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This presentation discusses the 

emerging technology of Automated 

Functional Performance Testing 

(AFPT).AFPT provides additional 

validation and assurance that 

building automation systems are 

optimally performing.





Executive Summary

Background:  It is estimated that 5%ï30% of 
the energy used in commercial buildings is 
wasted due to faults and errors in the 
operation of the control system. Tools that are 
able to automatically identify and isolate these 
faults offer the potential to greatly improve 
performance, and to do so cost effectively. 
This document characterizes the diverse 
landscape of these Automated Fault Detection 
and Diagnostic (AFDD) technologies, 
according to a common framework that 
captures key distinguishing features and core 
elements.

https://eta.lbl.gov/publications/characterization-survey-automated

https://eta.lbl.gov/publications/characterization-survey-automated
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Algorithms provide the ability to define criteria to be verified in perpetuity. 



The ability to ñdrill downò into the data to find 

root causes of issues.



For this discussion, we 

are focusing on AFPT

Tools that have real-time 

and historical access to 

data directly from an 

interface with a Building 

Automation System 

(BAS)
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Design 
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Building Information grows based on various systems evolution
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ïDesign Phase 

ÅPlan for Data Acquisition 
(interface to the BAS)

ÅAcknowledge IT/Security 
requirements for the 
project (stay ahead of 
these requirements)

ÅSpecification Language 
(defines roles and 
responsibilities) 



ïConstruction/Acceptance 

Phase

ÅAdjust Algorithms based on 

project specific Sequence of 

Operations

ÅñPoint to Point checkoutò vs 

ñvalidate data integrityò

ÅBuilding System data 

acquisition a prerequisite for 

Testing

ÅBoots on the Ground



ÅEarly recognition 

of what is working 

and what is not 

working

ÅQuickly identify 

predominate issues 

that are preventing 

the systems from 

performing 



ÅTransparency of Project 

Status

ÅFunctional Performance 

Testing (Commissioning) is 

no longer a one time test; it 

can be repeated with 

minimal extra effort

ÅExpedite Testing efforts



ÅSampling not 

necessary; 100% 

testing

ÅOffsite analysis by 

CxA



ÅAllows technical resources to 

focus on issue resolution and/or 

areas for improvement

ÅAutomation of traditional  

ñTrending Analysisò

ÅPersistent Testing; 24/7
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Å Supplier of water treatment products

Å Alumni of the 2021 SustainableCincy Cohort

Å Blue Ocean Solids is a company that is committed to making 
a difference in protecting the planet and providing a much 
safer work environment.  



Å Water plays a key role in the cooling and heating of 
commercial buildings

Å Water also is used in many industrial cooling and heating 
processes

Å Water is heated and cooled using COOLING TOWERSand 
BOILERS



Å During the hydrological cycle, water picks up impurities that 
can result in scale, corrosion and microbial fouling in cooling 
towers and boilers

Å Water treatment is used to tie up these impurities so they do 
not cause issues in cooling towers and boilers



IMPURITIES

Å SCALEςcan cause equipment to run less efficiently 

Å CORROSIONςcan cause failed equipment and piping

Å MICROBIAL FOULINGςcan also cause equipment to run less 
efficiently and can allow exposure to bacteria like Legionella



YES!!!
Å Scale as thin as a credit card can result in a 

12% increase in energy usage

Å Microbial fouling can be as much as a 25% 
increase in energy usage



Å Traditional water treatment products are a hazardous liquid with a pH 
of 14

Å Usually comes in a 55-gallon, 500-pound drum

Å Potential of a hazardous spill

Å Risk of injury or caustic burn



ÅMechanical rooms are usually tight spaces

ÅDrums clutter the space

ÅDrums cause issues due to the tight space

ÅHazardous Spills

LIQUID INSTALLATION 
PICTURES



What Makes

Different?

ÅWater treatment in a solid, 
concentrated form

ÅFour 1-gallon jugs weighing less 
than 50 pounds takes the place 
of a 55-gallon, 500-pound drum 
of hazardous liquid chemistry

ÅHelps with all 3 pillars of 
sustainability: PEOPLE, PLANET, 
and PROFIT



Safer Handling

Safer Transport

Safer Storage



Carbon Emissions Reduction

100% Recyclable Packaging

Water Savings



Reduced Liability

Shipping Savings

Reduced Storage Space



ÅEasily installed on wall

ÅFrees up valuable floor space

ÅNeater, less cluttered mechanical room

ÅInstall dissolvers above pumps to maintain prime
INSTALLATION PICTURES



ÅSAFER for your people

ÅMore SUSTAINABLE for the planet

ÅSavings to positively affect your PROFIT



COMMERCIAL BUILDINGS
UNIVERSITIES K-12 SCHOOLS

LIGHT 
INDUSTRIAL

HEALTHCARE
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Å Energy Efficiency (LED)

Å Waste Reduction (Recycling)

Å Renewables (Solar/Wind)

Å NOW WHAT?



Å ENERGY EFFICIENCY - A reliable water treatment program keeps this 
equipment running efficiently

Å WATER SAVINGS ςAllows water to be used an optimal number of 
times and eliminates the need to triple rinse drums



Å CARBON EMISSIONS ςreduce carbon footprint due to less 
fossil fuel used in delivery, less plastic in the packaging, and 
less NaOH

Å REDUCE WASTE ςBlue Ocean has 100% recyclable packaging 
that can be put in with traditional recycling collections





www.BlueOceanSolids.com
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What might you

Do Differently

in the

Post Pandemic Era?



Architects

Mechanical Consultants

Building Owners

Mechanical Contractors

ééééHow will you build mechanical 
systems differently?



