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Agenda - Part 1 (January 11th) 

• Save on Energy program updates

• Planning phase

• Pre-screening

• Initial assessment

• Investigation phase

• Diagnostic monitoring

• Q&A
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Agenda - Part 2

• Save on Energy program updates

• Investigation phase cont’d

• Functional testing

• Document findings

• Estimate savings and implementation 

costs

• Investigation report

• Implementation methods

• Q&A
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Save on Energy Capability Building – EBCx resources

• Designed to enhance knowledge and develop skills 

in organizations and communities to increase 

awareness and participation in energy-efficiency 

opportunities across Ontario, including Save on 

Energy programs

• Our dedicated EBCx resources include:

• Webinars (EBCx in a Nutshell, Key Measures)
• practical guide for building owners and 

managers

• information sheets: condos, medical buildings, 

office buildings and warehouses 

• incentives for ~20 training courses

EBCx resources on Save on 

Energy website
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https://saveonenergy.ca/Training-and-Support/commercial/existing-building-commissioning


Save on Energy - EBCx Program
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Save on Energy – EBCx Program
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Investigation phase

The investigation phase allows the 
EBCx team to analyze the system 
operations in detail, carry out 
diagnostic tests and propose measures 
to optimize operations. These measures 
are presented in the Findings Log, an 
integral part of the Investigation 
Report. 
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Investigation activities

Planning/Pre-screening

•Select a building

•Define EBCx objectives

•Define current facility requirements 
(CFR)

•Define scope and roles

Planning/Initial Assessment

•Review building documentation

•Develop initial EBCx Plan

•Analyze energy data

•Conduct kick-off meeting

•Perform initial walk-through

•Conduct staff interviews

•Document findings (preliminary)

•Meet with owner to focus work for 
investigation

•Update EBCx Plan and scope

Investigation and report

•Run and analyze trends and monitoring

•Conduct further document review/staff 
interviews/deeper field inspections

•Conduct functional testing

•Document findings (Findings log)

•Estimate savings and implementation 
costs

•Investigation report

•Review findings with owner

•Select findings to implement

•Update EBCx Plan for implementation 
and hand-off
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Reference : BCxA – Existing Building Commissioning Best Practices (bcxa.org)
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Investigation

The objective of the Investigation Phase is 

to understand and document existing 

conditions and performance to identify 

improvements that bring the facility into 

compliance with the CFR (Current Facility 

Requirements).

Reference: ASHRAE Guideline 1.2-2019 (Technical 
Requirements for the Commissioning Process for Existing 
HVAC&R Systems and Assemblies)
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Investigation

There are four types of investigation for HVAC systems:

• Analysis of existing data

• Spot measurements

• Short-term performance monitoring

• Longer-term performance testing (seasonal testing)
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Functional testing

EBCx functional testing has several objectives: 

• Validate that all components function well and are in good condition.

• Recommend repair or replacement.

• Validate the actual sequence of operation and compare to original as-built sequences.

• Identify opportunities to improve operation and energy efficiency. 

11



Functional testing

Develop functional performance test (FPT) procedures for systems identified in the project 

scope. FPT should confirm actual system operation and evaluate systems performance 

under different operating conditions:

• At shutdown

• At start-up

• Normal operation (heating mode, cooling mode, free-cooling mode)

• Operation during off-hours

• Typically not included: alarms, failure and standby modes

Functional testing can be passive (detailed trend and Building Automation System 

(BAS)/on-site observations) or active (setpoint manual overrides or physical alteration on 

site).
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Functional testing

Ideally, functional testing covers every operation mode: 

• Winter functional tests on heating production and distribution (boilers, furnaces, 

geothermal systems, air source heat pump, pumps, etc.).

• Summer functional tests on cooling production and distribution (chillers, cooling 

towers, pumps, etc.).

• Over three seasons on ventilation systems (air handling units, dedicated outdoor air 

systems, air-to-air heat recovery, etc.).

