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Motivation 

• Buildings generate more data than operators can process 

– Vendors and consumers have confused data with information 

• Analytics and technologies are now catching up to all of that 
data 
– These methods can be overwhelming 

• Goal: Provide a high-level introduction to the data, methods, 
and applications of those methods 
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Learning objectives 
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What are the main sources of building and energy data? 

What are the methods being used to translate that data into 
actionable information? 

How are these datasets and methods being applied today? 

Where is building energy data analysis headed in the future? 



Where’s this data coming from? 
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Bldg. 
characteristics 

• Internet of 
Things 

• Building mgmt. / 
control systems 

• Building 
information 

models 

• Tax records 

• Benchmarking 
databases 

• Surveys 

• Audits 

• Sensor networks 
• Property asset 

mgmt. records 

Energy 
performance 

• Advanced 
metering 

infrastructure 

• Billing data 



Advanced metering infrastructure: 
“The Smart grid” 

• Smart meters now serve ~50% of US customers 

• Utilities’ focus has been on transmission and distribution 
analytics 
– Quickly identifying and responding to outages 

– Power quality analytics to identify faulty equipment 

• Application to buildings lags behind the technology 
– Online dashboards 

– Time-of-use pricing 

– Load control 

– Targeting and M&V of efficiency interventions 

• Burden for extracting value is left to customers 
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Source(s): Gartner 



The Internet of Things (IoT) 

• Essentially the movement 
toward connecting more 
devices to the internet 

• 6.4 billion connected devices 
in 2016, expected to increase 
to over 20 billion by 2020 
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Source(s): Gartner 

• The future of IoT is uncertain, but some things are clear 

• Connectivity will: 

1. Make more devices remotely controllable 

2. Generate more data about how devices operate 

3. Create more opportunities for understanding and optimizing that 
operation 



How do we extract meaning from 
that data? 
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4 Types of Data Analytics 
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Descriptive analytics: What happened? 

• Key questions: 
– How much energy is my building 

consuming? 

– When and where is that energy 
being consumed? 

• Data involved: 
– Historic energy use data 

– Building and system characteristics 

• Methods: 
– Summary statistics 

• Applications: 
– Baselining and benchmarking 

– Simple dashboards 
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Source(s): Northwest Mechanical, CBECS 



Case Study #1 – ENERGY STAR 
Portfolio Manager 

• Online tool to simplify and standardize building energy baselining and 
benchmarking 
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• Floor area 
• Year built 
• Occupancy 
• Energy bills 
• Operating 

hours 
• # workers 
• # computers 
• % cooled 
• More… 

Source(s): EPA, Taylor 



Case Study #1 – ENERGY STAR 
Portfolio Manager 

• Buildings that benchmark are saving energy 

 

 

 

 

 

 

 

 

• 26 cities and 12 states have mandatory benchmarking laws 
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Source(s): EPA  
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Diagnostic analytics: Why did it happen? 

• Key questions: 
– How is my building’s energy use affected by weather, occupancy, time of 

day, production output, efficiency measures, operational changes, and 
other variables? 

• Data involved: 
– Interval data 
– Operational data 
– Weather data 

• Methods: 
– Regression 
– Machine learning 

• Applications: 
– Identifying key drivers of energy use 
– M&V of efficiency measures 
– Load disaggregation 
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Diagnostic analytics: Regression 

• Generally follow the form: 
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𝒚 = 𝜷𝟎 + 𝜷𝒏 ∙ 𝑿𝒏 + 𝝁 

y is the variable being described 

(energy use or demand) 

X are predictor variables (weather, 

occupancy, time of day, etc.) 

β are the strengths of effects 
 



Case Study #2: M&V of ECMs 

• Regression is a widely accepted metric for M&V of efficiency 
measures 

• Steps 
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1. Identify all predictor variables 
2. Collect data before and after the 

measure was implemented 
3. Estimate the β‘s from data before 

the ECM 
4. Calculate predicted energy 

consumption (based on existing 
operation) 

5. Compare predicted consumption 
to actual consumption after the 
measure was installed 



Diagnostic analytics: Machine Learning 

• Regression: specify a model, then add data 

• Machine learning methods start with data and estimate the 
underlying model 

• Useful when a problem has a large amount of data, and messy/no 
equations  defining relationships 
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Source(s): Mathworks 



Case Study #3: Load disaggregation 

• Supervised learning is the basis for most disaggregation 
platforms 
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Device 1 Device 2 

Device 3 Device 4 

Source(s): Zoha, Sense 

Real-time, kHz frequency 
demand data Training data 



How do we extract meaning from 
that data? 
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Predictive analytics: What is likely 
to happen? 

