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Agenda

• What is Commissioning?

• Definitions &Goals

• Guidelines &Certifications

• Commissioning and Energy Efficiency

• Review of comprehensive study on building commissioning and energy efficiency and ghg 
reductions

• “Building commissioning: a golden opportunity for reducing energy costs and greenhouse 
gas emissions in the United States”  

• Sample Deficiencies from Recent Projects
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An Overview of Building Systems 
Commissioning
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Commissioning- ASHRAE

"A quality-focused process for enhancing the delivery of a project. The process 
focuses upon verifying and documenting that all of the commissioned systems and 
assemblies are planned, designed, installed, tested, operated, and maintained to 
meet the Owner's Project Requirements.“

• Guideline 0-2019, The Commissioning Process

• ASHRAE/IES Standard 202-2018, Commissioning Process for Buildings and Systems
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Definition – WBDG*

“Building Commissioning is the professional practice that ensures buildings 
are delivered according to the Owner's Project Requirements (OPR).”

• Buildings that are properly commissioned typically have fewer change 
orders, tend to be more energy efficient, and have lower operation and 
maintenance cost.

• The documentation of the commissioning process provides the foundation 
for correctly benchmarking the baseline energy consumption of the facility.

Whole Building Design Guide: The WBDG Workgroup consists of representatives from over 15 agencies including the Department of Defense 
(NAVFAC Engineering Innovation and Criteria Office, Army Corps of Engineers, Air Force Civil Engineer Center), Department of Veterans 
Affairs, Department of Energy, General Services Administration (GSA), Department of Homeland Security and Department of State Bureau of 
Overseas Buildings Operations (OBO).

5



Commissioning Goals

• The primary goal of commissioning any project is to ensure that success for 
the project is clearly defined in the OPR* and that the building performs as 
intended to fulfill that mission. The definition accurately depicts 
commissioning as a holistic process that spans from pre-design planning to 
occupancy and operations at a minimum and should also include ongoing 
commissioning. Accordingly, the goals of commissioning are to:
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Commissioning Goals

• Deliver buildings and construction projects that meet the owner's project requirements.

• Prevent or eliminate problems inexpensively through proactive quality techniques.

• Verify systems are installed and working correctly and benchmark that correct operation.

• Lower overall first costs and life-cycle costs for the owner.

• Provide documentation and records on the design, construction, and testing to facilitate 
operation and maintenance of the facility.

• Implement trend logs, automated and semi-automated Cu tools to enable O&M staff ongoing 
Cu.

• Maintain facility performance for the building's entire life cycle
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Commissioning Certifications*
Title Acronym Organization

Certified Commissioning Authority CxA ACG - AABC Commissioning Group
Certified Building Commissioning 
Professional CBCP AEE - The Association of Energy Engineers
Building Commissioning 
Professional Certification BCXP

ASHRAE -The American Society of Heating, 
Refrigerating and Air-Conditioning Engineers

Certified Commissioning 
Professional CCP Bae - Building Commissioning Association 
Building System Commissioning 
Certified Professional CxCP NEBB - National Environmental Balancing Bureau

Qualified Commissioning Process 
Provider QCxP University of Wisconsin–Madison

*This is not an exhaustive list
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Various Commissioning Guidelines Exist

9Data Source: 
constructandcommission.com 
LinkedIn Survey N=43



Commissioning Process Overviews

Mills, E. Building commissioning: a golden opportunity for reducing energy costs and greenhouse gas 
emissions in the United States. Energy Efficiency 4, 145–173 (2011). https://doi.org/10.1007/s12053-011-9116-
8S
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The Building Commissioning Process  - GSA 

This process is often 
abbreviated or truncated 
with several of these steps 
being omitted
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Sample SVC and FPT Checklists – ACG Guideline
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Reducing energy costs and greenhouse 
gas

Mills, E. Building commissioning: a golden opportunity for reducing energy costs and greenhouse gas emissions in the United States. Energy 
Efficiency 4, 145–173 (2011). https://doi.org/10.1007/s12053-011-9116-8

Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and 
reproduction in any medium, provided the original author(s) and source are credited.
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Key points

• “World’s largest compilation and meta-
analysis of commissioning 
experience…” (as of 2011)

• Analysis of 673 non-residential 
buildings, 

• 99M SF of floors space

• $43M in commissioning expenditures

• Median Cu cost (in 2009 dollars)

• $1.16/SF – new construction (0.4% of 
construction cost)

• $0.30/SF – existing buildings
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Source: [Miller 2011]



Relationships: Commissioning and Energy Savings
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Source: [Miller 2011]



Top faults causing energy inefficiencies in 
commercial buildings (top 13 of 100+) 
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Source: Roth, K.W. D. Westphaler, M.Y. Feng, Patricia Llana, and L. Quartararo. 2005. "Energy Impact of Commercial 
Building Controls and Performance Diagnostics: Market Characterization, Energy Impact of Building Faults and Energy 
Savings Potential: Final Report." Prepared by TAIX LLC for the U.S. Department of Energy. November. 412 pp (Table 2-1). 



