
TURBO COMPRESSOR 
UPGRADES YIELD ENERGY 

SAVINGS AT VALE

By Ron Marshall for the 
Compressed Air Challenge®

pVale, located in Thompson, Manitoba, 

Canada, has reconfigured a system of large 

turbo compressors in their mining, milling, 

smelting and refining operation, and gained 

very large energy savings through a series 

of improvement projects. In addition, these 

projects qualified for some significant financial 

incentives from their local power utility. Vale 

is a large, multinational mining company with 

headquarters in Brazil. Vale’s operations focus 

on the production of iron ore, coal, fertilizers, 

copper and nickel. The Thompson Manitoba 

operations consist of mining, smelting, milling, 

and refining of nickel in a 250-acre complex 

that employs 1,500 people.

Compressed Air Auditors Assess  
Vale’s Facility

The compressed air for the site is produced in 

a central powerhouse with utilities piped to the 

various separate buildings within the complex. 

When new, the 100-psi compressed air 

system at the site consisted of five large axial 

compressors, ranging in size between 5760 hp 

and 2500 hp. In the past, the total compressed 

air production reached levels of 48,000 cfm, 

consuming 9.3 MW of power.

Throughout the life of the site, the operating 

conditions have changed significantly. As the 

mines became fully developed, compressed air 

flow required for production operations peaked, 

leveled off, and then started to fall. Leakage, 

however, grew over time due to aging pipes and 

failing equipment. In the mid ‘90s, Vale, which 

was called INCO at the time, suspected that 

their compressed air system was not running 

at optimum efficiency levels and called in some 

expert compressed air auditors. At that time, a 

new mine was starting up and the powerhouse 

superintendent was faced with some new load 

that would exceed the capacity of his existing 

system. The purchase price of the required new 

production equipment would cost millions.

Surprising Audit Results Bring Greater 
Awareness to Compressed Air Use

The powerhouse management was very 

surprised by the audit results. Of the average 

flows, more than half was being wasted due to 

leakage and inappropriate use. Among other 

things, the auditor recommended formulating 

a strategy to find and repair leaks in various 

areas, and installing monitoring instruments  

to track the compressed air flow to the various 

usage areas. The powerhouse superintendent 

went one step further; he started charging 

the users for compressed air — something 

that immediately raised the awareness of the 

high cost of compressed air among the other 

superintendents. In order to reduce their 

costs, leakage repair efforts were started with 

immediate results. Within a few months, the 

average compressed air flow dropped in half, 

reducing the total system cost significantly, 

but also releasing compressed air production 

capacity. This effort allowed Vale to defer the 

very expensive purchase of compressors for 

the new mine.

Eliminating Blow Off with Better 
Controls and New Trim Compressors

The auditor also recommended a controls 

upgrade for the turbo compressors to make 

the operation more efficient. These units were 

outfitted with sophisticated PLC controllers 

that increased the compressor turndown 

range. Turbo and centrifugal compressors 

have a region of operation where the internal 

flows in the compression elements become 

unstable when the compressors are producing 

flows that are less than full load. Surging can 
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Learn More About System Optimization

Join Compressed Air Challenge for the next session of 

Fundamentals of Compressed Air Systems WE 

(web-edition) coming soon. Led by our experienced 

instructors, this web-based version of the popular 

Fundamentals of Compressed Air Systems training uses 

an interactive format that enables the instructor to diagram 

examples, give pop quizzes and answer student questions 

in real time. Participation is limited to 25 students. Please 

visit www.compressedairchallenge.org to access online 

registration and for more information about the training.

If you have additional questions about the new web-based 

training or other CAC training opportunities, please contact 

the CAC at info@compressedairchallenge.org.

Fundamentals 
of Compressed 
Air Systems WE 
(web-edition)

cause damage to the compressors. Better 

controls allow the compressors to turn down 

more without surging and keep the units away 

from inefficient blow off control. Blow off 

control is where the compressors are false 

loaded to keep the units from surging. Blow 

off is inefficient because compressed air 

that has already been produced is released 

to atmosphere, wasting the power that was 

required to compress it initially.

Vale’s system had three very large compressors 

with capacities between 25,000 and 18,300 cfm. 

These were configured as base compressors, 

feeding most of the required compressed  

air. Two other smaller 9000-cfm compressors 

were used as trim compressors. If the facility 

needed more compressor capacity than one 

large base compressor produced, the smaller 

trim units were started, which consumed 

much less power than starting another large 

compressor. Unfortunately, as time passed the 

trim compressors started to fail and the only 

remaining alternative was to run two large 

compressors, with the units running in blow  

off mode. This inefficient operation significantly 

increased the compressed air costs.

To improve the situation, Vale’s engineering 

group initiated a project where the old trim 

compressors would be replaced with a bank 

of four 500-hp, 2500-cfm screw compressors. 