• Over one season on terminal units (Variable Air Volume (VAV) boxes, fan coils, 

convectors, lighting, room sensors, etc.).
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Functional testing - example
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Functional testing – example verification checklist

15



Functional testing – ventilation 

Systems and components to 

verify/test: 

• fans and VFD

• coils

• heating/cooling coils

• dampers

• valves

• sensors

• filters
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Functional testing – ventilation
Verification checklist example
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Functional testing – ventilation 

Test description: 

Simulate a shutdown by modifying schedule 

and/or by manual override.

Expected result: 

• Fans are stopped.

• All dampers return to normal position 

(Outdoor Air Damper (OAD) closed, Return 

Air Damper (RAD) open).

• Cooling/heating are disabled.
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Sequence of operation 

(original as-built sequences)

Observations/Recommendations: 

Example: Outdoor air damper is stuck fully 

open. Repairs required. 



Functional testing – ventilation 
Sequence of operation 

(original as-built sequences)

Observations/Recommendations: 

Example: Supply air T° setpoint was set to 

19°C (manual override). Re-establish 

automatic setpoint and perform further 

tests. 
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Test description: 

Simulate a high cooling demand by overriding 

2 or 3 room temperatures (25°C manual 

override).

Expected results: 

• Supply air temperature setpoint is reset to 

12.8°C. Cooling coil is enabled and supply 

air temperature reach setpoint.

• Supply air static pressure setpoint is reset. 

Variable Frequency Drive (VFD) modulates 

to reach setpoint.



Functional testing – heat recovery

Systems and components to 

verify/test:

• thermal wheel

• bypass dampers

• sensors (before/after thermal 

wheel)

• fans

• heating and cooling coils
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Functional testing – heat recovery
Test description: 

Simulate a heating demand by modifying supply air 
temperature setpoint.

Expected results: 

• Thermal wheel is used as a first stage heating.

• Pre-heating coil is disabled.

• Thermal wheel speed modulates from minimum to 
maximum.

• Bypass dampers are closed. 

Observations/Recommendations : 

Example: No control sequences set up for bypass 
dampers. Dampers closed.
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Sequence of operation 

(original as-built sequences)



Functional testing – local controls 

Systems and components to verify/test: 

• VAV (Variable Air Volume) box

• terminal reheat (if applicable)

• perimeter heating

• air flow sensor

• room temperature sensor
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Functional testing – local controls 
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Verification checklist example



Functional testing – local controls

Sequence of operation 

(original as-built sequences)
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Test description: 

Simulate a heating demand during unoccupied 
hours.

Expected results: 

• VAV modulates to maintain room temperature 
setpoint - 20°C.

• Electric baseboard modulates to maintain room 
temperature setpoint minus 2°C - 18°C.

Observations/Recommendations: 

Example: For room 203, simultaneous heating and 
cooling is observed during unoccupied period. 
Review sequences of operation.   



Functional testing – lighting controls

Systems and components to verify/test:

• occupancy sensors – timeout, sensitivity, location (sampling method)

• daylight sensors (photocells) – calibration and location (sampling method)

• lighting controls – sweeps and schedules

• lighting control zones

• lighting levels
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Functional testing – central cooling plant

Systems and components to verify/test:

• General condition: 

• chillers

• cooling towers

• primary/secondary pumps

• Primary chilled water loop operation

• Secondary chilled water loop operation

• Heat rejection operation (cooling tower/dry cooler/heat recovery)
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Functional testing – central cooling plant
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Functional testing – central cooling plant
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Verification checklist example



Functional testing – central cooling plant

Order of connections may be important. 

Diagram based on design documents :

All air handling units (AHU) receive the 

same water supply temperature. 
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Functional testing – central cooling plant

Order of connections may be important. 

Diagram based on “as piped” field 

conditions : 

AHU 4 and 5 receive warmer water if there 

is bypass flow from the return. 
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Functional testing – central cooling plant

Test description: 

Verify secondary chilled water loop operation during 
summer season.

Expected results: 

• Bypass valves are closed.

• Speed pump modulates to maintain the most 
open valve at 95%.

