
Please text the word

RICHARDANDEL897 to

the number 22333
to join today’s polling.  Thanks.
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Richard Andelman, PE, CEM, CBCP

Joseph Bliss, Designer
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 What type of participant are you?
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 Do you have a monitoring based 
commissioning system installed at your site?
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 What is your expertise with monitoring based 
commissioning?

11/10/2015 5



 Please feel free to ask questions and 
make this interactive.

 We will try to stick to the agenda to 
cover the material, but also be flexible to 
handle questions.

 This could easily be a two week course.
 We are approaching the material from 

the perspective of both a user and a 
developer.
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 Cover a lot of material.

 Three demos
 A sample MBCx system.

 “Tag Mapping”, which is a critical part of the MBCx 
process.

 An example energy savings calculation in the context of 
MBCx, which demonstrates the complexity.

 Hear from two customers on their 
experiences setting up a monitoring based 
commissioning program

 Eat a lot
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 First, lingo and acronyms

 Monitoring Based Commissioning (MBCx)

 Point = a single variable, such as discharge air 
temperature, fan speed, damper position, etc.

 HVAC = heating, ventilating, and air conditioning

 Building automation system = BAS = EMS

 Rules = a set of logic that analyzes data and looks for 
results.  Also known as analytics.

 FDD = we are talking about advanced, automated 
fault detection and diagnostics

 Others?
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 Definition CA Pier:  Monitoring-based commissioning 
(MBCx) is a program approach that combines permanent
building-energy-system monitoring with standard 
retrocommissioning practices to provide substantial, 
persistent energy savings. It’s based on the ability of 
permanent monitoring systems to increase the effectiveness 
of retrocommissioning by providing a means to verify and 
ensure the persistence of savings achieved through 
operational improvements. 

 Additionally, permanent monitoring systems can identify 
previously unrecognizable and unquantifiable savings 
opportunities—such as equipment cycling; excessive 
simultaneous heating and cooling; or the unintended 
nighttime operation of air handlers, chillers, boilers, or 
lighting equipment—that would not be apparent from 
monthly utility readings. 
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 ACEEE:  Monitoring-based commissioning 
(MBCx) emphasizes permanent energy 
performance metering and trending—for 
diagnosis of energy waste, for savings 
accounting, and to enable persistence of 
savings. Emphasis on monitoring represents a 
paradigm shift for the retrocommissioning 
(RCx) industry, which has traditionally relied 
upon test protocols and modeled savings 
estimates. 
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Rich’s definition:  constantly 
monitoring equipment using a 
library of intelligent, automated 
algorithms to detect faults and 
optimize performance.
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 We will talk about the use of MBCx to 
complement existing and new building 
commissioning

 Although focused on HVAC today, there are 
many different applications for the use of MBCx, 
including commercial buildings, industrial 
processes, wastewater treatment, compressed air 
plants, research, etc.

 Many MBCx systems have different types of 
packages and modules for different applications.  
We will focus on the most common applications.
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 Why are we even talking about this?  Don’t most 
building automation systems (BAS) have alarms 
built in?
 Answer:  alarms are typically triggers based on simple 

conditions.  For example, a room is too hot or too cold.  

 We are after much more complex problems, inter-
relationships between equipment (eg a parent AHU 
and a VAV box), sibling relationships (adjacent VAV 
boxes fighting one another), etc.

 We are also after potential optimization and 
improvement of equipment operations.  For example, a 
BAS may not tell you how to optimize your economizer 
control, or stage your chiller plant to maximize 
efficiency based on real time conditions.  
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 Why are we even talking about this?  There isn’t 
really that much data to look at….
 Answer:  There is a huge amount of data to 

analyze, continually, and it continues to grow.  
 Picture 10 yrs from now – all these are becoming 

commonplace:  addressable lighting ballasts, 
daylight dimming, WIFI thermostats, smart 
refrigerators, intelligent doorknobs, geolocated 
devices, etc.  

