
ACHIEVING OPERATING COST SAVINGS 
WITH PROCESS VACUUM SYSTEMS

Introduction
A number of common industrial processes require vacuum, such as 
distillation or drying operations. The necessary vacuum has historically 
been supplied using a variety of technologies that have high operating 
costs in terms of both sealing fluids (e.g., oil, water) and maintenance 
costs. With recent advances in pump technology, process vacuum can 
now be supplied using a number of ‘dry’ vacuum pump technologies. 
By using dry vacuum pumps, significant operating cost savings can be 
achieved which are readily quantified in terms of return on investment 
(ROI). By reducing downtime, and using advanced controls to precisely 
maintain an optimal operating point, dry diaphragm pumps can further 
enhance ROI by improving throughput or process yields. Similarly, by 
eliminating the consumption of process water, the need for disposal of 
contaminated fluids, and reducing power consumption, switching to dry 
vacuum pumps also yields environmental benefits.

Economical, Reliable Vacuum Source Needed
One common application for process-scale vacuum is to use vacuum 
distillation to separate components of a multi-part mixture. In an 
industrial process, this can mean removing liquid contaminants from 
common industrial chemicals. This is exactly what a New Jersey-based 
chemical recycling company does, using a liquid ring vacuum pump to 
reduce the pressure level within the distillation column to the point 
that water and other contaminants boil off, leaving behind the purified 
chemical of interest.

Though their current process is effective and allows the firm to operate 
profitably, operational challenges related to the liquid ring pump require 
that the company identify an alternative vacuum source in order to scale-
up their throughput, and thus their revenues. There are three specific 
operational problems associated with the current liquid ring pump.

The first concern is the operating cost of the pump. By their nature, liquid 
ring pumps require a steady flow of process water, along with electric 
power as would be required for any motor-driven piece of equipment. In 
this particular case, the installed liquid ring pump consumes over 700,000 
gallons of water per year, based on the 6,000 annual operating hours of 
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this chemical recycling firm. This equates to operating costs of several thousand dollars per year – 
more than the acquisition cost of the pump itself. The high operating cost has a notable, negative 
impact on the firm’s net margins. Identifying a vacuum solution with lower operating costs can 
therefore have an important impact on the bottom line.

The second limitation of the liquid ring pump relates to the required maintenance and associated 
downtime. On an annual basis, the primary pump must be taken down for 1-2 working days 
in order to be overhauled. During this time, and during other, briefer periods of downtime 
throughout the year, it is necessary to switch over to a back-up pump. The back-up pump is the 
same model as the primary pump; however, the back-up does not perform as well as the primary 
unit. This therefore limits throughput and revenues. Finding a new pump solution that is more 
reliable, requires less frequent maintenance, and does not require duplicative investment, would 
simultaneously reduce capital costs and operating costs. 

The final operational concern relates to the use of the water/anti-freeze solution as the sealing 
fluid. The throughput of the system is directly dependent upon the liquid ring pump’s ability to 
reach a specified vacuum level, and simultaneously maintain sufficient flow for the distillation 
process to progress at the optimal rate. Due to seasonal temperature variations, the flow rate 
through a liquid ring pump varies significantly throughout the course of the year. On warm days, 
when the vapor pressure of water is relatively higher, the flow and vacuum level attainable by the 
pump are reduced, thus reducing the throughput rate significantly. On cold winter days when 
the local temperature drops below freezing, the sealing fluid can actually freeze in the discharge 
line, shutting the pump down entirely. This happens because the discharge line is plumbed to 
discharge outside of the building. 

OIL-FREE VACUUM GREEN TECHNOLOGY
Resource Conservation
Conservation of natural resources and the 
need to reduce industrial waste have become 
increasingly important.  VACUUBRAND’s dry, 
chemistry-rated diaphragm pumps have 
displaced old vacuum pump technologies like 
liquid ring pumps and oil-sealed rotary vane 
pumps in part because of their environmental 
benefits.  Process vacuum pumps with the 
GREEN VAC® label use no oil or water, save 
significant energy even compared to pumps 
with variable frequency drives, and help to 
maximize solvent recovery.  