Observations / Recommendations: 

Example: On cooling demand (outdoor air 
temperature 27°C), all valves are opened at 50% or 
less. Optimize differential pressure setpoint to reduce 
pump speed.    
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Sequence of operation 

(original as-built sequences)



Functional testing – central heating plant

Systems and components to verify/test:

• General condition: 

• boilers

• primary and secondary heating pumps

• heat exchangers (if applicable)

• Boilers and primary hot water loop operation

• Secondary hot water loop operation
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Functional testing – central heating plant
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Verification checklist example



Functional testing – central heating plant
Test description: 

Verify lead/lag sequence for boilers and pumps 
during winter season.  

Expected results: 

• Lead boiler will start automatically (if outdoor air 
temperature < 13°C). Lag boiler will start 
automatically (if lead boiler > 80%).

• Lead/Lag boilers will stop automatically under 
several conditions.

Observations / Recommendations : 

Example: Boiler 1 and Boiler 2 are observed at 20% 
for more than 2 hours. Review sequences for lag 
boiler. Alternation schedule for lead boiler selection is 
disabled (manual override).  
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Sequence of operation (original as-

built sequences)



Document findings in a findings log

A findings log is an important deliverable 

and a decision-making tool for the building 

owner. It should include, at minimum: 

• description of findings

• measure descriptions

• estimated energy savings

• implementation cost

• simple payback

• recommendations for implementation

NRCan offers a free tool for EBCx data 

collection:  
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Available at: https://natural-
resources.canada.ca/sites/nrcan/files/files/excel/NRCan_RCx_Data_Form.xls

https://natural-resources.canada.ca/sites/nrcan/files/files/excel/NRCan_RCx_Data_Form.xls
https://natural-resources.canada.ca/sites/nrcan/files/files/excel/NRCan_RCx_Data_Form.xls


Findings log example
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Findings log example
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Findings log – detailed list example
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Findings log – summary list example
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Estimate savings

• EBCx projects energy savings: average of 10-20%.

• EBCx projects simple payback: average of 1.5 years. 

40

Reference : BCxA Value of Commissioning – 2018 Market Survey.
Available at : https://www.bcxa.org/resources/bcxa-value-of-commissioning-market-survey-report.html

https://www.bcxa.org/resources/bcxa-value-of-commissioning-market-survey-report.html


Estimate savings

• Establish the performance baseline.

• Individual equipment-level energy use. 

• The more accurate the baseline = the more 

accurate future savings calculations. 

• Equipment baseline for large energy using 

equipment (chiller, cooling towers, larger 

pumps and larger air handling units).

• Baseline should be correlated to outside air 

temperature.
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Estimate savings

Do not spend excessive time in improving savings accuracy at 

the expense of the other important activities. 

• Adapt calculation methods and level of effort according to: utility 

program requirements, owner expectations, level of investment 

(implementation cost $$$ = higher savings accuracy). 

• Adjust savings calculations to account for interactive effects between 

measures so they are not overestimated (example: lighting measures 

have impact on heating load). 

Reference : BCxA – Existing Building Commissioning Best Practices (bcxa.org)
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Estimate savings

There are different savings calculation methods, all of them valuable 

depending on the measure: 

• hourly computer simulation

• BIN method: custom weather « BIN » spreadsheet 

• basic engineering calculations

• rough estimate (%)

• simulation software (rarely used for EBCx)
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Estimate savings – BIN method

The BIN method calculates the building load by determining the number of hours per year 

the average outdoor temperature of the location under study was contained in a 

temperature band or “Bin”. 

Adding the load (kW) for each of these temperature bins (hours) determines the yearly 

energy requirement (kWh).

Bin hours will depend on: 

• Building location

• Reference year

• Systems schedule*

*filter weather data to consider operating hours only
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Estimate savings – BIN method example 

• System type: dedicated outdoor air system

• System capacity: 2000 L/s

• Return air temperature (RAT): 21°C

• Supply temperature setpoint (SP): 18°C

• Thermal wheel (70% efficiency)

• Electric heating coil (100% efficiency)

• Location: Ottawa, ON

• Reference year: 2020
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Estimate savings – BIN method example 
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Measure: schedule optimization

Before EBCx: 24/24, 7 days a week (continuous operation).