 Imagine every device that consumes energy or 
communicates with an energy consuming device…

 We want to make take advantage of this data to 
inform the building operator, and optimize 
building performance. 
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 MBCx:  does one size fit all?

 There seems to be an industry perception 
that everyone wants to look at every piece of 
equipment, and fully analyze how it’s 
operating.  

 Some users want that, but certainly not all.

 Example:  one user just wants to look at a few 
rules related to schedule optimization and 
economizer on their air handlers.  That’s it, 
because that’s where they feel the most 
opportunity is.
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Discovery of new opportunities

More effective and efficient new 
building Cx
 Beyond just replicating functional testing, it can be 

used to monitor specific equipment within 
warranty period

 If specified to use it during initial building Cx, the 
systems and software would be there from that 
point forward
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 Ensure persistence of measures 
implemented.  Constant monitoring and 
verification (M&V).   
 Good for utilities’ to claim more savings over 

longer period of time, eg longer measure life.
 Good for ESCOs to prove savings.  
 Good for the customer.

 After someone has made the effort to fix 
something, want to ensure it stays fixed.  

 See if the same issue re-surfaces.  You 
typically don’t have to do anything new, if 
it’s a problem, it will be reported again.
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 Improve efficiency of engineering study (for 
engineering consultants and customers).  Many of the 
traditional checks can now be automated.

 Tool for central operating center to dispatch 
technicians effectively, with a prioritized list of tasks

 Tool for vendors and equipment manufacturers to 
monitor their customers’ systems and proactively 
address problems (e.g. controls contractor to check on 
their customers, air compressor manufacturer, etc)

 Tool for technicians to have fully mobile, real time 
access to data, trends, checklists, reference information

 Helpful in LEED process (points, auditing, etc).
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Over stand alone:

Commissioning

Retro-Commissioning

Re-Commissioning

Doing nothing
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You can examine ALL of the 
equipment. 

Not limited to the practical 
realities of analyzing a portion of 
terminal devices (eg 20 to 30% 
typically).  

Whether you have 1 VAV box or 
1000 VAV boxes…
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 You can examine ALL of 
the equipment, ALL the 
time.

 Not limited to one point 
in time, one season, or a 
couple weeks.

 Constantly analyzing, 
reporting, giving 
feedback on what is or is 
not working.    
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Easy to see if a particular unit 
has a problem, or several.

Easy to see if there is a pattern 
of problems with many units.  
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 Every time you add another algorithm, it 
is applied to all the equipment.   

 A good provider will continually update 
their library of checks, types of results, 
and depth of analysis, and those checks 
will be  constantly improving. 

 The user must also contribute to this 
process:  if systems, sequences, or 
building use changes, they will need to 
fund the provider to update accordingly.
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Unplanned Maintenance

And Outages

Predictive Fault

Detection

Continuous Monitoring 

protects your investment 

and maintains these 

savings levels

FDD will identify 

additional ECMs that 

will drive even greater 

savings over time.

Periodic Equipment Optimization

Continuous Monitoring

On-going Fault Detection & Diagnosis
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 Information is constantly available, 
typically on many formats.  

 If you know where to look, reports 
and findings are generally 
available 24/7/365.

You don’t have to wait for a bunch 
of engineers, who are overly detail 
oriented and will drive you mad. 
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 You can get incentives (rebates)!
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 How is the speed of the class going for you?
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 Building Automation System (BAS) Requirements

 BACnet or some other BAS protocol

 Ability to poll the BACnet objects and “see” them

 Ability to get through firewalls

 Network speed is not impacted
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 Tag Mapping

 What is tag mapping?
 A software connection from the BAS points to the 

variables and algorithms used in the MBCx process.

 Why is it important?  I know this sounds boring, but 
this is REALLY important.  Really.  
 If the host BAS has consistent, logical, thoughtful 

naming, then it is easy to map the right point to the 
right variable.

