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Case StudyCase Study
Purdue University Saves $400,000 per Year by 
Replacing its Central Lab Vacuum System

Summary:  By investigating the origins of its high water costs, Purdue 
University discovered an opportunity to save some $400,000 annually in water 
and energy costs by replacing the central laboratory vacuum system in their 
Biochemistry building. The technology solution further offered the university 
the flexibility to tailor vacuum supplied to the needs of individual labs, and the 
significant advantages in adaptability of the vacuum utility over time as needs 
change with budget and scientific priorities.  

THE PROBLEM: 
In 2012, Purdue noticed that their water and sewerage costs for their 
Biochemistry building alone were running over $350,000 a year. As they 
investigated further, they determined that they were not only using nearly 60 
million gallons of water per year, but also that there were substantial costs to 
produce the steam ($73,000) as well electricity costs. As with every university 
that faces pressures on tuition levels and operating costs, Purdue saw the very 
high operating costs as a potential source of savings for the university.  

An investigation of the source of the high water costs pointed them to the 
central vacuum system supporting the labs in this building. The vacuum was 
delivered to the lab along with other lab utilities: water, electricity and gases.  
What was unusual at Purdue was that the vacuum was produced with a steam 
ejector system supplied by the campus steam plant. It’s not unusual for older 
campuses to have campus heat provided by a steam plant. When Purdue’s 
1930s-era Biochemistry building was updated and expanded in the 1950s – 
with water, electricity and sewerage costs low, and the steam plant available –  
it made a lot of sense to use campus steam to generate vacuum. (Exhibit 1)

The steam ejector system produces vacuum by creating high pressure steam – 
at 120 psi – and forcing it through a Venturi nozzle. The expansion of the steam 
as it passes through the nozzle creates suction that provides the lab vacuum for 
the entire building. The physics are similar to those of the water-jet aspirators 
used to produce vacuum at cup sinks in many older labs. (Exhibit 2)

Purdue had a two-stage ejector system. Steam enters the first stage of the 
Venturi and, as it exits, is condensed with a flood of cool domestic water supply. 
More steam is added at the second stage to create deeper vacuum, using 
additional water to condense the steam. Then, the condensed steam  
and cooling water are discharged to the municipal sewer system. 

Exhibit 1: Purdue University Biochemistry Building

Exhibit 2: A steam ejector system: high pressure steam 
passing though the venturi throat creates vacuum
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The appeal of steam ejector vacuum: The two-stage steam ejector system was able 
to produce a deeper vacuum level in its central vacuum system than in most central vacuum 
systems. Tested at the vacuum ports, the vacuum was as good as 15 – 30 mbar (29.3 in. Hg, 
gauge) in some locations, and 50 to 120 mbar (28.4–25 in. Hg, gauge) in other locations. For 
reference, atmospheric pressure is about 1000 mbar at sea level, and a new central vacuum 
system typically provides vacuum of about 200 mbar (24 in. Hg, gauge). 

Despite the cost savings that we noted earlier, in concept the steam ejector system had 
apparent advantages when first implemented:

• First, it relied on steam from the campus steam plant. That seems like it might be free 
energy, but that is not the case as we will see shortly. 

• Second, with no moving parts, the vacuum generation portion of the system was very 
reliable and required only infrequent maintenance.

The limitations of steam ejector vacuum: Despite the reliability of the Venturi steam 
production system, the central vacuum system overall had a number of issues:

1. While the vacuum generator itself was quite reliable, the vacuum lines had long since 
gotten clogged with internal corrosion and deposition of condensed chemicals. More 
importantly, the lime scale build up at the vacuum generator required periodic acid 
treatments to keep the pipes from sealing off completely. (Exhibit 3)

2. The problems with the piping system led to regular maintenance calls from lab personnel 
to un-clog pipes when a lab was getting no vacuum. The lime deposits would sometimes 
clog the pipes enough that the condensing water could not discharge fast enough. When 
that happened, the water would back up into the vacuum lines and literally spit out the 
vacuum valves.  

3. A lot of energy was needed to produce the steam. Even though the campus heats with 
steam, a great deal of extra steam was needed to support the vacuum system, so it was 
not really using available steam. It was incremental  
and significant.

