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BREAKTHROUGH
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The Community Unites!

Building Science Matures
Theoretical algorithmic dev.

HW & SW developments align
18! markets - sensing & analytics
Controls ‘leaving aerospace’
New R&D efforts leaving lab
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CHALLENGE

How to have evolution in high
CAPEX markets like buildings
Ensuring safety (physical &
cyber), yet reduce margins
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Small and

Energy Visualization and Fault Detection  Sensitivity Analysis and Uncertainty  Model Reduction and Validation
using Koopman Mode Analysis Analysis

Actionable Recommendations

Lower Energy Costs and Improved Comfort

City (loT)

Enterprise
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Breakthrough

Comprehensive approach for
whole building diagnostics,
optimization and control with
high ROI.

One algorithmic platform that
serves AFDD, optimization and
control needs for a building,
enterprise or a city within a cloud
computing environment .
Seamless integration of model-
based (as in EnergyPlus) and
data-based approach.
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Challenges

Many small and medium size
buildings do not have a data-rich
BMS. More data=more accuracy,
less uncertainty.

For better implementation
results, building engineer needs
to grasp elements of IT,
automatic control and thermal
engineering.

Standardization of protocols,
name conventions.
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ECORITHM

AFDD and Comfort Performance Commercial Deployment

Tabularized Reporting Floor Plan Visualization
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Building Data Ingestion and Algorithmic Analysis

Office Tower Fault Map (1 Plant, 16 AHUs, 246 VAVs)

Plant

~ VAV14_2
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stuck damper
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Breakthrough

Commercial customer facing
AFDD web interface

Highly specific, actionable
insights to building operators
Collaborative process with
building engineers: integrated
feedback and learning
Accelerating deployment
process with new batch of large
commercial office buildings
coming online around the world
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Challenges

Onboarding new buildings:
handling inconsistent BMS point
names, streamlining absorbing
non-BMS building information
Managing multiple interests:
controls vendor, building
operator, property owner, and
property manager.

Proving value: verifying energy
savings, preventative
maintenance benefits, and
comfort improvements
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Building
Automation Sslem Trend Logs Microsoft Excel

Electronic Visual Identification of
Operational Problems

Database Server

End-User
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Automated Identification of Operational

Problems

Evaporator
Low Flow.
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Engineered System
(e.g., Building System or Component)
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Nve Decision

Fault Detection Request a Repair

and Continue

Fault

Fault Diagnosis/ o) the
Isolation Controls
Fecontgus f
Yes

Controls ?

Fault Evaluation

safety Yes
Availability

Cost

Energy/Cost

Comfort
Environmental Impacts

Alarm/
Shutdown
Continue to
Operate ?

Demonstration Site #1, Kent, WA

Enarns Truenwostar o BMS Conrmowien

Pacific Northwest
NATIONAL LABORATORY

Wireless
Data Transmission

Remote Data
Data Management
Collection
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Web Access
Repair to Performance Metrics

_ Data
Historian and Apps Base

Cloud
Servers ’
Cloud

Demonstration Site #2, Berkeley, CA
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Breakthrough

Cost-effective control
solutions for small and
medium sized commercial
buildings

Self-correcting controls for
large buildings

Autonomous building
operations - self-diagnosing,
self-correcting, self-healing
and self-optimizing
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Paciﬁc Northwest

Challenges

Cost

Overcoming split-incentives
Industry reluctant to lead

Not enough R&D investments
in both private and public
sector

Lack of standard, open,
scalable controls

Lack of automated solutions
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Problems: ' .
No means for performance New generation computing tools Buildings
quantification that caries from for design & operation of buildings TSRS
design to operation.
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Building controls are broken, yet
their complexity increases for ZEB. EBC &£8) Lo e[ 1

Lack of formalism and tool-chain
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despite increased complexity. IEA EBC Annex 60 —‘
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Automatic code

generation from . vendor-specific algorithms
=y Modelica to operation

*{ | Niagara

communication laye
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control-related problems
(Ardehali, Smith 2002)

hardwarcjldatabasesjweb service

physical comm.
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Breakthroughs

SW for design and operation on embedded HW and legacy building automation systems built on
industry-developed standards.

Controls-oriented building modeling that integrates into design flows & product development process,
used by major control vendors.

Built open-source community around open Modelica & FMI standards for buildings and community
energy systems (IEA EBC Annex 60: 38 institutes, 16 countries, 5 years, around $25 million).

Challenges
Integrating workflow into the fragmented building industry.
Have approaches to solve problem, but few universities teach model-based design methodology.

Scale computations from few rooms to 100s of rooms (generated from BIM) combined with HVAC &
controls (cyber-physical systems).

