 

kWh 1 kilowatt hour Unit of energy 3.6 x 10
6
 joules = 3.6 MJ 

kw kilowatt Unit of power  

kW kilowatt Motor rating 1000 watts 
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Objectives/Goals  

The objective of this project is to achieve a reduction of 9.7 mega litres of town water by replacing two 
traditional liquid ring seal vacuum pumps with two Cobra dry running vacuum pumps (see figure 3).  An air 
cooler will also be fitted to the oil cooler (see figure 4).   

 

Figure 3 - Cobra NC dry screw vacuum pump 

 

 

 

Figure 4 - Air Cooler custom made to replace the need for water cooling for the Oil Cooler 
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Literature Review  

In manufacturing, a key site service is vacuum, as it plays a major role in numerous applications such as, 
reducing process temperatures, removal of an array of gases from processes, aiding filtration, transport 
of materials (pneumatic conveying),drying (reducing drying times) and many more.  The two most 
common methods of generating vacuum are via the use of a Liquid Ring Vacuum Pumps (LRVP) and 
Steam Ejector Systems (SES).  Both of these technologies rely on vast quantities of steam and water to 
generate vacuum, and therefore have high operating costs due to their water usage and generation of 
hot contaminated effluents. 

Dry running vacuum pumps and systems have no requirements for external media within the pumping 
stage for generating vacuum. Process gases pumped into the system are exhausted out and there is no 
hot contaminated effluent stream generated for treatments.  The only site support and utilities required is 
the supply of electricity to the motors and most importantly the consumption of water is totally eliminated.  
(Wickham, no date) 

As mention previously dry vacuum pumps do not require working fluids to create a vacuum, the pumps 
are machined with extremely close clearances between the rotating elements and the pump walls.  Dry 
vacuum pumps are designed to operate at elevated temperatures (65 – 75 °C to avoid condensation of 
suction vapours, which can cause erosion of the sealing surfaces.  If condensation is likely then the use 
of condensers in the gas suction stream is recommended.  Catchpots can be installed to prevent slugs of 
process liquid entering the vacuum pump, while filters, screens and wet scrubbers can be used to 
remove solid particles from the suction stream. (Sydney WATER, 2004) 

 

Milestone 1.  Gain Approval for Capital Expenditure 
 

Key deliverable: Prepare financial payback calculation for the submission of capital expenditure 
application.  The financial payback calculation will specify water and energy savings. 

1.1 Methodology 

Methodology for financial evaluation consisted of the comparison of savings in water and energy 
consumption in order to be able to determine the financial payback for capital expenditure.   

The average contracted power rate for Murray Goulburn Cobram is $0.08kWh.  The annual power 
consumption of the existing 2 liquid ring vacuum pumps was 132,000 kWh ($15,840) based on running 
time of 20 hour per day, 330 days per year.  The proposed Busch Cobra pumps consumed 81,600 kWh 
per annum a saving of 50,400 kWh’s or $8,659 per annum. 

The combined water usage of the existing liquid ring vacuum pumps was 24.5L/min which equals 
970,200 Litres annually or 9,702kL, the cost of water in 2006/07 was $0.59kL, a total of $5,724.   

The total cost of the project is $65,697, with a total annual savings of $14,383, the payback on this was 4 
years.  If the Smart Water Fund ($30,000) is included in the calculation the payback is reduced to 2.7 
years. 

1.2 Resources  

 
Project Director / Project Manager  
 
Environmental Officer, Murray Goulburn 
Catherine Keady was responsible for co-ordinating the project to achieve the desired outcome. 
 
Murray Goulburn  
 
On Site Engineer:  Rob Wyhoon and Mike Keamy provided engineering input to the project. 
Maintenance Supervisor:  Martin Atkins provided technical support to the project. 
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Electrical Supervisor:  Maurie Fox provided electrical support for the project. 
Whey Manager:  Leigh Retallack provided support from the Whey Department. 
Process Improvement Manager (Waste & Yield):  Danny Wilson provided technical support on 
processes. 
Corporate Environmental Manager:  Michael Carroll provided environmental/ engineering support 
 
Busch Australia Pty Ltd 
Sales Engineer:    Dennis Howell provided technical input regarding Busch Pumps.  
         Alexis (Busch Australia Pty Ltd) – product specifications 

1.3 Timing 
Approvals of capital expenditure are made via the board of directors of Murray Goulburn Co-op; this 
project was approved on the 17

th
 May 2008.  The initial CAPEX was approved for $22,977 and later 

increased to $35,697 (final CAPEX) the difference between the project cost less the funding (refer to 
Appendix 3). 