 If not, it can be a time consuming mess, and could lead 
to bad results, which then could lead to mistrust of the 
MBCx system.
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 Coordination with IT
 Connectivity

 Security challenges of firewalls

 You now have to integrate with a whole new 
team of people with different needs and 
concerns.
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 Details:
 Obtaining a comprehensive address list for BAS points

 Lack or inaccuracy of documentation (e.g. drawings, 
sequences, TAB reports). This is needed to make sure the 
right rules are deployed and that they are configured 
properly. 

 Attention to detail required to make sure rules are 
configured properly. Example: you have boxes on the 
north side of the building with supplementary baseboard, 
and you have CO2 control in 20% of the boxes scattered 
randomly throughout the building. Time and focus 
required to make sure everything in configured properly.

 In new construction/renovation projects, the challenge of 
keeping up with changes.
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 Financial (initial and continuing cost, return on 
investment, annual license fees, etc.)

 Initial setup costs of setting up an MBCx

 Deployment

 Setting equipment information and defaults 

 Reviewing building operations and sequences

 On site walkthrough to understand buildings, if 
necessary

 Reviewing specialized sequences
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 Continuing Cost

 Are there annual fees?

 Can you add new equipment to the MBCx easily?  

 New buildings?

 What if building operations change, how do you 
handle that?
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 Tag Mapping Demo
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 Software and hardware requirements

 Many different models

 Typically there is some sort of software that 
links to the host building automation system.

 That information can be pushed or pulled to 
a server of cloud based service.

 The information is then analyzed and results 
and reports generated. 
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 Procedural requirements

 Someone needs to be invested in looking at the 
results periodically.

 If no one is invested in this, having an MBCx 
system is generally not a good use of time or 
money.

 There must be a clear method and commitment to 
implementing corrective actions for problems 
which are found.

 Verification the corrective actions were successful.
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 One possible path toward implementation:

 Engineer/Project Manager / Facility Manger review 
the findings.

 The results are validated either by PM, engineer, 
controls contractor, mechanical contractor, etc. 

 A determination is made whether the repairs are 
within or outside of warranty work or other paid 
maintenance services.

 Mechanical contractor and/or controls contractor are 
contacted to make repairs.

 A centralized tracking system is updated showing 
what repairs were made.
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 One possible path (continued):

 An investigation is made into whether the repairs were 
successful.

 Repaired equipment is examined at some prescribed 
interval. A list of documented repairs is generated.

 If the repairs are verified, incentives are applied for 
based on the energy savings estimated.  
Documentation from the MBCx is used to provide 
support for the estimated savings and incentives.

 The changes are documented.

 Maintenance staff is periodically trained on the cause 
and solution.
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 Youl Bellil, EMC Facilities

 Megan Kefalis, Project Manager MIT Dept.of 
Facilities
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 Why did you start an MBCx program?
 What features were you looking for in an MBCx 

program?
 What were some of your struggles in setting up an 

MBCx program?
 Did you find you needed to “refine” the rules to 

address false positives?  To what extent?  
 What is your process for implementing “fixes” for 

findings generated by your MBCx system?
 Have you received utility incentives for fixing 

items found by your MBCx system?
 What other lessons learned can you share?

11/10/2015 45



11/10/2015 46



11/10/2015 47



11/10/2015 48



11/10/2015 49



11/10/2015 50



 System types

 Is there a large number of HVAC (or other) system 
types?

 VAV Boxes, Fan Powered Boxes, Terminal Devices

 Air Handlers

 Boilers

 Chillers

 Pumps

 Cooling Towers

 etc
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 Depth of rule set

 How many rules or algorithms are there for each 
piece of equipment?  5 or 50?  

 Are 3 rules really enough to fully check the 
operation of a chiller plant?  

 How deep do the rules go?  Are there rules 
about many types of airside economizer, or 
just one type?