Dry, 100% Oil-Free – No oil or water 
consumption; no contaminated oil/water 
disposal
Energy Savings – High-efficiency GREEN 
VAC® motors adapt motor speed to real-time 
process conditions and can decrease power 
consumption by >90%
Maximize Solvent Recovery – Adaptive speed 
control facilitates recovery and recycling of 
solvent vapors; reduces solvent emissions.

GREEN VAC® - environmentally friendly vacuum generation.
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Liquid Ring Pump Background
Liquid ring (or water ring) vacuum pumps are a well-
established source of vacuum. These pumps use process 
water, or a mixture of process water and coolant, as a sealing 
fluid. The sealing fluid forms an annulus, or ring, around the 
pump’s impeller. Rotation of the impeller and of the ring of 
liquid induce flow through the pump inlet; sealing fluid and 
process vapors are continuously expelled from the pump 
outlet. The design of these pumps produces relatively high 
flow rates in a relatively small footprint. Because the vapors 
are entrained in the stream of fluid that passes through the 
pump, these pumps are often considered to be tolerant of 
chemicals and contaminants. Another attractive attribute of 
liquid ring pumps is that the upfront cost for the pump is low. 

However, with these positive attributes come challenges. 
Operating costs are quite high, both in terms of the amount 
of water consumed and the amount of electricity consumed. 
For example, the pump used by the New Jersey chemical 
recycling company consumes over 700,000 gallons of water 
per year. This results in water and sewer bills of nearly 
$8,000 each year. In addition, liquid ring pumps also tend to 
consume relatively large amounts of electricity due to the fact 
that the motor must pump both the gas/vapor load as well 
as the sealing fluid. The mass of the liquid ring substantially 
increases the demands upon the motor of a liquid ring pump, 
and thus amount of electricity required to drive the motor. 

The operating costs of liquid ring pumps can be mitigated to 
some extent by installing a recirculation system which can 
reduce water consumption by 50% or more. When installed, 
recirculation systems return fluid expelled from the pump 
outlet back to the liquid supply line. Care must be taken in 
order to cool the recycled fluid to maintain functional vacuum 
and flow levels, and to remove any contaminants entrained 
in the liquid stream. The EPA reports that installing water 
recirculation systems on liquid ring pumps which provide 
the vacuum for central vacuum systems in their laboratories 
at the Kansas City Science and Technology Center reduced 
water consumption by 80% over the baseline consumption. 
However, the cost of the recirculation  system was $57,000 in 
order to achieve only $5,400 in annual water savings1.  

Dry Alternatives
Recent advances in vacuum pump technology make dry-
running pumps a viable option for many of those currently 
using liquid ring pumps. Dry pump technologies like claw 
pumps, dry screw pumps, or chemical-resistant diaphragm 
pumps can all be considered as viable alternatives to liquid 
ring pumps under the right circumstances, and completely 
eliminate the water consumption of a liquid ring pump. 



Dry pumps do present higher upfront (capital) costs than 
liquid ring pumps. However, the corresponding savings on 
operating costs and improved throughput more than justify 
the incremental capital costs, as we will see in the present 
example of the chemical recycling firm from New Jersey.

Claw pumps are viable in processes where the gas load 
passing through pump is clean and dry. In such situations, 
claw pumps can provide high flow and deep ultimate vacuum 
levels. However, due to high internal operating temperatures 
and the materials of construction, chemical vapors can 
react inside claw pumps, potentially leading to catastrophic 
damage. Claw pumps are therefore not a suitable alternative 
in the present scenario, due to the chemical vapor load.