1.4  Financial Summary 
 

n/a 

 

1.5 Key Performance Indicators 
Quotes have been sourced (see Appendix 1 & 2) and the project was approved by Murray Goulburn 
Coop board of directors (See Timing). 
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Milestone 2. Installation 
 

Key deliverable: Payment, Delivery and Installation of the equipment.  Milestone 2 report will include 
details of the installation process, identifying challenges that were overcome.  

2.1 Methodology 

 

Dry vacuum pumps use no oil or water and therefore offer cost saving advantages over the traditional 
liquid ring pumps.  Liquid ring vacuum pumps are traditionally oversized which leads to high energy 
consumption; this can be reduced using a correctly sized dry vacuum pump for the particular application.  

The COBRA NC vacuum pumps (Figure 5) contain two screw rotors which rotate inside a cylinder.  
Thereby, the gas is trapped between cylinder and screw chambers and carried to the gas discharge.  
There is no contact between the two screw rotors and there is no need for an additional lubrication.  
Cooling is achieved by either a recirculating system without adding cooling water or by a direct non-
recirculating cooling system with external cooling water connection. 

COBRA NC vacuum pumps can be incorporated into completely dry-running vacuum systems in 
conjunction with Roots pumps (Busch Australia). 

 

Figure 5 - Screw Vacuum Pump 

 

 

  

1. Gas inlet 

2. Gas discharge 

3. Screw type rotor 

4. Cooling water jacket 

5. Gas connection for optional barrier gas 

6. Fan (version radiator cooling) 
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2.2 Resources  

 
Same as Milestone 1. 

2.3 Timing 

 
Capital Approval for the project was received on the 30

th
 April 2008, the pumps and oil cooler were 

ordered (31/5/2008) and were originally due to be delivered by the end May 2008.  Delivery of the 2 
Busch dry running vacuum pumps was delayed due to an administrative error by Busch Australia and 
they were delivered on the 15 July 2008.  The delivery of the oil cooler was made on 15

th
 June 2008.  

The completion date for milestone 2 was again delayed due to the need for PLC changes to the pumps 
which were necessary as the original control panel was not compatible with our PLC.  The supplied 
micrologix PLC was replaced with a micrologix 1100, which would enable it to be linked to our standard 
Ethernet communication system via an Ethernet cable to the processor. 

These modifications to the PLC and re-programming of the software added an additional cost of $2,540 
to the project, which has been covered by Murray Goulburn. 

The installation of the pumps had to be rescheduled to our next shutdown period which only occurs once 
a year.   The Pumps & oil cooler were finally installed by the 30

th
 June 2009. 

2.4 Financial Summary 

 
Funding Contributions for Milestone 2 

Source 
Amount 

$ In kind 

Smart Water Fund $20,000 $0 

Murray Goulburn Co-op $36,621 $0 

Other (please name) $0 $0 
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2.5 Key Performance Indicators 

Key Performance Indicator:  Pump delivery, payment completed and installation during our June 2009 
shutdown period.  

 
Photo 3 - New Busch Vacuum pumps installed June 2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 4 – Busch Cobra N.0300.B dry running screw vacuum pump with liquid knock out pot  

2 Busch Cobra 

N.0300.B Dry 

Running Screw 

Vacuum Pump 

 

Micrologix PLC  

Liquid knock out pot 
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Photo 5 – Pump Radiator cooling 

 

 

Photo 6 - Air Cooler fitted onto oil cooler 

 

  

Pump cooling system 

Air Cooler for oil cooler 
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Milestone 3 Final Report 
 
Key deliverables:   The reduction of site water usage and energy consumption. 

 
Milestone 3 will consist of: 

 

 Three month trial, to ensure pump performance is consistent with operating requirements; 
this is in accordance with the detailed project plan.  

 Approved Communications Plan to be fully implemented and complete. 

 Final Evaluation Report, detailing the results, analysis, evaluation and next steps of the 
project, to be completed. 

