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Why audit Compressed Air Systems?
Most audits serve to address operational issues such as:
· Low pressure
· Water/oil contamination
· Equipment aging or failing
· Future expansion plans
· Corporate mandate
Many operators just want their system to run in a trouble-free manner. Energy efficiency is important, but the most value is often gained from:
· Reliability gains – the system runs continuously without interruption.
· Better pressure stability – plant pressure is stable and within limits.
· Air quality – the flow of air is clean and dry.
However, when those issues are solved properly, they result in energy savings.
Compressed air is your most expensive utility
Operating a one horsepower air motor requires 7-8 horsepower of electrical power, and yet:
· 98% of systems do not meter energy use.
· Many do not have flow meters.
· Potential efficiency improvements typically range from 20 to 50%.
Without measurement, inefficiencies remain invisible. 


What is involved in a Compressed Air Audit?
A compressed air audit is a systemic evaluation of compressed air system performance, including supply, distribution and demand. Benefits include:
· Increased reliability
· Improved quality
· Lower maintenance
· Reduced operating costs
· Improved capital planning
· Identified hidden problems
· Help in building the case for improvement
An audit should cover both the supply side (the compressors, dryers and storage that supplies compressed air) and the demand side (the distribution system and end-uses that use compressed air).
Key performance indicators
When data are collected and processed key performance indicators (KPIs) can be calculated to establish system efficiency and effectiveness:
· kWh = overall energy use to track costs
· kW/100 cfm = specific power to show production efficiency
· Leakage as a percentage of flow to track waste
· Assessment of inappropriate uses
Identification of energy waste
Within a compressed air system, there are four ways to improve efficiency:
1. Compress air more efficiently
2. Use less compressed air
3. Reduce compressed air pressure
4. Use the heat of compression
Typical sources of energy waste include:
· Leaks = 20-30%, sometimes as high as 80%
· Artificial demand 10-15% due to higher than needed pressure
· Inappropriate uses 10-15% due to misuse of compressed air
· Poor compressor controls due to unmanaged compressor settings
· Inefficient equipment, compressors, dryers, filters and drains


Who should conduct an Audit?
A compressed air audit may be conducted by internal staff, an equipment supplier or an independent auditor.
	Auditor
	Pros
	Cons

	Internal staff
	· Ongoing monitoring and identification of opportunities
· Lower cost
	· Requires training
· May not have expertise to diagnose more complicated issues
· Requires monitoring equipment

	Equipment supplier
	· Knowledgeable
· Free
	· Tend to focus on supply side
· Might be biased toward equipment purchases rather than existing system optimization

	Independent auditor
	· Knowledgeable 
· Unbiased
· Tends to find more demand-side savings
	· Not free
· Difficult to find qualified independent auditors


What gets measured?
Measurements take the “vital signs” of a compressed air system to see how it is operating and assess system efficiency. Once the system baseline is established, it can be tracked over time to monitor improvements or degradations in system performance. This information is then converted into dollars and communicated to management.
	Basic measurements
· Flow out of compressor room
· Pressure at compressor discharge
· Power of compressors and dryers*
· Leakage**
· Temperature of compressors, dryers and various points**
	Enhanced measurements
· Inappropriate uses
· Pressure drop
· Dewpoint
· Oil content of air
· Air contaminant particle size
· Microbial contamination
· System reliability


*Some auditors may not measure power directly and instead model power consumption based on low, pressure and equipment specifications.
**These may not be included unless specifically requested.
Audit duration
A big question around compressed air audits is how long to measure.
Some consideration include:
· Measuring repeating periods: If you have distinct operating periods that repeat throughout the year, you can measure for one period and multiply to annualize.
· Seasonality: If the operation of your compressed air system is seasonal, then care needs to be taken. Ideally, conduct audits during different seasons. At a minimum, understand that extrapolations from one audit might not be representative of all seasons. 
· Modes of operations: If your facility has different modes of operations (by day, week or month), you may want to measure data across all modes of operation.
Compressed air audits are typically completed in seven-day intervals, with one seven-day interval being the minimum duration. 
Larger facilities with more complex schedules may want to include two seven-day intervals (two weeks) at a minimum. 
Permanent metering
For large compressed air systems, it makes sense to install permanent metering of important parameters. Thus, KPIs may be calculated on an ongoing basis in real time, and this practice provides a record of system operations to identify system changes and help troubleshoot problems. It does, however, need to be monitored by an experienced person. 
The most common metrics to permanently measure are:
· Power consumption of the compressor(s) and dryer
· Pressure at the compressor discharge and leaving the compressor room
· Flow leaving the compressor room
· Dewpoint and temperature after the dryer
For large systems, additional metering of flow and pressure throughout the distribution system or at key end-uses is useful to monitor performance. 


When is a compressed air audit appropriate?
Compressed air audits are typically conducted when issues arise or there are changes to operations. 
Common triggers include:

The size and scope of your audit should be proportional to the size and complexity of your system.
· Small system: Walkthrough may be adequate
· Medium system: Seven-day logging
· Large system: Full audit and permanent metering


Decision tree for compressed air audits
Is the operational problem mechanical or electrical?
Do you have existing data collection?
Are you planning a CAPEX project?
Contact vendor
Use an external consultant
Full audit with vendor participation
Yes
Yes
Yes
No
No
Use an external consultant
No