BACnet disrupted building controls communication, how can modularity of Modelica & FMI standards
disrupt design and deployment of control algorithms?
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Simple

representation
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Package
assessment

assessment

Portfolio Analysis

Investment decisions
Savings (kWh, $)

Retrofit assessment tool including investment and control

measures

Scalable: Approach based on a few data points
Deployable: Automatic model calibration

Bottom-up capacity requests

i United Technologies
Research Center

Control architecture

HVAC equipment
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Decentralized optimal control (Draguna Vrabie)

Scalable: Approach mirrors current control architecture

and hardware structure

Deployable: Adaptive self-deployed online estimation

models eliminate the nee
and (re)tuning

d for manual model calibration
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Breakthrough

- Accurate retrofit and operational optimization screening potential

- Energy saving demonstrated in real buildings based on hybrid adaptable
decentralized control

Optimal Control Measured Demo site: Building 101
utputs ]

> Control Algorithms
Data driven model
Load estimation

~17.5% energy savings

Sl

Control
> Interface with BAS inputs
|

Challenges

- Ease of deployment of analytics on top of building automation /
management systems (cost)

- Lack of common ontologies (semantics) for operational data points

- Lack of standardized approach to quantify achieved benefits
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Berkeley

e Breakthrough: Fast, automated, capture and analysis of
data for a pain-free energy audit for existing and new
buildings .

e Challenge: Reduce form factor
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e 950 L’'Enfant Plaza (1968) e On assignment to ARPA-E

e Rented by ARPA-E from Syracuse University

e Legacy single pane windows: e Research on semiconductor
an intransigent problem. and solar cell device physics

e Workshop in early November
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Laptop
Unplugged

e

SampIeAEMI observed over a home's poWer line.
Notice distinct EMI from different appliances

|

Automatic Appliance Feature Extraction and Machine
Usage Estimation Learning Analytics

Single plug-in sensor capture
EMI from appliances in building

Electricity

$46.27 1529 20mireem

Novel CT replacement sensor

for power measurement.
Consumer deployable.

Real-time disaggregated
energy feedback
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Breakthroughs

e Developed novel easy-to-install sensing techniques for retrofitting
buildings and homes for fine-grained disaggregated energy
monitoring.

e Algorithms and systems for sensing and feedback of everyday human
activities for promoting environmental behaviors. Giving consumers

actionable feedback.
e Appliance’s internal electrical modes and failures could be

detected.

Challenges

e Hard machine learning and inference challenges to be addressed.
e Certain appliances with complex load pattern pose a problem.
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Connect Securely ~ Learn Models From Data
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Autonomous

Real-time Cloud
Optimize with Feedback \Building Optimization

Environment
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Breakthroughs

*Secure, modular, modern, hosted, IT platform enables scalability

*Modularized Data Driven Modeling with Dynamic Learning

*Embedded integration with controls platforms (e.g., ALC) speeds deployment
*Customized optimization language for Large scale optimization problems (>500k variables
>1M constraints)

*Compact platform for step-testing learning, control and verification

Fast installation time

*Currently deployed in >1M sqf

Challenges

*Energy savings verification
*Market attraction
Interface and transparency with facility operators
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[UNIVERSITY

Prioritizing... identifying
areas of strength and growth

Educational
impact

Connecting... across

stakeholders to encourage
partnerships and opportunities

Empowering... Breakthrough
supporting stakeholders with discoveries

core services that break down
barriers to success

GLEI Faculty Director... empowering our faculty,
students and partners to catalyze breakthroughs in
energy sustainability.
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IVERSITY

Building A Building B
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Leaky building Tight building
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DATA SYSTEMS

+ Continuous dispatchable EE + Fast DR (24 x 7 x 365) =
transactive energy )

- Finding best loads in Buildings and connecting them with no
loss of service i

* Retrofits for existing building stock

+ Economic, scalable with existing HVAC techs

Left LBNL and co-founded Slice Data Systems 2012

= Slice Components
[ Customer Equipment

Cloud &
Slice NOC

10-0.2
40.2-04
- 0.4-0.6
10.6-0.8
— 0.8-1
~1-1.2
w1.2-1.4
L1.4-1.6

Typical 100sf building
1 Supervisor

4-5 VFD controllers
(1 per fan)

25-100 Pressure
Sensors
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Breakthrough: 1 W 4,
30-60% fan savings (EE) = $6B / yr. in US M ’W W" W “M
Add’l value for ancillary services o [ ‘ i

inch WC

0.5

Challenges:

* Low cost Submetering & Telemetry

« Utility programs that value balancing U riermeomeaos e
resources Thurscay June 12, 2014 11:00: ursday June 12, 2014 22:13:00| NOW | reSet  Select Streams  plot | Clear permalink

« “Grid needs” signal to track Arommous user.lag SMAP 2.0 Plotting Engine

Fan Power (kW), June 6, 2014
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Controls

Master Data. Data Servi ss Laver
Make accessible via AP| & Services ACCESS
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Controls

Partially automated configuration mediation

Self configuration and commissioning

peel and stick sensors...
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NET INTERFACE
CH

NOTE 7

Commercial Building HVAC Design



Ryan Lee

A/E/C Industry

Breakthrough

Designed HVAC systems and
associated Building Automation
Systems for highly complex
Science & Technology projects
Implement HVAC controls
measures to optimize and reduce
building energy consumption

Challenge

Implementation - predictable and
reliable operation

Creating systems that are “user-
friendly” for both the installer and
the owner

Measurement & verification of
building energy performance
Improving building owner
incentives and interest in high
performance systems
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Image(s) w/ Captions (s)
Representing what you currently do

Go Here
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Image(s) (w/ optional caption) representing

Latest Breakthrough
AND / OR
Biggest Technical Challenge To Overcome

In The Area of Building Energy Management