 

3.1 Methodology 

A 3 month trial involved monitoring any vacuum issues 

 

 

 

3.2 Resources 

Same as milestone 1 

 

Project Director / Project Manager  
 
Environmental Officer, Murray Goulburn 
Catherine Keady will be responsible for co-ordinating the project to achieve the desired outcome. 
 
Murray Goulburn  
 
On Site Engineer:   Mike Keamy will provide engineering input to the project. 
Maintenance Supervisor:  Martin Atkins will provide technical support to the project. 
Electrical Supervisor:    Maurie Fox will provide electrical support for the project. 
Whey Manager:    Leigh Retallack will provide support from the Whey 
Department. 
Process Improvement Manager:   Danny Wilson will provide technical support on processes. 
Corporate Environmental Manager:   Michael Carroll will provide environmental/ engineering support 
 
Busch Australia Pty Ltd 
Sales Engineer:    Dennis Howell will provide technical input regarding Busch Pumps.  
         Alexis (Busch Australia Pty Ltd) – product specifications 

 

3.3 Timing 

Same as milestone 1 restrictions 

 

3.4 Financial Summary 

The average contracted power rate for Murray Goulburn Cobram is $0.08kWh.  The maximum rating of 
the 2 existing liquid ring vacuum pumps are rated at 15kW and the new Busch Cobram pumps are rated 
at 7.5kW.  Using the maximum power rating of the pumps and assuming a daily running time of 20 hour 
per day, 330 days per year the electrical savings can be made.   
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The annual electricity consumption of the existing 2 liquid ring vacuum pumps was 132,000kWh/yr, 
which equates to $15,840/yr.  The Busch Cobra pumps consumed 81600kWh/yr of electricity a saving of 
50,400 kWh’s or $8659 per year. 

The combined water usage of the existing liquid ring vacuum pumps was 24.5L/min which equals 
9,70200 Litres annually or 9,702kL , the cost of water in 2006/07 was $0.59kL, a total of  $5724.  Since 
2006/07 the water price has risen by 8% each year, the cost for the 2009/10 year was $0.74/kL therefore 
the savings have increased from $5724 to $7179 per annum. 

 

Funding Contributions for Milestone 3 

Source 
Amount 

$ In kind 

Smart Water Fund $10,000  

Murray Goulburn Co-op 0  

Other (please name) 0  

 

 

 

3.5 Key Performance Indicator 

Successful installation and commissioning of dry running vacuum pumps. 

 

Audience: Action   Responsibility: Timing: 

Murray Goulburn 
Employees 

 Article in Staff Newsletter regarding 
water saving initiatives, including 
Smart Water Project. 

 C.Keady  June edition - 
Complete 
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Audience: Action   Status Timing: 

Murray Goulburn Waste & 
Yield Group Meeting 

Presentation on completed projects, including 
Smart Water Project. 

Completed  21st July 2008 

Murray Goulburn Milk 
Suppliers & Staff 

Article in Devondaler Paper. underway August 2010 

Goulburn Valley Water - 
Major Customers Forum 

Communicate project success at next forum 
meeting. 

underway 10th March 
2010 

Local media Develop media release announcing the 
completion of the Project - send to the Cobram 
Courier  

underway At completion of 
trial 

 

 

 

Risk Management  

Description  Probability 
(H,M,L) 

Impact 
(H,M,L) 

Impact on 
Project 

Mitigation Strategy 

Pump Vacuum 
Performance 

L M Nil, water 
consumption will 
not be affected. 

Busch will assist with any 
potential performance problems, 
they are not expecting any 
problems with the new system 

 

Discussion/Evaluation 

Analysis of the project milestone 

The initial Micrologix PLC supplied with the pump was found to be not compatible with the existing PLC 
system, a new control panel (micrologix 1100) and re-programming of software is required to enable 
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automation of the pumps from the powder packing control room.  The additional cost to the project is 
$2,540.   

 

 

Photo 7 - Replacement catch pot installed January 

2010 

 

 

 

 

 

 

Photo 8 - Control panel for vacuum pumps & sapac 

 

 

 

Photo 9 - Vacuum pumps, showing pipe system 

 

 

 

 

Photo 10 - vacuum pressure (kpa) 

 

 

 

 
 

 

 

Benefits/learning of the project milestone 
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The new pumps/motors achieved water savings as well as energy savings which was an 
additional benefit of the project. 