Dry screw pumps have a thin coating on the rotating screws 
which provides tolerance to chemical vapors that is superior 
to claw pumps. Like claw pumps, dry screw pumps can 
achieve relatively high flow rates and deep ultimate vacuum 
levels. However, they also operate at high temperatures, so 
there is potential for chemical vapors to react and result in 
catastrophic damage. It is also common for the coating on dry 
screw pumps to wear over time. As the coating wears off, the 
maximum achievable vacuum and flow rate degrade; every 
2-4 years, it is common that the coating needs to be reapplied 
by the manufacturer. Reportedly, this service can cost more 
than 50% of the upfront cost of the pump, and take several 
weeks to complete. With the cost of this recoating process so 
high, it is therefore common that the pump is simply replaced 
every 2-4 years. 

In contrast, chemical-resistant diaphragm pumps, such as 
those offered by VACUUBRAND, use a layer of overmolded 
fluoropolymers on all wetted parts, and operate at relatively 
lower temperatures. This allows for corrosive chemical vapors 
to pass through the pump without causing damage. It also 
allows for chemical-resistant diaphragm pumps to obtain 
hazardous location ratings (e.g., ATEX Internal Atmosphere 
rating) for use with potentially reactive gas mixtures. 
Diaphragm pumps can also use variable frequency drives 
(VFDs) or permanent magnet motors to precisely control the 
process vacuum level over the full pump operating range 
and to drastically reduce pump power consumption, by as 
much as 90% in many applications. This means that chemical-
resistant diaphragm pumps are very well-suited to a variety 
of processes. For example, processes that involve aggressive 
chemicals, or situations where precise process control 
is particularly important,or in cases in which eliminating 
consumption of water or reducing power use are important 
to meet cost-containment goals or regulatory mandates, are 
all excellent candidates for the use of diaphragm vacuum 
pumps. 
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Impact of Switching to Chemical-Resistant Diaphragm Pumps
The chemical-recycling customer faced a choice to replace their existing liquid ring 
pumps with the same or equivalent models, or to invest in chemical-resistant diaphragm 
pumps. Based on information provided by the customer, VACUUBRAND has calculated 
the economic return achieved by switching to chemical-resistant diaphragm pumps. This 
analysis is presented below as a real-world example of the financial return achievable 
by switching to dry vacuum pumps. Note that the productivity benefits associated with 
higher throughput, though real and tangible, were not easily quantifiable at the time of 
the customer interview; the economic value of the higher throughput is not included in 
the figures below.

The cost of acquiring new liquid ring pumps was estimated by the customer at 
approximately $9,000, including both primary and back-up pumps. Using the 
published water, sewer, and electric rates and customer-provided data for the cost 
of pump maintenance, the liquid ring pumps are estimated to have operating costs of 
approximately $16,500 per year. 

In contrast, switching to a dry pump technology—such as VACUUBRAND’s VAC 24seven 
process vacuum pumps—was expected to yield more than $12,000 in annual cost 
savings, resulting from an elimination of process water consumption, and reductions in 
power consumption and maintenance.  Based solely upon these annual operating cost 
savings, the return on investment during the first five years of operation was 64%, or an 
annual compound rate of return on 10%. Allowing for near-certain increases in water 
and sewer rates, the operating cost savings, and the financial returns, would be even 
higher. This is in addition to the incremental revenue achieved through greater uptime 
and higher throughput rates.

Figure 1: Cross-section of 
VACUUBRAND’s chemical-resistant 
diaphragm pump architecture.



