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Consultants involved in commissioning, energy analysis, energy 

management and Monitoring and Verification have found data analytics 

software to be a powerful tool that enables them to transform the services 

to their clients.

Today’s Data Analytics software allows them to automate the analysis that 

has traditionally required continuous manual effort, and provide clients with 

new, ongoing consultation-based service offerings to help continuously 

improve facility performance and eliminate the backwards-drift seen in 

many energy conservation projects.

This presentation will provide case study examples demonstrating how 

analytics software was applied to the commissioning process and its role in 

delivering significant financial results and help owners and operators make 

energy and operational efficiency improvements permanent.

Course
Description



Learning
Objectives

1. Examples of common and useful analytic rules that can be applied to 

HVAC systems and KPI’s to track building energy performance.

2. The difference between alarms, analytics and analysis tools.

3. The role of data tagging to prepare equipment data for analytics.

4. How including utility tariff rates brings deeper understanding of 

performance, and equipment operating patterns.

At the end of the this course, participants will be able to:



The Role of Data in Commissioning, M&V, 
Energy Analysis and Reporting

Data is the fundamental element for 

commissioning, energy analysis, energy 

management and Monitoring & Verification

More and more data sources are available 

today: BAS, Metering, Utility APIs for 

consumption and rate data, weather

There is more data available than 

humans can deal with manually

We need tools

Analytics software is that tool



The Role of Analytics

Analytics software tools enable us to automate and 

streamline the tasks involved in acquiring, processing, 

analyzing, and reporting data for commissioning, energy 

analysis and M&V



Traditional Approaches

⚫ Manually interpret and process csv files

⚫ View graphics of equipment systems 

⚫ Review reports or history logs

⚫ Import data into Excel for manual analysis

⚫ Manually assemble reports

⚫ No single tool that works across all kinds of data

⚫ How do you do this today?



Applying analytics to our data

Easy to get started – what data 

do you have?

Production 
data

BAS data

Utility 
data

Weather 
data

Facility 
data

Connect to available data 

sources

Aggregate and 

normalize available 

data

Results: KPI’s, 

Calculations, Identify 

faults, anomalies, 

deviations, 

correlations



Step 1: Acquiring Data

Communication connectors enable 

direct access to data…

• Streaming data from control/BAS systems via Protocols such 

as: BACnet, Modbus, Haystack, OPC UA, Obix 

(supports polling, watches, trend log synchs)

• Batch import of data (CVS, XML, JSON, formats)

• Existing Data from databases: SQL and similar

• Software automates data acquisition and storage in a 

normalized format



Step 1: Normalizing Diverse Data

Data from different sources comes in different formats 

with different time stamps and different semantic 

information (descriptive information)

In order to do analysis across diverse data that data 

needs to be normalized

Data normalization is a key part of the process with 

analytics software is the



Normalizing Diverse Data – Semantic Tagging

• Give the data meaning via “tags”

• No need to maintain rigid schemas – add 
tags whenever you want to capture information

• Tags represent

• Dimensions, units

• Relationships, associations

• Location

• Other meaning and  

descriptors



Project Haystack Is…

• A community of people working to address one of the 
key challenges in using smart device data…

• THE CHALLENGE: Device data has poor “semantic 
modeling” (information describing the meaning of the 
data)

• A manual, labor intensive process is required to "map" 
the data before it can be used in different applications

• This adds cost and slows the use of this valuable data



• Project Haystack Solution: A standardized methodology for 
describing data that makes it easier and more cost effective to 
analyze, visualize, and derive value from our operational data. 
Open-source, no cost. 

• Think of it as a “MARKUP LANGUAGE” for data

• Why can I point my browser at your website and read what 
you have published?

• We didn’t pre-arrange for me to be able to interpret your 
website code

• It works because industry agreed on a mark up language 
(HTML)

• If you use HTML I can read the “data” (text) on your 
website

• Haystack does the same thing for device data



Project Haystack

• Analyze this: zn3-wwfl4 = 76.2

• Hmmmm… What does the number represent? Deg C, F, KW, 
kPa???

• Need to know units. Lets say it is Deg C

• Hmmmm… Is 76.2 Deg F OK?

• What is it? Zone temp, Return air temp, chilled water temp? Lets 
say it’s a Zone

• What is the schedule for the space? Schedule #1 = 7:30 AM -
6:30 PM

• What AHU is it served by? AHU-1

• What VAV box serves it? VAV-27

• How can I convey these answers in a standard way that other 
software can interpret?