After EBCx: Monday to Friday, 6am to 6 pm.

Savings calculation for electrical heating

For each BIN-hour, calculate energy required for supplemental heating (electric coil): 

Heating consumption (kWh) = Heating required (kW) x BIN (h)

Energy savings (kWh) = Consumption before (kWh) – Consumption after (kWh)

Energy cost ($) = Energy savings (kWh) x Average electricity rate ($/kWh)



Estimate savings – BIN method example 
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Energy savings: 28,756 kWh

(42,837 kWh – 14,081 kWh)

Cost savings: $4,400 

(28,756 kWh x 0.153 $/kWh)

Implementation costs: 

In-house deployment (no cost)

OAT (°C) Before After T° after THW (°C) Heating (kW) Before After

16 401 150 18 0 0 0

14 403 140 18 0 0 0

12 460 173 18 0 0 0

10 423 129 17,7 1 305 93

8 389 125 17,1 2 840 270

6 420 153 16,5 4 1512 551

4 578 204 15,9 5 2913 1028

2 661 216 15,3 6 4283 1400

0 712 244 14,7 8 5639 1932

-2 548 175 14,1 9 5129 1638

-4 386 106 13,5 11 4169 1145

-6 309 114 12,9 12 3782 1395

-8 251 94 12,3 14 3434 1286

-10 180 65 11,7 15 2722 983

-12 140 44 11,1 17 2318 729

-14 111 29 10,5 18 1998 522

-16 74 20 9,9 19 1439 389

-18 66 20 9,3 21 1378 418

-20 25 8 8,7 22 558 179

-22 8 1 8,1 24 190 24

-24 8 4 7,5 25 202 101

-26 1 0 6,9 27 27 0

-28 0 0 6,3 28 0 0

-30 0 0 5,7 30 0 0

-32 0 0 5,1 31 0 0

-34 0 0 4,5 32 0 0

TOTAL 8783 3144 42 837                    14 081                    

SAVINGS (kWh) 28 756                    

BIN hours - Ottawa - Year 2020 Heating consumption (kWh)



Estimate savings – basic engineering calculation 

Measure: verify and re-establish occupancy sensors for lighting, conference rooms.
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Lighting fixture 100 units

Lighting power 64 W/fixture

Total power 6.4 kW

Actual schedule 10 hours per day

250 days per year

Current occupancy 2 hours per day

250 days per year

Implementation : 

Occupancy sensors to check 15 units

Time per sensor 1.5 h

Labor costs 125 $/h

Actual Future

Operating time (h) 2,500    500    

Energy consumption (kWh) 16,000    3,200    

Energy cost ($) 2,448    490    

Total savings (kWh)* 12,800    

Total savings ($) 1,958    

Implementation cost ($) 2,813    

Simple payback (year) 1.4

*no interactive effects with heating load, internal area. 



Estimate savings

Using a simulation software: 

If a calibrated model already exists, it 
could be used for simple measures 
(e.g. schedule on ventilation systems).

However, simulation software is not 
intended to simulate operation 
problems. Many EBCx measures 
savings cannot be calculated (e.g. 
simultaneous heating and cooling).
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Image: Building simulated by eQuest



Comparison
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Investigation report

Rigorous documentation is essential for 

savings’ persistence in an EBCx project.

The investigation report usually contains all 

the information, observations, 

measurements, and tests conducted during 

the investigation.