Deficiency Photos
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Source: [Miller 2011]



Deficiency Photos
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Source: [Miller 2011]



Deficiency Photos
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Source: [Miller 2011]



Deficiency Photos
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Source: [Miller 2011]



Study Data

10,000 energy-related deficiencies (available for ~one 
third of projects reviewed) when corrected resulted in:

• Existing buildings
• 16% whole building energy savings
• 1.1 year payback
• (-$110/ton CO2e) GHG reduction cost*

• New Construction
• 13% whole building energy savings 
• 4.2 year payback
• (-$25/ton CO2e) GHG reduction cost*

*Per author - negative cost for GHG reductions 
because energy savings exceed commissioning 
cost
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Source: [Miller 2011]



Results by building type

Circle diameter is 
proportional to 
percent energy 
cost savings (e.g., 
“Office” = 22%). 
Public order and 
safety includes 
prisons
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Source: [Miller 2011]



Central Tendencies and Data Spread
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Source: [Miller 2011]



Central Tendencies and Data Spread
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Source: [Miller 2011]



Findings

• “Commissioning is arguably the single most cost-effective strategy for reducing 
energy costs and greenhouse gas emission in building today”

• Cases with comprehensive commissioning attained nearly twice the overall median 
level of savings and five times the savings of the least-thorough projects.

• Significant non-energy benefits such as improved indoor air quality are also 
achieved.

• Applying the median whole-building energy saving values to the US non-
residential buildings stock corresponds to an annual energy-saving potential of $30 
billion (and 340 Mt of CO2) by the year 2030.
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Source: [Miller 2011]



Sample Deficiencies from Recent Projects
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1

AHU-3 & AHU-6: The supply fan in these units are setup to run all the time. This appears to be an energy 

discrepancy since the unit does not appear to be able to cycle off during unoccupied periods. The fan runs at 

50% during unoccupied periods and 100 % during occupied periods. 

2

AHU-6: Room sensor on this unit is reading 10 OF warmer that actual room temperature. This was resulting in 

building occupants’ complaints due to overcooling of the space. 

3

The hot water system currently produces 90 OF water during summertime (when there is a call for heat) and 180 

OF water during wintertime because it has very unsophisticated controls. Due to proper working OAT Sensor 

and no BAS control, the potential energy savings available through temperature reset, and occupancy 

optimizations are not realized on the Hot Water System. 

4

During Unoccupied and Optimal Start modes the outside air damper is supposed to go to 0% (closed) however 

the damper on this unit does not close all the way. It remains open about 20%. Recommend having someone 

adjust the linkages on this damper so that at 0% open there is a good seal providing no outside air intake. 

5

Lighting Controls Study Rooms C & D: The occupancy sensors in these two rooms have their sensitivity set so 

that they get triggered from outside the room. This is resulting in the lights are always on due to folks oassing 

outside

6

Lighting Controls Exterior Lights: Zone 10 of the Lighting Controls Schedule require that the exterior canopies 

and site parking lights are controlled via photocell. The exterior 

canopy lights did not appear to turn off throughout our time during this test, even with lots of sunlight.

7

Hot Water Reset Not Implemented: Currently the energy saving Hot Water Reset sequence is not operational on 

the boiler. The sequences call for the BAS to communicate the boiler setpoint via BACnet communication. 

Based on conversations with Craig Ragone with BAS Systems, writing to the boiler setpoint is problematic and 

not recommended. The boiler is therfore operating without a setpoint, ie. it just fires without a targeted supply 

temperature.



28

8

BAS Screens do not include critical points that are needed to allow the HVAC system to function correctly. 

Missing points include OA Relative Humidity, OA Temperature, DA Static Pressure, Filter DP, Mixed Air Temp, 

Among Others.

9

There is a mismatch between the supply fan VFD speed as displayed on the drive and what is displayed on the 

BAS screen (e.g. 58% on BAS vs 78% on VFD).

10

Outside air for this unit is not filtered. The Design documents (M502) shows that this unit should have a filter 

rack on the outside air entering the unit, upstream of the the enthalpy wheel, and one on the return side before 

it crosses the enthalpy wheel. At the time of this test only the filter on the Return Air side of the unit was 

present.

11

The design documents show that the supply air from the Energy Recovery Unit is to be be fed into the return air 

duct of the RTU. This in an unconventional way to do energy recovery and this negates the energy savings 

advantage of using such a device. The normal application of these two units is to have the supply air from the 

ERU feed directly into the OA intake of the RTU.

12

The Sequence of operation for Economizer Mode will not operate with the unit's configuration. The sequence 

requires that the OA damper and RA damper modulate to maintain 55degF Supply temp but the OA damper is 

not being used. The RTU's OA damper is mechanically fixed shut.

13

Controls contractor has implemented a DAT temperature reset routine on the RTU. This routine looks at the RA 

temp and if it is below 70deg F there is an assumption that the building is overcooling, and resets the DAT 

setpoint to 60degF. This routine will not work because the RA senor reads MA instead of true RA because of the 

configuration of the unit. 
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