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c Introduction

After almost three and a half years of 

development work the Canadian Standards 

Association C837-16 document “Monitoring 

and Energy Performance of Compressed Air 

Systems” has finally been published and is 

available for download. The work in writing 

the document was done by a CSA Technical 

Subcommittee made up of personnel from 

power utilities and government organizations, 

compressed air manufacturers and end 

users from both USA and Canada, with 

the committee activities facilitated and 

coordinated by the CSA Group (see list of 

committee members).

The project was started and championed 

by Quebec Hydro, a Canadian power utility 

as a result of challenges being faced in the 

compressed air industry with regard to 

performance measurement. Problems were 

being encountered with inconsistency of 

reporting of system energy readings. The 

utility requested CSA Technical Committee 

T402 (Technical Committee on Industrial 

Equipment) to initiate work to solve these 

challenges. Therefore, a new subcommittee 

was created to work on a standard starting  

in the Fall of 2012.

What is the standard all about?

The introduction of the standard defines the 

reason it was developed and its subject matter 

(used with permission):

“Historically, there has been a lack 
of consistency in the methods used 
to determine the energy performance 
of compressed air systems. This often 
makes it difficult for stakeholders to 
make informed decisions concerning 

energy efficiency. This lack of 
consistent information complicates 
the task of ensuring any existing, 
new, or optimized system is operating 
efficiently.

This Standard specifies which 
information is to be gathered and how 
system parameters like power, energy, 
flow, pressure, and production output 
are to be measured or calculated 
using transparent, uniform, validated, 
repeatable, and consistent methods of 
measurement.

This standard provides guidance in 
defining methodologies for establishing 
energy performance indicators 
(EnPIs) and energy baselines (EnBs) 
to be used as part of an overall energy 
management system (EnMS) or other 
related purposes. For compressed 
air systems, specific requirements 
outlining a consistent methodology for 
measuring, estimating, and reporting 
the energy performance are provided.

The intent of this Standard is to align 
with the requirements of ISO 50006, 
Energy management systems — 
Measuring energy performance using 
energy baselines (EnB) and energy 
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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)

performance indicators (EnPI) — 
General principles and guidance, 
adapted for compressed air system.

This Standard is not intended as a 
replacement for a compressed air 
system energy efficiency assessment 
(audit) as defined by other Standards, 
such as ISO 11011, nor does it specify 
measures that can be used to improve 
the energy efficiency of a compressed 
air system.

Scope 
1.1 Inclusions 
This Standard is intended to be used 
for compressed air systems with the 
following characteristics:

a) electrically driven three-phase air 
compressors equal to or greater than  
5 horsepower;

b) positive displacement stationary 
air compressors and associated 
equipment;

c) operating pressures between 2.5 and 
17 bar(g) (36 and 250 psi(g)); and

d) industrial and commercial 
applications of compressed air.

1.2 Exclusions 
The Standard is not intended to be used 
for the following purposes or systems:

a) electrically driven single phase 
compressors;

b) bench testing, measurement, or 
certification of the performance of an 
air compressor;

c) measurement of heat recovery;”

Figure 1: The standard defines a number of Energy Performance Indicators (EnPI’s) and guides the reader how to 
compare a specified baseline period with any reporting period (Source CSA C837-16).
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Content of the Standard

The standard has a list of reference 

publications for the guidance of the reader and 

provides definitions used to clarify important 

terms and phrases mentioned in the body 

of the work. General explanation of how to 

measure and quantify Energy Performance 

by defining Indicators (EnPIs) and Energy 

Baselines (EnBs) pertaining to compressed air 

systems are described (Figure 1). A process 

flow is defined (Figure 2) to guide the reader 

in the general steps to take to perform the 

required measurements, calculations and 

comparisons. Key to the process is creating 

an energy baseline as a starting point to be 

used to compare subsequent measurement 

periods in which the system may have changed. 

Changes to the energy performance indicators 

can, for example, show changes to the  

system as a result of energy efficiency projects. 

These measurements can be used by the user, 

perhaps a power utility energy program or a 

plant manager, to quantify the improvement 

to the energy performance of the system. 

This might feed into the overall performance 

totals of an energy program. Important to this 

process is the ongoing continuous consistent 

measurement and comparison of the system  

to ensure energy savings are sustained and that 

the system is operating normally.

With any measurement there must be a 

defined measurement boundary so the energy 

baseline and additional measurement periods 

can be apples-to-apples comparisons. In 

any complex system there are a number of 

choices for measurement, often these are 

dictated by what is physically possible or 

economical to undertake. Once the boundary 

is defined all the energy inputs are identified 

for measurement, as well as the compressed 

air outputs.

Some static factors are identified that are 

important to the measurement process but  

do not routinely change over time. These could 

be product type in an industrial plant, the 

number of shifts per day, the floor area of the 

plant, the typical system pressure and other 

factors. Some conditions are identified that 

might change these static factors into relevant 

variables, such as changing the operating 

hours of a plant.

Guidance is given to the reader in determining 

a suitable baseline and reporting periods for 

the comparison process. General discussion 

is included about the data collection, 

such as how to measure, data collection 

frequency, data quality, and the calculation 

and comparison of energy baselines. Some 

discussion is given to normalizing the data, 

this would be necessary if something has 

changed between the time the baseline has 

been captured and the recent measurements 

are done. For example, a factory might change 

their production process and/or start a third 

shift. In this case the energy performance 

indicators might need to be normalized 

(adjusted) for a fair comparison.