 Dry bulb, comparative enthalpy, single point 
enthalpy, dry bulb lockout temperature, etc.
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 Want the MBCx to produce actionable steps

 The MBCx system should not just alert you 
that there may be a problem.

 Advise you as to the types of problems 
which may be causing the issue.

 Make recommendations as to possible 
solutions. 
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 Does it estimate energy savings?

 How does it estimate energy savings?

 Do you believe the estimates?

 Does your local utility believe the estimates?  Do they 
believe the MBCx will help savings persist over time?

 This credibility directly affects your ability to get 
incentives, and the work you may need to do to 
substantiate your applications.

 Are there many options for calculating energy savings 
based on the information available?

 This will be discussed further...
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 Ability to handle large sets of data.

 Thousands of pieces of equipment, 
thousands of points, against hundreds 
or thousands of types of analysis.  

 This is BIG data.
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 Example of one year for one building:

 The data stream is large, but it has to become useful 
information.  
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5000 points

8760 hours/yr

10 minutes/data

262,800,000 data points



 How many rules can the system comfortably 
process?

 How many pieces of equipment can the 
system comfortably process with all of those 
rules?

 Can you bring in multiple buildings from 
your portfolio and analyze them together?  
How many?
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 Can you bring in multiple BAS system types from 
one or more buildings and show all the information 
together?  

 Example:  You have Siemens in one building, 
Johnson in another, Honeywell in another.  Can you 
bring in information from all three, and view the 
results transparently regardless of the underlying 
platform?
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 Speed:  Setup and Initial Findings

 How long does it take to get connected?  Days, weeks, 
months?

 Once it’s connected, how long before start getting 
results?

 Once it’s connected, how long before start getting 
validated and verified and reasonably accurate results?

 There is a big difference between getting a bunch of 
results out, and getting results that have been verified 
as being “real”.  
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 Speed:  How fast does the system produce results?

 Once you click the button, how long until you get the 
results you want on the screen?  Seconds?  Minutes?  
How long are you willing to wait? How long are other 
users willing to wait?

 Again, this is big data, so this will become important.  
Make sure your MBCx provider is able to  show you a 
demo of not just a simple building with a few simple 
systems, but something with a lot of equipment and a 
lot of rules looking at that equipment.
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 What are the options for notifications?

 What is the compatibility with different BAS types

 What are the Reporting and result capabilities, 
options, and flexibility?

 What is the flexibility of rule criteria (tailoring rules 
to fire appropriately on your system).  Will this 
entail major cost and time on the part of both you 
and your provider, or relatively straightforward.  
This is something you will want to discuss with your 
provider upfront.  
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 Speed:  How fast does your provider adjust logic, 
sequences, building info when you spot something is 
wrong?

 That day, week, month?  Can you edit data yourself, or 
do you have to wait for them to update system 
characteristics?  

 Example, the system has your air handler fan listed as 100 hp 
and is producing erroneous results.  People are grumbling 
that the MBCx system you advocated for isn’t working right 
and shouldn’t be trusted.  You know it is a typo and is 
actually 10 hp.  
 Can you update it yourself quickly and easily? 

 Have you been provided training to do so?

 What is the cost if the provider has to do the updates?
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 More on Notifications

 How are notifications done?  Push? Pull?  Your choice?

 Can you email out reports easily?

 Can the system automatically email reports?

 Are the reports readable to the average user? 

 Do they convey data or information?

 Example:  is the report showing you every VAV box that 
has Problem #4, or the duration (how long) each VAV box 
had Problem #4?  If some VAV boxes had the problem for 
5 minutes over the course of a year, while others had the 
problem for 525,600 minutes, there’s a difference in the 
priority and severity.

 Compatibility with different BAS types
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 Compatibility with different BAS types

 System security protocols that meet user’s standards

 Reporting capabilities

 Flexibility of rule criteria (tailoring rules to fire 
appropriately)

 How many ways can you interface with the MBCx?