Project Haystack

Example of Haystack tags to describe a point in a system:

Learn more about Project-Haystack.org here: https://project-haystack.org/

https://project-haystack.org/




Step 1: Normalizing Data – the Time factor

Different time stamps and different semantic information (descriptive 

information)

Historian functions address differing timestamps to enable users to see 

meaningful trends

Sample csv file showing different time stamps for differing data



Step 1: Normalizing Data – the Time factor

Historian functions correlate the data and show operators seamless trends 

across data with varying sampling frequency



Use Case: Analyzing and Visualizing Energy Data
Baselines

View and analyze energy against 

baseline using past data, 

calculated baselines, model 

based baseline data

Baseline 

comparison 

as a line 

graph



Use Case: Analyzing and Visualizing Energy Data
Baselines

View and analyze energy against baseline using past 

data, calculated baselines, model based baseline data

Baseline 

comparison 

as a Delta 

Baseline view



Use Case: Analyzing and Visualizing Energy Data
Normalization

Normalize energy data 

based on:

- Weather (degree days, temps, other)

- Building size

- Production factors:

• Occupancy – actual or scheduled

• Revenue (restaurants)

• Unit production – factories

• Site specific

- Normalization of model-generated energy data



Use Case: Analyzing and Visualizing Energy Data
Normalization



Use Case: Combining Energy and Operational Data

Provides visibility to 

understand the 

impact of equipment 

operation on energy 

use and energy cost 

based on tariff 

calculations

Enables operators to 

more effectively 

identify and justify 

maintenance 

priorities, capital 

expenditures and 

ECMs to improve 

facility performance 

and reduce 

operational costs. 



Use Case: Impact of Tariff Rates on Energy Data

Complex tariff rates add 

additional complexity and 

need for analytic tools

Can have substantial impact 

on energy costs – example: 

you can use more energy for 

less money if you use it at 

the right time

“Tariff engine” capability can 

turn consumption and 

demand data into actual 

costs for evaluation of 

investments, control 

strategies and reporting



Impact of Tariff Rates

Rate Modeling. The ability to capture the various charges that make up an 

electric rate. Costs for energy go beyond simple consumption (kWh) and 

demand (kW). Typical charges can include:

• Consumption

• Demand

• Time of Use including both time of day and monthly use factors

• Service and equipment charges (fixed rate and % based)

• Distribution and Generation charges

• Minimum contract charges

• Ratchets

• Ranges (or blocks)

• Custom charges which can be expressed as math functions

• Definition of billing periods (including variable billing periods)

Once the charges are defined a Tariff Engine calculates energy costs based 

on the charges and actual energy consumption data. Analytic rules and 

energy analysis algorithms can use those to calculate costs associated with 

issues detected in the operation of equipment systems providing precise 

calculation of costs associated with the use, and misuse, of energy 

resources.



Impact of Tariff Rates on Energy Data



Automated Analytics: Beyond Manual Analysis The 
Role of Analytics in Detection of Faults, Deviations, 
Anomalies, Performance Drift, Loss of Efficiency

Do we know 

how our 

building systems 

really operate?



Detecting Faults, Deviations, 
Anomalies, Loss of Efficiency

Lots of Technology… 

But Still a Big Challenge…

“If I have a computer-based building automation system 
things must be running properly…” 

Right ????



Who’s watching to 

make sure?

• Who verifies that what they are 
doing is right? 

• That control strategies were well 
designed?  

• That assumptions were (are) correct? 

• That they are still running as expected… haven’t been 
interfered with or overridden – a common problem

• That sensors and other devices have not degraded, 
performance hasn’t drifted…

• Buildings are too complex for this to be done solely by 
humans 

• Too much data… systems too complex…



Analytics Provides 
the Solution

• Automatically scans 
your data to detect 
patterns

• Automatically 
generates views on 
issues detected

• From portfolio 
summaries to 
equipment detail views

• Continuous, ongoing 
analysis based on your 
domain knowledge –
an ever-present expert



Use Case: Detecting Faults, Deviations, 
Anomalies, Loss of Efficiency

Available Data Influences Effective Analytic Rules

• The analytic rules you can deploy are always related to 

the available data available so that’s the first question to 

answer – what data is available?