The standard recognizes the fact that the size 

of the system and the comparison of the total 

system energy consumption to the total facility 

consumption might determine the complexity 

of the methods used to measure and calculate 

EnPIs. Thus simple and inexpensive Level 

1 measurement methods might be used 

for small systems that make up a small 

percentage of the total load. If a system is 

large and consumes a significant portion of 

the total load then it may be worthwhile to 

Figure 2: The standard provides definitions and 
recommended actions on how to determine an energy 
baseline. (Source CSA C837-16)

Learn more about optimizing compressed air systems

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
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fully instrument the system and continuously 

monitor the EnPIs with Level 3 accuracy.

Energy Performance Indicators

The standard defines two EnPIs as mandatory 

in development of any baseline. These are 

system specific power (SSP) and total energy 

consumption (TEC). Optional indicators are 

specific energy consumption (SEC) and portion 

of non-productive usage (PNPU). These are 

defined as follows:

 p SSP – Average kW sent into the 
measurement boundary divided by 
average flow coming out x 100, during 
the measurement period. An output of 
this might be average kW per 100 cfm. 
This is an indicator of how efficiently 
the compressed air is being produced.

 p TEC – Total kWh consumed within the 
measurement boundary in the specific 
measurement period. This can be an 
indicator of compressor efficiency and 
also how much air is being produced.

 p SEC – Total kWh consumed divided by 
a user defined and specified production 
unit. Often this is could be the number 
of product units produced or the 
weight of a product. This tracks how 
the system energy consumption varies 
with product output.

 p PNPU – An estimate of the percentage 
of non-productive compressed air 
flow crossing the measurement 
boundary compared to the average 
flow measured within the measurement 
period. In some plants this might 
be readily measured during regular 
production downtime during weekends. 
In others some special testing might be 
required. In the majority of the plants 
this would be an indicator of leakage 
and system waste.

These energy performance indicators are 

dependent on system pressure, therefore the 

standard dictates pressure should always be 

measured at the same time.

Parameters to be Measured

The standard identifies five parameters 

to be measured or estimated in various 

specified ways as inputs to the EnPIs. 

These measurements would be taken on all 

equipment inside the measurement boundary:

 p Power

 p Flow

 p Pressure

 p Energy

 p Production output

The standard recognizes that measuring 

these parameters is sometimes costly and 

impractical, especially if the system is a 

small part of the total plant load, so three 

different measurement levels are identified. 

Level 1 might be the simplest spot check 

measurements, Level 2 more complex 

estimates based on defined more complicated 

measurement and calculation methods, or 

Level 3 more complex and expensive direct 

measurements of the parameters using 

accurate meters designed for that purpose. The 

standard discusses various ways of determining 

these parameters for guidance of the user, 

depending on the characteristics of their 

system and what is possible. Some examples 

might be calculating flow using a stopwatch 

test of a load/unload compressor at various 

intervals throughout the day, this might be at 

level 1 accuracy. The parameters might also be 

estimated based on the output of each system 

controller and the rated power and flow of 

the compressors, such as done when using 

runtime hour meters. Or actual flow meters 

and kWh meters might be installed either on a 

temporary basis or permanently to measure the 

parameters at Level 3.

A discussion of various methods of 

measurement and calculation is provided in 

the standard. These include calculating three Figure 3: For this sample system a number of system boundaries could be selected depending on the needs of the 
user (Source CSA C837-16).
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phase power consumption using amps, voltage 

and power factor estimates, and the adjustment 

of power factor for lightly loaded compressors. 

The use of data from system controllers is 

discussed and is allowed as a method of input 

for the calculations. The use of CAGI sheets 

for aid in estimating is also discussed. Some 

suggested system data collection of nameplate 

information and developing reports is discussed.

At the end of the standard there are three 

fully illustrative examples of the three levels of 

measurement (L1 to L3) and calculation of the 

EnPIs for three different example systems for 

the guidance of the reader.

It is hoped the standard will serve a useful 

purpose in the industry and help standardize 

the collection of data for reporting to energy 

programs and to customers considering 

implementing efficiency improvement projects. 

Already there is one example of the use of 

this standard in support of a new energy 

program at BC Hydro in Canada. As part of a 

new initiative large customers with systems 

1,000 hp and up may be 100 percent funded 

at levels up to $40,000 if they perform system 

baseline monitoring, have an energy audit 

done on their systems, and initiate low cost/

no cost energy measures. Key to this program 

is the installation of permanent monitoring 

that conforms to CSA C837-16. It is hoped that 

more organizations will adopt this standard for 

guidance of energy performance measurement 

of compressed air systems.

The standard is available at the CSA Group 

website at www.csagroup.com 

For more information about the Compressed  
Air Challenge, contact Ron Marshall, email:  
info@compressedairchallenge.org or visit  
www.compressedairchallenge.org

Figure 4: Conceptualized diagram of what a continuous monitoring system could report f or a compressed air system 
(Source CSA C837-16).

To read more Compressed Air  
Standards articles, please visit  

http://www.airbestpractices.com/standards
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A. Chayer, Hydro-Québec-Distribution, 
Montréal, Québec

A.J. Cordova, V.J. Pamensky Canada 
Incorporated,Toronto, Ontario
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M. Krisa, Ingersoll Rand Industrial 
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C.D. Murray, ICF Marbek, Regina, 
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K.H. Reiter, Kaeser Compressors Canada 
Inc., Boisbriand, Québec

H. Rutman, Pratt & Whitney Canada, 
Longueuil, Québec

R. Tmej, Ontario Ministry of Energy, 
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The chairman of the Committee thanks 
all participants for their most valuable 
contributions and the considerable time 
spent on this standard development.
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