ASHRAE SAYS:
- Bring in More Fresh Air

- Increase Filtration Effectiveness

- Control Relative Humidity

- Consider Additional Level of Air Cleaning
ééééCan it be done?

Focus Has Shifted from
ż#Ä ӃT «z ,XJӃº|Ž º­ ż8NNÄ°J«º FXӃӃ«X´´Ž



é..At the same time, you are being asked for:

Sustainable Buildings

Energy Efficiency/Net Zero Designs

Carbon Neutral / Decarbonization

or, Electrification
ééééIs there a conflict going on 

here?

Challenges
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Expertise

Exceptional Service / Proactive Customer Care
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Integrity / Honest Communications

Smart, Hungry, Humble

ά¢ƘŜ ŦǳǘǳǊŜ ƻŦ ǊŜŀƭƭȅ ƎƻƻŘ ƛƴŘƻƻǊ ŀƛǊ ǉǳŀƭƛǘȅ ƛǎ ƎƻƛƴƎ ǘƻ ōŜ 
ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƻ ǾŜƴǘƛƭŀǘƛƻƴΣ ǎƻ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ǘƻ ǊŜƭȅ ƻƴ ƻǳǘǎƛŘŜ 
ŀƛǊ ŦƻǊ ŜǾŜǊȅǘƘƛƴƎΦέ 

- Prof. William Bahnfleth, Past ASHRAE President

1. Larger and more expensive HVAC 
systems

2. Higher energy use and carbon 
emissions

3. Increased operating costs

4. What if the outside air is polluted? 

results in higher emissions & more cost

Challenge #1

More Outside Air = More Carbon 
Emissions & Cost

Challenge #2

8Äº´ TX   ³  ´ «­º  ӃÇJÉ´ ż*³X´|Ž



Volume Fresh Air   =    Bldg FT3   *   #Occupants



Occupied Space

HVAC

More OA

Occupied Space

Potentially smaller 
HVAC

Less OA

Air 
Cleaning

supply supply

Exhaust + 
Relief

Exhaust

Supply Air
cfm

Remains Constant 

the amount of 
contaminants 
in the space =

contaminants 
being emitted 
into the space

-
contaminants being 
flushed out of space 
µr®q ìoªj«q ]rªí (but adding 
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-
contaminants 
ejr|p ì®ª]§§jhí 
or removed by 
filtration devices

Technologies are available 
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¢ŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ǘƻ ƛƳǇǊƻǾŜ ȅƻǳǊ ŜȄƛǎǘƛƴƎ ŦƛƭǘŜǊΩǎ 
effectiveness

Not as easy as it sounds

Challenge #1

Can your equipment handle it?

Challenge #2

Operational Cost
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Dashboards, Sensors and Meters are available to monitor and 
prove

Be Ready

Ventilation Effectiveness

IAQ Monitoring

ASHRAE Guidelines and Local Codes

Challenge #1

Prove It

Challenge #2

Show Me
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It is a big challenge ςBut, there are products and technologies 
ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ ƳŀǊƪŜǘǇƭŀŎŜ ǘƻŘŀȅ ǘƘŀǘ Ŏŀƴ ƘŜƭǇΧΧΧΦŀƴŘ 
there may be ways to fund these projects aside from your 
typical CAP-· .ǳŘƎŜǘΧΧ

Ɏ.if your Company, Client, Building Owner, Tenant comes to 
you withɎɎ.

ɉϥ want you to meet all these new criteria and help me remain 
sustainable, green, energy efficient, reduce carbon footprint 

and electrify my buildingɉ



Performance -based IAQ Design

Innovative Technologies
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Case Study: ThoroughgoodElementary School (VA)

55

P R O J E C T  G O A L S

ÅLEED Gold certification

Å Improved indoor air quality

ÅPeak cooling and heating load reduction 

Project Details

Location Virginia Beach, VA

Owner Viriginia Beach City Public Schools

Contractor Conrad Brothers

MEP exp.

Year Installed 2020

Project Type New Construction

Floor Area 91,913 ft2

HLR Modules 6 Rooftop & 1 Indoor

LEED/WELL LEED Gold

Partners

LEED IAQ first cost 
savings case study

LEED IAQ first cost savings case study



Case Study: ThoroughgoodςOutside Air & Indoor Air Quality 

56

Indoor air contaminant levels were measured in 6 locations and 

remained well below LEED limits

The design reduced outside air requirements by 43% from 

17,755 CFM to 10,052 CFM

The project demonstrated that the technology can be used to provide superior 
indoor air quality with much less outside air.
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4,019
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MAU-1 ERV-1 ERV-2 RTU-2 RTU-3

Outside Air (CFM)

Before HLR After HLR

Contaminant
LEED Limit
(ug/m3)

Average 
Concentration

(ug/m3)

Formaldehyde 20 16

Total Volatile Organic 
Compounds (TVOC)

500 375

Carbon Dioxide
800 ppm 

(VRP equivalent)
569 ppm

PM2.5 12 1

Indoor formaldehyde and particulate mater levels were 
recorded at concentrations below outdoor Ɉfreshɉ air. 



Case Study: ThoroughgoodςProject Outcomes

57

56

63

No HLR With HLR

LEED Points

131

86

No HLR With HLR

Peak Cooling Load 
(tons)

137,488

90,439

No HLR With HLR

Ventilation Energy 
(kWh/yr)

97

64

No HLR With HLR

Carbon Footprint

$60k first cost savings  
on new HVAC system

$100k utility bill      
lifetime savings

Reduced 42 metric           
tons CO2 annually

From LEED Silver to                  
LEED Gold rating

These outcomes were achieved while maintaining indoor air quality well below LEED limits
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