4. The amount of water needed for steam make-up and condensation was tremendous 
– 4.9 million gallons a month, almost 60 million gpy – and the sewerage costs for such 
huge volumes of water explain the high water use and cost. To visualize this much water, 
imagine 300 rail tank cars of water per month supplying the water for the steam ejector 
system.

Part of the reason for the volume of the water used is that because there had to be vacuum 
whenever anyone needs it – imagine a researcher working evenings or weekends – so the 
vacuum system has to operate 24/7. While the water supply was relatively inexpensive 
for Purdue compared to must campuses – as it came from wells on university property - 
discharge was into the town sewerage lines, which were charged at standard rates. Water 
supply for the building cost “only” $17,000 a year, but the wastewater fees were fully 20 times 
the water supply charges. 

Besides the operational and economic disadvantages of the steam system, there were clear 
scientific disadvantages:

1. While the central vacuum system produced vacuum as low as 15 mbar in some locations, 
which is quite good, in other locations it might be 120 mbar and highly variable moment 
to moment. Vacuum at 120 mbar is ample for filtration and aspiration applications, but 
the deeper vacuum is needed for the evaporative work common in chemistry labs.

2. Anyone needing deeper or predictable vacuum needed additional pumps. A typical 
application that often requires deeper vacuum – say, as low as 2 mbar – is a rotary 
evaporator. That means that Purdue was paying twice for vacuum: for central supply 
and again at point of use for pumps to produce vacuum that was useful for demanding 
applications.

Exhibit 3: Mineral deposits 
from the steam injector system 
blocked this pipe to the point 
that it needed to be cut out and 
replaced in 2004

Exhibit 4: Purdue's water usage for 
the Biochemistry building was the 
equivalent of 300 rail tank cars full  
per month.
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OUTCOME
The pre-project analysis proved accurate. The university is saving $30,000 a month in water 
supply and sewerage costs alone, lowering annual operating costs for lab vacuum from about 
$400,000 to about $5000. Energy savings from the avoided costs of creating steam have not 
been calculated, but add significantly to the savings from the project. The pumps require 
some energy, of course, but each pump draws only 530 Watts when operating at full speed. 
Experience indicates that the variable speed pumps typically operate at a fraction of full 
speed, drawing only about one-third of rated power when in operation, or about 175 Watts, 
for something less than 20 hours per week. This compares with 11,000 Watts continuously 
(168 hours per week) with the central system pumps. Energy savings are estimated to be 
greater than 90 percent compared with the central vacuum system approach, and even more 
when compared with the steam system.

Beyond the direct cost savings, the vacuum supply is deeper, more reliable, and adjustable. 
Maintenance demands are reduced because the dry pumps require little service and the 
constant calls on maintenance for the prior system have been eliminated. And the project 
was completed with minimal disruption to existing labs.

Purdue University faces the same funding pressures confronting universities across the 
country, as the university as they struggle to manage costs to minimize tuition increases. 
Based on the experience with the Biochemistry Building renovation, Purdue has since 
installed or contracted for modular vacuum networks in 5 other locations – in some cases for 
individual labs, and for more extensive installations in other cases. 

GENERAL APPLICATION
While the Purdue University steam ejector vacuum system offered an exceptional opportunity 
for cost savings, such systems are not common. Are similar savings available in other 
institutions? 

A few examples point to the opportunities: 

• A central vacuum system supported by a water ring pump will typically consume a million 
gallons of water or more a year. That water is also being contaminated with solvent 
vapors from lab applications. If the building’s piping system is sound, replacing the liquid 
ring pump with other technologies could save thousands of dollars a year in water and 
treatment costs and support the college’s sustainability objectives.

• In lab buildings without central vacuum systems, water-jet aspirators are still used in a 
lot of labs to create vacuum. Operating 10 hours a week – say, three lab periods – these 
devices can each use 50,000 gallons of water over the course of a school year. 20 of them 
would use 1 million gallons per year. At typical water and sewerage charges of $5.00 to 
$10.00 per 1000 gallons. That amounts to $5000 - $10,000 of water per year. Twenty small 
oil-free pumps could provide comparable vacuum at $15,000 to $40,000 (depending on 
the vacuum requirements), for a payback period of 2 to 8 years. It makes economic sense 
to look at in-lab vacuum alternatives – even apart from the waste of water associated with 
using water aspirators for vacuum. 