• Key questions:  
– How will a certain design decision affect a future building’s energy performance? 

– How will an equipment or operational change affect energy performance? 

• Data involved: 
– Detailed building characteristics 

– Historic energy data 

– Forecast data: weather, occupancy, production output, etc. 

• Methods: 
– Physics-based building simulation 

– Regression 

– Statistical simulation 

– Machine learning 

• Applications: 
– Evaluating design options 

– Estimating savings from ECMs 
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Case Study #4: Building energy 
simulation 

• Building energy simulation models – 
EnergyPlus, eQuest, Trane Trace, 
etc. – are seeing increased use 
across building sectors 

• Take inputs of detailed building 
characteristics, materials, location, 
occupancy, simulate energy 
performance 

• More user-friendly + less 
computationally intensive = 
increased use 
– Residential sector 

– Energy code analysis, design, and 
verification 
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Source(s): EERE, Crawley 



Case Study #4: Building energy 
simulation 

• Tools are improving, but 
accuracy is not 

• Attention is now turning to 
increasing the accuracy of these 
models through validation and 
calibration 
– Simulations for retrofits and 

renovations validated using 
historical data 

– Simulations for new buildings 
should present uncertainty 

• ASHRAE Guideline 14 lays out 
metrics and tolerance limits to 
define a calibrated simulation 
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Source(s): Turner 



Case Study #5: Statistical simulation 

• When detailed historical demand data is available, estimates of existing 
and proposed equipment operating parameters can be used to simulate 
interventions 

• Monte Carlo simulation methods handle uncertainty 
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Monitored 
electric data 

Operational 
parameters 

Equipment 
efficiencies 

Monte Carlo 
simulation 

Source(s): Glasgo 



How do we extract meaning from 
that data? 
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Prescriptive analytics: What should 
be done? 

• Key questions: 
– How should a building operate to optimize its energy performance? 

• Data involved: 
– Multiple, large datasets 

– Controls system trend data 

– Indoor and outdoor environmental sensor data 

– Submeter power data 

– Energy cost data 

• Methods: 
– Supervised machine learning 

• Applications: 
– Building control optimization 
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Case Study #6: DeepMind 

• Machine learning firm DeepMind 
running Google’s data centers 

• Google’s data centers were already 
efficient 
– PUE of 1.12 (12% overhead energy) 

– Industry average is around 1.7 (70% 
overhead) 
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Source(s): DeepMind 



Case Study #6: DeepMind 
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Snapshot of current 
operations sent to the 
cloud-based algorithm 

Future parameters are 
predicted based on 

possible actions 

Actions are chosen to 
meet safety 
constraints and 
optimize energy 
performance 

Setpoints are validated 
against safety checks 
and sent to the 
equipment  

Historical 
trend data 
used to train 
algorithms to 
identify 
relationships 
between 
variables 

Source(s): DeepMind 



Case Study #6: DeepMind 

• Over time, added training data improves performance 

– Relative savings increase from 12% to around 30% 

 

 

 

 

 

 

 

 

 

• Long-term plans to expand beyond data centers 
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What’s next? 
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Machine learning advances 

• Real-time control optimization 

• Load disaggregation 

• Fault detection and diagnostics 

• Automated building energy model calibration 
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Open source BMS 

• Existing building management systems limit custom analytics 
and innovation potential 
– Equipment, networks, and software are owned and controlled by 

vendors 

– Different control systems don’t integrate well 

• Lighting controls vs HVAC controls 

• More flexible, open source platforms that allow for 
communication, data sharing, and programming between 
networks, system types, and technologies 
– Allow third party research, analytics, and innovation 
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Source(s):Weng 



Transactive energy 

• New form of coordinated control of grid supply and demand 

– Elements of direct load control and price response control 

• Uses dynamic energy pricing as operational parameter to 
control flexible demand and generation 

• Enables consumers to produce, buy, and sell electricity using 
automated control 

• Benefits: 
– Reduce peak demand and grid constraints 

– Wholesale price purchases by utilities 

– Building energy cost savings 

31 



32 

THANK YOU. QUESTIONS? 

Contact: 
Brock Glasgo 

bpglasgo@gmail.com 
513.519.1008 
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