Addressing the Awareness gap
Most compressed air systems run unmonitored, operators do not know air system costs, and system KPIs are unknown. Audits can make waste visible, but training and awareness may be required to see the value in audits and ensure that audit recommendations are implemented. 
Compressed Air Challenge training is available and qualifies for Save on Energy rebate.
Defining the scope of your audit
The scope of your audit depends on who is conducting the audit, the size of your facility and compressed air system as well as your goals. 
Resource requirements
To plan for an audit, you will need:
· Sufficient resources and funding
· Full management support
· Good communication 
· Access to all needed information
· Experienced personnel who know the facility
· Clear assessment goals
· Scope of work (SOW)
To conduct an audit, you will need:
· Data loggers
· Permanent or temporary meters (power, pressure, flow, dewpoint, temperature)
· Trained and experienced staff
If you have a large facility, it might be worthwhile to build the required capacity internally, but the easiest way to have a compressed air system measured is by bringing in a competent service company that already has the proper measuring devices. Just ensure the company agrees to follow your measurement plan and not just stay in the compressor room.
Key Scope considerations
The scope of your compressed air audit depends on:
· Facility size/goals – These determine the audit type and duration.
· Data availability – This determines how much work is needed to capture the full set of profiles.
· Include supply + demand – This is essential for a useful audit that captures all the potential improvement measures.
To start planning your audit, you should gather the following information:
· Facility size
· Current equipment (specifications)
· Currently available data
· Purpose of audit
Once you have that information, you can start to define the scope, including:
· Supply versus demand side
· What needs to be measured
· How long to measure data
· Inclusion of raw data with report
Audit deliverables
The audit scope of work should clearly identify the audit deliverables, including:
· Raw data for review by others and to prove an initial baseline
· KPIs: kW/100 cfm
· kWh
· leak rate (% of total flow)
· Recommendations for system improvements
· Business case return on investment (ROI) based on estimated savings
Choosing an audit provider
When selecting an external auditor, ensure they are experienced, qualified and unbiased. Some questions to ask service providers include:
· How experienced are the staff providing these assessment services? 
· Can you provide a sample of similar work, staff experience and client references?
· Will recommendations be product-neutral?
· What will be included in the audit (supply and demand sides, leak assessment, other aspects in line with your goals)?
· Will solutions only be recommended if needed?
· Will proposed solutions be performance-based and not brand-based?
Assessing audit quotes
Once you receive quotes from service providers:
· Check if scope includes pressure, flow, power (Consortium for Energy Efficiency [CEE] standard)
· Ensure demand side (including leaks and inappropriate uses) is included, not just compressor room
· Ensure measurement period matches plant characteristics
· Avoid vague scopes, ask for a detailed scope of work
· Ask: Are assumptions realistic (hours, costs, leakage)?
· Ask: Are there any red flags that may hint of auditor bias?
If you are the receiver of the quote, make sure you receive compressed air training beforehand, so you understand what needs to be measured.
You should also check for minimum scope requirements (as per the Compressed Air System Audit Specification from the Consortium for Energy Efficiency):
· Must measure power, pressure and flow at minimum
· Include demand-side study
· Plan for a minimum seven-day duration, more if the plant has highly variable demand
· Post-project report should include raw data for assessment by others and to compare with baseline 
COmpressed Air Audit Reports
When defining the scope of work, it is important to be clear what should be included in the report. At a minimum, the report should include the following information to allow independent assessments of results:
· Baseline profiles (including raw data)
· KPIs (identified above)
· Documented assumptions 
In particular, visibility into the audit assumptions plays an important role in assessing the accuracy and relevance of the report recommendations, in particular:
· Operating hours (which will have a significant impact on estimated savings)
· Electricity rate (which will have a significant impact on the ROI of recommendations)
· Leakage % and estimated savings method (measured versus assumed and whether it takes into account the compressor control approach)
· Baseline data quality (to assess data uncertainty)
Potential red flags that can show up in reports include:
· Larger compressor recommended without demand reduction review
· Savings based on inflated rates or exaggerated run hours
· Leak savings ignoring compressor control type
· Reports that are generic or sales pitches
Plan on Verification to Prove Savings
While not technically part of an audit, it is important to plan how savings will be measured at this stage. Appropriate measurement and verification efforts ensure credibility and prove savings, avoiding reliance on paper savings. The same monitoring system as that of the original baseline should be used, preferably permanent monitoring.
Develop a compressed air audit action plan
	Facility size:
	

	Total compressor horsepower:
	

	Compressor
	Make/model
	Horsepower
	Control approach

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Reason for conducting audit:
	· Low pressure issues
· Water/oil contamination
· Microbial contamination
· Aging or failing equipment
· Future expansion plans
· Growth in compressed air demand
· Utility costs
· Corporate mandate
· Other:___________________

	Audit goals:
	

	Permanent metering in place:
	

	Who will conduct the audit:
	· Internal staff
· Equipment supplier
· Independent auditor

	Audit scope:
	· Supply side
· Demand side

	Data to collect
	Location
	Duration

	kW
	
	

	Flow (cfm)
	
	

	Pressure (psi)
	
	

	Leakage rate (%)
	
	

	Inappropriate uses
	
	

	Temperature
	
	

	Dewpoint
	
	

	Air contaminants (specify)
	
	

	
	
	

	
	
	

	M&V plan:
	



Resources
· Compressed Air Challenge Library
· Fact Sheet: Compressed Air System Audits
· CEATI Compressed Air Handbook
· Guideline for Selecting a Compressed Air System Service Provider
· CEE Compressed Air System Audit Specification
· Training courses:
· CIET: Fundamentals of Compressed Air Systems
· Compressed Air Challenge Training

Operational issues


Low pressure issues


Water/oil contamination


Energy savings


High system horsepower


Capital planning


Equipment nearing end of life


Planned expansion


Persistent downtimes


Changing operational conditions


High flow


High kW/100 cfm
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