• Another approach may be to investigate how many labs are using the central vacuum 
system. In some research facilities, only very few people may be using the central vacuum 
system, either because dry labs represent a large fraction of the scientific program, or 
because the scientists need more reliable or deeper vacuum than central vacuum can 
supply. In such a case, it may be possible to shut down your central system altogether, and 
save enough on operating costs to provide point-of-use vacuum – either individual pumps 
or the networks we described here – instead of central vacuum, with the associated energy 
and maintenance savings. 

Project manager: “I was 
surprised that the system was 
so effective and so simple at the 
same time.”

Campus facilities 
engineer: "The demand 
response makes these energy 
efficient, and the modularity 
makes this a sustainable 
option; we can update 
vacuum a lab at a time over 
the years. We immediately 
saw the projected water 
savings."
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The operating costs of the two new options both offered very substantial advantages 
compared with the steam system. Either would have made a huge difference in Purdue’s 
operating costs by avoiding the cost of water supply and sewerage charges. 

Once the steam system operating costs were removed from the equation, however, the 
significant operating cost advantages of the modular system were evident. The ability to 
match pumping to momentary needs anywhere in the building allows the modular pumps 
to save electricity, and the longer service intervals of the dry pumps reduce maintenance 
costs. (Exhibit 10)

THE DECISION & INSTALLATION
The decision was clear: the modular approach had comparable capital costs to the 
central system, but lower operating costs, and also had the edge in all of the qualitative 
considerations. Purdue chose to install the local vacuum networks.

Once the decision was made, the project was fast-tracked. The order was placed in 
early October 2012, with delivery in mid-November. Everything was staged and ready to 
begin demolition and construction at the start of the university’s winter break. A 90 day 
construction schedule was planned to outfit the 25 labs. As it turned out, the installation 
took less time than anticipated, and project construction was completed in 60 days – 30 days 
ahead of schedule. Work was completed in an average of about two days per lab including 
demo, installation and rebuild. 

The project managers chose to mount the pumps high on the walls in the labs, run tubing 
at ceiling level, and drop lines down to benches and fume hoods (Exhibit 11). This approach 
allowed them to add the pumps to the labs without using precious bench, floor or cabinet 
space. No sound-isolation was needed because the pumps run so quietly; they are silent 
when on stand-by, and hum at a volume quieter than the fume hoods when operating. 
Vacuum ports were installed on benchtops in some locations, and on fume hoods elsewhere. 

Exhibit 11: Purdue saved bench space 
and took advantage of the network 
pumps' quiet operation by mounting 
them on wall brackets.

Exhibit 10: Comparative 
Operating Costs chart)
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3. Because of the clogged pipes, vacuum was not always even available when needed.

4. Vacuum levels could also be affected by the number of users on the system at any one 
time.

5. Pressure differentials inside any building-wide system can lead to cross contamination 
between labs; an open valve in one lab creates a high pressure point relative to the 
vacuum already established in another lab. Vapor flow moves to the deeper vacuum 
location within the piping system.

The instability, unpredictability, and risk of cross contamination are common to all building-
wide vacuum systems, but were aggravated by the clogged pipes at 
Purdue.

OPTIONS: 
Once Purdue diagnosed the cause of the Biochemistry building’s high 
water costs, the school decided it needed to replace its steam ejector 
vacuum system. It is important to recognize that the savings opportunity 
arose only because staff was looking carefully at utility costs, and in turn 
tracing those high costs to something as innocuous as the lab vacuum 
system.  

Purdue then looked at two options for replacing the steam ejector 
system:

1. A conventional central vacuum system relying on duplex system 
pumps and all new tubing throughout the building; or,

2. A modular approach in which pumps were placed in the labs that 
need vacuum, and plumbed only within each lab.

Option 1 involved duplex, oil-lubricated rotary vane pumps. (Exhibit 5)

• Since the building needs vacuum even if one of the pumps is down for service, both 
pumps are sized for 100% of capacity, and were each rated at 11,000 Watts. 

• A 200 gallon receiver helps stabilize the vacuum by serving as a buffer when users open 
and close vacuum valves, and also collects condensed solvent vapors from the piping 
system. 