TABLE FOR CHEMISTRY COMPATIBILITY

PTFE
ETFE/
ECTFE FFKM

Acid amides

Dimethylformamide (DMF), Acetamide, Formamide ++ ++ ++
Acids, dilute or weak

Acetic acid, Carbonic acid, Butyric acid ++ ++ ++
Acids, strong or concentrated

Hydrochloric acid, Sulfuric acid, Nitric acid, Trifluoro-
acetic acid (TFA) ++ ++ ++
Alcohols, aliphatic

Methanol, Ethanol, Butanol ++ ++ ++
Aldehydes

Formaldehyde, Ethanal, Hexanal ++ ++ ++
Amines

N-Methyl-2-pyrrolidone (NMP), Triethylamine ++ ++ +
Bases

Sodium hydroxide, Potassium hydroxide, Ammonia ++ ++ ++
Esters

Ethyl acetate, Butyl formate, Amyl butyrate ++ ++ ++
Ethers

Diethyl ether, Tetrahydrofurane, Dioxane ++ ++ ++
Hydrocarbons, aliphatic

Pentane, Hexane, Heptane ++ ++ ++
Hydrocarbons, aromatic

Benzene, Toluene, Xylene ++ ++ ++
Hydrocarbons, halogenated

Methyl chloride, Chloroform, Ethylene chloride ++ ++ ++
Ketones

Acetone, Cyclohexanone ++ ++* ++
Oxidizing acids, oxidizing agents

Ozone, Hydrogen peroxide, Chlorine ++ + ++
Sulfoxides

Dimethyl sulfoxide (DMSO) ++ ++ ++

PTFE Polytetrafluoroethylene ++ excellent chemical resistance

ETFE Ethylene tetrafluoroethylene + good to limited chemical resistance

ECTFE Ethylene chlorotrifluoroethylene – poor chemical resistance

FFKM Perfluoro elastomer * for some solvents ‘+’

head cover and 
clamping disc are 

made of thick walled 
molded ETFE with 

metal core for 
unsurpassed long-
term performance

well-proven PTFE 
sandwich diaphragms 
for increased reliability 
and extended service 

life

inlet and outlet flapper 
valves are made of 
FFKM or PTFE for 

both highest leakage 
tightness and best

chemical resistance

valve connectors are 
made of ECTFE for an 
optimum of thermal, 

mechanical and 
chemical resistance

ETFE

PTFE

FFKM

ECTFE



Conclusion
This white paper has illustrated the potential for operating costs savings that can be 
achieved by using dry vacuum pump technologies in lieu of liquid ring pumps. Beyond 
the operating cost savings achieved, chemical-resistant diaphragm pumps can deliver 
productivity benefits. For example, including improved throughput or yield achieved 
through improving uptime, or optimizing process vacuum levels through the use of 
advanced control technologies. These benefits can likewise be extended to scenarios 
where other liquid-sealed vacuum pumps are used (e.g., oil-sealed rotary vane pumps). 

Beyond the economic benefits of diaphragm vacuum pumps, replacing liquid ring pumps 
with dry diaphragm pumps also delivers significant environmental benefits. Switching to 
the use of diaphragm pumps can reduce annual water consumption by over 1,000,000 
gallons per pump. The need for waste water treatment is subsequently mitigated, as 
well. And by utilizing diaphragm pumps with variable frequency drive motors, power 
consumption can also be reduced.
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• Reliable - VACUUBRAND’s diaphragm pumps 
have 15,000 hour service intervals

• Chemical-Resistant – Fluoropolymer (e.g., PTFE) 
and fluoroelastomer (e.g., FFKM) wetted materials 
are suitable for use in demanding chemical 
processes

• Dry – Diaphragm pumps operate without a need 
for water or oil, creating an easy-to-use, vacuum 
source with low operating costs

• Modular - Combine pump modules to meet 
process requirements; 5 mbar / 25 m3/hr. (4 torr / 
14.7 CFM) and 70 mbar / 40 m3/hr. (52 torr / 23.5 
CFM) modules available

• Unmatched Control - VARIO® control technology 
supports process automation with unparalleled 
precision

• Power Savings – High-efficiency GREEN VAC® 
motors adapt motor speed to real-time process 
conditions and can decrease power consumption 
by >90%

• No Downtime – Individual pump modules can 
be serviced while the system is running; control 
module automatically compensates for pump 
being serviced
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