The new compressors were purchased with  

a control system that could be coordinated  

so that only the required compressor capacity 

would run at any one time. The units are 

efficient two-stage units with variable capacity 

controls. This installation allowed the 

Diagram 1: Excerpt from original audit showed the scale of the very large original system (Audit done by Scot Foss)
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compressed air system compressors  

to exactly match the demand, eliminating 

the blow off control. The resulting efficient 

operation saved an average of 1300 kW  

over running two large compressors, yielding  

a power costs saving of $530,000 annually.  

The utility incentive for this project maxed 

out at $250,000.

Two are Better than One: Replacing 
Vale’s Largest Turbo Compressor

The system ran in a very efficient manner 

for a period of time until the largest turbo 

compressor, Unit 5, suffered a catastrophic 

failure. The compressed air demand at the 

time was such that the largest of the turbo 

compressors and the trim capacity was just 

enough to satisfy the compressed air demand. 

Running any of the smaller turbos did not 

provide enough capacity, requiring a second 

large turbo compressor to be put online. This 

operation was a step back from the previous 

mode of operation and decreased the system 

efficiency. Repair of Unit 5 was estimated at 

higher than the price of new compressors. A 

cost benefit analysis showed that purchasing 

new compressors was the most cost-effective 

solution to the problem.

Rather than purchasing one new large 

compressor as a replacement, the Vale 

powerhouse superintendent decided on 

two smaller units that totaled the equivalent 

output of slightly less than Unit 5. These 

units were purchased with controls capable 

of coordinating the operation between units 

so they would share the load and keep the 

operation away from the wasteful blow off 

region. Inlet guide vanes were selected as an 

option, which extended the turn down range 

of the units, making overall system efficiency 

better. The units were purchased with  

airless drains for each stage to eliminate 

compressed air waste. The inlet of these 

compressors draws cool compressed air  

from outside, increasing the throughput of the 

compressors during cold weather operation. 

The units have been outfitted with individual 

flow meters so the performance of the  

units can be monitored to ensure conditions 

remain optimum.

Once the new units were started up, the 

compressed air system efficiency returned to 

normal. In fact, some additional savings were 

gained since the two new compressors are 

more efficient than the old unit. An additional 

100 kW of power savings has been verified, 

qualifying for a $200,000 compressed air 

incentive from the power utility.

Learn More About Leakage Repair

This 325 page manual begins with the considerations for analyzing 
existing systems or designing new ones, and continues through 
the compressor supply to the auxiliary equipment and distribution 
system to the end uses. Learn more about air quality, air dryers and 
the maintenance aspects of compressed air systems. Learn how to 
use measurements to audit your own system, calculate the cost of 
compressed air and even how to interpret utility electric bills. Best 
practice recommendations for selection, installation, maintenance 
and operation of all the equipment and components within the 
compressed air system are in bold font and are easily selected  
from each section.

Best Practices for 
Compressed Air 
Systems Second 

Edition

Figure 1: Four large, two-stage, water-cooled compressors with spiral valve control are used as trim capacity.
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Wintertime Operation Requires  
Hybrid Dryers

The Vale site was one of the first installations 

of hybrid-style air dryers in the early ‘90s. 

Hybrid-style dryers are a combination of 

refrigerated and externally heated blower style 

desiccant dryers. The type purchased by Vale 

runs on an 8-hour cycle and is controlled  

by dew point sensors.

The general compressed air produced by the 

powerhouse is not dried, but the piping in the 

smelter is exposed to freezing temperatures in 

winter, requiring desiccant dried air. This level 

of compressed air quality is not required in 

warmer weather. Use of the hybrid dryers allows 

the less expensive refrigerated quality air to be 

used in spring, summer and fall seasons where 

freezing temperatures are not encountered. In 

winter, the desiccant dryers are activated, adding 

power costs for the heaters and blowers used to 

regenerate the desiccant, but eliminating freeze-

up problems in the smelter. The dew point 

controls delay heater and blower operation until 

necessary, reducing the overall operating cost 

substantially during partial loads compared to a 

fixed-cycle heatless desiccant style arrangement.

The Benefits of a Competent 
Compressed Air Auditor

Vale has proven that substantial savings and 

deferred capital costs can be gained by having 

a competent auditor take a close look at 

the complete system. The awareness of the 

compressed air waste and how the compressed 

air is being produced can spur action that can 

gain some excellent financial benefits. Good 

compressor control can minimize operating 

costs, especially when combined with 

compressed air demand reductions. 

To read more To read more To read more System AssessmentSystem AssessmentSystem Assessment
stories, visit www.airbestpractices.com/stories, visit www.airbestpractices.com/stories, visit www.airbestpractices.com/

system-assessments.system-assessments.system-assessments.system-assessments.system-assessments.system-assessments.

Figure 2: Replacing the old Turbo 5 with two new compressors has saved a significant repair bill, and has made  
the system more efficient.

Figure 3: Hybrid-style dryers are used onsite to condition the air for the smelter. This is the 10,000 cfm rated 
refrigerated part of the combined refrigerated/heated/blower desiccant unit.
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