• Maintenance for these pumps involves frequent oil checks, periodic filter changes and 
regular cleaning or replacement of oil filters, inlet filters and exhaust mist filters.

• Since the entire piping system was clogged and corroded, the entire building-wide 
piping system needed replacement. That would require new 4” mains leaving the pump, 
reducing to branch piping that would also have to be replaced in the older labs, with new 
vacuum fittings installed throughout.

Option 2 was to decommission the entire central vacuum system, and install local vacuum 
networks in each lab. The local pumps would be sized to the needs of each lab, and 
the vacuum would be distributed to the benches and fume hoods with small diameter 
chemical resistant tubing. No building-wide piping was needed, nor was there a need for 
a receiver tank to balance the flow. As in Option 1, new vacuum fittings would be used 
throughout the labs. 

The pumps used for the local vacuum networks are dry (that is, oil- and water-free) 
diaphragm pumps. (Exhibit 6)

• All surfaces exposed to vapors are fluoropolymers like DuPont Teflon®, and so are 
extremely corrosion resistant. 

• The pumps have variable speed motors that can respond to demand with 100% turndown 
capability; vacuum is always available, but the pumps operate only as much as needed 
to meet demand. The largest pumps are rated at 530 Watts, but typically draw one-third 
of that or less because of the variable speed motors. When on stand-by, the pumps draw 
only 2 watts to monitor need. 

Exhibit 5:  Duplex, oil-lubricated 
central vacuum pumps, with 200 

gallon receiver tank. Foot print is 8 
feet wide. Receiver over 7 feet high.

Exhibit 6: Local vacuum network 
pumps with variable speed motors 

and a compact footprint (approx. 
24”x15”) produce vacuum on 

demand for an entire lab
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• The pumps can produce vacuum of 1.5 mbar (29.86 in. Hg, gauge), but vacuum levels are 
user selectable, depending on the needs of the lab.

• Vacuum pumps are quiet enough that no cabinets are needed for noise reduction.

• The pumps have the option of collecting most waste solvent vapors at the source in the 
lab rather than discharge through the fume hoods. (That option was not specified for this 
project.) 

• The catchpots on the pumps capture vapors that condense in the vacuum lines; the 
catchpots can be monitored visually and emptied as needed. The inlet catchpot protects 
the pump from particulates and liquids; the exit catchpot collect vapors that condense 
when the vacuum is released and vapors return to atmospheric pressure. 

• The lab vacuum networks are connected in the lab alone, with no tubing or piping 
elsewhere. Tubing runs are of small diameter PTFE (chemical resistant) tubing, installed with 
compression connectors, making installation quick and easy.  
(Exhibit 7)

• Specialized vacuum fixtures are used. Each valve has an integral check valve that manages 
the flow in the network. That permits the small, local pump to serve multiple users at once. 
The specialized fittings eliminate the need for large pumps and receivers needed in a central 
system, while still providing deeper, more stable vacuum. 

THE ANALYSIS
Purdue evaluated the two options both qualitatively and quantitatively.

Qualitative assessment
Purdue wanted to assess these considerations:

1. How invasive would the vacuum system renovation be? This is a working lab building and 
only the vacuum system was being replaced.

2. Would the resulting vacuum be consistently available in the labs, and at the design 
pressures? For how long would all vacuum in the building be lost while the replacement 
system is installed?

3. How chemical resistant would the pumps and tubing be? Since corrosive vapors are drawn 
into a vacuum system – especially in a chemistry building – this was a major concern.

4. What risk was there of cross contamination between labs through  
vacuum tubing?  

5. What would be the maintenance demands?  Compare the service demands of two large 
centralized pumps with those of a distributed approach to vacuum supply, with 25 pumps.

Looking at the central vacuum system: 
1. Piping runs would be needed throughout the entire building, making the process quite 

invasive in a working building.

2. Vacuum would be available, but pressure variability would occur lab to lab and time to time. 

3. While copper piping could be expected to last a long time, it is still subject to corrosion and 
pinhole leaks that lead to loss of vacuum and pumping capacity over time.