• For example, if we have only energy consumption data 

available (KW and KWh), rules can be used to identify 

patterns representing issues like buildings running 24 

hours a day, starting early or running too late, load 

profiles, and demand peak patterns 



Examples of Common Analytic Rules

• Detect improper operation of economizers

• Identifying simultaneous Heating and Cooling

• Short Cycling, Long Cycling, Excessive Mode 

Transitions

• Issues with Zone or Room Thermostat Dead-bands

• Non-functioning sensors

• Comfort Conditioning Performance

• Schedules not being followed (identify via metered 

energy use, air flow, equipment status and other 

means)

• Loss of heat transfer efficiency - delta between return 

and supply is less than threshold or design



Example: Detail on Economizer 

Operation Rule 

Issues: 

1. Non‐modulating damper

2. Temperature sensor problems (including missing/out of range sensor values)

3. Economizer operating when it should not

4. Economizer not operating when it should

5. Ventilation greater than needed

6. Inadequate ventilation

Required data:

• Mixed air, return air, and outdoor‐air temperatures (enthalpies for 

enthalpy‐controlled economizers)

• Damper signal,

• Supply fan on/off status, and

• Heating and cooling on/off status or heating and cooling valve signal

• The measured data can be at any interval but preferably 1‐minute (1‐minute, 

5‐minute, half‐hourly, or hourly, etc.)



Presenting Results Detected by Analytics: 
Timelines – Show Operating Patterns of Faults/Issues



Presenting Results of Issues Detected by Analytics: Bubble 
Charts – Show the magnitude of various factors (duration, 
cost, frequency)



More Tools of the Trade: 
Key Performance Indicators – KPI’s

Examples: Can be virtually any math 

relationship: sum, range 

of sums, average, delta



Alarms vs Analytics
Understanding the Differences

⚫ An alarm is when you are on the gurney in the ER
Analytics are the lab tests you take every year to 
stay out of the ER

⚫ Alarms require that you fully understand the issue ahead of 
time so you could set them up – have to be pre-
programmed
Analytics find patterns & issues you couldn’t have foreseen
Can be added at anytime

⚫ Controller-based alarms deal with control system data
Analytics combine operational, energy, production, facility 
and corporate data to show patterns and correlations across 
your portfolio of device data

⚫ Correlation examples – equipment type, age, material, 
vendor, weather effects, production factors, etc

vs Analytics



Alarms vs Analytics
Understanding the Differences

⚫ An alarm is a value compared to a limit “now”
Analytics look at patterns or signatures in the data – and 
can include multiple data sets from different systems 
over different time periods

⚫ Alarms require “touching” the end device programming
Analytics allows you to add rules as your understanding 
increases WITHOUT needing to reprogram the end 
device

⚫ Alarms often “cascade” overwhelming operators
Analytics can often replace majority of non-productive 
alarms – they better explain what is happening and why

vs Analytics



Analysis vs Analytics

• An analysis: Generate a graph of energy consumption across a specific time. A user 
would then look to discern patterns, such as peaks or toughs and their duration

• Analytics Example: Automatically correlate equipment operating status with energy 
consumption across a specific period of time. This enables users to see how equipment 
operation influences energy consumption patterns



But Analytics Don’t Save Money !!!But Analytics Don’t Save Money !!!



⚫To get value from data analytics organizations 

need to be prepared to act on the results

⚫ If I could walk into your building and magically 

detect 100 problems could you address them?

⚫How quickly? What if they require capital $

⚫What if they would exceed your planned budget? 

⚫Even if they had a 1 month payback?

Getting Value from Data Analytics: The Last Mile



Analytics Are Not a Thing



• Applying analytics to building systems is not like 

simply buying new equipment with lower energy 

consumption 

• Not possible to calculate the exact savings ahead 

of time – can you sell that?

• Don’t look at it as an “install it and forget it 

solution”

• Analytics are a tool – enables us to see how 

building systems are really performing

• Identifies faults, deviations from expected 

performance, anomalies…

• All of which represent opportunities for savings…

• …But require action to achieve benefit

Analytics Is a Journey

Its not an 

LED 

lightbulb!



CEU Questions

1. Name 3 methods for acquiring data from building systems

2. What does a Tariff engine do to energy consumption data

3. Choose all correct answers: 

Project-Haystack.org provides: 

A) a standard naming convention for BAS points 

B) a standard metadata approach to represent the meaning of data 

items gathered from different systems 

C) a standard for communication to acquire building data

4. Name 2 common energy related KPI’s

5. Name 2 common rules applied to air handlers

6. True or False: Analytic savings can be calculated in the same way as 

installation of LED lightbulbs

7. True or False: It is possible to determine whether a building is operating 

according to an occupancy schedule by analyzing interval meter data

8. True or False: Analytics is simply another name for alarms typically 

found in a BAS



This concludes The American Institute of Architects 
Continuing Education Systems Course

Using Data Analytics to Automate and Enhance the 

Commissioning Process
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