• Building site and facilities’ description 

• Building documentation’s review

• Current facility requirements (CFR)

• Utility bills analysis
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• Findings log

• Summary of the investigation: 

• Detailed findings

• Summary of on-site observations

• Diagnostic monitoring results – in 

appendix

• Functional tests results – in appendix



Investigation report – Table of contents
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Investigation report
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Investigation report
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Investigation report
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Investigation report – Appendices (1)
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Investigation report – Appendices (2)
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Investigation report – Appendices (3)
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Implementation phase

Implementation activities: 

• Complete additional investigation and engineering 

• Develop implementation plan

• Hire subcontractors, as needed

• Implement selected findings 

• Verify successful measures’ implementation

• Adjust energy savings estimates and costs

• Update EBCx documentation and prepare implementation phase summary report

• Plan for ongoing commissioning
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Implementation approaches 

The main deliverables of this phase are an 

implementation plan and an implementation report.

The Owner will need to choose an implementation 

approach: 

• Turn-key project

• With the help of an EBCx provider

• Owner-led implementation

The choice will depend on internal resources 

skills/availability but also type of measures. 
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Reference : BCxA – Value of commissioning – 
2018 Market Survey



Turnkey implementation

When should the owner choose this approach?

Operation staff is not available or does not have necessary skills to implement measures.

Example: EBCx measures include new VFD on pumps and new hardware control 

equipment. 

• EBCx Provider manages and oversees implementation activities.

• Owner has only one contract with EBCx Provider. 

• EBCx provider hires and deals with subcontractors (if needed).

• EBCx provider implements selected measures and verifies results.

61



With the help of an EBCx provider (consulting option)

When should the Owner choose this approach?

In-house staff can implement most of measures and/or the Owner has time/expertise to 

manage implementation.

Example: EBCx measures include simple programing, sensor calibration and schedule 

optimization. 

• EBCx Provider offers support and oversight for implementation activities. 

• In-house staff and/or subcontractors implement selected measures. 

• The owner manages the contracts with various firms.

• EBCx provider verifies and documents results. 
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Owner-led implementation

The Owner manages and oversees all aspects of implementation.

Example: The owner has implemented energy efficiency measures within his building 

portfolio and has high technical skills internal resources. 

• Owner calls in his service contractor (established relationship) or has an in-house 

engineer who can implement and verify measures. 

• This approach requires significant commitment from the owner. 
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Implementation plan

Table of contents: 

• Detailed description of measures

• Scope of work

• Implementation method

• Expected results

• Verification method

• Order of implementation 

• O&M requirements (optional)
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Reference: NRCan CanmetENERGY – Recommissioning 
Guide For Building Owners and Managers.
Available at: https://natural-
resources.canada.ca/sites/nrcan/files/canmetenergy/pdf/
fichier.php/codectec/En/2008-167/NRCan_RCx_Guide.pdf 

https://natural-resources.canada.ca/sites/nrcan/files/canmetenergy/pdf/fichier.php/codectec/En/2008-167/NRCan_RCx_Guide.pdf
https://natural-resources.canada.ca/sites/nrcan/files/canmetenergy/pdf/fichier.php/codectec/En/2008-167/NRCan_RCx_Guide.pdf
https://natural-resources.canada.ca/sites/nrcan/files/canmetenergy/pdf/fichier.php/codectec/En/2008-167/NRCan_RCx_Guide.pdf


Implementation report

Complete implementation plan by adding 

those elements: 

• Implementation status

• Implementation summary

• Verification of results

• Future recommendations
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Reference: NRCan CanmetENERGY – 
Recommissioning Guide For Building Owners and 
Managers.



Discussion
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Thank you for participating!

Questions: trainingandsupport@ieso.ca

Information, events, courses: https://saveonenergy.ca/For-

Business-and-Industry/Training-and-support

EBCx program: https://saveonenergy.ca/For-Business-and-

Industry/Programs-and-incentives/Existing-Building-

Commissioning-Program
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Thank you!

SaveOnEnergy.ca

trainingandsupport@ieso.ca

@SaveOnEnergyOnt

facebook.com/SaveOnEnergyOntario

linkedin.com/showcase/

SaveOnEnergy-Ontario

Sign up for Save on 

Energy’s quarterly business 

newsletter and program 

updates

https://saveonenergy.ca/For

-Business-and-Industry

https://saveonenergy.ca/
mailto:trainingandsupport@ieso.ca
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