Additional dry vacuum systems have now been installed in other areas of the Cobram factory, 
with 6 Busch Panther dry running vacuum pumps being installed on block forming towers in the 
bulk cheese plant.  These pumps have almost eliminated water usage and reduced energy 
consumption significantly.  Each dry vacuum system saves approximately 800kL of water per 
annum; the 5 pumps annually save approximately 4,000kL a saving of approximately $3,000 per 
annum. 

The energy cost of running a dry running vacuum pump is less than half,  the annual cost of a 
tower fitted with a dry running vacuum being $2,755.81 and tower fitted with a traditional liquid 
ring vacuum pump being $6,353.42 making the difference a considerable $3,597.61. 

The total value of energy saving for the 5 dry vacuum pumps on the cheese block forming towers 
equates to $17,988.05 per annum. 

 

Limitations/issues arising and how these were overcome or how you would design the 
project or project milestone differently next time 

The risk of liquid contamination has always been a concern in vacuum pumps operating on 
evaporators.  Technology is improving to overcome these risks.  Catchpots can be installed to 
prevent slugs of process liquid entering the vacuum pump, while filter, screens and wet 
scrubbers can be utilised to remove solid particles from the suction stream if necessary. If 
condensation is likely the use of a condenser is recommended in the gas suction stream (Sydney 
Water, 2004). 

The deaeration line was chosen because there was no real risk of product being contaminated, 
the only risk was product being sucked into the vacuum but this was overcome by using an inlet 
liquid knockout pot. 

 

Findings/Results/Outcomes 

 

The three month trial period was done during normal production and did not involve any detailed 
assessment.  The expectations of the trial period were to iron out any possible issues with 
vacuum pump operation they may occur with a new system.  No such issues occurred, and 
therefore the trial period was deemed successful.  Any potential maintenance issues would be 
judged over a longer period, (12months – 2years).  Thus far we have only had one issue which 
involved with the vacuum pump catch pots which were replaced due to Vibration causing the 
original catch pots to crack  
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Figure 6 - Screw Vacuum Pump 

 

1. Gas inlet 

2. Gas discharge 

3. Screw type rotor 

4. Cooling water jacket 

5. Gas connection for optional barrier gas 

6. Fan (version radiator cooling) 

 

COBRA NC vacuum pumps contain two screw rotors which rotate inside a cylinder.  
Thereby, the gas is trapped between cylinder and screw chambers and carried to the gas 
discharge.  There is no contact between the two screw rotors and there is no need for an 
additional lubrication.  Cooling is achieved by either a recirculating system without adding 
cooling water or by a direct non-recirculating cooling system with external cooling water 
connection. 
 
COBRA NC vacuum pumps can be incorporated into completely dry-running vacuum 
systems in conjunction with Roots pumps. (Busch) 
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Return on Investment  

Payback was calculated using the total project cost divided by the annual savings. The total cost 
of the project is $65,697, with a total annual savings of $14,383, the payback on this was 4 
years.  If the smart water fund ($30,000) is included in the calculation the payback is reduced to 
2.7 years. 

Without the funding the project would have not been approved due to the long payback period. 

      Existing 
LRVP system  

Option 1 - 
Busch  

Option 2 - 
Visco 

Operating Costs Total kw/yr used kw/yr 198000 99000 145200 

          

Total Electricity $/yr 15,840  7920 11616 

          

Annual volume kL                9,702  $7,920 $11,616 

          

Total water cost $ /yr $/yr                5,724  0 0 

          

Total Power & Water cost $/yr              21,564  $7,920 $11,616 

  Annual savings (net benefit)      $   13,644   $       
9,948  

            

Project Costs Equipment         

Radiator (for oil cooler) $   1353 1353 

          

Pump Cost $   64344 67080 

            

Additional 
operating costs 

Electricity Running cost of air cooler $   924 924 

            

  Total Cost of Project     $66,621 $69,357 

            

  Total Cost less Funding     $36,621 $39,357 

  Payback  years   2.7 4.0 

 

Conclusion 

The vacuum pumps have been operating for 12 months now with no reported problems. 
Operationally they have performed well over the past 12 months. 

 

Recommendations 

If installing new vacuum pump consideration of dry running vacuum pump is advised due to their 
water saving and energy efficient technology. 
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Appendices 

 

Appendix 1. Quote 1 – Busch 
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Appendix 2. Quote 2 – Visco Sealing 
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Appendix 3. Approved Capital Expenditure Request 
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