 Desktop

 Mobile app, so you can look at data while sitting in 
front of the equipment.  Or so you can check equipment 
while you are at home.  

 Customizable Reports
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 Connectivity Options
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HMI/SCADA

BMS

Historian

Direct 

Connect

Hybrid

System 

Connect

Equipment

MBCx 

System

Secure End to End
• Certified Servers

• Encrypted Data

• Encoded Messages



 What are some of the advantages and disadvantages 
of going with the host BAS’ MBCx system?

Go with the host BAS’ MBCx Go with an independent MBCx

Possibly simpler integration Independent check of building and 
BAS sequences.  No worries about 
“embarrassment” if things aren’t 
working right.  Is the fox watching 
the henhouse?  Is there incentive to 
find improper or weak sequences?

Setup time may be shorter May be easier to integrate multiple 
BAS providers into one platform

May or may not already know 
the building and sequences.  
Sometimes it is a different group 
than those that handled the BAS 
installation and service. 

May have more experience looking 
at a variety of sequences, platforms, 
etc.
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 Potential Providers
 FacilityConneX

 KGS

 Skyfoundry (for those who want to develop their own)

 Cimetrics

 Host systems from controls companies such as Johnson 
Controls, etc.

 Enernoc

 Retroficiency

 Many others
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 Eversource

 National Grid
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 See if they are clearer

 See what folks would add to the definition?
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 On the surface, this is easy, but the more you dig, the 
more complex it gets.

 Example:  There is a finding, let’s say the economizer 
isn’t working:  how long do you calculate the 
savings for?

 The duration of the data?

 A whole year’s worth?

 As long as you think is reasonable?

 What if the problem would have forced itself to be 
found (eg a stuck OA damper tripping a freezestat)?
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 Should you be penalized for finding and addressing 
the problem quickly?  

 Example:  It’s March, and you find airside 
economizer isn’t working, so you fix the damper 
problem the next day.  Your MBCx reports 
“potential” savings based on the actual duration of 
the problem, so “savings” are small, because it was 
only a problem for one day. 

 But what if the problem had gone unnoticed until 
December?  Should you get more or less credit for 
savings?  What about when you apply for utility 
incentives?
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 Example
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• Founded in 2002

• 20 people

• Headquartered in Andover, MA with a second 
office in Saratoga Springs, NY

• Specialized Energy Efficiency Expertise

• Consulting Engineering, Design, 
Commissioning and Turnkey

• Serve Utility, Education, Commercial, 
Industrial, Public Sector, Healthcare, and High-
Tech clients
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 “Preferred Vendor” of Major Local Utilities

 National Grid

 Eversource

 What does Preferred Vendor mean?

 We are introduced to top companies

 We are brought in to solve complex problems

 We are a trusted partner of the utilities
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 MIT

 Harvard

 Northeastern

 BU

 Williams

 UMASS

 Colgate

 Middlesex Community College

 Etc.
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 EMC

 MA School Building Authority

 UMASS Building Authority

 BAE

 GE

 Lindt Chocolate

 Pfizer

 DCAMM

 Toray

 Lifespan Hospitals
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 MEP Design

 LEED, and the overlap between LEED and utility 
requirements for incentives

 Building energy modeling (eQuest or Trane Trace) to 
evaluate design tradeoffs and impact on LEED

 Eversource (NSTAR) “Small Building” Program

 New and existing building commissioning

 Energy Star Certification and Benchmarking

 Monitoring Based Commissioning

 Natatoriums
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 Monitoring Based Commissioning (MBCx)

 Continuously analyze building performance against 
hundreds of “rules” or “analytics”

 Customer receives instantaneous or periodic reports 
on building behavior and areas for improvement

 Additional utility incentives for fixing “findings”

 LEED O&M

 Ensures the intent for building sustainability is 
maintained over time

 Energy Star Certification
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