4. Pressure differentials between labs would almost certainly lead to some cross-
contamination.

5. The maintenance schedule involved regular oil changes and filter changes at 1000 – 2000 
hour intervals. Since most central pumps need to run 24/7 so that vacuum is available if 
needed anywhere in the building, this means oil changes every 6 to 12 weeks.

Exhibit 7: Local vacuum networks 
are plumbed with small diameter 
PTFE tubing that resists corrosive lab 
vapors much better than copper.
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Looking at the modular vacuum systems
1. All construction is within the labs. This not only avoids disruption in the halls for installation 

of trunk-line piping, but also means that only one lab at a time needed to be disrupted. 

2. The check valves in each fitting ensure minimal pressure spikes. Importantly, if there were 
a problem with one of the pumps – say, a student sucks liquid reagents into a pump – it 
would only affect one lab. In addition, vacuum from the steam ejector central system 
would continue to be available to each lab until immediately before its vacuum system was 
renovated.

3. The PTFE tubing of the network and fluoropolymer wetted path of the pumps imparts 
exceptional corrosion resistance – significantly better than the copper alternative. 

4. With no interconnection between labs, the risk of inter-lab cross-contamination through 
vacuum lines is eliminated.

5. With no oil to change, pumping only on demand (less than 40 hours a week in nearly all 
cases), and 15,000 hour service intervals, the pumps are expected to go years without 
service.

Purdue concluded that the modular vacuum approach had the advantage in every category 
– invasiveness, vacuum stability, corrosion resistance, cross contamination risk and 
maintenance. In addition, the modular approach provided deeper vacuum to the scientists in 
the lab, and the ability to adjust vacuum levels as needs changed. (Exhibit 8)

Quantitative assessment involved the following calculations: 
1. What would be the costs of gypsum board ceiling demolition and reinstallation?

2. What costs would be incurred for equipment, piping and installation costs,  
additional requirements, and what soft costs would be incurred? 

3. Operationally, how do the electricity, steam, water and 
maintenance costs of both replacement alternatives compare with 
the current system, and with one another?

It turned out that the capital costs of the two replacement options 
were pretty comparable. The equipment costs of the modular 
approach were a bit higher, but they were offset by the lower 
demo/reinstallation costs. Avoiding building-wide piping provided 
significant material and labor savings. The central system also 
incurred staging costs, whereas the modular system could be 
installed a lab at a time, only decommissioning the steam ejector 
system when the entire project was completed. (Exhibit 9)

Qualitative System Comparison
Option 1: Central system Option 2: Modular

Invasiveness More invasive Less invasive

Vacuum stability Less reliable More reliable

Corrosion resistance Less resistant More resistant

Cross-contamination risk More risk Less risk

Maintenance More maintenance Less maintenance

Researcher: “I couldn’t believe 
how strong the vacuum is.”

 Exhibit 8: Qualitative 
System comparison

Exhibit 9: Comparative 
construction costs
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CONCLUSIONS
1. There can be some very significant opportunities for operating savings by taking a close 

look at the cost of lab utilities. It’s worth the analysis.

2. By taking a modular, lab-by-lab approach, a “minimally invasive” construction project can 
be rolled out with only limited disruption to on-going operations.

3. Such modular technologies can contribute to the adaptability of a science building over 
time, preserving the value of capital facilities.

4. Upgrade of vacuum utilities can be accomplished a lab at a time, avoiding large 
construction expenditures while continuously upgrading facilities as an adjunct to 
scheduled maintenance.

5. Multi-user local vacuum networks can save valuable bench and floor space in a lab 
compared with replacing central supply with individual pumps for each application.

6. The quality of the vacuum – both depth of vacuum and stability – can eliminate the need for 
many individual pumps that would otherwise be needed to compensate for the limitations 
of central vacuum performance. This can save on lab equipment costs as well as space.

7. Projects undertaken to achieve operating savings may also provide technical advantages to 
lab operations, enhancing scientific practice while reducing costs. 

Campus facilities 
engineer: "The demand 
response makes these energy 
efficient, and the modularity 
makes this a sustainable option; 
we can update vacuum a lab 
at a time over the years. We 
immediately saw the projected 
water savings."

Special thanks for Doug Bradley of Loftus Engineering and 
Luci Keazer of Purdue University for data included in this case study. 


